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Production of DL-Methionine from Corn Syrup via Biosynthesis with
Corynebacterium glutamicum

Abstract

DL-methionine is an important feed additive for poultry and swine diets. The amino acid is not produced
by animals so it can only be obtained through diet. Methionine is important for protein growth and helps
the health of livestock. Recent increase in meat consumption in Latin America and Asia, along with a
growing consumer concern of animal welfare, has driven a growth in the methionine market. The
methionine market is predicted to continue to grow for at least another five years (Methionine Market
2019). The proposed design is for a process that produces DL-methionine by fermentation with the
bacteria, Corynebacterium glutamicum. The plant has a capacity of 250 kilotonnes/year and will be
located in Cedar Rapids, IA. According to a 20 year profitability analysis, it has an estimated IRR of 16.43%
and in 2042 it has an NPV of $5,650,200. In the third production year, the ROl will be 25.97%. The process
begins with an aerobic fermentation, where the bacterial cells are grown up on a lab scale and then
transferred into industrial scale pre-seed fermenters, seed fermenters, and then production fermenters. In
order to produce feed grade DLM, the process after fermentation goes through heating, separation, triple
effect evaporation, crystallization, and finally, drying. The final DLM product is 99% dry and 99% pure and
will be sold for $3.60/kg.
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Department of Chemical and Biomolecular Penn
Engineering
220 South 33rd Street Eng]neermg

Philadelphia, PA 19104

April 21, 2020
Dear Professor Bruce Vrana and Dr. Sue Ann Bidstrup Allen,

The enclosed report contains the solution to the design problem proposed by Stephen
Tieri of DuPont. The proposed process design is for the biosynthetic production of
DL-Methionine from corn syrup. Corynebacterium glutamicum is used in fed-batch
fermentation. The proposed plant will be located in the U.S. Midwest and have the capacity to
produce 250 kilotonnes/year of DL-Methionine.

This report contains detailed process design, economic analysis, and conclusions and
recommendations for the implementation of the plant. The proposed plant is found to be
economically feasible. It has an estimated IRR of 16.43% and in 20 years it has a total NPV of
$5,650,200. Some of the continuous operations in this process were modeled using Aspen Plus
v.11. We recommend that the design move forward with the specifications detailed within this
report. Further research should be done to implement the design and guarantee financial success,
as well as to prepare the product for a wider range of market applications.

Thank you for your help throughout the course of this project and thank you in advance
for your feedback as to the efficacy of our design.

Sincerely,

Dayoung Shin Yvonne Szustakiewicz Allison Walter
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1. Abstract

DL-methionine is an important feed additive for poultry and swine diets. The amino acid
is not produced by animals so it can only be obtained through diet. Methionine is important for
protein growth and helps the health of livestock. Recent increase in meat consumption in Latin
America and Asia, along with a growing consumer concern of animal welfare, has driven a
growth in the methionine market. The methionine market is predicted to continue to grow for at
least another five years (Methionine Market 2019). The proposed design is for a process that
produces DL-methionine by fermentation with the bacteria, Corynebacterium glutamicum. The
plant has a capacity of 250 kilotonnes/year and will be located in Cedar Rapids, IA. According
to a 20 year profitability analysis, it has an estimated IRR of 16.43% and in 2042 it has an NPV
of $5,650,200. In the third production year, the ROI will be 25.97%. The process begins with an
aerobic fermentation, where the bacterial cells are grown up on a lab scale and then transferred
into industrial scale pre-seed fermenters, seed fermenters, and then production fermenters. In
order to produce feed grade DLM, the process after fermentation goes through heating,
separation, triple effect evaporation, crystallization, and finally, drying. The final DLM product

is 99% dry and 99% pure and will be sold for $3.60/kg.
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2. Introduction

2.1 Project Origin

Methionine is an amino acid that is essential to both livestock and the human metabolism.
It is essential for the animal feed market, which constitutes 98% of the total methionine market
(“Methionine Market”). Because mammals cannot produce it, it must be obtained through their
diet, either directly or through methionine-containing proteins.The amount of methionine in raw
plants is insufficient so a supplementary source is needed. As a feed additive, it contributes to
the efficient, healthy, and environmentally friendly nutrition of livestock, which makes it
important for sustaining the world’s animal protein supply (“Methionine Market Size”).
Synthetic methionine is available in two forms: DL-Methionine (DLM), a racemic mixture of the
two stereoisomers, and methionine hydroxy analog (MHA). For animal nutrition, the two are
equivalent (“MetAMINO”). It is typically produced via a petrochemical route which involves
hydrogen cyanide, a dangerous and hard-to-handle raw material. In recent years, biochemical
routes to produce methionine have been developed. In 2015, the first bio-methionine plant was
opened in Malaysia and was built for South Korea’s biggest food company and a French
specialty chemicals and advanced materials company (“Evonik™).

Amino acids such as lysine, threonine, isoleucine, and histidine have been produced
successfully by fermentation for decades. Only recently, as late as 2013, was a fermentation
process developed to produce methionine. The process begins by heating a
methionine-containing fermentation broth and then evaporating the broth in order to concentrate

such broth. Next, the biomass is separated under temperatures ranging 70-100°C to prevent
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premature crystallization, and ultimately washed and dried to obtain crystalline, dry methionine
(Boy, Klein, Schroder). While this fermentation process has successfully been developed, it only
has been successfully developed on an industrial scale by one company. The main limitation in
the process is the lack of solubility of methionine in the aqueous fermentation medium. In

addition, considerable waste streams are produced, which is associated with high disposal costs.

2.2 Project Goals and Scope

The goal of this project was to design a process to generate 150MM kg/yr of methionine.
After a last minute calculation check found a discrepancy in the material balance, the production
rate became 250MM kg/yr of methionine. Although this is a large amount of DLM to produce, it
is not a market concern because the methionine market is expected to reach $5 billion by 2024 at
a CAGR of 6% (“Methionine Market 2019”). See Section 4 for more in depth market analysis.
Secondary goals included choosing which form of methionine to produce, plant location, and
selection of process equipment.

The process detailed in this report begins with an aerobic fermentation section, consisting
of six pre-seed fermenters, six seed fermenters, and 12 production fermenters. Corynebacterium
glutamicum, a DLM producing microbe, has a high yield and selectivity. A complete cycle of
fermentation takes about five days and is fed with media and corn syrup (CS).

In order to achieve the desired product purity, separation follows the fermentation.
Separation operations include centrifugation, evaporation, and crystallization. The final product
matches purity levels of DLM sold by Evonik and Novus, and is sold at a price competitive to

Evonik and Novus. The proposed plant will be located in the U.S. Midwest and will produce
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250 million kilograms of DLM per year. This location was chosen due to both its proximity to

corn syrup plants, and to swine and poultry farms, which are large consumers of DLM.

2.3 Objective Time Chart

Specific Tasks J an Fe b Mar Apr

Preliminary Process Designs

Detailed Fermentation Process

Base Case Designs

Plant Location Considerations

Detailed Process & Equipment Design

Economic and Profitability Analysis

Final Report Writing

A graphic detailing the main tasks and timeline of the project is shown above. The major

tasks in January included preliminary research into the petrochemical and biosynthetic methods
of methionine production, as well as research on the market needs for the two choices of
methionine form (DLM and MHA). Different choices of bacteria and raw materials were
investigated for the fermentation process. Priorities in February included finalizing the
fermentation operating conditions and beginning the base case design, complete with process
flow diagrams. Consideration of the ideal plant location also began in February and was
finalized in March based on cost, market, and accessibility of raw materials. Other work in
March included designing the major equipment for both upstream and downstream parts of the
process. More attention was given to economic considerations, including costing equipment and
recycling process materials. As the project timeline entered April, sensitivity analyses were

conducted for specific parts of the process, and the remainder of the equipment was designed.

14



Relevant process details and economic analyses were consolidated into the written report. The
written report was submitted for review and then revised before re-submission for final

evaluation.

2.4 Project Charter

Name of Project: Production of DL-Methionine from Corn Syrup via Biosynthesis with
Corynebacterium glutamicum

Project Author: Stephen M. Tieri
Project Advisors: Dr. Sue Ann Bidstrup Allen and Professor Bruce Vrana
Project Leaders: Dayoung Shin, Yvonne Szustakiewicz, and Allison Walter

Specific Goals: Design a plant to produce 150 million kilograms of methionine per year

Project Scope:

In Scope
Produce an equivalent of 250 million kilograms of DLM per year from CS
Design process, including all equipment and process conditions
Determine optimal reactor conditions, separations to recycle unconverted feeds, and
purification of product to meet quality specifications
Size and cost all equipment
Analyze profitability and economic of project by calculating cost of plant and required
pricing premium of product
Safety considerations necessary for working with hazardous chemicals

Out of Scope
Kinetic data of reactions outside the published conditions
Testing of assumptions
Design of process control system
Considerations for start-up and shut down
Protocol and cost of crisis management (i.e. natural disasters)

Deliverables:
Flowsheet of process and simulation results
Mass and energy balances

15



Equipment design and operating parameters

Cost of plant

Economic and profitability analysis to understand plant feasibility
Sensitivity analyses of how changing parameters affect profitability of plant
Written report and presentation describing project

Timeline:
Initial presentation on November 18, 2019
Mid-semester presentation on March 3, 2020
Final report due on April 21, 2020
Final presentation on April 28, 2020

16



3. Innovation Map

Customer-Value Proposition

Animal feed additive
for poultry and swine

A

Used in
condiments/relishes and
fish and meat products

Product

|Side Product

DLM

FEMA No.4907

Technical Differentiation

Bioengineering to
produce DLM

Purchase CS as the main
feed of the bacteria

Air filtration and
pressurization as oxygen

Liquid ammonia

pumped through system

source
Materials
‘ C. glutamicum bacteria ‘ Corn Syrup Oxygen ‘ Ammonia
A2 -
Process Technology 7
. T
T~ ‘ Fermentation Reaction T
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4. Market and Competitive Analysis

This project involves the production of methionine as an animal feed additive. The
global methionine market has been increasing since 2012 due to increased meat consumption in
Asia Pacific and Latin America, recent animal disease outbreaks, and consumer awareness
(“Methionine Market Size”). In 2015, global methionine production reached 1041 MM
kilograms. The market for methionine is expected to grow at a CAGR of roughly 6% over the
next five years, and will reach five billion dollars by 2024. (“Methionine Market 2019”). The
improvement of energy, transportation costs, employee wages, and equipment depreciation will
promote the cost of methionine in the next five years.

Animal feed additive accounts for 90% of world methionine consumption. Solid
methionine, like DLM, can be used in other industries, while liquid methionine, like MHA, is
only used in animal feed additives. DLM occupies 65% of the methionine additive market
(“Methionine Market 2019”). The methionine market is not saturated by a lot of large
companies and as stated above, the methionine market is expected to steadily grow for at least
the next five years. Because of these two reasons, the fact that our plant produces 5 of the
current DLM market does not raise high concerns. The company that builds this plant would
become a top contender in the methionine market and compete with Evonik.

The methionine market concentration is low to medium. Major companies in the market
include Evonik, Bluestar, NOVUS, and Sumitomo Chemical. Evonik accounts for 36.5% of
global production and Bluestar accounts for 24.1% of global production. Evonik, Bluestar, and

NOVUS occupy a large part of the market share in China, with local Chinese manufacturers

18



having small market share. The United States is the second largest producer of animal feed,

following China (“Methionine Market 2019”).
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5. Customer Requirements

DLM produced by the plant will be sold as a feed additive for poultry and swine growth.
High purity of the product was not a requirement by the customers since DLM is sold as animal
feed additive. However, the current market provides very pure (>99%) DLM for feed additives.
The final purity of our product will be 99% to compete efficiently in the existing market.
Impurities, including salt and glucose, in the product do not violate the FEMA GRAS guideline
and therefore can be present in the product.

Biomass, Corynebacterium glutamicum, resulting from the downstream process of
fermentation will be sold as an animal feed additive with 10% moisture content. The side
product does not violate the FEMA GRAS guideline and therefore can be sold. 10% moisture
was selected based on that of the dried distiller’s grain with solubles (DDGS) that is produced in
ethanol production plants. The price of the side product was selected as 10% of the price of the
DLM product since the side product is 10% DLM. Price of DDGS was also considered in

determining the price of the side product but was rejected after profitability analysis.
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6. Critical to Quality Variables - Product Requirements

N/A

21



7. Product Concepts

The product selected was DL-methionine (DLM) in crystalline form at 99% purity. The
product will be sold only in the animal feed market. It will presumably be mixed with feed
mixes made of corn, soya beans, cassava, and broken rice. This product was selected because it
has higher purity than the liquid methionine-hydroxy analogue (MHA), is 100% bioavailable,
and the manufacturing process is more efficient and cost effective. In addition, DLM is also
easier to transport, store, and process than MHA. Lastly, DLM mixes more efficiently with other

mainly dry feed components and does not stick to machinery.
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8. Superior Product Concepts

N/A
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9. Competitive Patent Analysis

The process detailed in this report was influenced by previous processes detailed in
patent literature. Multiple patents exist for the production of methionine using bacteria. One
such patent, U.S. patent 7,785,846 was used as a reference for much of the design of the
fermentation techniques used in this report. The patent, titled Method For The Production Of
Methionine, was published in 2005 and describes the fermentation conditions needed to
successfully produce methionine from a Corynebacterium glutamicum bacteria strain. The
authors detail the temperature, fermentation broth composition, and general processes to yield
1.5 kg methionine for every 20 kg of fermentation broth (Boy, Klein, Schroder). Another patent,
international patent WO 2015/028674 A1 was used as a reference for much of the design of the
cell culture techniques used in this report. The patent, titled Microorganism for methionine
production with improved methionine synthase activity and methionine efflux, describes the batch
fermentation process using E. coli in 2.5L reactors (Dischert, Figge, Vasseur). The relevant
patents for this report can be found in full in Appendix F.

Evonik has developed a process to produce DL-methionine through fermentation. The
plant was opened in Singapore in June, 2019 and will double the company’s annual capacity of
methionine. Very little detail on how the plant functions has been released.

The technology needed to produce DL-methionine through fermentation is well known,
but has been hard to scale to an industrial size. Research has been done and continues to be done
on genetically modifying the bacterial strain used for fermentation in order to increase the

process yield.
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10. Preliminary Process Synthesis

10.1 Fermentation Chemistry

The growth and fermentation of Corynebacterium glutamicum requires an aerobic
process with glucose as the fuel source and air as the oxygen source. Bacterial cells are made up
of about 50% carbon, 20% hydrogen, 14% oxygen, 8% nitrogen, and 3% or less of other
minerals such as phosphorus, sulfur, potassium, magnesium, calcium, and iron (Huang). All of
these elements must be introduced in the reactor feed through solutions or fuel sources in order
for the bacteria to grow and multiply. Corynebacterium glutamicum uses glucose as its fuel
source and ammonium chloride was chosen as the nitrogen source because it was present in a
premade broth from Teknova. The chemistry for bacteria using glucose as fuel and producing
methionine can be seen in Figure 10.1 (Bolten). In this aerobic process it can be seen that
glucose goes through glycolysis to produce acetyl coenzyme A, which then goes through the
TCA cycle to produce oxaloacetic acid, which then is converted to acetic acid, which is

ultimately converted to methionine.
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Figure 10.1. Chemical pathway for aerobic use of glucose as a carbon fuel source for methionine

production.

10.2 Alternative Process Synthesis

There are three known methods of producing DLM: petrochemical synthesis, enzymatic
synthesis, and biosynthesis involving fermentation. In choosing the synthesis route for this
project, petrochemical and fermentation methods were considered as the starting routes because
enzymatic synthesis requires homocysteine.

DLM produced via chemical synthesis is the major source of methionine in the market,
representing around 60 % of global DLM capacity. The starting materials include methyl
mercaptan (MMP), acrolein, ammonium carbonate, and inorganic cyanide. The reactions
involved are hydantoin production, hydantoin hydrolysis, and DLM production. First, MMP and
acrolein are heated together in presence of ammonium carbonate and inorganic cyanide to

produce hydantoin. During the process, strong acid, such as HCI or HBr, is added to lower the
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pH to less than 4 to increase the yield of hydantoin. However, this process releases toxic HCN
and thus requires great care in handling. Hydantoin is subsequently hydrolyzed in basic
condition, preferably by addition of BaOH, to produce DLM.

One major drawback of this process is the release of HCN in hydantoin production.
Another drawback is the immense amount of energy duty that is needed during the process to
control the reaction rate. Lastly, purification of methionine requires additional work-up to
remove barium salts, which are toxic.

After carefully reviewing the petrochemical synthesis route, it was decided that
fermentation will be used for DLM production due to the inherent toxicity of the traditional
synthesis route. In addition, there is a growing opposition towards chemically produced feed
additives in organic farming. Despite the fact that DLM synthesis via petrochemical route is
reported to be more profitable than synthesis via fermentation, the trend will be reversed in the
future due to the stricter regulations on chemically produced feed additives in organic farming.
In fact, Evonik recently finished building a plant in Singapore capable of producing 150
kilo-tonnes of DLM using fermentation, indicating that large scale of DLM via fermentation is

profitable.

10.3 Alternative Media Source

The media for this fermentation process requires glucose, a nitrogen source, a sulfur
source, a phosphorous source, inorganic salts, and vitamins. The process of purchasing each of
those individual components separately and then mixing them together was initially explored
because of its cost benefits. Working with Teknova to create and purchase a premade

concentrated Inoculum Broth (Soytone 25%, Yeast Extract 48%, Glycerol 10%, Na,HPO, 6%,
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KH,PO, 3%, NH,Cl1 1%, MgSO, 0.25%, CaCl, 130 uM), with those needed sources was
ultimately chosen to simplify the process. Although the Teknova broth is expensive, only corn
syrup needs to be added as the glucose source. In addition, the Teknova Inoculum Broth only
requires storage tanks for the broth and the corn syrup, while making a media from individual
components would require storage tanks for each individual chemical. The total cost of raw
materials is $0.383 per pound of DLM when using the Teknova broth. The total cost of raw
materials is $0.108 per pound of DLM when making our own broth. This 27 cents difference
saves $157MM per year. This figure does not factor into consideration that at least five more
storage tanks would have to be purchased along with another mixer, but these extra capital costs
would not outweigh the money saved on the cost of creating our own broth. Given the time
constraints of the project and the goal to streamline the fermentation process, the Teknova broth
was chosen. If this process was to be built, the plant process should involve purchasing

individual, solid chemicals and mixing them with process water to create the broth.

10.4 Alternative Glucose Source

The carbon source for this process needed to be glucose so two different glucose sources
were considered. High fructose corn syrup was initially suggested by the project author and
costs 77.6 cents/kg, but only consists of 53% glucose. Corn syrup costs between 55 and 99
cents/kg and is 75% glucose. Because both high fructose corn syrup and corn syrup are
produced in abundance in the U.S. and glucose is the second most massive component of the
fermentation broth, corn syrup was chosen as the glucose source. While high fructose corn syrup

can be less expensive than corn syrup, less mass of corn syrup is needed for the media due to its
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higher glucose content. For this reason, corn syrup is more economically feasible than high

fructose corn syrup.

10.5 Alternative Plant Locations

A variety of different plant locations were considered when designing this process before
deciding to operate the plant in the US Midwest. Singapore, while convenient because of its
proximity to China, which holds a large share of the methionine market, was ultimately not
chosen because of the amount of wet feed (CS) required for the process and the country’s carbon
tax. China does produce a large amount of CS that could be shipped to Singapore, but the large
volume of CS needed compared to the methionine yield made the US a more feasible location for
the plant. In addition, Singapore has a carbon tax of $5 per tonne of greenhouse gas emissions,
while the US has no carbon tax (“Carbon Tax”). Our plant design to produce DLM will emit
79,832 tonnes of CO, per year, so building and operating the plant in the US is more
economically feasible than in Singapore.

Cost of labor was also considered in comparing the viability of a US versus Singapore
location. Construction workers are paid 30% more in the US than in Singapore, but engineers
who would operate the plant are paid very similarly in the two countries. Because the cost of
construction workers would be a one time payment and the cost of operators would be a
continuous payment, the fact that the construction of the plant in Singapore would probably cost
less than in the US was not considered very strongly.

Most of the CS produced in the US is made in the US Midwest. CS is expensive to ship
because of its large water content and therefore the plant should be chosen so that a CS plant is

nearby. lowa and Illinois are the two of the largest state producers of corn. In addition, they
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both border the Mississippi River, which is convenient for shipping purposes. Iowa has lower
property taxes and income taxes than Illinois, so Iowa is the better economic choice for plant
location.

The US Gulf Coast was not strongly considered because if the plant was to be in the US,
it should be located as close as possible to where the CS is produced in order to limit costs of
transport. While the US Gulf Coast borders the Gulf of Mexico, which is convenient for
shipping product by sea, the costs of having to transport the CS from the US Midwest to the US
Gulf Coast outweighs the cost of transporting the Methionine product from the US Midwest to

the closest body of water for transport to China.

10.6 Batch Operation Schedule

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
e I

Fermenter 1

Production
Fermenter 2 — _
|
Seed Train

|
CIP/SIP I R

The graphic above shows the proposed schedule for the operation of all major processes

involved in this project. The plant will operate on a 7,500 hour per year schedule. There are a
total of six pre-seed fermenters, six seed fermenters, and twelve production fermenters, creating
six of the proposed schedules above that are running in parallel. The production fermenters will
run continuously in 64 hour reactor campaigns before operations must be suspended, and there

will be approximately 109 such reactor campaigns per production fermenter per year. The
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operating schedule of the two production fermenters that are connected to the same seed
fermenter will be staggered such that a new campaign will begin 24 hours after the first
production fermenter’s campaign. When a production fermenter campaign ends, the
Clean-in-Place (CIP) system and Sterilization-in-Place system (SIP) will begin to sterilize the
reactors, and this process will take approximately 24 hours. The reactor seed train process with
one pre-seed fermenter and one seed fermenter will be initiated 24 hours before the end of a
production fermenter. Technicians will be able to lengthen or shorten the seed train process in
case of unexpected events that cause this time period to change,

In order to grow new batches of cells in a timely manner with appropriate quality checks
in between each growth stage, a seed train is used in this process . The reactors from pre-seed to
seed to production are sized up by a volumetric order of magnitude of 10. The estimated batch
times for each of the units in the fermentation train are summarized in Table 10.6. These batch
times were calculated based on the cell doubling times in each of the respective units. The seed
train process will take a total of 77 hours, including turnaround. This can be increased and
decreased according to process needs by adjusting the percentage of mass transferred from one
seed reactor to the next. Additionally, each of the batch times was calculated based on the
growth phase and the turnaround time, which was assumed to be 8 hours. The stationary phase
of cell growth is not included in these batch times since the cells will be inoculated at optimal

growth conditions.
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Table 10.6. Batch growth times for each of the fermentation train units, adding to a total of 61

hours.
Unit Unit Size (L) Doubling Time Final DCW Growth Time
(hr) (g/L) (hr)
Flask 2 2.68 0.67 24
Pre-seed 5,000 1.88 1 22
Seed 50,000 2.58 6 15
Production 500,000 3.89 20 20
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11. Assembly of Database

11.1 Cost of Chemicals

The main raw materials in this process are corn syrup and Teknova Inoculum Broth. The

prices for buying these materials in bulk were obtained from the websites of various vendors.

Corn syrup will be purchased from ADM and transported via piping from their plant location in

Cedar Rapids, IA at a bulk price of $0.88/kg. Teknova Inoculum Broth will be purchased from

Teknova and transported via rail in tank wagons at a bulk price of $0.51/kg. We are making the

assumption that we will work with Teknova to create a broth that is more concentrated than the
broth that is sold on their website, which is 90.8% water. We are also making the assumption
that we will work with Teknova so that they can sell the concentrated broth to us in bulk

amounts. Because of these two assumptions, we made the estimation that we will be able to

purchase their broth at $0.51/kg. The costs of all reactants and products are summarized in Table

11.1.

Table 11.1. Bulk price of main reactants and products.

Chemical Name Cost (SUSD/kg)
Teknova Inoculum Broth $0.51
Corn syrup $0.88
C. glutamicum $402/0.4 mL aliquot
Methionine product $3.6
FEMA No. 4907 side product $0.36
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11.2 Chemical Components and Thermophysical Properties

The Safety Data Sheets (SDS) for all chemical components can be found in Appendix E.
Considerations based on safety of the chemicals were determined using the information from
these SDS. Aspen simulations were used to model the media sterilization, triple effect
evaporation, the heat exchanger of the crystallizer, and the combustion of natural gas for the
rotary dryer. For calculations in Aspen, ammonium sulfate was used to model all of the salts that
are involved in the process and dextrose was used to model glucose. The choice to use
ammonium sulfate to model all salts was done to simplify calculations and was approved by
project author, Stephen Tieri. For the stoichiometry of the formation of DLM, ammonium
sulfate was also used to model all the salts that are involved in the process. This decision was
proposed by consultant Rick Bockrath and was approved by project author, Stephen Tieri. The

amount of air and ammonia needed for each reactor was based on this stoichiometry.

11.3 Cell Growth Kinetics and Bioreactor Rates

Information on cell growth kinetics was found in patents and literature. The Venkata
paper shows a range of doubling times between 1.25-3 hours for C.glutamicum (Venkata, Vamsi,
Venkata). For our calculations, a doubling time of 1.88 hours was calculated for the pre-seed
reactor, 2.58 hours was calculated for the seed reactor, and 3.89 hours was calculated for the
production fermenter. These doubling time calculations were based on growth rates which were
based on initial and final dry cell weight and time allowed for growth. International patent WO
2015/028674 Al had an example where the final concentration of methionine in solution reached

was 20 g/L. It was assumed that during fermentation, the final concentration of methionine in
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solution reached was 80 g/L in order to decrease the number of fermenters needed to produce
250MM kg/year of DLM per year. If 20 g/ was used as the final titer, 48 production fermenters
would have been required; when 80 g/L is the final titer, only 12 production fermenters are
required. It was concluded from US Patent 7,785,846 that for every 20 kg of fermentation broth
put into the reactors, 1.5 kg of DLM product is produced. This ratio was used for the basis of
our preliminary material balances. From US Patent 8,338,141, it was determined that the pH
should be maintained at 7.5 during fermentation. The bulk density of the dried DLM is 1.34
kg/L. The production reactors can be run for 64 hours in continuous, sterile operation before
needing to be stopped and cleaned with 95% process uptime. A seed train was created for cell
growth as a fed-batch process, with reactors increasing in size until the target titer was reached in

the largest reactor and the continuous process can begin.

11.4 Aspen Simulation Specifications

Aspen Plus V11 was used in the simulation of many of our processes. These processes

include media sterilization, triple effect evaporation, the heat exchanger of the crystallizer, and
the combustion of natural gas for the rotary dryer. The NRTL property method was used because
most of the solutions involved in the process consist mainly of water and water is a polar
molecule. It was also chosen because it is useful to calculate phase equilibria and several parts
of the process involve liquid, vapor separation. All of the heat exchangers were modeled using
HEATX. For all processes modeled in Aspen, dextrose was used to model glucose, and
ammonium sulfate was used to model all of the salts and other minor components present in the
Teknova broth (including yeast extract, soytone, glycerol, monosodium phosphate,

monopotassium phosphate, ammonium chloride, and magnesium sulfate). Ammonium sulfate
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was chosen because it is a source of nitrogen and sulfur, which are key elements necessary for
growth in fermentation. This decision was approved by project author, Stephen Tieri. Other
fermentation byproducts and minerals were ignored in modeling because their small weight
percent was deemed insignificant to calculations. This decision was approved by project author,
Stephen Tieri. DLM was present in Aspen’s database, but many parameters were missing so
values for parameters were added manually from doing outside research on DLM.

The media sterilization was modeled as three heat exchangers. The cold stream coming
out of the second heat exchanger is used as the hot stream into the first heat exchanger to
maximize energy efficiency. The hot stream out of the first heat exchanger is mixed with the
cold stream out of the second heat exchanger to become the hot stream into the third heat
exchanger to maximize energy efficiency.

The triple effect evaporation unit was modeled as three heat exchangers and three flash
vessels. Operation at a maximum approach of 10°C was set to maximize the heat transfer per
unit area. Smaller temperature approaches were avoided as this would increase the heat
exchanger area. Since there is no actual model for evaporators in Aspen, the exit cold stream
from the heat exchangers were fed into FLASH2 separators. The duty of the triple effect
evaporation was calculated by summing the duties of the heat exchangers in each effect.

The heat exchanger part of the crystallizer was modeled in Aspen to calculate the duty of
cooling the liquid stream coming in from 112 to 5°C. Water from triple effect evaporation comes
in at 6°C to cool the liquid input stream. The total duty of the crystallizer was calculated by

summing the duty of the heat exchanger with the heat of fusion times the flow rate of DLM
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going into the crystallizer. The latter calculation was completed by hand and can be seen in
Appendix A.

The combustion of natural gas was modeled in Aspen to calculate how much natural gas
was needed to heat the air required by the rotary dryer. Air and methane were inputs to an
RSTOIC reactor, which modeled a furnace, and carbon dioxide and water were outputs. The
flow rate of natural gas was increased until the exhaust from the furnace was at 170°C, as
advised by consultant Rick Bockrath. The amount of natural gas needed was incorporated into

utilities calculations.
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12. Process Flow Diagrams and Material Balance

Process flow diagrams for different parts of the process are presented in sections
12.1-12.3. Section 12.1 and Figure 12.1 shows the media sterilization process. Section 12.2 and
Figure 12.2.1 shows a single fermentation train in greater detail, including all equipment required
for a single pre-seed and seed fermenter, and a pair of production fermenters. The full
fermentation design and all batch operations are shown in Figure 12.2.2. Intermediate pumps for
fermentation are not shown in the overall diagram, but can be referenced in detail in Figure
12.2.1. All downstream continuous processes are presented in Section 12.3 and Figure 12.3.
Some streams appear in multiple figures to show the path of heat integration across the batch and
continuous processes. Streams that contain significant amounts of DLM are bolded throughout
the process flow diagrams. In Section 12.4, a portion of Figure 12.3 is depicted in the schematic
labeled Figure 12.4 to indicate elevation of various units and to indicate where gravity and static

head are used to assist with material transportation in the process.
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12.1 Media Sterilization
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Description Media in Media out Media out Media in Media out
Stream # S-004 S-006 S-007 S-010 S-011
Temperature (°C) 20 88 121 104 31
Pressure (bar) 1.01 1.01 1.01 1.01 1.01
Vapor Fraction 0 0 0 0 0
Total Flow (kg/hr) 52275 52275 52275 52275 52275
Component Flow
(kg/hr)
Water 42834.1 42834.1 42834.1 42834.1 42834.1
Glucose 52223 52223 52223 52223 52223
Minerals/Salts 42185.9 42185.9 42185.9 42185.9 421859
DLM 0 0 0 0 0
Recycled Recycled
Description media in media out [Steam in Steam out |CW in CW out
Stream # S-009 S-005 S-0001 S-0002 S-0003 S-0004
Temperature (°C) 121 104 175 132 20 44
Pressure (bar) 1.01 1.01 8.9 8.9 1.01 1.01
Vapor Fraction 0 0 1 1 0 0
Total Flow (kg/hr) 40641 40641 450382 450382 990840 990840
Component Flow
(kg/hr)
Water 33301.2354| 33301.2354 450382 450382 990840 990840
Glucose 4060.0359| 4060.0359 0 0 0 0
Minerals/Salts 32797.287| 32797.287 0 0 0 0
DLM 0 0 0 0 0 0
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12.2 Seed Train Design
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Sterilized Media from
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Figure 12.2.2: Process flow diagram for all batch operations, including fermentation and all

associated pumps, heat exchangers, and storage tanks.

Intermediate fermentation

equipment shown in Figure 2 is not shown here for each fermentation train. Bold streams
contain Met product. Blue indicates streams used for cooling. Square terminals indicate

streams for disposal.
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2 L Flask

Product to next
Description From Aliquot [Media in reactor
Stream # N/A N/A S-021
Twin Stream #'s
Temperature (°C) 31.0 31.0 31.0
Pressure (bar) 1.0 1.0 1.2
Total Mass (g/batch) 8.1 1650.0 1658.1
Component Mass (g/batch)
Cell Mass 0.1 0.0 77.3
Water 8.0 1348.1 1487.3
Glucose 0.0 164.8 0.2
Teknova Mix 0.0 137.4 10.8
Ammonia 0.0 0.0 0.0
DLM 0.0 0.0 40.0
Other Fermentation Byproducts 0.0 0.0 41.5
Carbon Dioxide 0.0 0.0 0.0
Air 0.0 0.0 0.0
Oxygen 0.0 0.0 0.0
Nitrogen 0.0 0.0 0.0
Side Biomass 0.0 0.0 1.1
5,000 L Reactor
Liquid Product to

From Compressed |Ammonia [Next
Description Flasks Mediain  [Airin in Reactor Gas Vent
Stream # S-022 S-014 S-035 S-025 S-039 S-048
Twin Stream #'s
Temperature (°C) 31.0 31.0 20.0 20.0 31.0 31.0
Pressure (bar) 1.2 1.0 2.9 1.0 1.2 1.2
Total Mass (kg/batch) 6.6 4846.3 6700.0 0.2 5270.8 6282.4
Component Mass
(kg/batch)
Cell Mass 0.31 0.0 0.0 0.0 0.91 0.0
Water 5.9 3959.4 0.0 0.17 4727.9 2743
Glucose 0.00066 484.1 0.0 0.0 0.48 0.0
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Teknova Mix 0.043 403.7 0.0 0.0 343 0.0
Ammonia 0.0 0.0 0.0 0.07 0.0 0.0
DLM 0.16 0.0 0.0 0.0 360.0 0.0
Other Fermentation
Byproducts 0.17 0.0 0.0 0.0 131.8 0.0
Carbon Dioxide 0.0 0.0 0.0 0.0 5.9 580.6
Air 0.0 0.0 6699.8 0.0 0.0 N/A
Oxygen 0.0 0.0 1406.9 0.0 0.0 134.7
Nitrogen 0.0 0.0 5292.8 0.0 0.0 5292.8
Side Biomass 0.0042 0.0 0.0 0.0 9.6 0.0
50,000 L Reactor
Liquid Product to

From Last Compressed |Ammonia |Next
Description Reactor Mediain  [Airin in Reactor Gas Vent
Stream # S-039 S-016 S-036 S-027 S-040 S-049
Twin Stream #'s
Temperature (°C) 31.0 31.0 20.0 20.0 31.0 31.0
Pressure (bar) 1.2 1.0 3.1 1.0 1.2 1.2
Total Mass (kg/batch) 5270.8 45770.6 67000.0 2.3 55653.6 62390.2
Component Mass
(kg/batch)
Cell Mass 0.91 0.0 0.0 0.0 422.0 0.0
Water 4727.9 37394.6 0.0 1.6 49921.2 2631.5
Glucose 0.48 4572.5 0.0 0.0 4.6 0.0
Teknova Mix 343 3812.7 0.0 0.0 361.7 0.0
Ammonia 0.0 0.0 0.0 0.64 0.0 0.0
DLM 360.0 0.0 0.0 0.0 3400.0 0.0
Other Fermentation
Byproducts 131.8 0.0 0.0 0.0 1391.3 0.0
Carbon Dioxide 5.9 0.0 0.0 0.0 62.4 5483.2
Air 0.0 0.0 66997.7 0.0 0.0 N/A
Oxygen 0.0 0.0 14069.5 0.0 0.0 1347.2
Nitrogen 0.0 0.0 52928.2 0.0 0.0 52928.2
Side Biomass 9.6 0.0 0.0 0.0 90.3 0.0
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500,000 L Reactor

Liquid

From Last Compressed [Ammonia |Product to
Description Reactor Mediain  |Airin in STOR-04 |Gas Vent
Stream # S-042 S-018 S-037 S-029 S-044 S-050
Twin Stream #'s S-045 S-020 S-038 S-031 S-047 S-051
Temperature (°C) 31.0 31.0 20.0 20.0 31.0 31.0
Pressure (bar) 1.2 1.0 5.1 1.0 1.2 1.2
Total Mass (kg/batch) 27826.8| 484630.4 670000.0 24.2| 553807.5| 628673.9
Component Mass
(kg/batch)
Cell Mass 211.0 0.0 0.0 0.0 1972.2 0.0
Water 24960.6| 395943.0 0.0 17.4( 496765.3 27862.6
Glucose 2.3 48414.6 0.0 0.0 48.4 0.0
Teknova Mix 180.9 40369.7 0.0 0.0 3599.7 0.0
Ammonia 0.0 0.0 0.0 6.8 0.0 0.0
DLM 1700.0 0.0 0.0 0.0 36000.0 0.0
Other Fermentation
Byproducts 695.7 0.0 0.0 0.0 13845.2 0.0
Carbon Dioxide 31.2 0.0 0.0 0.0 621.0 58057.9
Air 0.0 0.0 669975.8 0.0 0.0 N/A
Oxygen 0.0 0.0 140694.9 0.0 0.0 13472.5
Nitrogen 0.0 0.0 529280.9 0.0 0.0 529280.9
Side Biomass 45.1 0.0 0.0 0.0 955.7 0.0
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12.3 Downstream Continuous Design

‘s1sfup wnip A1ejol ‘sielip fejol ‘'sebnjujused ‘sieziejsAio ‘siojelodeas

(s121jUB2U0D
J10jelodeny)

¢0"0ls

A
¥ So.mH =
[

¥0-940 .ﬁm

“aInBy Jo ssauasinuod pue AudNdwis uleluiew o] WelBeip Sy} Wol papiwo usag sey #0-0Y ‘€0-ad ‘20-ad
syun Jafip Alejol jo uondidap aasusyaldwiod  "SWESl]S J8AN0 puUB Jsjul JIe Joy UMO SH Uim yaes (0~ 01 Lo-) siefip Alejol jounsip noy sjussaidal joquifs JeAip Alejoy uoljelodens 1sys-a|duy
au) 1ale pajpAlal aq 0] Wes)s sjussaidal gLQQ-S Wes)s Juasaldal saul| pal panog wesans sefi pinjeu e sjussaidal gLQ0-S SWeSNS 1B Joy a1 J|00-S pue 9100-S Gunesy 1o) pasn sweans
S9]BJIpUl pay 1elem ssad0ld se pajdAlal pue ‘peziUs]s ‘Pajo0d &g 0] SWESNS IS)BM S]BJIPUI SMOLE anjg pepesy-s|gnog 1onpoid uonejusuls) pinbl 0} SINJSIOW PPE 0] G'8F0-S UNM paxi
aqg 0} Jajem ssaoold S| GLOQ-S Wealls anjg 18| awos yum jonpoid ssewolq Auolew urejuod sweans b jonpoid Qg Auolew uiejuod sweans plog “syue) sbelols pue ‘siofanuod 18yang

¥0- ‘'€0- ‘z0-
‘10-ay

690-S LL0S

siaBueyoxs jeay ‘sdwnd pajeInosse |8 pue suoneedo SNONUINUOD WESIISUMOP & 10} Welfelp moj $58201d '¢'Z) ainbi4

10-SS

1onpoud

WTd
[euly

0.08 | (sunjsiow o5
ANQ [euld)
90-4O1S

il
0105 3
9.0/ 60
€90s | 2 IS
m_‘ll 090-5
vl-d
£0-dvAd 20-dV¥Ad 10-dVA3 y
: - 1000°S Las
ol @ b SH— ;
g 3 6000°S 80065
o« + + LL00'S
20-SS
Zk-N ' 1onpoid
g JOIN Wim ~ ou_m;\
vo Ssewolq Mygo-s \_/ 0805
paug 8l-d

Q] [
2.04 \\O 2.b€
0505
10-©40 A ¥0-XH
1505 8

(1onpoud pinby
uonejuBULIBH)

¥0-4O1S

46



0 0 0 0 0 0 086°8T 08681 (m/35) (pr10s) W1
EES 0 0 £€8 0 0 tES £E8 (m/35) ssemorg
£E€8 0 0 £E£8 0 0 £I8°6T EI8°6T (6T MOLT SPHOS
0 0 0 0 0 0 0 0 (q/5y) Iy
Y| BESLT 9r8’s [raal| 0 0 [l [l (/3Y) sjnposdig uonejuauiR 4 20
S 0L e 619 0 0 619 619 (1g/3Y) asoonH
F6T LEO'TF 6LOET 096°LE 0 0 086°8T 086°8T [VERY (pmbt) WId
(33 09¢°% 0TeT 3ICY 0 0 SICY SICY (Ty/5) SITeS
To'T 0T9°919 0Fs's0T 206°€C9 00L°S66'T [00L'S6G'T 906°€C9 N ELEOLS (Ty/5) Talep
66F°C 05089 618°9TC $S6°789 00L°§66'T [00L°S66°T SL6°E99 SES FF 019 (1u/53) oL doden/pmbrT
Tee'e 05+ 089 618°0TC 88L°E89 00L°S66'T [00L°S66°T 88L°€89 SES 888°8+9 (xy/Sy) MOL] SSBEJAL [BJOL
0T 0T 01 01 0T 01 [ [t Teq alnssald
L 0L 0L 0L 0ST 08T o€ Te (Ds) armeTadural
8S0-S "SS0-S # WEANS WM
LO™S 090-S s0-s 050-S 9000-S £000°S 6¥0-S €T00°S 8¥0-S # Wweans
weans asgLua) | LsWInu) tO-XH| t0-XHJo +O-XH t0-XH RETN L0-TN o] uondusaq
ssewrorg 2prs Jo Q| Jo o nids Jo Q| no weas OJUT B3] | OJU] Weang ssadord | ‘HO-MOLS JO IO

47




6IY 0 0 0 0 (m/8y) | (012 “2s00n]3 *s)fES) SPI[OS TAIO
0 0 0 0 0 (m/8y) (prjos) I
€€8 €€s €€8 8LT €£8 (/) sseworg
ST £€8 £€8 8.7 £€8 (an/3y) MO[T spHOS
0 0 0 0 0 (m/3y) SBD) [RINEN
0 ¢l1 | T TTTor (ny/8y)| s1onpordAg wonejuswrag 1210
S 5 S T 6t9 (q/3y) 3s0001D
0 +6T F6T 36 096°LE (1/39) (prnb1y) IWIQ
£e £e £e 11 SICY (1q/3y) sifes
80T wro'c ro'c 189 906°€C9 (mq/8y) REALEINY
oF1 66T 66T £€8 £56'789 (an/3y) morg 1odey/pmbiy
86€°T zee'e zee'e Ty 88L°€89 (au/31) MOLT SSETN [B)OT.
T I T I T (Teq) arnssarg
1C1 0L 0L 0L 0L (D:) armeradural
6508 ‘950-8 S, 4 WEAS UL
080-S 6L0-S 8L0-S €C0-8 0€0-S 4 WBAINS
TeAIQ winaq JeAIQ I weans | weans ssewolg | +0-XH 10 100 uondusagq
Ate10d 10 10O ATeloyg our|  sseworg apIs ap1g urds

48



0 0 0 0 0 0 0 0 0 0 0 (/3y) (pPrIos) WIA
0 0 0 0 0 0 0 0 0 0 0 (/s) ssetoTg
0 0 0 0 0 0 0 0 0 0 0 (aq/8y) MOL SPIOS
0 0 0 0 0 0 0 0 0 0 0 (g/3Y) Iy
0 0 0 0 AT T 0 tLT T 0 '1'C 0 g¢c (ny/EY) S15npoIdAg UOTIEIUSTIIR I IS0
0 0 0 0 179 0 179 0 179 [i] 0L (m/3) 2500N[D
0 0 0 0 FOTLE 0 FOTLE 0 TOT'LE 0 LEO'TT (/s) (prnbr) WIa
0 0 0 0 FLTT 0 PLTT 0 FLT'T 0 095°F [EiERT] BIES
898°6LT  [S98°9OFT €00°EET 0LLTOT S6T0€T SO8°OFT  [896°86T £00°EET £€8°CHY 000°09T 079919 (/3y) TaleM
898°6LT  [S98°OFT £O0°EET 0LLTOT 0EF°8LT SO8°OFT  [TOTTFE €00 E€ET S90°88F 0007092 95+ 089 [ETT50] Aorg 1odes/pmbrT
898°6.T [S98°OFI £O0EET 0LL'TOT 0+ 8LT SO8°0FT  |TOTTFE €00°EET So0"88F 0007097 9SH 089 (aq/8y) O] SSEIN [E)OL
6T I 9 S ST v ¥ 09 09 68 09 Teq arssalg
TET T GST T11 i1 PET 6ST 65T CLT 0L D) aTmersdmal
# WEAS UM
£€100-S T100°S T100-S 0T00°S +90°S 6000-S £90°S 8000-S T90-S L000-S 190-S # weans
paroAdeyg [SEEENE €133 J0| €123T JO (T 0PI 0| TI3PIJo| TIeapI 0| 70T JO T12ga| 1ojerodead uondinsaq
2 01 AAD | JOInO AMD Jomo Mo mno .ADQF./ mo Ez_u_A mo .HOQrwf mo Ez_u_A mo .ﬂoarw/ mo E:_U_IH ojur wreals 0] paag

49



SIaAIp AIRI01 5 || 10] PIPIAU 1B [BIO] & ypun

SI2AIP AIR100 § [[B JO IN0 MO[J [PIO] fpey
s1241p AIR]0I1 § [[B 0] MO[J [BIO] 14y
um:rﬂ LU 2L OUL We20s 241 Jo ...E.:.f.EED..__ pue sop) (B0,

0 0 6r e 96CFE 0 39 e 63F° 11 0 0 (/) (pr108) INIA
0 0 0 0 0 0 0 0 0 (my,3y) ssetorg
0 0 8TLFE 26TFE 0 BOFFE 68+ TT 0 0 (a/39) MOL] SpI0S
8r0°L9E |BFO'L9E |0 0 0 0 0 0 0 (/) Iy
0 0 0 fra) T80T LT T STL PLT'T PLT'T (y3Y) s1onpoId g Tonejuatiz J 120
0 0 0 53 98¢ 129 L0T 19 1coe [BERT |as0001H
0 0 0 el 85T 96L°C £6 FOT LE vOTL (/) (pmbI) WIa
0 0 0 e T80T FLT'C STL FLT'T FLT'C (m/3y) slfes
0 0 (53 SFO°L 0rS'8TT 861°9¢T 66t sk 86T°9¢T 86T°9€T [BERT T2l
8F0°LOE [BFOLOE [TSE <808 8L8°SET €96 EFT 886°LF 0EF 8LT 0EFSLT (a/5Y) ao[f fodey/pmbry
8F0°LOE (8F0D'L9E |0BO'SE I8E°TFr SL8SEL 0EF'8LI LLF 6% 0€F'8LI 0EF'8LI (ay/3y) MO[] SSEJAL [BIOL
01 o1 0T 0T 01 o1 o7 0T 0T Teq aInssald
0€T 0LT 0c < < g < CIT CIT (D) aTmjeradural

ABNJLIUD 0)
NARTE BIA| £L0°5 “TL0°S 1905 7 WIBaI}S UIMT,
LTOOS| 9T00°S SLOS FLO™S FI00-S V/IN 690°S 290-S S90S # WENs
no ny ur 1281 ToAIJ ATeloy | a3nImmua) asngnua) | IRZI[eISATD | IRZITRISATD ¢0-d01S wonduiasaqg

I s Amejog jo| 01 28nyrnua) jo Jo| o11ezmesA&1D| 10 1nQ wids 01 peadg 01 paag
MO N8y | N0 YD 18M 4y | 100 PIObIT| 10 N0 ATTO]S,

50



12.4 Elevation Considerations in Design
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Figure 12.4. Schematic diagram showing elevation considerations to minimize pump and conveyor
requirements. Crystallizers will be located on the third floor and feed their slurry product into the centrifuge
via gravity and static head. The centrifuge will be located on the second floor and feed solid product into the
rotary dryers located on the ground floor of the plant. A conveyor will cool the dried product as it is carried to
the second floor storage bin. The bin contains a live bottom unit to be able to drop cooled product into the
super sacks packing station located beneath the bin, on the ground floor. This set-up maximizes the use of

gravity and static head to transport solid streams.

CONV-01

SS-01

I
L+

51



13. Process Descriptions

The first section of this process is the aerobic fermentation of Corynebacterium
glutamicum. A 0.4 mL aliquot of the bacteria will be purchased from ATCC and grown up in a
lab. 0.112 grams of the cell mass will be transferred into 2L flasks to grow for 24 hours. The
contents of the flasks will then be transferred into pre-seed fermenters. The pre-seed stage
occurs over 30 hours, which includes 8 hours of turnaround, in six 5,000 L fermenters
(PRE-SEED-01 to -06). The cells are then transferred into six 50,000 L seed fermenters
(SEED-01 to -06) where the fermentation reaction proceeds for 23 hours (including 8 hours of
turnaround). Air is added to the pre-seed reactors at 0.29 vvm and to the seed reactors at 0.31
vvm. Chilled water at 6°C is used to maintain the temperature of the fermenters at 31°C and
ammonia is added to maintain the pH at 7.5. Final DLM concentration in each fermenter is 80
g/L at the end of the fermentation period.

Each pre-seed fermenter feeds into one seed fermenter, each with a working volume of
42,500 L. Each seed fermenter feeds into two production fermenters, each with a working
volume of 450,000 L (PROD-01 to -12). Air is added to the production fermenters at 0.29 vvm.
Chilled water at 6°C is used to maintain the temperature of the fermenters at 31°C and ammonia
is added to maintain the pH at 7.5. Final DLM concentration in each of the 12 fermenters is 80
g/L. The entire fermentation process is exothermic and aerobic.

The batch time for the total fermentation is 117 hours, with a cycle time of 69 hours,
allowing for 109 batches per year. Each set of two production fermenters is staggered by 11.5

hours. See Appendix A for stagger time calculations. The stagger time is the only unique aspect
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of scheduling this process. There are no bottlenecks because the fermentation time is similar in
the seed and production fermenters. After fermentation, the production fermenters are emptied
into a storage tank (STOR-04). Due to the staggered start times, only two production fermenters

are emptied at the same time.

13.1 Feed Material Storage and Preparation

Several raw materials must be introduced into the fermentation system in order to enable
aerobic cell growth, pH control, and DLM production. These raw materials must be prepared
and stored in appropriate conditions to ensure safety, maximum growth, and no operation delays.
There will be storage tanks for the corn syrup, Teknova Inoculum Broth, and liquid ammonia

solution, the design specifications of which are described in Section 15.1.

13.1.1 Corn Syrup Storage

Liquid corn syrup will be delivered to our production plant from the ADM Corn
Processing plant in Cedar Rapids, IA via pipelines at a price of 55 cents/kg. Corn syrup will be
mixed with the Teknova Inoculum Broth and then sterilized to be fed to the fermenters. Because
corn syrup is the only glucose source to enable cell growth, a shortage of corn syrup would result
in needing to shut down production and restart the 64-hour campaign period. A 3 day supply of

corn syrup will be stored in the tank at 20°C and atmospheric pressure.

13.1.2 Teknova Inoculum Broth Storage
The Teknova Inoculum Broth is necessary to provide nutrients for the cells to grow. Our
team made the assumption that we worked with Teknova to develop a more concentrated broth

than the one listed on its site. The current Teknova Inoculum Broth for sale is 90.8% water and
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we worked with Teknova to make a broth that is 6.75% water. Because this new concentrated
broth consists of much less water and because we are buying in bulk, we estimated a discount on
the price to buy the broth at 51 cents per kg. The broth will be delivered in 30,000 L tank
wagons so 39 tank wagons will need to come into the plant each week. A seven day supply of
the concentrated Teknova broth will therefore cost around $818,000. The broth is normally only
sold in 1 L quantities, so we made the assumption that we worked with Teknova to sell the
concentrated broth in 10,000 L quantities to fulfill our supply. The broth includes water, yeast
extract, soytone, glycerol, monosodium phosphate, monopotassium phosphate, ammonium
chloride, and magnesium sulfate heptahydrate. The broth will be diluted with process water so it
becomes 90.8% water and then mixed with corn syrup to become the fermentation media. The
media is then sterilized to be fed to the fermenters. A summary of the concentrations of the
nutrients in the storage tank can be found in Table 15.1.2 A seven day supply of the broth will be

held in two storage tanks at 20°C and atmospheric pressure.

13.1.3 Ammonia Storage

28 wt% ammonia solution will be delivered to our production plant from American
Elements via 15,000 L truck shipments at a price of $800 per 100 metric tons. The ammonia
solution will be easier for storage and transport than gaseous ammonia because of its liquid state.
A year's supply of ammonia solution will be stored in a tank with 20% head space to allow for
some vaporization. Ammonia is very stable so a year's supply can be stored in one storage tank
without concerns about degradation. The ammonia will be stored at 20°C and atmospheric

pressure, and will be used for pH control in the fermenters.
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13.1.4 Media Sterilization Heat Exchangers

The media made of corn syrup and Teknova broth is at 20°C and needs to be heated for
sterilization and then cooled back down to 31°C for entrance into the fermentation train. This
sterilization will be achieved through a series of three shell-and-tube heat exchangers.
Unsterilized media will flow into the first heat exchanger at 52,275 kg/hr. The first heat
exchanger heats from 20°C to 88°C, has an area of 54.4 m?, and requires 40,641 kg/hr of recycled
heated media at 121°C. A fraction of the heated media that comes out of the second heat
exchanger is recycled as the heating liquid for the first exchanger in order to decrease the amount
of steam needed to be purchased. The second heat exchanger heats from 88°C to 121°C, has an
area of 766 m?, and requires 450,382 kg/hr of medium pressure steam. The third heat exchanger
cools from 121°C to 31°C, has an area of 532 m?, and requires 990,840 kg/hr of cooling water.
All of the heat exchangers will be made from stainless steel to minimize corrosion and

contamination.

13.2 Air Compression and Filtration

The oxygen source for fermentation will be air. The air will require a compression and
filtration system to avoid contamination and prepare the gas for introduction to the fermenters.
Because air is used instead of pure oxygen, a significant amount of nitrogen gas will be
introduced into the system which will be inert in the process and must be vented for release to

the atmosphere.
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13.2.1 Air Compression

Because ambient air is the source of oxygen for the fermentation process, an air
compressor is needed to extract air and properly pressurize it. The air will be sparged into the
cell culture from the bottom of the reactor, so the gas must be pressurized to the correct amount.
The pre-seed fermenter will have a height of approximately 5.7 m, so the compressor will
pressurize air to 2.9 bar. The seed fermenter will have a height of approximately 7.8 m, so the
compressor will pressurize the air to 3.1 bar. The production fermenter will have a height of
approximately 25.6 m, so the compressor will pressurize the air to 5.1 bar. The compressor will

be an oil-free screw compressor.

13.2.2 Air Filtration

Because ambient air will be used for the process, several air filters will be needed to
ensure the quality and sterility of the air before it is introduced to the fermenter. Two different
filters will be placed on either side of the air compressor to purify the gas. The first filter will be
an M6 class ‘course’ filter to remove any large debris or contaminants before the gas is
pressurized. The second filter will be an H13 class ‘fine’ filter, a high-performance particle filter
with a sub-micron pore size that will purify the air before entering the fermenter (Jahnke,
Pillarella, Weiner). The submicron pores are small enough that any microorganisms in the air
that could contaminate the reactor would be removed. The small filter size will introduce a
pressure drop across the unit and may require additional gas compression (Jahnke, Pillarella,

Weiner).
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13.3 Seed Train Growth

In order for the cell mass to reach the amount needed for the production fermenter, the
cells must be grown from lab scale to manufacturing scale. Beginning with 2 mL aliquots at
0.0013 g/L, the cell solution is grown to 500,000 L at 20 g/L. The seed train consists of 2 L
flasks, pre-seed fermenters, seed fermenters and a batch process at the final production volume.

Seed train growth is important for the growth of cells in an efficient manner and for
quality control of the cells. The lab staff will ensure the quality of the cells at each step of the
seed train before moving the cell mass to the next reactor. If the cells have a quality issue, the

staff can address it before the cell volume is at a manufacturing scale.

13.3.1 Cell Bank Storage

In order to ensure reproducibility of batches in the DLM production process, a cell bank
is used to store and freeze cell samples. The bank also ensures fresh samples are available in the
case of contamination or failed batches. To generate the cell bank, an initial culture undergoes
rigorous quality testing to ensure no bacteria or fungi has infiltrated the sample. The culture is
then fractionated into 2 mL aliquots to form the master cell bank. The aliquots are then frozen to
preserve the cells until they are needed to inoculate new reactor batches. If the cell banks are
near depletion, one of the aliquots will be used to create a new master cell bank (Jahnke,

Pillarella, Weiner). A diagram of this process is shown in Figure 13.3.1.
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Figure 13.1.1. Process of creating a cell bank of 2 mL aliquots (Gargi).

The cell bank will store 300 2 mL aliquots of cells at a concentration of 0.0013 g/L.
According to consultant Rick Bockrath, the freezer operates at -90°C to ensure the
cryopreservation of the cells. Dimethyl sulfoxide (DMSO) at 10% is used as a cryopreservation
agent. Serum-free Freezing Media is used as the medium for cryopreservation. The cells are
cooled at a rate of -1°C/min (Jahnke, Pillarella, Weiner).

The low temperature seizes all molecular processes and prevents the generation of free
radicals that would disrupt the efficacy of the cells after preservation. When the cells are
thawed, the viability and purity of the cells are tested to ensure the cells are usable for the seed
train. Personal protective equipment and biosafety precautions should be taken in order to
guarantee the safety of lab personnel and the efficacy of the cell line (Jahnke, Pillarella, Weiner).
Two cell banks will exist, one on site and one off site, in case of contamination or destruction of

one of the cell banks.
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13.3.2 2 L Flasks

24 2 L Erlenmeyer flasks are used as the first units to scale up the cells to manufacturing
scale. Sterilized media will be fed into each flask at the beginning of the batch. Each flask will
have a fill fraction of 25% and therefore a working volume of 0.5 L. Four 2 mL aliquot will be
used to initiate cell growth in each 2 L flask. The final concentration in each flask will be 0.67
g/L, giving a final dry cell mass of 1.34 g. The efficacy, viability and purity of the cells are
tested and 100% of the final batch product is fed to the next seed reactor to begin further cell
growth. Four 2 L flasks are needed for each pre-seed reactor, which is the next unit in the seed

train.

13.3.3 5,000 L. Fermenters

Six 5,000 L batch fermenters are used as the second unit to scale up the cells to
manufacturing scale. Sterilized media, compressed air, and liquid ammonia will be fed into each
fermenter at the beginning of the batch. The reactor will have a fill fraction of 90% and
therefore a working volume of 4,500 L. Cooling water through internal coils and external
jackets will deliver cooling at the rate necessary to maintain a temperature of 31°C in the
fermenter. The product from four 2 L flasks will be used to initiate cell growth in each
individual reactor. The final concentration in each bioreactor will be 1 g/L, giving a final dry
cell mass of 4 kg. A gas vent steam will be used to prevent pressure build up. The efficacy,
viability and purity of the cells are tested and 100% of the final batch product is fed to the next

seed reactor to begin further cell growth.
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13.3.4 50,000 L Fermenters

Six 50,000 L batch fermenters are used as the third unit to scale up the cells to
manufacturing scale. Sterilized media, compressed air, and liquid ammonia will be fed into each
fermenter at the beginning of the batch. The reactor will have a fill fraction of 85% and
therefore a working volume of 42,500 L. Cooling water through internal coils and external
jackets will deliver cooling at the rate necessary to maintain a temperature of 31°C in the
fermenter. The product from the 5,000 L reactors will be used to initiate cell growth. The final
concentration in each bioreactor will be 6 g/L, giving a final dry cell mass of 255 kg. A gas vent
steam will be used to prevent pressure build up. The efficacy, viability and purity of the cells are
tested and 100% of the final batch product is fed to the continuous reactor to begin start up batch

cell growth.

13.3.5 Chilling Machines

All of the pre-seed, seed, and production fermenters need cooling water to maintain a
temperature of 31°C in the fermenter. The cooling water will be provided by chilling machines
that pump out water at 6°C, which enter the fermenters through internal coils and external
jackets. The water is then heated in the fermenters and pumped back out to the chilling machines
to be cooled and go out to the fermenter again. The net requirement of cooling water for all the
fermenters is 32MM liters. Assuming chilling machines that hold 3.6MM liters of cooling water,

which was suggested by consultant Rick Bockrath, the process will need nine chilling machines.
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13.4 Batch Growth Period

After the last seed reactor, the product from the 50,000 L reactors is the appropriate size
to initiate cell growth in the continuous scale bioreactors of 500,000 L. Sterilized media,
compressed air, and liquid ammonia will be fed into the fermenter at the beginning of the batch.
The reactor will have a fill fraction of 90% and therefore a working volume of 450,000 L.
Cooling water through internal coils and external jackets will deliver cooling at the rate
necessary to maintain a temperature of 31°C in the fermenter. The final concentration in the
bioreactor will be 20 g/L, giving a final dry cell mass of 9000 kg. A gas vent steam will be used
to prevent pressure build up. The efficacy, viability, and purity of the cells are tested, and then

the continuous fermenter growth will begin.

13.5 Continuous Bioreactor Growth

After the cells are grown in the 500,000 L fermenters to the target concentration of 20
g/L, the continuous phase of operation will begin. The continuous process consists of constant
flow rates of products, reactants, and recycle streams flowing in and out of the fermenter system.
Inlet streams to the bioreactor include sterilized media, compressed air, and liquid ammonia.
Outlet streams from the bioreactor include a vented gas stream of nitrogen, carbon dioxide and
excess oxygen and a liquid product stream which will then be heated. Each of the 500,000 L
bioreactors has a campaign period of 64 hours to operate continuously before the operation must
cease for the bioreactor to be sterilized and restarted with a new batch growth period. The 12
production fermenters will run on staggered schedules so that at least 6 fermenters are running at

all times. One of the production fermenters is cleaned and restarted every 64 hours.
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13.5.1 500,000 L. Fermenters

12 500,000 L bioreactors will operate in coupled systems for bacteria to grow and DLM
and FEMA No. 4907 byproduct to be formed. The reactor will have a fill fraction of 90% and
therefore a working volume of 450,000 L. Cooling water will deliver cooling at the rate
necessary to maintain a temperature of 31°C in the fermenter. The bioreactor will be maintained
at a pressure of 1.2 bar, slightly above atmospheric pressure, to ensure that in the case of a leak,
external contaminants will not immediately enter the bioreactor (Jahnke, Pillarella, Weiner). A
cell density of 20 g/L will be maintained in the bioreactor, and reactant and product streams will
flow in and out of the bioreactor at the flow rates specified in Section 12.2. The bioreactor will

include agitation with power of 1118 kW.

13.5.2 Fermentation Product Storage

Each batch of solution coming out of two production fermenters will empty into a storage
tank. This storage tank is for the transition from batch to continuous process. Once two
fermentation batches have been completed and emptied into the storage tank, the contents of the
tank will be pumped into a heating unit to solubilize DLM in solution. A 6 day’s supply of

fermentation product will be stored in the tank at 31°C and atmospheric pressure.

13.5.3 Cooling Water

Due to the highly exothermic nature of the bacterial growth process, large amounts of
heat will be created in each bioreactor. 4.8 kW of heat is created in each pre-seed reactor, 273
kW of heat is created in each seed reactor, and 9,648 kW of heat is created in each production

fermenter so extensive cooling is needed to maintain an operation temperature of 31°C in the
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fermenter. The bioreactor will be made of smooth stainless steel to prevent corrosion and allow

for easy sterilization between the continuous operation periods.
13.6 Fermentation Product Heat Exchanger

The first step in the downstream process after fermentation is the heating of the resulting
fermentation broth to completely solubilize DLM produced. Initially, approximately 50% of
DLM is in solid phase due to the low solubility of DLM in the fermentation broth at 31°C. Thus,
the broth is heated from 31°C to 70°C using a floating-head, counter-current shell-and-tube heat
exchanger; Steam at 180°C and 1 bar will be passed through the shell side while passing the

broth through the tube to accomplish the heating. Required heat duty is 32 MW.

13.7 Disc Stack Centrifugation

The outlet of the fermentation product heat exchanger is flowed through a separator in

order to separate the biomass pellets from the DLM containing supernatant. A total of three
continuous nozzle centrifuges operate at 70°C and at 1 bar. The separators are assumed to
completely separate biomass from the fermentation product broth such that the resulting
supernatant stream does not contain any biomass. The pellet is assumed to contain 75% moisture
content. The electricity needed to operate one separator unit is 170kW and the process water
needed to ensure safety and to flush is 45 kilo-tonnes per year per unit. In total, S10kW of

electricity and 134 kilo-tonnes of process water.

13.8 Rotary Drum Dryer

After the biomass is separated from the DLM containing liquid stream, the pellet is dried

in a rotary drum dryer to decrease the moisture level to 10% and to kill the biomass at a high
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temperature so that it can be sold as animal feed additive. Direct fired rotary drum dryer that
utilizes heated natural gas is used to heat the side product stream from 70°C to 121°C. The
outlet stream of the rotary drum dryer is assumed to contain all of the inlet biomass with
decreased water content. 777MM kilograms of natural gas and heating duty of 26,000 MW is

used per year.

13.8.1 FEMA 4907 Packaging
Once the biomass has been separated and dried, the FEMA 4907 pellets are funneled into

super sacks to be sold.

13.9 Triple Effect Evaporation

After the FEMA 4907 side product is separated from the main product stream, the
downstream flow goes into triple effect evaporation. The evaporation removes water and
concentrates the amount of DLM in the stream from 6 wt% to 21 wt%. Triple effect evaporation
consists of three stages of heat exchangers and flash vessels in series, with each stage operating
at a lower temperature and pressure than the previous. The first stage operates at 159°C and 6
bar, the second stage operates at 144°C and 4 bar, and the third stage operates at 112°C and 1.5
bar. Each of the three heat exchangers will have condensate streams which will be cooled and
recycled to be used as process water diluting the Teknova broth and cooling water in the

crystallizer. The steam from the third effect will also be recycled to be used in the first effect.

13.10 Crystallization

After triple effect evaporation, the liquid product stream from the flash vessel of the third

effect flows into three crystallizers. Each crystallizer will precipitate out solid DLM that will be

64



part of a slurry that is 76 wt% water. 92% of the liquid methionine flowing into the crystallizer
will precipitate out of solution due to cooling. The feed inlet will flow through a low-shear axial
pump into a heat exchanger that cools the stream from 112°C to 5°C. 5°C was chosen as the end
temperature as recommended by Patent US7785846. The solubility of DLM at this temperature
is 20.53g/L. A low-shear axial pump is used to reduce secondary nucleation. The velocity of the
feed will be kept at a minimum of 2.44 m/s to prevent material from salting out on the tubes.

The crystallization will take place at atmospheric pressure. Approximately a total of 34,468

kg/hr of DLM will be crystallized out of solution.

13.11 Decanter Centrifugation

The slurry out of the three crystallizers will feed into a cylindrical-conical screen bowl
centrifuge. This centrifuge contains a rotating bowl connected to a conveyor and has continuous
feed and discharge. The total inlet flow rate to the unit is 178,430 kg/hr. As stated in Section
13.10, this flow rate includes DLM solids which flow at 34,468 kg/hr. The purpose of this
centrifugation step is to isolate the wet DLM cake from the remaining liquid stream, as opposed
to placing a large duty on heating units by trying to evaporate such large amounts of water.
Solids are discharged over the conical section and are further dewatered by means of a
cylindrical screen. Because the outlet liquid stream is 95% water, it is sufficiently low in other
components (i.e., salts, glucose, DLM), such that it can be cooled, sterilized, and recycled as
process water for other units. These centrifugation units are considered to be high separation
machines, so a recovery of 99.5% of solids was assumed. The total flow out of the centrifuge is

42,381 kg/hr, which includes 19% liquid moisture in the DLM cake.
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13.12 Rotary Dryer

After centrifugation, the solid stream containing the DLM product will be a wet

crystalline cake with 19% moisture. The final DLM to be packaged in Super Sacks is desired to
have 1-2% moisture to minimize mold and bacterial growth, so a rotary dryer system will be
used to dry the crystalline methionine to 1% moisture. The dryer system includes an induced
draft (ID) fan to feed the gases, a cyclone, and a baghouse. The ID fan uses pressure to pull
exhaust gases and particulates through the system and facilitates their removal. The cyclone uses
centrifugal force to recover the bulk of any large particulates. The baghouse filters particulates
out of the process air, assisting in pollution control and product recovery. These components
support proper handling of exhaust gases in compliance with emissions requirements.

To keep dryer design specifications within reasonable limits, there will be a total of 4
rotary dryer units to accommodate and handle the large amount of solid flow. Each dryer will
have a wet cake input stream of 19% moisture at 5°C flowing in at 10,595 kg/hr. Hot air at
170°C with 0.7% humidity will enter each dryer at a rate of 91,762 kg/hr. Inlet air velocity will
be kept at 1.5 m/s to minimize dusting of the solid. Water will be evaporated at a rate of 1,950
kg/hr from each unit. The exit flow rate of the solid DLM stream (1% moisture) will be 8,770
kg/hr, for a total of 35,080 kg/hr DLM of 99% purity. The solid stream will be leaving the dryer

at 80°C. Assuming 85% uptime, this produces 250 kilotonnes of the DLM product per year.

13.12.1 Conveyor
The dried DLM product stream which exits the rotary dryer will be transported via a feed
bucket conveyor to a storage tank one floor above. The feed bucket conveyor was chosen on the

basis of trying to minimize crystal breakage. Other conveyor methods could potentially work as
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well, but would require more thorough knowledge of the behavior of crystalline DLM. This
conveyor will be approximately 30 feet long. It is important to note that the product leaves the
dryers at 80°C. As a burn protection measure for workers, the conveyor will be equipped with a
cooling system to lower the product temperature to 50°C. This will allow for safer handling of

the product material.

13.12.2 DLM Product Storage

A storage bin is to be placed above the packing station in order to receive product from
the conveyor unit and will store eight hours of material, so that several super sacks can be filled

consecutively without emptying the bin.

13.13 DLM Final Packaging

From the storage unit, the DLM will be ready to be packaged for final distribution. The
DLM will be dropped into large plastic super sacks via gravity from the storage unit located one
floor above the packing station. These super sacks will roughly hold two tons of product. Once

the package is filled, it will be ready for distribution.
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14. Energy Balance and Utility Requirements

14.1 Utility Requirements

Table 14.1. Yearly amounts and costs for utilities needed in the process.

Utility

Yearly Amount (kg/yr)

Yearly Cost ($)

Medium Pressure Steam

4,107,090,000

$63,249,186

Low Pressure Steam

14,967,750,000

$198,023,333

Cooling Water

7,448,435,001

$196,529

Process Water

1,080,088,115

$227,987

Natural Gas

915,802,500

$201,934,451

Total:

28,519,165,620

$463,631,486

The utilities needed for this project are displayed in Table 14.1. The largest expense in

utilities is due to the steam that is needed for media sterilization, the heat exchanger to heat the

liquid product out of the fermentation, and triple effect evaporation. Chilling machines will

supply the cooling water for the heat exchangers and the operation of these machines is reflected

in the price above. Process water will be obtained from suppliers in the Midwest at ambient

conditions.

The main utility needs for this process include chilled water for the fermentation vessels,

cooling water for heat exchangers, electricity for operation of pumps and compressors, medium

pressure steam for the media sterilization, and natural gas for the rotary dryers.
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It was estimated that the pre-seed fermenters, seed fermenters, and production fermenters
consume 1,407, 14,070, and 140,695 kg O, per batch, respectively. The amount of chilled water
needed for each fermenter was calculated from the OUR and working volume of each respective
reactor. Defining an overall heat transfer efficiency of 70% between submerged coils and the
fermentation liquid and using chilled water at 6°C, we conservatively estimated a chilled water

cooling requirement for each of the fermenters. Details of the calculations can be found in

Appendix A.

14.2 Electricity Requirements

Table 14.2. Yearly energy requirements for process units.

Source Duty (kW) | Yearly Energy Consumption | Yearly Cost (§)
(kW-hr)

Pumps 157 1,175,600 82,292
Air Compressor 133 997,500 69,825
Pre-seed reactors (x6) 6.71 50,341 3,524
Seed reactors (x6) 381 2,854,422 199,810
Production reactors (x12) 14,794 110,956,230 7,766,936
Centrifuges 510 3,825,000 267,750
Decanter Centrifuge 300 2,250,000 157,500
Rotary Dryer 38 285,000 19,950
Conveyor 37 280,000 19,575
CIP System 17 127,500 8,925
SIP System 17 127,500 8,925
Total: 16,391 122,929,093 $8,605,012
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The yearly energy requirements for the units involved in this process are detailed in Table
14.2. The yearly energy consumption of each unit was calculated from its kilowatt operating
power for a 340 day work cycle. For units that are not part of the continuous process, like the
reactors, the periods of down-time between use were considered when calculating the yearly
energy consumption of those units. The majority of the energy costs are associated with the
production fermenters. This is to be expected as they are 500,000 L reactors with 1,118 kW

agitators and the process requires twelve of them.
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15. Equipment List and Unit Descriptions

15.1 Feed Material Process Units

15.1.1 Corn Syrup Storage Tank

One 576,000 L stainless steel storage tank with a cone roof will be used to store a three
day supply of corn syrup at room temperature of approximately 20°C and 1 bar. The corn syrup
will be mixed with the Teknova broth to create the media for fermentation. The bare module
cost of this storage tank is estimated to be $510,974 according to the Equipment Costing

Spreadsheet.

15.1.2 Teknova Inoculum Broth Storage Tank

Two 640,000 L stainless steel storage tanks with cone roofs will be used to store a
week’s supply of inoculum broth at room temperature of approximately 20°C and 1 bar. The
Teknova broth will be diluted with process water until it is 90.8% water. 553,000,000 L of
process water per year will be needed to dilute the Teknova broth. The diluted Teknova broth
will be mixed with the corn syrup to create the media for fermentation. The bare module cost of
an individual storage tank is estimated to be $539,306 so the total bare module cost for both
tanks is $1,078,612. according to the Equipment Costing Spreadsheet. Table 15.1.2 shows the

makeup of the diluted Teknova Broth.
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Table 15.1.2. Composition of the diluted Teknova Inoculum Broth to be entered into the mixer
for combination with corn syrup.

Component Name % of Broth
Water 6.75
Yeast Extract 48
Soytone 25
Glycerol 10
Monosodium Phosphate 6
Monopotassium Phosphate 3
Ammonium Chloride 1
Magnesium Sulfate Heptahydrate 0.25

15.1.3 Ammonia Storage Tank

A 37,000 L stainless steel storage tank with a cone roof will be used to store a year’s
supply of ammonia solution. The ammonia will be stored at 20°C and atmospheric pressure.
The flow rate of ammonia into each of the production bioreactors is approximately 38.3 kg/hr,
the flow rate into each of the seed bioreactors is approximately 3.62 kg/hr, and the flow rate into
each of the pre-seed bioreactors is approximately 0.383 kg/hr. Therefore, the size tank should be
sufficient in supplying all of the reactors for a year. Ammonia will enter at the bottom of all the
fermenters as a pH controller. This storage tank is estimated to cost $126,437 according to the
Equipment Costing Spreadsheet. Since the liquid ammonia will expand 850 times when
evaporating, it is important that the tank has enough head space and can withstand a high enough

pressure to allow for the variations in the ambient temperature of the tank due to climate

72



seasonality (Jahnke, Pillarella, Weiner). Gaseous anhydrous ammonia is not chosen as the form

of ammonia because ammonia gas is highly toxic.

15.1.4 Media Sterilization Heat Exchangers
The media made from corn syrup and the Teknova broth needs to be sterilized to prevent

contamination. Table 15.1.4 shows the composition of the media.

Table 15.1.4. Composition of the media for entry into the media sterilization heat exchangers.

Component Name % of Broth
Water 81.94
Glucose 9.99
Yeast Extract 4.16
Soytone 2.16
Glycerol 0.87
Monosodium Phosphate 0.52
Monopotassium Phosphate 0.26
Ammonium Chloride 0.09
Magnesium Sulfate Heptahydrate 0.02

Three heat exchangers in series are used to heat the premade media from 20°C to 121°C
and then cool it back down to 31°C so that it can be pumped into the fermentation process. The
first heat exchanger heats from 20°C to 88°C, the second heat exchanger heats from 88°C to
121°C, and the third heat exchanger cools from 121°C to 31°C. All three heat exchangers are

shell-and-tube floating head and are made of stainless steel. The areas of the heat exchangers are
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54.4 m?, 766 m?, and 532 m? respectively. The bare module cost of the heat exchangers are
$419,422, $1,505,748, and $1,148,453 respectively. The total bare module cost for the three heat

exchangers is therefore $3.1MM.

15.1.5 Air Compressor

The air compressor is required to feed air to the pre-seed fermenters at 2.9 bar, the seed
fermenters at 3.1 bar, and the production fermenters at 5.1 bar. The compressor will have a
three-phase 178 horsepower engine that will operate at 3,250 rpm. All of the air will come out of
the compressor at 5.1 bar. The size of the inlet control valve for the pre-seed and seed reactors
will be adjusted so that the pressure drop of the valve equates to air at 3.1 bar going into the seed
reactors and air at 2.9 bar going into the pre-seed reactors. The purchase cost of the compressor

is $327,596.

15.1.6 Coarse Air Filters

Opakfil 2V air filters will be purchased from Camfil to serve as the first stage of air
filtration. The M6 class filters will provide a ‘coarse’ filtration of incoming air to remove large
contaminants. The filter media will be glass fiber with a media area of 8 m*. The filter will be a
V-bank filter with an ABS frame. The filter will add a negligible pressure drop that should not
affect the amount of compression required. If the compressor needs to be replaced, the unit is
fully incinerable. The dimensions of the filters will be 0.6 x 0.6 x 0.2 m. Each air filter will cost

$4,000 (Jahnke, Pillarella, Weiner).
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15.1.7 Submicron Air Filters

Absolute VG air filters will be purchased from Camfil to further purify air to be used in
the process. The H13 class filters will have submicron pores to sterilize incoming air before it is
introduced to the process. The filter media will be glass fiber with a media area of 46 m”. The
filter will be a V-bank box filter with an ABS frame. The filter will add a negligible pressure
drop that should not affect the amount of compression required. The filters will be halogen-free.
The dimensions of the filters will be 0.75 x 0.6 x 0.3 m. Each air filter will cost $4,000 (Jahnke,

Pillarella, Weiner).

15.2 Seed Train Process Units

15.2.1 12 mL Test Tubes

Thermo Scientific Matrix 12.0 mL ScrewTop Tubes in Barcoded Latch Racks 3775BR
will be used to store the genetically modified cells in the onsite cell bank. Each tube will be
filled with 2 mL aliquots and there will be at least 192 tubes. These tubes are capable of storing
cells at lower temperatures and will be stored at -90°C in a freezer in the lab. The material is
medical grade polypropylene, and the tubes come with certified sterility. Each package has 4

racks of 24 tubes per case. Two 96 tube packages will be purchased at $222 per package.

15.2.2 2 LL Erlenmeyer Flasks

Thermo Scientific 2 L solid, non-vented Nalgene Erlenmeyer Flasks with Plain Bottom
will be used to scale up the seed train. The material is polyethylene terephthalate, and the flasks
come with certified sterility. Each flask will be loaded with four of the 2 mL aliquots and media

to obtain a net 0.5 L of liquid volume. The flasks will be shaken on a table shaker for
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approximately 24 hours. This process is operated in the lab to account for any growth problem.
Four flasks are needed per pre-seed fermenter so six packages of four flasks will be purchased at

$95 each for a total of $570.

15.2.3 5,000 L Pre-Seed Fermenters

Each of the six pre-seed fermenters is 5,000 L with a working volume of 4,500 L. The
fermentation media of Teknova inoculum broth, corn syrup, and C.glutamicum are initially
charged to the fermenter. The cycle time is 30 hours, which includes 22 hours of cell doubling,
and 8 hours of turnaround. The fermenter is aerated at 0.29 vvm and non-dissolved gases exit
through a vent. Ammonia is added to maintain the pH at 7.5 and the temperature is maintained
at 31 °C with 485 kg/hr chilled water at 6°C. The molar yield of DLM is 0.217 mol per mol of
glucose consumed and the productivity is 0.055 g/L-h. The concentration of DLM in the broth
after fermentation is 80 g/L. The seed fermenter is 5.7 meters tall and has a diameter of 1.1
meters. It is constructed from stainless steel to prevent rust and corrosion. The total bare
module cost of the fermenter, including the chilled water coils, is $233,000. The combined total

bare module cost for all seed fermenters is $1.4MM.

15.2.4 50,000 L Seed Fermenter

Each of the six seed fermenters is 50,000 L with a working volume of 42,500 L. The
fermentation media of Teknova inoculum broth, corn syrup, and C.glutamicum are initially
charged to the fermenters. The cycle time is 23 hours, which includes 15 hours of cell doubling
and 8 hours of turnaround. The fermenters are aerated at 0.31 vvm and non-dissolved gases exit
through a vent. Ammonia is added to maintain the pH at 7.5 and the temperature is maintained

at 31 °C with 27,500 kg/hr chilled water at 6°C. The molar yield of DLM is 0.217 mole per mole
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of glucose consumed and the productivity is 0.33 g/L-h. The concentration of DLM in the broth
after fermentation is 80 g/L. Each seed fermenter is 7.7 meters tall and has a diameter of 2.87
meters. It is constructed from stainless steel to prevent rust and corrosion. The total bare
module cost of each fermenter, including the chilled water coils, is $730,000. The combined

total bare module cost for the six seed fermenters is $4.4MM.

15.2.5 Chilling Machines

All of the fermenters need cooling water. Nine chilling machines will deliver cooling
water at 6°C for all pre-seed, seed, and production fermenters. The cost of the chilling machines
is based solely off the cost of the cooling water. Table 17.1 in Product and Process Design
Principles 4th Edition is used to cost the machines. The fermenters need 32MM kg of cooling

water, so the cost of the chilling machines will be $19.2MM.

15.3 Continuous Process Units

15.3.1 500,000 L Production Fermenters

Each seed fermenter feeds into two 500,000 L production fermenters with a working
volume of 450,000 L. The cycle time is 64 hours, which includes 20 hours of biomass growth,
32 hours of methionine production, and 12 hours for turnaround. The fermenter is aerated at
0.31 vvm and non-dissolved gases exit through a vent. Ammonia is added to maintain the pH at
7.5 and the temperature is maintained at 31 °C with 970,500 kg/hr chilled water at 6 °C. The
molar yield of DLM is 0.217 mole per mole of glucose consumed and the productivity is 1.1
g/L-h. The concentration of DLM in the broth after fermentation is 80 g/L. The production

fermenter is 25.6 meters tall and has a diameter of 5 meters. It is constructed from stainless steel
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to prevent rust and corrosion. The total bare module cost of the fermenter, including the agitator
and chilled water coils, is $3.1MM. The combined total bare module cost for all production

fermenters is $37.2MM.

15.3.2 Fermentation Product Storage Tank

A 1,220,000 L stainless steel storage tank with a cone roof will be used to store two
batches worth’s supply of the liquid product from fermentation. Sizing of the storage tank
between batch and continuous processes was based on the mean residence time in the vessel.
Since fermentation times are staggered, it was especially important to anticipate the maximum
working volume and purchase storage tanks large enough to handle the volume input. The liquid
will be stored at 31°C and atmospheric pressure. The flow rate of the solution into the
fermentation product heating unit is around 660,000 kg/hr. This storage tank was estimated to

cost $750,000 according to the Equipment Costing Spreadsheet.

15.3.3 Gas Scrubber

Three model CS-17 chemical scrubbers will be purchased from Pollution Systems to
remove contaminants from the vent gases of any cell culture before they are released to the
atmosphere. Each scrubber will process vent gas at a flow rate of roughly 115,630 kg/hr and the
scrubbing liquid will be water. The unit will be a packed bed scrubber made out of stainless
steel. Each scrubber stack will have a height of 11 m and a diameter of 0.71 m. The unit will
come equipped with a 30 horsepower process fan and 34,000 L/hr recycle pump (Jahnke,

Pillarella, Weiner). The three gas scrubbers will cost $56,000.
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15.3.4 Fermentation Product Heat Exchanger

One unit of counter-current, shell-and-tube heat exchanger will be used to heat the
product liquid stream from 31°C to 70°C. 1,996,000 kg/hr of steam at 1 bar and 180°C will pass
through the shell side to heat the liquid stream that passes through the tube side at a flow rate of
684,000 kg / hr. The heat duty for the heat exchanger is 32MW and the necessary surface area is
930 ft*>. The material of the heat exchanger is stainless steel and the length is 20 ft.
Floating-head will be used due to the large flow rates. The purchase cost of this heat exchanger

will be $112,000.

15.3.5 Disc Stack Centrifuges

Three units of stainless-steel Alfa Laval FEQX 520S-31CG large capacity disc stack
nozzle centrifuges will be purchased to separate the biomass containing pellets from the DLM
containing supernatant exiting the fermentation product heat exchanger. The units are
continuously operated using 18 nozzles to remove the biomass-containing stream. The
dimension of each centrifuge is 3 meters in height and 1.45 meters in diameter. The process
occurs at 70°C and 1 bar. Each centrifuge will process a flow rate of 228,000 kg/ hr. Each unit
consumes 170kW of power and 45 kilo-tonnes of process water, which is needed for purging and
for safety. The resulting product streams are DLM containing liquid stream and 75% moisture

biomass side stream. Each separator will cost $400,000.

15.3.6 Rotary Drum Dryer
1 unit of FEECO direct fired rotary drum dryer will be purchased. The biomass
containing stream with moisture content of 75% exiting the centrifuge will flow through the

stainless-steel rotary drum dryer to decrease the moisture content to 10%. Heated natural gas at
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180°C will pass through the drum dryer at a flow rate of 103,600 kg / hr in counter-current
direction. The unit will process 3,300 kg / hr of incoming stream continuously. The dimension
of the unit is 30.5 meters in height and 4.6 meters in diameter. The heat duty of the drum dryer is
3.5 MW and the price of the natural gas is $3,426,000 per year. The purchase cost of the rotary

drum dryer is $750,000.

15.3.7 Triple Effect Evaporation

The product from the centrifuges contains 6 wt% DLM. To obtain the desired amount of
DLM product, it was necessary to concentrate the product to 21 wt% DLM. This was done with
a triple effect falling film evaporator with forward feed arrangement. The feed to the evaporators
unit is at 70 °C and 6 bar. Low pressure steam is used to evaporate 133,003 kg/hr of water from
the first effect operating at 6 bar. Vapor from the first effect is used to evaporate 146,865 kg/hr
of water from the second effect. For this vapor to achieve evaporation in the second effect, it
was necessary to reduce the pressure of the liquid feed to the second effect from 6 bar to 4 bar.
The vapor from the second effect is used to vaporize 162,770 kg/hr of water from the third effect.
To achieve this operation, it was necessary to lower the pressure of liquid feed to the third effect
from 4 bar to 1.5 bar. The temperatures of the for the first, second, and third effects are 159°C,
144°C, 112°C respectively.

The liquid condensate from the heat exchangers of the second and third effects is cooled
and then recycled to be used as process water for the fermenters, and is pumped to the
crystallizers for use as cooling water. The vapor from the third effect is recycled as steam for the

first effect. Once the first batch is complete, the water from the triple effect evaporation can start
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supplying 676 kg/hr per batch of process water to the fermenters and 394 kg/hr per batch of
cooling water to the crystallizers.

Use of falling film evaporators was suggested to avoid side reactions. The 99% purity
required for the product necessitated use of the expensive falling film evaporators network. The

total bare module cost of the triple-effect evaporator unit is $8.3MM.

15.3.8 Crystallizer

The three crystallizers were sized using a residence time of 60 minutes, as recommended
by consultant Daniel Green, to meet hourly production requirements and form solid crystals of
appropriate size. Based on an inlet mass flow of 59,477 kg/hr into each crystallizer, the
dimensions of the vessel were calculated to be 3.8 m in diameter and 5.75 m in height. A height
to diameter ratio of 1.5 was recommended by industrial consultants in order to give the
dimensions highlighted above. A particle size of 50 pm was assumed based on
recommendations from consultant Art Etchells. Literature was found that stated the particle size
of L-methionine to be 9.5 um, but this small of a particle size would require upwards of 50
crystallizers of the same current size. The three crystallizers produce approximately 34,468
kg/hr of DLM crystals. The net heat duty requirement for all three crystallizers is 76,625 kW,
which is satisfied by supplying each vessel with approximately 14,333 kg/hr of cooling water at
6°C. The total heat duty is the sum of the duty of each heat exchanger and the heat of fusion of
DLM. The bare module cost for an individual crystallizer is $1,357,000 so the net bare module

cost for all three crystallizers is $4.1MM.
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15.3.9 Decanter Centrifuge

The slurry out of the three crystallizers will feed into a cylindrical-conical screen bowl
centrifuge to significantly dewater the wet DLM cake down to a moisture content of 19%. There
will be a continuous feed of 178,430 kg/hr and discharge DLM solids with 19% moisture at a
rate of 42,381 kg/hr to continue on to the subsequent drying step of the process. Up to 135,878
kg/hr of liquid (95% water, 5% salts, glucose, DLM, organic byproducts) can be cooled,
sterilized, and recycled as process water to other units. Consultant Richard Bockrath provided
specifications for a centrifuge which meets this capacity. A machine with a 44- inch bowl
diameter and a 400Hp motor with 1600 RPM can handle up to 700 gpm of liquids and up to 10
tons/hr of solids. These centrifugation units are considered high separation machines, so a
recovery of 99.5% of solids was assumed, per Rick Bockrath’s recommendation. The centrifuge
purchase cost for stainless steel construction in 1981 was $150,000 (Perry, Green). The total

bare module cost for the decanter centrifuge is $437,500.

15.3.10 Rotary Dryer

The product from the crystallizers will be a wet cake of 19% moisture. The final step in
the downstream process is drying the DLM product to reach a final moisture content of just 1%.
Sizing calculations for the rotary dryer unit were performed with assistance from consultant
Richard Bockrath. The rotary dryer system includes an induced draft (ID) fan to feed air, a
cyclone, and a baghouse. This support equipment ensures appropriate handling of the exhaust
gas to comply with local, state, and federal regulations. This type of dryer system typically
features very high recovery rates because the solid does not leave the system, so 100% recovery

was assumed for the baghouse.
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To achieve realistic equipment dimensions, 4 rotary dryer units were designed. Based on
an inlet mass flow rate of 10,595 kg/hr of wet crystalline product at 5°C to each dryer, and an
inlet mass flow rate of air at 170°C with 0.7% humidity of 91,762 kg/hr, each dryer will have a
diameter of 6 m and a length of 20 m. The inlet air velocity will be 1.5 m/s to avoid dusting of
the solid. The outlet solid stream flowing at 35,080 kg/hr will contain 1% moisture and be of
99% purity. Electricity requirements for the 38 kW motor total to $ 19,950 per year. Natural gas
requirements for heating the air to 170°C total to $ 7,274,020 per year per dryer. The bare
module cost of a single rotary dryer unit constructed from stainless steel is $1.49MM, so the net

bare module cost for 4 rotary dryers is $5.96MM.

15.3.11 Conveyor

A feed bucket conveyor system is used to transport the dried DLM product from the
dryers up to a storage tank. This conveyor configuration was recommended by consultant Rick
Bockrath to minimize crystal breakage during transport. Rick provided an estimate for a
conveyor with a length of 30 feet for $50,000 bare equipment. A motor load of 50Hp for the
conveyor was provided by Prof. Bruce Vrana. Prof. Vrana and Rick Bockrath also suggested
supplementing the conveyor with a cooling system priced at $10M which cools the DLM product
from 80°C to 50°C as a burn protection measure for plant workers. Full, complete design of the
conveyor remains part of the future work for this process. The bare module cost for the

conveyor is approximately $109M.
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15.3.12 DLM Storage Tank

A storage tank placed above the packing station will receive product from the conveyor
unit. The storage unit will include a live bottom which will allow solid product to fall via gravity
into the super sacks packing station below it. The maximum working volume of the tank will be
281M liters to be able to store and fill several hours of material. This large volume permits the
filling of several super sacks consecutively without emptying the tank. The storage unit was

priced with assistance from Prof. Vrana for a total bare module cost of $393MM.

15.4 Additional Units

15.4.1 Pumps and Piping

The process will require several rudimentary pumps to provide the driving force
necessary to transport the materials at the flow rates detailed in the stream reports and mass
balances in Section 12. Pipe diameter considerations and pump design were considered out of
scope for this project due to time constraints. All 22 pumps which have been costed are
centrifugal pumps with 100 feet of head based on recommendations from Professor Bruce Vrana
and consultant Art Etchells. The pressure drops associated with the pumps range from 0.37 bar
to 5.7 bar, and the resulting power requirements range from 2 to 64 kW. There are six larger
pumps which are responsible for transporting the inputs and outputs to and from the production
fermenters. These pumps have an average bare module cost of $144,430. The other 16 pumps
transport contents at a smaller flow rate because they either follow a splitter, or their contents are
the biomass side stream, which is small in comparison to the main product streams. These have

an average cost of $36,480. The pumps and piping will all be constructed from stainless steel.
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Motors use totally enclosed fan cooled motor enclosures for protective purposes, since none of

the materials are explosive.

15.4.2 Mixers and Splitters

Mixers and splitters of two or more fluid streams are needed at various points through the
process, including in the creation of the premade media, and the feeding of compressed air and
sterilized media to the pre-seed, seed, and production fermenters. In all of these cases, the
streams being mixed or split consist of fairly homogeneous fluids; therefore, the mixing and
splitting can be accomplished by a tee in the pipeline and appropriate flow measurements,
controllers, and valves. All of these considerations are assumed to be covered by the bare
module costs of the other process equipment, so the mixers and splitters in this process were not

designed nor costed specifically.

15.4.3 Bank of Chillers

A bank of chilling machines is necessary to provide the cooling water needed for the
fermenters in the process. The pre-seed, seed, and production fermenters will require 998,485
kg/hr of cooling water, with the largest need for cooling water coming from the production
fermenters. The cooling water for all processes will need to be chilled to 6°C. Due to the warm
weather for half of the year in Cedar Rapids, lowa, this chilled temperature can only be achieved
with refrigeration. During the five cold months, this chilled temperature can be achieved without
refrigeration. The yearly cost of the operation and maintenance of the cooling tower is reflected

in the cost factors used when calculating the cost of utilities in Sections 14.1 and 19.2.
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15.4.4 Steam Generator

A steam generator will be installed on site to provide the heated steam necessary for the
project. The process will require 4,107,090,000 kg of medium pressure steam per year and
14,967,750,000 kg of low pressure steam per year. The majority of the steam will go to the heat
exchanger that heats the liquid product out of the fermentation process. Steam is also needed in
the media sterilization process and in the first effect of the triple effect evaporation. For the
media sterilization and triple effect evaporation, the steam will be produced at 175°C and 8.9 bar.
For the fermentation product heat exchanger, the steam will be produced at 180°C and 1 bar. The
yearly cost of the operation and maintenance of the steam generator is reflected in the cost

factors used when calculating the costs of utilities in Sections 14.1 and 19.2.

15.4.5 Clean-In-Place System

The Clean-In-Place (CIP) system is an automated cleaning system to clean the inside of
the 500,000 L fermenters, pipes, and mixers between continuous batches. This will occur every
64 hours when a fermenter is emptied and refilled with new cell mass from the seed process. A
single tank CIP system by Sani-Matic will be used for this process. A customized Sani-Matic
Ultra Flow 110 will be used. This system is portable, so it can be easily transported in case the
fermenters are far apart. The unit has a small footprint and also has the ability to self-clean.
High turbulent flow rates and low water requirements make this unit very effective in cleaning
process equipment. Diaphragm control valves set the cleaning circuit flow rates and control the
rate of discharge to drain. Chemical conductivity is used to provide proof of rinse (Jahnke,

Pillarella, Weiner). The tank schematic is shown below in Figure 15.4.5 (Sani-Matic).
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Figure.15.4.5. Schematic diagram of the Clean-In-Place system (Sani-Matic).

15.4.6 Sterilization-In-Place System

The Sterilization-in-Place (SIP) system is combined with the CIP system to ensure the
final and automatic sterilization of units before the next batch is started. The SIP system ensures
safety and efficiency, prevents toxic contamination of the product, and minimizes
recontamination of the process. The SIP system also monitors and records critical process
parameters. Saturated pure steam at a temperature higher than 121°C will be used to clean all
fermenters, pipes, and mixers between continuous batches. A single-tank SIP system by Solida

Biotech will be used for this process (“Clean-in-Place”).

15.4.7 Final Packaging
The final product will be packaged in super sacks, each holding a mass of 1,800
kilograms of product. To accomodate for the production volumes of the plant, approximately

390 super sacks will be filled daily for shipment. Each super sack costs $29 and can be
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purchased from ULINE, for a total of $4,128,472 per year. The super sacks are made of a woven
polypropylene material and feature a duffel top with a tie closure as well as four lift loops on the
corners for easy transport. It is assumed that buyers would be purchasing our product in units of

super sacks for bulk animal feed usage.
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16. Specification Sheets
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CORN SYRUP STORAGE TANK
Identfication: Item: Storage tank
[tem No. STOR-01
No. Required 1
Function: Hold comn syrup before being mixed with inoculum broth
Operation: Batch
Type: Cone Roof
Stream In Stream Out
Stream ID N/A S-001
Temperature (°C) 20
Mass Fraction
Methionine (solid) 0
Methionine (liquid) 0
Water 0.25
Glucose 0.75
Salts 0
Biomass 0
Yeast Extract 0
Fermentation byproducts 0
Design Data: Material of Construction: Stainless Steel
Max working vol (L): 518,000
Days storage: 3
Purchase Cost: $128,000
Bare Module Cost: $511,000
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INOCULUM BROTH STORAGE TANK

Identfication: Item: Storage tank
[tem No. STOR-02
No. Required 2
Function: Hold Teknova Inoculum Broth before being mixed with corn syrup
Operation: Batch
Type: Cone Roof
Stream In Stream Out
Stream ID N/A $-002
Temperature (°C) 20
Mass Fraction
Water 0.0675
Yeast Extract 0.48
Soytone 0.25
Glycerol 0.1
NaZHPO4 0.06
KH2PO4 0.03
NHA4CI 0.01
MgsO4 0.0025
Design Data: Material of Construction: Stainless Steel
Max working vol {L): 582,000
Days of storage: 7
Purchase Cost: $135,000
Bare Module Cost: $539,000
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MEDIA STERILIZATION PUMP

Identification: ltem: Pump
Item No. MS-P-01 (02)
MNo. Required 2
Function(s): Pump contents into heat exchanger and splitter
Operation: Continuous
Type: Centrifugal, 3600 RPM, V5C, 75 Hp
Stream ID Input Qutput
$-003 $-004
Pressure (bar) 1.01 4
Design Data: Flow rate {(gpm) 230
Construction Material Stainless Steel
Pump Head (ft) 100
Brake Horsepower (Hp) 9
Cost of utilites/year: 15 x 107 K\Wh of electricity $ 3,600
Purchase Cost: $ 10,000
Bare Module Cost: $ 33,000
Associated Cost: Motor $ 3,100
Total Bare Module Cost: $ 36,100

Comments:

Totally enclosed, fan-cooled motor enclosure used
MS-P-01 and MS-P-02 are identical
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HEAT EXCHANGER

Identification: ltem: Heat exchanger
ltem No. MS-HX-01
No. Required 1

Function: Preheat unsterilized media to 88°C

Operation: Continuous

Type: Shell-and-tube floating head

Stream ID Tube Side Shell Side

Stream In S-009 S-004

Stream Out 5-005 5-006

Flow Rate (kg/hr) 40,641 52,275

Inlet Temperature (°C) 121 20

QOutlet Temperature (°C) 104 88

Design Data: Surface area (m?) 83
LMTD (°C) 54.4
Heat Duty (kW) 3,638

Construction Materials

Stainless Steel/Stainless Steel

Purchase Cost:

$

132,000

Bare Module Cost:

$

419,000
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HEAT EXCHANGER
Identification: ltem: Heat exchanger
ltem No. MS-HX-02
No. Required 1
Function: Heat unsterilized media from 88 to 121°C
Operation: Continuous
Type: Shell-and-tube floating head
Stream ID Tube Side Shell Side
Stream In $-0001 S-006
Stream Out $-0002 S-007
Flow Rate (kg/hr) 450,382 52,275
Inlet Temperature (°C) 175 88
Outlet Temperature (°C) 132 121
Design Data: Surface area (m?) 766
LMTD (°C) 42.3
Heat Duty (kW) 26,923
Construction Materials Stainless Steel/Stainless Steel
Purchase Cost: $ 475,000
Bare Module Cost: 3 1,506,000
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HEAT EXCHANGER

Identification: ltem: Heat exchanger
Item No. MS-HX-03
No. Required 1
Function: Cool sterilized media to 31°C
Operation: Continuous
Type: Shell-and-tube floating head
Stream ID Tube Side Shell Side
Stream In S-010 $-0003
Stream Out S-011 5-0004
Flow Rate (kg/hr) 52,275 990,840
Inlet Temperature (°C) 104 20
Outlet Temperature (°C) 31 44
Design Data: Surface area (m?) 532
LMTD (°C) 59.6
Heat Duty (kW) 27,524
Construction Materials Stainless Steel/Stainless Steel
Purchase Cost: $ 362,000
Bare Module Cost: $ 1,148,000
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AMMONIA STORAGE TANK

Identfication: Item: Storage tank
[tem No. STOR-03
No. Required 1
Function: Hold ammonia solution before being pumped into reactars
Operation: Batch
Type: Cone Roof
Stream In Stream Out
Stream ID N/A $-023

Temperature (°C)
Mass Fraction
Ammonia

Water

Design Data:

Material of Construction:

Stainless Steel

Max working vol (L):

Days of storage:

Purchase Cost:

$32,000

Bare Module Cost:

$126,000

96



AIR COMPRESSOR

Identification: ltem: Compressor
ltem No. MS-COMP
No. Required 1
Function: Extracts ambient air and pressurizes it to be used by all reactors
Operation: Continuous
Input Output
Stream ID N/A S-032
Flow (kg/hr) Variable Variable
Design Data: Temperature 20°C
Pressure 1-1.7 bar
Weight (kg) 1,500
Motor speed (rpm) 1,750

Construction Materials

Stainless Steel

Compressor Style

Rotary Screw

Power (kW) 75
Purchase Cost: $540,000
Bare Module Cost: $1,160,000
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COARSE AIRFILTER
Identification: ltem: Fifter
ltem No. N/A
No. Required 1
Function: Preliminary coarse filtration of ambient air
Operation: Continuous
Input OQutput
Stream ID $-032 S-033
Flow (kg/hr) 5000 5000
Design Data: Temperature 20°C
Pressure 1 bar
Filter Media Material Glass Fiber
Filter Class M6
Media Area (m?) 8
Dimensions 06x0.6x0.2m
Weight (kg) 3
Purchase Cost: $4.000
Bare Module Cost: $12,800
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MICRON AIR FILTER

Identification: ltem: Filter
ltem No. N/A
No. Required 1
Function: Fully purify and sterilize air leaving the compressor
Operation: Continuous
Input Qutput
Stream ID $-033 $-034
Flow (kg/hr) 5000 5000
Design Data: Temperature 20°C
Pressure 1 bar
Filter Media Material Glass Fiber
Filter Class H13
Media Area (m?) 46
Dimensions 0.75x0.6 x0.3m
Weight (kg) 14
Purchase Cost: $4,000
Bare Module Cost: $12,800
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TEST TUBES
Identification: ltem: Test Tubes
Item No. N/A
No. Required 96
Function: Store aliqouts of Corynebacterium glutamicum cells
Operation: Batch
Type: N/A
Temperature (°C) -90
Design Data: Final working volume (mL): 2
Construction Materials: Polypropylene
Sterility: Sterile
Color: Clear
Vendor: Fisher-Scientific
Purchase Cost: $ 444
Comments: All tubes are identical
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ERLENMEYER FLASKS

Identification: ltem: Erlenmeyer Flask
ltem No. N/A
No. Required 24
Function: Production of DLM from Corynebactetium glutamicum cells
Operation: Batch
Type: N/A
Inlet Outlet
Stream ID N/A S-021
Temperature (°C) 31 31
Total Mass (g/batch) 8.112 1,658.10
Composition (g/batch)
Cell Mass 0.112 77.3
DLM 0 40
Water 8 1,487.30
Glucose 0 0.16
Salts 0 10.8
Carbon Dioxide 0 0
Ammonia 0 0
Oxygen 0 0
Nitrogen 0 0
Other Fermentation Byproducts 0 41.5
Biomass 0 1.1
Design Data: Final working volume (L): 0.5

Construction Materials: Polyethylene terephthalate

Purchase Cost:

$ 570

Comments:

FLASK-01 to 24 are identical
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PUMP

Identification: ltem: Pump
Item No. P-04 (08-12)
No. Required 6
Function(s): Pump contents into pre-seed, seed, and production fermenters
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Output
S-013 S-014
Pressure (bar) 1.01 3.7
Design Data: Flow rate (gpm) 40
Construction Material Stainless Steel
Pump Head (ft) 100
Brake Horsepower (Hp) 25
Cost of utilites/year: 26 x 102 kWh of electricity $ 1000
Purchase Cost: $ 9,400
Bare Module Cost: $ 31,020
Associated Cost: Motor $ 2,100
Total Bare Module Cost: $ 33,120

Comments:

Totally enclosed, fan-cooled motor enclosure used
P-04 and P-08 through P-12 are identical
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PRE-SEED FERMENTER

Identification: Item: Vertical vessel
ltem No. PRE-SEED-01 (02-06)
No. Required 6
Function: Production of DLM from Corynebacterium glutamicum cells
Operation: Batch
Type: N/A
Inlet Outlet
Stream ID S-022 S-039
Temperature (°C) 31 31
Total Mass (kg/batch) 6.6 5,271
Composition (kg/batch)
Cell Mass 0.3 0.9
DLM 0.16 360
Water 5.9 4,727.90
Glucose 0.00066 0.48
Salts 0.043 34.3
Carbon Dioxide 0 59
Ammonia 0 0
Oxygen 0 0
Nitrogen 0 0
Other Fermentation Byproducts 0.17 131.8
Biomass 0.0042 9.6
Design Data: Vessel Height (m): 5.7
Vessel Diameter (m): 1.1
Final working volume (L): 4,500
Pressure (bar): 1.2
Construction Materials: Stainless Steel
Cost of utilities/year: 7,800 kg chilled water $ 4,700
Purchase Cost: $ 9,900
Bare Module Cost: $ 232,000
Associated Costs: Chilled Water Coils: $ 930
Total Bare Module Cost: 3 233,000

Comments:

PRE-SEED-01 to 06 are identical
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PUMP

Identification: Item: Pump
Item No. P-05
No. Required 1
Function(s): Pump sterilized media into seed reactor
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Qutput
8-015 5-016
Pressure (bar) 1.01 37
Design Data: Flow rate {gpm) 201
Construction Material Stainless Steel
Pump Head (ft) 100
Brake Horsepower (Hp) 8
Cost of utilites/year: 13 x 10° KWh of electricity $ 3200
Purchase Cost: $ 9,900
Bare Module Cost: $ 32,670
Associated Cost: Motor $ 3,000
Total Bare Module Cost: $ 35,670

Comments:

Totally enclosed, fan-cooled motor enclosure used
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SEED FERMENTER

Identification: Item: Vertical vessel
ltem No. SEED-01 (02-06)
No. Required 6
Function: Production of DLM from Corynebacterium glutamicum cells
Operation: Batch
Type: N/A
Inlet Outlet
Stream ID S-039 $-040
Temperature (°C) 31 31
Total Mass (kg/batch) 5,270.80 55,653.60
Composition (kg/batch)
Cell Mass 0.9 422
DLM 360 3,400
Water 4727.9 49,921.2
Glucose 0.48 4.6
Salts 34.3 361.7
Carbon Dioxide 59 62.4
Ammonia 0 0
Oxygen 0 0
Nitrogen 0 0
Other Fermentation Byproducts 131.8 1,391.3
Biomass 9.6 90.3
Design Data: Vessel Height (m): a7
Vessel Diameter (m): 2.87
Final working volume (L) 42,500
Pressure (bar): 1.2
Construction Materials: Stainless Steel
Cost of utilities/year: 444 000 kg chilled water $ 268,000
Purchase Cost: $ 93,500
Bare Module Cost: $ 721,000
Associated Costs: Chilled Water Coils: $ 9,000
Total Bare Module Cost: $ 730,000

Comments:

SEED-01 to 06 are identical
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PUMP

Identification: Item: Pump
Item No. P-06 (07)
No. Required 2
Function(s): Pump sterilized media into production fermenters
Operation: Continuous
Type: Centrifugal, 1800 RPM, V5C, 200 Hp
Stream ID Input Qutput
8-017 5-018
Pressure (bar) 1.01 37
Design Data: Flow rate {gpm) 2132
Construction Material Stainless Steel
Pump Head (ft) 100
Brake Horsepower (Hp) 66
Cost of utilites/year: 14 x 10% KWh of electricity $ 25,700
Purchase Cost: $ 35,400
Bare Module Cost: $ 116,820
Associated Cost: Motor $ 15,000
Total Bare Module Cost: $ 131,820

Comments:

Totally enclosed, fan-cooled motor enclosure used

P-06 and P-07 are identical
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PUMP

Identification: Item: Pump

Item No. P-01

No. Required 1
Function(s): Pump contents into splitter
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Quitput

S-040 3-041

Pressure (bar) 1.01 1.7
Design Data: Flow rate (gpm) 245

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 10
Cost of utilites/year: 16 x 10° KWh of electricity $ 3,800
Purchase Cost: $ 10,200
Bare Module Cost: $ 33,660
Associated Cost: Motor $ 3,200
Total Bare Module Cost: $ 36,860
Comments: Totally enclosed, fan-cooled motor enclosure used
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PUMP

Identification: Item: Pump

Item No. P-01a, (01b)

No. Required 2
Function(s): Pump contents into preduction fermenter
Operation: Continuous
Type: Centrifugal, 3600 RPM, V5C, 75 Hp
Stream ID Input Qutput

3-042 5-042.5

Pressure (bar) 1.01 37
Design Data: Flow rate {gpm) 122

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 55
Cost of utilites/year: 8 x 10° kWh of electricity $ 2,200
Purchase Cost: $ 9,300
Bare Module Cost: $ 30,690
Associated Cost: Motor $ 2,500
Total Bare Module Cost: $ 33,180
Comments: Totally enclosed, fan-cooled motor enclosure used

P-01a and P-01b are identical
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PRODUCTION FERMENTER

Identification: ltem: Vertical vesssl
Item No. PROD-01 (02-12)
MNo. Required 12
Function: Production of DLM from Corynebacterium glutamicum cells
Operation: Batch
Type: MN/A
Inlet Outlet
Stream ID 5-042 5-043
5-045 5-046
Temperature (°C) 31 31
Total Mass (kg/batch) 27.826.8 553,807.5
Composition (kg/batch)
Cell Mass 21 19722
DLM 1,700 36,000
Water 24 9606 496,765.3
Glucose 2.3 45 4
Salts 180.9 35997
Carbon Dioxide 32 621
Ammonia 0 0
Oxygen 0 0
Nitrogen 0 0
Other Fermentation Byproducts 6957 1384520
Biomass 451 955.7
Design Data: Vessel Height (m): 256
Vessel Diameter (m): 5
Final working volume (L}: 450,000
Pressure (bar): 1.2
Construction Materials: Stainless Steel
Cost of utilities/year: 31,359,000 kg chilled water 5 18,925,000
Purchase Cost: 5 990,000
Bare Module Cost: 5 2,749,000
Associated Costs: Agitator: 5 265,000
Chilled Water Coils: $ 87,000
Total Bare Module Cost: S 3,101,000

Comments:

PROD-01 to 12 are identical
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PUMP

Identification: Item: Pump
Item No. P-02 (03)
No. Required 2
Function(s): Pump contents of production fermenter into storage tank
Operation: Continuous
Type: Centrifugal, 1800 RPM, VSC, 200 Hp
Stream ID Input Qutput
5-043 5-044
Pressure (bar) 1.01 37
Design Data: Flow rate (gpm) 2437
Construction Material Stainless Steel
Pump Head (it) 100
Brake Horsepower (Hp) 75
Cost of utilites/year: 16 x 10* kWh of electricity $ 29,000
Purchase Cost: $ 38,300
Bare Module Cost: $ 126,390
Associated Cost: Motor $ 17,300
Total Bare Module Cost: $ 143,690

Comments:

Totally enclosed, fan-cooled motor enclosure used
P-02 and P-03 are identical
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FERMENTATION PRODUCT STORAGE TANK
Identfication: Item: Storage tank
[tem No. STOR-04
No. Required 1
Function: Hold contents from fermenter and transfer to broth heating
Operation: Batch
Type: Cone Roof
Stream In Stream Cut
Stream ID S-044, 5-047 S-048
Temperature (°C) 31
Composition (kg/batch)
Methionine (solid) 18,000
Methionine (liquid) 18,000
Water 539,384
Glucose 587
Salts 3,600
Biomass 956
Fermentation byproducts 13,845
Design Data: Material of Construction: Stainless Steel
Max working vol (L): 1,108,000
Days of storage: 6
Purchase Cost: $188,000
Bare Module Cost: $750,000
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GAS SCRUBBER
Identfication: ltem: Gas scrubber
ltem No. N/A
No. Required 3
Function: Remove contaminants from all vent gas before it is vented out
Operation: Continuous
Temperature (°C) 20
Pressure (bar) 1
In Out
Stream ID §-052 N/A
Flow (kg/hr) 38,543 38,543
Composition (wt%)
Water 4.4
co2 9.2
02 2.1
N2 84.3
Design Data: Material of Construction: Stainless Steel
Removal Efficiency (%): 95
Process Fan (kW): 22.4 kW
Recycle Pump (L/hr): 34,000
Power Requirements: 40V
Purchase Cost: $18,700
Bare Module Cost: $77,800
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FERMENTATION PRODUCT HEAT EXCHANGER

Identification: Item: Heat exchange
Item No. HX-04
No. Required 1
Function: To completely solubilize methionine
Operation: Continuous
Type: Shell-and-tube floating head
Stream ID Tube Side Shell Side
Stream In S5-049 S§-0005
Stream Out S-050 S-0006
Flow Rate (kg/hr) 683,788 1,955,700
Inlet Temperature (°C) 31 180
Qutlet Temperature (°C) 70 150
Design Data: Surface area (m?2) 86.4
LMTD (°C) 114.4
Heat Duty (kW) 31,8231
Construction Materials Stainless Steel/Stainless Steel
Purchase Cost: $ 119,944
Bare Module Cost: $ 380,221
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BIOMASS SEPARATION

Identification: Item: Centrifuge
Item No. CFG-01 (02, 03
No. Required 3
Separate biomass containing pellet from DLM containing
Function(s): supernatant
Operation: Continuous
Type: Large capacity nozzle centrifuge
Stream ID Input Output
S-051 $-052, S-053
$-054 $-055, 5-056
S-057 $-058, S-059
Design Data: Flow Rate (kg/hr) 228,000

Caonstruction Material Stainless Steel
Power (kW) 170

Cost of utilites/year (per unit): 15 x 10° KWh of electricity $ 1,050
Cost of process water/year (per unit): |45 kilo-tonnes of process water  $ 12,100
Purchase Cost (per unit) $ 400,000
Total Bare Module Cost (per unit) $ 1,237,350

Comments:

Pellet exists at 75% moisture level

CFG-01, CFG-02, and CFG-03 are identical
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PUMP

Identification: Item: Pump

Item No. P-17

No. Required 1
Function(s): Pump contents into rotary drum dryer
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Output

S-078 S-079

Pressure (bar) 1.01 4
Design Data: Flow rate (gpm) 15

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 5
Cost of utilites/year: 7 x 10® kWh of electricity $ 2,000
Purchase Cost: $ 9,200
Bare Module Cost: $ 30,360
Associated Cost: Motor $ 2,500
Total Bare Module Cost: $ 32,860
Comments: Totally enclosed, fan-cooled motar enclosure used
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ROTARY DRUM DRYER

Identification:

Item: Rotary Drum Dryer|
ltem No. RDD-01
No. Required 1

Function(s):

Heats biomass pellet from 70°C to 121°C and lower moisture level to
10%

Operation: Continuous
Type: Direct fired with natural gas, continuous
Stream ID Input Output
S-078 S-079
Design Data: Flow rate (kg/hr) 3,332
Construction Material Stainless Steel
Diameter (m) 4.6
Height (m) 30.5
Power (kW) 3,460
Purchase Cost: g 750,000
Bare Module Factor: 2
Total Bare Module Cost: g 1,500,000

Comments:

Natural gas is directly heated and flows in counter-current direction.
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PUMP

Identification: Item: Pump

Item No. P-18

No. Required 1
Function(s): Pump contents into Super Sacks
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Output

$-080 S-081

Pressure (bar) 1.01 3.7
Design Data: Flow rate (gpm) 6

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 4
Cost of utilites/year: 6 x 10° KWh of electricity $ 1,800
Purchase Cost: $ 9,100
Bare Module Cost: $ 30,030
Associated Cost: Motor $ 2,400
Total Bare Module Cost: $ 32,430
Comments: Totally enclosed, fan-cooled motor enclosure used
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PUMP

Identification: Item: Pump

Item No. P-14

No. Required 1
Function(s): Pump contents into first evaporator
Operation: Continuous
Type: Centrifugal, 1800 RPM, VSC, 200 Hp
Stream ID Input Qutput

$-060 $-061

Pressure (bar) 1.01 6.7
Design Data: Flow rate (gpm) 2992

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 83
Cost of utilites/year: 18 x 10* kWh of electricity $ 33,000
Purchase Cost: $ 41,100
Bare Module Cost: $ 135,630
Associated Cost: Motor $ 20,000
Total Bare Module Cost: $ 155,630
Comments: Totally enclosed, fan-cooled motor enclosure used
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TRIPLE EFFECT EVAPORATOR

Identfication: Item: Falling Film Evaporator
ltem No. EVAP-01, 02, 03
No. Required 1
Function: Concentrate filtered fermentation broth to 21 wt% water
Operation: Continuous
Type: Shell-and-tube floating head
Stream ID In Qut
$-061 $-064
Duty per Effect (kW) 91,500
Flow rate into Effect 1 (kg/hr) 680,000
Inlet Temperature (°C) 70
Outlet Temperature (°C) 112
Mass Evaporated Effect 1 (kg/hr) 133,003
Mass Evaporated Effect 2 (kg/hr) 146,865
Mass Evaporated Effect 3 (kg/hr) 162,770
Design Data:
Effect 1 Temperature (°C) 169
Pressure (bar) 6
Area (m?2) 256
Effect 2 Temperature (°C) 144
Pressure (bar) 4
Area (m?2) 193
Effect 3 Temperature (°C) 112
Pressure (bar) 1.5
Area (m?) 117
Construction Materials Stainless Steel/Stainless Steel
Cost of utilities/year: MP Steam $ 274,000
Purchase Cost: $ 2,262,000
Bare Module Cost: $ 8,284,000
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PUMP

Identification: Item: Pump

Item No. P-15 (16)

No. Required 2
Function(s): Pump contents into storage tank
Operation: Continuous
Type: Centrifugal, 3600 RPM, VSC, 75 Hp
Stream ID Input Output

5-064 5-065

Pressure (bar) 1.01 3T
Design Data: Flow rate {gpm) 785

Construction Material Stainless Steel

Pump Head (ft) 100

Brake Horsepower (Hp) 26
Cost of utilites/year: 51 x 10® KWh of electricity $ 10,300
Purchase Cost: $ 14,500
Bare Module Cost: $ 47,850
Associated Cost: Motor $ 6,400
Total Bare Module Cost: $ 54,250
Comments: Totally enclosed, fan-cooled motor enclosure used

P-15, and P-16 are identical
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EVAPORATOR CONCENTRATE STORAGE TANK
Identfication: Item: Storage tank
[tem No. STOR-05
No. Required 2
Function: Hold concentrate from evaporation before crystallization
Operation: Batch
Type: Cone Roof
Stream In Stream Cut
Stream ID S-065 $-066
Temperature (°C) 112
Mass Fraction
Methionine (solid) 0
Methionine (liquid) 0.209
Water 0.763
Glucose 0.0035
Salts 0.024
Biomass 0
Yeast Extract 0
Fermentation byproducts 0
Design Data: Material of Construction: Stainless Steel
Max working vol (L): 518,000
Hours of storage: 12
Purchase Cost: $193,000
Bare Module Cost: $770,000
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CRYSTALLIZER
Identification: ltem: Crystallizer
ltem No. CRYS-01 (02-03)
No. Required 3
Function: Cool feed in so DLM precipiates out of solution
Operation: Continuous
Type: N/A
Inlet OQutlet
Stream ID $-068, $-070, S-072 $-069, 8-071, S-073
Temperature (°C) 112 5
Flow (kg/hr) 59477 59477
Composition (kg/hr)
Water 45,399 45,399
DLM (solid) 0 11,489
DLM (liquid) 12,421 932
Glucose 207 207
Salts 725 725
Fermentation Byproducts 725 725
Design Data: Vessel Height (m): 5.75
Vessel Diameter (m): 3.83
Final volume (L): 210,000
Residence time (hr): 1
Construction Materials: Stainless Steel
Cost of utilities/year:
Purchase Cost: $ 364,000
Bare Module Cost: $ 1,357,000
Associated Costs: Cooling water: $ 770
Total Bare Module Cost: $ 4,136,000
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DECANTER CENTRIFUGE

Identification: Item: Centrifuge
Item No. CFG-04
MNo. Required 1
To separate out wet DLM cake from liquid stream after
Function(s): crystallizers
Operation: Continuous
Type: Conical-cylindrical solid bow! centrifuge, 1600 RPM,
400 Hp motor
Stream ID Input Qutput
5-69, S-71, 8-73 5-74
Design Data: Bowl diameter {in) 44
Flow rate {gpm) 723
Construction Material Stainless Steel
Power (KW) 300
Cost of utilites/year: 2 x 108 kWh of electricity $ 157,500
Purchase Cost $ 150,000
Bare Module Cost: $ 304,500
Associated Costs: Motor $ 133,000
Total Bare Module Cost $ 437,500
Also called helical conveyor or scroll conveyor
Comments: centrifuges
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ROTARY DRYER

Identification: ltem: Rotary Dryer

ltem MNo. RD-01 (02-04)

MNo. Required 4

Concentrate wet cake crystalline product from 19% moisture to 1%
Function(s): moisture
Operation: Continuous
Type: System includes an ID fan, a cyclone and baghouse. 50 Hp motor
Stream ID Input QCutput

5-074 5-075
S-0016 5-0017

Design Data: Flow rate of wet solids (ka/hr) 10,595

Air flow rate (kg/hr) 91,762

MNatural gas flow rate (ka/hr) 4 630

Water evaporation rate (kg/hr) 1,850

Construction Material Stainless Steel

Diameter (m) 5]

Length (m) 20

FPower (KW) 38
Cost of utilities/yr 3 x 10° kWh of electricity $ 20,000
Cost of natural gas/yr $ 7,274,000
Purchase Cost: $ 715,000
Bare Module Cost: $ 1,472,900
Associated Costs: IMotor 5 12,000
Total Bare Module Cost: $ 1,484,900

Comments:

Air enters with humidity of 0.007 and exits with humidity of 0.0284.
This air stream is heated by natural gas to 170°C.
RD-01 and RD-02 through RD-04 are identical.
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FEED BUCKET CONVEYOR

Identification: Item: Conveyor
[tem Mo. CONV-01
No. Required 1
Function(s): To transport dried DLM product up to storage tank
Operation: Continuous
Type: Feed bucket conveyor, 50 Hp motor
Stream ID Input Output
5-075 §-076
Design Data: Length (ft) 30
Flow rate (gpm) 16
Construction Material Stainless Steel
Power (kW) 37
Cost of utilites/year: 3 x 10° KWh of electricity $ 19,600
Purchase Cost $ 50,000
Bare Module Cost: $ 87,000
Associated Costs: Motor $ 12,000
Cooling jacket $ 10,000
Total Bare Module Cost $ 109,000

Comments:

Cooling jacket is included as a burn protection measure
for workers. It cools the DLM product from 80°C to 50°C.
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DLM STORAGE TANK
Identfication: ltem: Storage tank
Item No. STOR-06
No. Required 1
Hold DLM product from conveyor and feed via live bottom into Super
Function: Sacks stationed beneath unit
Operation: Batch
Type: Cone Roof with a live bottom
Stream ID Stream In Stream Out
S-076 S-077
Temperature (°C) 30
Mass Fraction
DLM 0.99
Water 0.01
Design Data: Material of Construction: Stainless Steel
Max working vol (L): 281,000
Hours of storage: 8
Purchase Cost: $ 98,100
Bare Module Cost: $ 393,000
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SUPER SACKS

Identification: Item: Super sack
[tem No. S$S-01, S5-02
No. Required 142,361
Function: Used for final packaging of DLM and FEMA No. 4907
Operation: Batch
Input Qutput
Stream ID S-077 N/A
DLM Mass (kg/bag) 1800 1800
FEMA No. 4907 (kg/bag) 1800 1800
Design Data: Temperature (°C): 20
Pressure (bar): 1
Wolume (L): 1400
Dimensions: 0.89x0.89x1.4m

Construction Materials:
Additional Features:

Woven Polypropylene
Duffel top with tie closure, flat
bottom, four lift loops

Purchase Cost:

$29 per bag

Bare Module Cost:

$121 per bag
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CLEAN-IN-PLACE SYSTEM

Identification: Item: CIP System
Item No. N/A
No. Required 1

Function: Used for cleaning fermenters, pipes, pumps, and heat exchangers

Operation: Continuous, once every 64 hours

Temperature (°C) 20-80

Pressure (bar) 4.14

Design Data: Model: UltraFlow 110

Material: Wetted Surface - 316 stainlees steel
Non-wetted Surface - 304 stainlees steel

Size: 1.87x0.84 x2.03m
Pipe Diameter Cleaning Ability: 0.152 - 0.203 m
Tank Diameter Cleaning Ability: 4.5 m

Utilities Power: 15 kW

Purchase Cost: $175,000 per unit

Bare Module Cost: $728,000

Comments:

A customized version of the Sani-Matic UltraFlow 110 will be used to
accomodate the pipe diameter and tank diamater needed to clean
the process. See Appendix D.
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STERILIZATION-IN-PLACE SYSTEM

Identification: ltem: SIP System
ltem No. N/A
No. Required 1

Function: Used for cleaning fermenters, pipes, pumps, and heat exchangers

Operation: Continuous, once every 64 hours

Temperature (°C) 120

Pressure (bar) 2

Design Data: Supplier: Salida Biotech
Material: Stainlees steel

Utilities Power: 15 kW

Purchase Cost: $100,000 per unit

Bare Module Cost: $416,000

Comments: A customized version of the Solida Biotech's SIP system will be used

to accomodate the pipe diameter and tank diamater needed to clean
the process. See Appendix D.
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17. Equipment Cost Summary

17.1 Equipment Cost Summary Table

Table 17.1.1 details the cost of equipment needed for the seed, batch, and continuous

processes. For readability, figures are presented as rounded values, but calculations of total bare

module costs and the overall equipment cost were computed with exact values. A CE index

value of 600 was used in the calculations.

Table 17.1.1. Equipment costs for all units used in the process.

A ¢ Purch B Total Bare
. Flowsheet moun urchase Number are Module
Equipment per Vendor Cost Module
Label Order (SUSD) Purchased Factor Cost
($USD)
ell Preparation
Cell Bank N/A 1 ATCC 7,900 1 3.21 25,000
Fisher
12 mL Test Tubes N/A 96 L 222 2 321 1,400
Scientific
Storage
Com Syrup Storage | gpp o 1 N/A 128,000 1 4 511,000
Tank
Teknova Broth STOR-02 1 N/A 135,000 2 4 1,079,000
Storage Tank
Ammonia Storage
STOR-03 1 N/A 31,600 1 4 126,000
Tank
Fermentation Product |- ¢yp 4 1 N/A 188,000 I 4 750,000
Storage Tank
Evaporator
Concentrate Storage STOR-05 1 N/A 193,000 2 4 1,541,000
Tank
DLM Storage Tank STOR-06 1 N/A 98,100 1 4 393,000

Seed Train Process
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Eaton

Air Compressor MS-COMP 328,000 1 2.15 705,200
Compressor
Coarse Air Filter Course air Camfil 4,000 1 232 9,280
filter
Submicron Air Filter | Suomicron Camfil 4,000 1 2.32 9,280
air filter
Pump P-04, 08-12 Goulds 9,420 6 3.3 186,500
Pumps
Pump P-05 Goulds 9,900 1 3.3 32,700
Pumps
Pump P-06, 07 Goulds 35,400 2 3.3 233,600
Pumps
2 L Flask N/A Fisher 95 6 3.21 1,800
Scientific
5,000 L Reactor PRE-SEED Paul Mueller | 5¢ 5 6 4.16 | 1,394,000
-01 to -06 Company
Pump P-01 Goulds 10,200 1 3.3 33,700
Pumps
Pump P-01a,01b Goulds 9,300 2 3.3 61,200
Pumps
50,000 L Reactor SEED-01 Paul Mueller |, /5 5 6 416 | 4,327,000
to -06 Company
500,000 L Reactor | T ROD-01 Paul Mueller |-, 6 12 4.16 | 32,990,000
to-12 Company
Pump P-02,03 Goulds 38,300 2 3.3 253,000
Pumps
Scrubber N/A Pollution 18,700 3 416 | 233,000
Systems
Batch Process/Continuous Process
Pump MS-PUMP Goulds 10,000 1 3.3 33,000
-01 Pumps
Heat Exchanger MS-HX-01 N/A 132,000 1 3.17 419,000
Heat Exchanger MS-HX-02 N/A 475,000 1 3.17 1,506,000
Heat Exchanger | MS-HX-03 N/A 362,000 1 3.17 | 1,148,000
Pump MS-PUMP Goulds 10,000 1 3.3 33,000
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-02 Pumps
Pump P-13 Goulds 42,100 3.3 138,900
Pumps
Heat Exchanger HX-04 N/A 120,000 3.17 380,400
Centrifuge COFf'O%l’ AlfaLaval | 400,000 3 3,600,000
Pump P-17 Goulds 9,200 3.3 30,400
Pumps
Pump P-18 Goulds 9,100 3.3 30,000
Pumps
Rotary Drum Dryer | RDD-01 FEECO 750,000 2 1,500,000
Pump P-14 Goulds 41,100 33 135,600
Pumps
Heat Exchanger EVAP-01 N/A 593,000 3.17 1,879,000
Flash Vessel N/A N/A 563,000 416 | 2,344,000
Heat Exchanger EVAP-02 N/A 322,000 3.17 1,020,000
Flash Vessel N/A N/A 328,000 416 | 1,363,000
Heat Exchanger EVAP-03 N/A 224,000 3.17 709,000
Flash Vessel N/A N/A 233,000 416 | 969,000
Pump P-15, 16 Goulds 14,500 33 95,700
Pumps
Crystallizer CRYS-01 Paul Mueller | 5./ 5 4.16 | 2,608,000
to -03 Company
Centrifuge CFG-04 AlfaLevel | 150,000 3.0 450,000
Rotary Dryer I‘[{(?_-&l N/A 715,000 2.06 5,892,000
Conveyor CONV-01 N/A 50,000 1.74 87,000
Spares
Pumps N/A Goulds 20,000 3.3 198,000
Pumps
Filters N/A Camfil 4,000 2.32 9,300
Scrubber N/A Pollution 18,700 4.16 77,800
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Systems
Other N/A Other 181,100 10 3.21 5,814,000
Product Purification
Super Sacks Ss-01, -02 ULINE 29 143,000 4.16 | 17,252,000
Cleaning
CIP System N/A Sani-Matic 175,000 1 4.16 728,000
SIP System N/A Solida 100,000 1 416 | 416,000
Biotech
TOTAL $97,389,410

Equipment purchase costs were calculated either by using the Equipment Costing

Spreadsheet provided by Professors Bruce Vrana and Warren Seider or via a quote request from a

vendor. The sources for each equipment cost can be found in Appendix C. The standard cost

equations can be found in Product and Process Design Principles Fourth Edition. The total cost

of the equipment is $97,389,410. Figure 17.1 shows a breakdown of the costs for each type of

equipment.
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Tanks

4.5%
Pumps and Compressors

2.1%

Spares
7.9%

Other
34.4%

Fermenters
39.7%

Centrifuges
4.2%

Heat Exchangers
7.3%

Figure 17.1. Cost breakdown of total equipment costs by equipment type.

As shown in the chart, the fermenters for the largest cost of the overall equipment. This
was to be predicted as there are 24 fermenters in total, 12 of which are 500,000L. Fermenters are
expensive units, and the process requires a considerable number of sizable reactors. The second
most costly group of equipment is the Other section, which includes the cell bank, test tubes,
flasks, air filters, scrubbers, flash vessels, crystallizers, rotary dryers, conveyor, super sacks, CIP,
and SIP. The heat exchangers are the third most costly group and the least costly group is the
pumps and compressors. The full, detailed list of all spare equipment is not represented in Table
17.1, but was calculated to be $7,704,000 in bare module cost based on the suggestion from
author Steve Tieri that one should account for spare equipment to cost 7-10% of total bare

module cost for all equipment.
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The most expensive piece of equipment listed are the production fermenters. This is also
to be predicted because reactors are expensive units and the reactors in this process are very large
units. The next most expensive piece of equipment are the rotary dryers when excluding the
super sacks. These are a significant part of the downstream process that have to do a
considerable amount of drying so it is expected that they contribute a substantial amount to the
cost of equipment. The bare module cost of the super sacks is so expensive due to the amount of

product being packaged.

17.2 Unit Costing Consideration

17.2.1 Fermenters

The pre-seed, seed, and production fermenters were priced using the Pressure Vessel tab
of the Equipment Costing Spreadsheet as recommended by Bruce Vrana. Fermenters are
complex units to price, so Vrana suggested modeling the reactors as pressure vessels to estimate

the cost.

17.2.2 Biomass Separation

The centrifuge was priced following the guidance of Professor Bruce Vrana.

17.2.3 Rotary Drum Dryer

The rotary drum dryer was priced following the guidance of Professor Bruce Vrana.

17.2.4 Triple Effect Evaporation
The triple effect evaporation was priced by combining the costs of heat exchangers and
pressure vessels. The triple effect evaporation was modeled in Aspen Plus with three heat

exchangers and three flash vessels. The costs were then estimated by combining the prices of the
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three heat exchangers from the Equipment Costing Spreadsheet with the prices of the three flash
vessels from the Equipment Costing Spreadsheet. The Pressure Vessel tab of the spreadsheet

was used to model the flash vessels.

17.2.5 Crystallizer

The crystallizer was priced by combining the costs of a heat exchanger, a pressure vessel,
and a pump. This calculation was performed using equations in the Equipment Costing
Spreadsheet provided by Professor Vrana and Professor Seider. Pilot scale testing of the
crystallizer is outside the scope of this report, so the design cannot be rigorously modeled. Thus
the cost for the flash drying unit was based on assumptions of the residence time and the
diameter-to-height ratio for the vessel, which was based on the assumption of the particle

diameter.

17.2.6 Heat Exchangers

The heat exchangers were priced using the Equipment Costing Spreadsheet.
Shell-and-tube heat exchangers were constructed from stainless steel. Preliminary calculations
were performed to obtain the heat duty and the necessary surface area of each heat exchanger.
The spreadsheet was then used to obtain the purchase cost and the total bare module cost of each

heat exchanger.

17.2.7 Rotary Dryer

The rotary dryers were priced following the guidance of Professor Bruce Vrana.
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17.2.8 DLM Storage Tank
The DLM storage tank was priced with guidance from Professor Bruce Vrana because the

unit required a live bottom discharger.
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18. Fixed Capital Investment Summary

The Profitability Analysis Spreadsheet 4.0 was used to model all financials involving the
construction and operation of the plant. Financial models were estimated for 20 years of plant
operation. The capital investment summary includes all capital costs that the plant will incur in

the first year including purchase costs, initial construction, and equipment costs.

18.1 Equipment Costs

Individual equipment costs were presented in detail with bare module costs and vendors
included in Section 17. The total bare module cost of equipment was calculated to be
$100,444,079 by adding all the individual equipment costs and spare equipment costs for the
process. A summary of the total bare module costs by equipment category can be seen in Figure

18.1.

Total Bare Module Costs:

Fabricated Equipment 3 65,963,265

Process Machinery 3 3,702 473

Spares 3 7,704,000

Storage 5 4 399 680

Other Equipment 3 18,624,661

Catalysts 3 -

Computers, Software, Etc. 3 -

Total Bare Module Costs: $ 100.444.079

Figure 18.1. Total Bare Module Costs of equipment from Profitability Analysis Spreadsheet.
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18.2 Total Permanent Investment

Additional fees associated with construction of the plant and royalties for outside

research can be summarized in the total permanent investment of the plant. These fees were set
to default values for general recommendations. A summary of the total permanent investment

costs can be seen in Figure 18.2.

Total Permanent Investment

% of Total Permanent Investment

Year: 2022 100% (default is first year of Construction, otherwise over-ride this year)
2023 0%
2024 0%
2025 0%
Cost of Site Preparations: 5.00% of Total Bare Module Costs
Cost of Service Facilities: 5.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $0
Cost of Contingencies and Contractor Fees: 18.00% of Direct Permanent Investment
Cost of Land: 2.00% of Total Depreciable Capital
Cost of Royalties: $0

Cost of Plant Start-Up: 10.00% of Total Depreciable Capital

Figure 18.2. Total Permanent Investment inputs from the Profitability Analysis Spreadsheet.

18.3 Investment Cost Summary

The output of total permanent investment from the Profitability Spreadsheet can be seen
in Figure 18.3. The total permanent investment is $167,924,823 the majority of which is due to

the bare module costs of the equipment.
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Investment Summary

Total Bare Module Costs:
Fabricated Equipment
Process Machinery
Spares
Storage
Other Equipment
Catalysts
Computers, Software, Etc.

66,963,265
3,752,473
7,704,000
4,399,680

18,624,661

T T R T L I T

Total Bare Module Costs: $ 100.444.079
Direct Permanent Investment
Cost of Site Preparations: 5 5,022,204

Cost of Service Facilities: 5 5,022,204
Allocated Costs for utility plants and related facilities: 3 -

Direct Permanent Investment $ 110,488 487

Total Depreciable Capital

Cost of Contingencies & Contractor Fees 5 19,887 928

Total Depreciable Capital $ 130.376.415

Total Permanent Investment
Cost of Land: 5 2,607 528
Cost of Royalties: B -
Cost of Plant Start-Up: 5 13,037 642

Total Permanent Investment - Unadjusted 5 146,021 585
Site Factor 1.15

Total Permanent Investment $ 167,924,823

Figure 18.3. Investment Cost Summary from outputs of the Profitability Analysis Spreadsheet.
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19. Operating Cost - Cost of Manufacture

19.1 Raw Materials

The raw materials for this process include concentrated Teknova Inoculum Broth and
corn syrup. The procurement of these raw materials are presented in Section 11. The costs of
the raw materials and their ratio to kilograms of product are presented in Table 19.1. The costs
for air, water, and natural gas are not included because they are accounted for in the cost of
utilities. Lastly, the cost of the Corynebacterium glutamicum is not included because it is

negligible compared to the costs of other raw materials.

Table 19.1. Annual utility requirements and costs.

Raw Material Ratio (kg per kg product) Cost ($USD/kg)
Teknova Broth 0.466 $0.51
Corn Syrup 0.687 $0.55
19.2 Utilities

The yearly requirements and costs for utilities including medium pressure steam, low
pressure steam, natural gas, process water, cooling water, and electricity were presented in detail
in Section 14. The standard prices for these utilities were found in Table 17.1 of Product and
Process Design Principles 4th edition. The largest utilities costs include the electricity
requirements for the production fermenters and the cooling water needed for heat exchangers

throughout the process. The costs for utilities are presented in Table 19.2.
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Table 19.2. Annual utility requirements and costs.

Cost Yearly Annual Cost

Utility Ratio ($USD) Requirement ($USD)
Medium
Pressure kg per kg
Steam (kg) 15.820 [product | $0.01540 |per kg 4,107,090,000 kg $63,249,186
Natural Gas kg per kg
(kg) 3.528|product | $0.22050 |per kg 915,802,500 (kg $201,934,451
Process gal per kg
Water (gal) 0.498 |product | $0.00080 |per gal 284,983,672 |gal $227,987
Cooling kg per kg
Water (gal) 3.433|product | $0.00010 |per gal 1,965,286,280|gal $196,529

kWh per
Electricity kg
(kWh) 0.215|product | $0.07000 |per kWh 122,926,594 [ kWh $8,604,862
Low
Pressure kg per kg
Steam (kg) 57.653 [product | $0.01323 |per kg 14,967,750,000 |kg $198,023,333

19.3 Variable Costs and Working Capital

The variable costs for the plant include general expenses and working capital. General

expenses include selling/transfer expenses, direct and allocated research, administrative

expenses, and management incentive compensation. Working capital includes accounts

receivable, cash reserves, accounts payable, DLM inventory, and raw materials. The general

expenses were all set to follow the general recommendations set in the Profitability Analysis

Spreadsheet. A summary of the variable costs and working capital are presented in Figure 19.3.
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Variable Costs
General Expenses:

Selling / Transfer Expenses: 3.00% of Sales

Direct Research: 4.80% of Sales

Allocated Research: 0.50% of Sales

Administrative Expense: 2.00% of Sales

Management Incentive Compensation: 1.25% of Sales

Working Capital

Accounts Receivable a 30 Days
Cash Reserves (excluding Raw Materials a 30 Days
Accounts Payable a 30 Days
DLM Inventory a 4 Days
Raw Materials a 2 Days

Figure 19.3. Variable Costs and Working Capital inputs from Profitability Analysis Spreadsheet.

19.4 Total Variable Cost and Working Capital Summary

The variable costs for the process, including general expenses, raw materials, byproducts,
and utilities, can be evaluated together to calculate the total variable costs for the plant for one
year. The total variable costs is $786,920,651 per year at 100% operating capacity.

The output of total variable costs and working capital from the Profitability Analysis Spreadsheet

is presented in Figure 19.4.
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Variable Cost Summary

Variable Costs at 100% Capacity:

General Expenses

Selling / Transfer Expenses: &) 27,993,029
Direct Research: $ 44788 847
Allocated Research: 5 4,665,505
Administrative Expense: $ 18,662,020
Management Incentive Compensation: $ 11,663,762
Total General Expenses 5 107,773,163
Raw Materials 50.382832 per Ib of DLM $219,153,934
Byproducts $0.004000 per Ib of DLM ($2,289,818)
Utilities 50.807546 per Ib of DLM $462,283 372
Total Variable Costs H] 186,920,651
Working Capital
2022 2023 2024
Accounts Receivable $ 34511954 § 17255977 § 17,255 977
Gash Reserves $ 17,931,386 § 8965693 § 8,965,693
Accounts Payable 5 (25,203,846) 5 (12,601,923) § (12,601,923)
DLM Inventory $ 4601594 § 2300797 S 2,300,797
Raw Matenals $ 540380 § 270190 S 270,190
Total $ 32,381,468 $ 16,190,734 § 16,190,734
Present Value at 15% $ 28157798 $ 12242521 § 10,645,670
Total Capital Investment $ 218.970.812

Figure 19.4. Variable Cost Summary and Working Capital outputs from Profitability Analysis

Spreadsheet.

19.5 Operations, Maintenance, Overhead

Plant operations, maintenance, and overhead also need to be incorporated into the fixed
cost of the plant. It was determined that 6 operators would be needed per shift assuming 5 shifts.
The operators would run the laboratories, ensure sake upkeep of the control systems used to
regulate ammonia flow into the process, and closely monitor the batch seed train process. In

addition, the operators would manage the super sacks for the transport of the DLM product. The
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remaining values of maintenance, operating overhead, direct salaries and benefits, and direct
wages and benefits were left as the default values from the Profitability Analysis Spreadsheet.
Our plant should not deviate from these standards. A summary of operations, maintenance, and

operating overhead is presented in Figure 19.5.

Fixed Costs
Operations
Operators per Shift: 6 (assuming 5 shifts)
Direct Wages and Benefits: $40 /loperator hour
Direct Salaries and Benefits: 15% of Direct Wages and Benefits
Operating Supplies and Services: 6% of Direct Wages and Benefits

Technical Assistance to Manufacturing: $16,000.00 per year, for each Operator per Shift
Control Laboratory: $20,000.00 per year, for each Operator per Shift

Maintenance

Wages and Benefits: 4.50% of Total Depreciable Capital

Salaries and Benefits: 25% of Maintenance Wages and Benefits

Materials and Services: 100% of Maintenance Wages and Benefits

Maintenance Overhead: 5% of Maintenance Wages and Benefits

Operating Overhead

General Plant Overhead: 7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services: 2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department: 5.90% of Maintenance and Operations Wages and Benefits
Business Services: 7.40% of Maintenance and Operations Wages and Benefits

Figure 19.5. Operation, maintenance, and overhead inputs from Profitability Analysis

Spreadsheet.

19.6 Other Fixed Costs

Other fixed costs for this process include property taxes and insurance, and straight line
depreciation. No rental fees or licensing fees were accounted for. These values were left as the
default from the Profitability Analysis Spreadsheet. A summary of inputs for these other fixed

costs is presented in Figure 19.6.
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Property Taxes and Insurance

Property Taxes and Insurance:

Straight Line Depreciation

Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs
for Utility Plants and Related Facilities
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities

Other Annual Expenses

Rental Fees (Office and Laboratory Space):
Licensing Fees:
Miscellaneous:

Depletion Allowance

Annual Depletion Allowance:

Figure 19.6. Other fixed costs inputs from Profitability Analysis Spreadsheet.

19.7 Total Fixed Costs

2% of Total Depreciable Capital

$0
$0
$0

$0

The output of total fixed costs from the Profitability Analysis Spreadsheet is presented in

Figure 19.7, which includes operations, maintenance, operating overhead, and property taxes and

insurances. The total fixed cost is $22,528,176 per year.
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Fixed Cost Summary

Operations
Direct Wages and Benefits 5 2.496,000
Direct Salaries and Benefits 5 374,400
Operating Supplies and Services 5 149,760
Technical Assistance to Manufacturing 3 480,000
Control Laboratory 5 500,000
Total Operations $ 4,100,160

Maintenance
Wages and Benefits 5 5,866,939
Salaries and Benefits 5 1,466,735
Materials and Services 5 5,866,939
Maintenance Overhead 5 293,347

Total Maintenance $ 13,493,959

Operating Overhead

General Plant Overhead: 5 724,489
Mechanical Department Services: 3 244 898
Employee Relations Department: 3 602,040
Business Services 5 755,101
Total Operating Overhead $ 2,326,529
Property Taxes and Insurance
Property Taxes and Insurance: &) 2,607,528
Other Annual Expenses
Rental Fees (Office and Laboratory Space): 3
Licensing Fees 5
Miscellanecus: 3
Total Other Annual Expenses $
Total Fixed Costs s 22528176

Figure 19.7. Total Fixed Cost Summary from Profitability Analysis Spreadsheet.
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20. Profitability Analysis

20.1 Baseline Cash Flow Summary and Profitability

Profitability of the designed plant over the span of 20 years is assessed using the

Profitability Analysis 4.0 spreadsheet provided by consultant Bruce Vrana. For the baseline
process, product selling price of $3.60/ kg in the first year and side product selling price of
$0.36/kg are assumed. The overall process is reasonably profitable, with IRR of 16.43 % and
NPV of § 5,650,200. In addition, the ROI of the third year of production is 26 %. The positive
outlook accounts for any possible fermentation batch contamination and any other accidents that

can occur during the process.

Cash Flow Summary
of | Broduct Unit Degletion Cumulative Net

Year | Design Capacity |  Price Sales Capital Costs Working Capital Var Costs Fixed Costs | Depreciation Allowance | Taxible Income Taxes MetEamings | CashFlow | Present Value at15%
2021 0% - - - - - - - - - - - -
202 0% = (167.924,800)| (32,381,500 = = = = = = = {200.306.300] {174,179.400) |
2023 45% $163 415,885,400 . (16,180,700 (354,114,300 | (22.528,200) (26.075,300)| . 12.177.700 (3.950,800) 13,226,800 23.111.400 (156,703,800
2024 88% $1.65 636,141,600 . (16,160,700)|  (543.388.400) (23,0¢6,300) | (41.720,500) . 27 986,400 (6.436,800) 21,548,800 47,079,300 (125,748,500) |
2025 0% 1.66 856,670,700 - - (741.181,800)  (23.576.400) (25.032,300) . 56,880,300 {15.382,500) 51497800 76,530,100 81,092,200/
2026 0% 1.68 865,237,400 - - (756.226.900)| (24,118,600, (15,018,400 - 57,870,400 {15.610,200) 52.260.200 £7.279.600 (£8,5¢2,300) |
2021 0% 1.70 873,889,600 - - (775,668,200) {24 673,400) (15,019.400) - 56,528,600 (13,461,600} 45,067,200 60,086,600 (22,565,200
2028 0% 1.1 882,628,700 0 = (793 508.600) (25.240,800) (7.508,700) - 56.368.500 {12.965.000) | 43.404.500 50.914.200 (3,424, 700) |
2029 0% 1.73 B81.454.800 - - (811.758.300) (25.821,400) - - 53,874,300 (12.381,100) 41,483,200 41483200 10,138,200
2030 0% $1.75 900,369,500 - - (B30.428,700) (26.415,300) - - 43,524,500 {10.010,600) 33,513,800 33513.800 19,663,000
2031 0% $1.77 908,373.200 . . (849.529,600] (27,022,800} - . 32.820.700 (7.548,800) 25.272,000 25.272.000 25,909,800
2032 0% $1.78 918,466,900 - - (B69.088.500) (27,644, 400)| - - 21,753,800 (5,003,400} 16,750,400 16.750.400 29,510,200
2033 0% $180 927,651,600 - - (869,057.400) (28,280,200) - - 10,314,000 (2,372,200 7,841,800 1,941,600 30,994 600
204 0% §182 936,928,100 - - (808 .505.700) {28.930.600) - - (1.508.200) 346,800 (1.161,300) (1.161.300) 30,805,800
2035 90% $184 946,297 400 - - (850 .£24.300) {29.596,000) - - (13,723,000} 158, {10.586,700] 10,588.700) 29,312 400
203% 0% $1.88 955,760,400 - - (951,824,100 {30.276,800) - - (26.340,500) 058, (20.282,200) (20,282 200) 26,819,900
2031 0% $1.87 965,318,000 . - (973.716,000)]  (30.973,100) . . (30.371.200) 055, (30.315,800)|  (30.315.800) 23,500,200
2038 0% $1.89 974,971,100 - - (996,111.500) 31,685,500) - - ) 12,149,900 {40,675,300) (40,675,900 19,800,300
2038 0% 191 984,720,900 - - {1,019,022.100) (32,414,300) 15,344 600 (51,370,900} 51,370.900] 15,649,300
2040 0% $19 984,568,100 - - {1.042.£58,600) {33.158,800) - - 18,641,800 {82.409,500) (62.408.500) 11,264,100
2041 90% $195 1,004,513,700 - - {1,066.£38.200) {33.922,500) - - 95 844,900) 22,044,300 {73,800,600] 73,800,600] 6,754,800
2042 90% 197 1,014,558,800 64,762,900 | (1,080.964.200 (34.702,700) - (111,108,000} 25,554,800 (85.553,200] (20,790,200} 5,650,200

Figure 20.1. The cash flow summary of the designed plant with a 20 year lifespan.

20.2 DLM Selling Price Sensitivity Analysis

A product selling price of $3.61/kg is chosen to compete effectively in the existing

market. Different prices of DLM were used to assess the sensitivity of IRR on the product
pricing. As Figure 20.2 shows, the IRR of the plant increases significantly as the product selling

price is raised, suggesting that the profit of the plant is greatly affected by the DLM price. Price
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with IRR of 16 % was chosen following guidance of consultant Michael Grady and consideration
of the current market price of feed-grade DLM.
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Figure 20.2. Relationship between IRR and product selling price. The red data point is the

selected product price.

20.3 Corn Syrup Selling Price Sensitivity Analysis

Corn syrup is one of the main raw materials used in the plant. Different prices of corn

syrup are used to determine the appropriate price and the sensitivity of the profit on the corn
syrup selling price. As Figure 20.3 demonstrates, IRR of the plant is not as sensitive to the price
of the corn syrup in the reasonably considered range as to the product selling price; data points
are very closely clustered in the region between $0.8 - $0.9 (per kg of corn syrup). Overall, the

price of the corn syrup was chosen according to the price provided from a manufacturer.
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Figure 20.3. Relationship between IRR and the corn syrup selling price. The red data point

represents the selected corn syrup selling price.

20.4 Teknova Broth Selling Price Sensitivity Analysis

Teknova pre-made broth will be purchased as the main fermentation broth in the plant.

Initially, it was assumed that the pre-made broth would cost $50.7/kg following the guideline of
the manufacturer. However, this led to a negative IRR, with NPV of § -114 billion. Therefore,
additional assumptions were made to decrease the price of the pre-made broth. First, it was
assumed that Teknova can sell a much more concentrated broth with significantly decreased
water content. Water would be purchased and added separately to the pre-made broth. Secondly,
the price of the customized broth was assumed to be $0.232/kg. as this leads to a reasonable IRR

of 16.43 %. Figure 20.4 illustrates the sensitivity of the plant profit based on the Teknova broth
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selling price. As the figure depicts, pre-made broth that costs more than $0.55/kg leads to

negative IRR.
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Figure 20.4. Relationship between IRR and Teknova pre-made broth selling price. The red data

point represents the selected price of the pre-made broth.
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21. Additional Considerations

21.1 Plant Location

Three locations were provided in the original project statement: the U.S. Midwest, U.S.
Gulf Coast, and Singapore. While the majority of the DLM market is in Asia (33%), there is still
substantial demand in the U.S. (23%). Plant production capacity for this project is 5% of the
global DLM market (“Methionine Market 2019”). Since the final product is intended for use as
poultry and swine feed, it is logical to locate near such farms, as they will be the main
consumers.

Cost of labor was also considered in comparing the viability of a US versus Singapore
location. Construction workers are paid 30% more in the US than in Singapore, but engineers
who would operate the plant are paid very similarly in the two countries. Because the cost of
construction workers would be a one time payment and the cost of operators would be a
continuous payment, the fact that the construction of the plant in Singapore would probably cost
less than in the US was not considered very strongly.

Most of the CS produced in the US is made in the US Midwest. CS is expensive to ship
because of its large water content and therefore the plant should be chosen so that a CS plant is
nearby. lowa and Illinois are the two of the largest state producers of corn. In addition, they
both border the Mississippi River, which is convenient for shipping purposes. Corn sweetener
manufacturer Archer Daniels Midland Co. (ADM) has the world’s largest corn mill located in

Decatur, IL and Cargill Inc. has corn processing facilities in Cedar Rapids, IA. Iowa has lower
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property taxes and corporate taxes than Illinois, so lowa is the better economic choice for plant

location.

21.2 Shipping

The main inputs and outputs of the process are CS, water, and DLM. As CS is a liquid
raw material, it would be very costly to ship overseas from a U.S. producer to Asia or from Asia
to the U.S. Therefore, it is most economically beneficial to locate the plant close to this critical
raw material. DLM would be shipped as a dry product, implying a cheaper shipping rate;
however, shipping overseas still adds significant economic burden. For example, shipping DLM
from Iowa to China costs $15,134,361, while shipping from Singapore to China costs
$9,614,697.

The US Gulf Coast was not strongly considered because if the plant was to be in the US,
it should be located as close as possible to where the CS is produced in order to limit costs of
transport. While the US Gulf Coast borders the Gulf of Mexico, which is convenient for
shipping product by sea, the costs of having to transport the CS from the US Midwest to the US
Gulf Coast outweighs the cost of transporting the Methionine product from the US Midwest to
the closest body of water for transport to China.

This realization results in two economically viable options: locating the plant in the U.S.
and serving as a DLM producer for U.S. or North American consumers, or locating in Singapore

and meeting the DLM market demands in Asia.
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21.3 Environmental Factors

There are two main routes to synthesize methionine, namely, the petrochemical and
microbial production methods. Methionine is one of the more challenging amino acids to
produce due to the fact that it contains sulfur. While the petrochemical route is more
thermodynamically favorable, this route requires hydrogen cyanide (HCN), a highly toxic gas.
The biosynthetic route does not require HCN, thus bypassing the most severe safety hazards for
plant operators and communities near the plant.

In order to eliminate the biological hazards that could leave through the gas outlet stream
from each pre-seed, seed, and production reactor as well as the continuous phase, a scrubber will
be installed. The efficacy of this scrubber will be tested frequently in order to maintain safety of
the air surrounding the plant. Additionally, safety precautions will be taken to educate
manufacturing and lab staff on biological hazards to make sure potential contamination is limited
(Jahnke, Pillarella, Weiner). Quantitative HAZOP studies will be used to identify and minimize
risk of deviation from normal operations as well as to develop safeguards, to be ready in case of
an emergency.

Another factor which was considered in determining the plant location was the existence
of Singapore’s carbon tax. The tax rate is $5 per metric ton of greenhouse gases, and by 2023, it
will increase to between $10 and $15 per metric ton. The process outlined in this project
produces roughly 80,000 metric tons, which would have an associated tax of US$282,863. The
U.S. does not have any carbon tax.

The biomass side product from the fermentation process is “generally recognized as safe”

(GRAS-approved) by FEMA. 1t is classified as “Corynebacterium glutamicum corn syrup
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fermentation product FEMA No. 4907”. With respect to the potential for some remaining
organisms in this side stream, Nestec states that C. glutamicum is a non-pathogenic,
non-toxigenic organism commonly used in food production. This means the side product can be

sold for further use, specifically in condiments, fish products, seasonings, soups, and more.

21.4 Public and Employee Safety, Health, and Welfare

The chemicals, biocatalysts, and bacterium used in this project all have low hazard levels.
Exposure to HCN can cause a wide range of dangerous effects: headaches, nausea, seizures, and
even death. As described in section 21.3, the biosynthetic route avoids the traditional production
risks associated with HCN. The process should be odorless under standard operating conditions,
so odor from the plant will not be a concern for surrounding communities. The plant will operate
in accordance with OSHA safety standards to minimize risk to employees. One specific example
of reducing risk to employees is the inclusion of a cooling jacket on the feed bucket conveyor in
Figure 12.3, to cool the dryer output stream from 80°C to 50°C. Handling materials at
temperatures higher than 50°C presents burn potential for the worker which would require extra

safety precautions.

21.5 Global, Cultural, Social, and Ethical Factors

There were several options available when selecting a bacterium for the fermentation
process, including several genetically modified organisms (GMOs) such as genetically
engineered C. glutamicum. While the U.S. and Asia are generally friendly towards GMOs, the
non-GMO strain of C. glutamicum was used for this process to be able to sell DLM product to

both organic and non-organic farms.
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One of the units in the process, the rotary dryers in Figure 12.3 (RD-01 through RD-04),
is part of a larger system, sometimes called a “dryer island”, which comes equipped with support
equipment which ensures proper exhaust gas handling in compliance with local, state, and
federal regulations. These specific components serve the purpose of removing particulates from
the process gas to minimize and prevent their release into the atmosphere.

With regards to plant location, Singapore’s Jurong Island, a petrochemical hub, is already
dense with refineries and chemical plants. Land for industry is already so limited that developers
began preparing storage space within the island’s underground caves. Floating platforms will
likely become the new source of additional space for industry needs. On the other hand, the U.S.
Midwest consists of spacious plains with plentiful access to corn and waterways. Iowa and
central/southern Illinois are very rural areas; construction of a methionine plant will promote
additional employment of residents from communities nearby, and it will not drastically threaten

the amount of available land.
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22. Conclusions and Recommendations

Based on the design specifications and economic analysis of this process, the production
of DLM was found to be profitable. The recycling of process water and steam throughout the
process proved to be essential to this profitability. Additionally, the use of corn syrup as the
glucose source was vital for economic success. High fructose corn syrup as the source of
glucose was originally explored, but it is only 45% glucose and is more expensive than corn
syrup. The process was found to have an IRR around 49% when the price of DLM was $4.04/kg
or the price of corn syrup was $0.44/kg. Although both of those prices increase profitability,
they are likely not very feasible as the higher DLM price would drive customers to other
suppliers and that low of a corn syrup price may be difficult to find from a supplier. The
profitability could have been further improved if the fermentation media was made from
individual bulk chemicals rather than purchasing a premade Teknova broth. Creating media
from the bulk chemicals would save 27.5 cents per pound of DLM and therefore save the entire
process $157MM per year. This route of making the media would have higher capital costs
because more storage tanks and mixers would be needed, but this cost would be almost
negligible compared to the money saved on the price of raw materials. Capital costs could also
be cut significantly if a corrosion study was conducted. Stainless steel 316 was used to construct
all process units to err on the side of caution. Stainless steel 316 is more corrosion resistant than
stainless steel 304, but also more expensive. There is potential for using stainless steel 304

instead.
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The separation by centrifugation should be examined more thoroughly. Although the
FEMA 4907 side product from the centrifugation can be sold, it is sold at one tenth of the price
of DLM. Some DLM is lost in the side product so exploring a recycling separation process so
that more of the DLM can continue downstream would increase profits. In addition, adding a
recycle component to the crystallization would be beneficial to yield more product. Currently,
2% of the DLM is lost during crystallization. If the crystallization process is designed so that the
streams out of the crystallizers are recycled back through the crystallizers, a yield of up to 99.9%
DLM could be achieved. Another factor to consider is genetically modified bacteria. Although
a GMO was not originally selected due to ethical concerns and the lack of complete properties
and characteristics information, certain GMO strains could improve the productivity of the
fermentation process and therefore could potentially significantly increase the amount of DLM
produced. Lastly, scaling down the process should be considered. After the plant is constructed
in three years, the DLM market should be assessed and an economic analysis should be
completed to determine if it is more profitable to decrease production to 200 ktonnes or 150

ktonnes per year rather than 250 ktonnes per year.
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Appendix A: Sample Calculations

A.1 Fermenters

Doubling Time for Pre-Seed Reactor
Initial DCW (%) _ Working V_of previous seed unit x Final DCW of previous seed unit _ 2L x 067% = 0.0003

Working V of current unit 4500L
Growth rate () = ln(FinalDCW/InitialDCW) _ In(1/0.0003) _ 0.37
hr Time 22

Doubling Time (hr) = ﬁ% = %272 =1.88

Stagger Time

Stagger time is defined by the cycle time (sum of fermentation time, clean-in-place,

steam-in-place, charge, etc.) and number of fermentation trains:

69 hours —
6 fermentation trains 115 hours

OUR

Reaction stoichiometry, global productivity and molecular weight gives the oxygen uptake rate
for each respective reactor. The below is the example calculation for the seed reactor.

Global Productivity = Specific productivity x DCW = 0.0SShgrﬂ x 68 = 0.338 21

rxgr DCW hrxL
- DLM
_ . Global Productivity 1000 millimoles __ 0.33 St _ mmole O,
OUR = Molar ratio of O to DLM x “GI it  Mmilnoles — 90,86 x S50 x 1000 = 46,1377

Heat Generated in Reaction

Reaction stoichiometry gives the amount of Oxygen consumed during the reaction. This can be
used to calculate the heat generated in the reaction (Shuler). 10°

0.12 % 46.13 mmol O, uptake per L per hr x 42.5 x 10° L in seed fermenter = 2.35 x 10° &}ffl

Chilled Water

Assuming 70% heat transfer efficiency and that the chilled water is cooled 6 degrees, the chilled

water requirement can be calculated.
2.35x10° &&40.7

= kﬁ r
09981 Fer6 °C 27,5005 chilled water for the seed fermenter
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Ammonia

The pre-seed, seed, and production fermenters needed ammonia for pH control. Based off a 0.05
kg per m® of fermentation broth per hour rate given by consultant Rick Bockrath, the ammonia
requirement can be calculated. The calculations for the pre-seed fermenter is shown below.

0.05 x Lt x 4846 Kefermenationbroth — ) 243 kg per batch

A.2 Air Compressor

Compressor requirements were evaluated using the static head of liquid in the fermenter plus

several different pressure drops.

Static head of liquid in fermenter + P drop through inlet piping and inlet air control valve +

P drop through inlet HEP A filters + P drop through exit piping and exit air control valve +

P drop through exit gas scrubber + P to ensure positive pressure when discharging to atmosphere
= Pressure at sparger

(84 ft/30 ft) + 0.5atm+ 0.5atm + 0.6 atm + 0.3 atm + 0.3 atm = 5atm = 5.1 bar for the
production fermenter

A.3 Broth Heating Unit

Broth heating was accomplished using a shell-and-tube heat exchanger.
Heat Duty Q (kJ/hr) = (702421 ];—f ) (39°C)(4.182 gj% )(1000 ,f—g ) =1.14563x 10°
O (BTU/hr) = 108584772.754 ELU

Flow rate of steam (kg/hr) = (1.14563x 10 %f )/(30°C x 1.9135 é.% ) =1.9957x 10° %

302-87.8)—(356-158
ATLM (OF) = ¢ (332727_3) ) — 206°F

(356-158)

F =1, Overall Transfer Coefficient ( % ) =567

In

Surface Area (ff*) = (108584772.754 BLU )/(206°F x 1 x 567 2L ) =929.692 Via

A.4 Rotary Drum Dryer

Heat Duty Q (kJ/hr) = (58400 %% )(4.182 =42 )(51°C)(1000 32 ) = 1.24557x 10’
Flow rate of natural gas (kg/hr) = (1.24557x 10" £ )/(2.614 k’;—JK x 46°C) = 103587
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A.S Triple Effect Evaporation

Sizing Flash Vessels
Velocity (ft/s) = 0.27\[(p; — p)/p, = 0.27\/(54.4%—0.134]% /0.134;—53 = 5.44

lb)

p, = density of vapor stream (£

p, = density of liquid stream(fl,:’})

514991 L&

2\ _ Vaporflow _ I 1hr
= = X
Area (fr') poVelocity 0,134 Lx544 & " 36005 = 196.66
Jt §

2><
Diameter (ft) = ’\/A—”e;‘“‘ = \/—196'62ﬂ 4-158

Length (ft) = Diameter x3 = 15.8x3 =474 m

A.6 Crystallizer

Solid DLM Out of Crystallizer

kg
Soluble DLM at 5°C (5%) = Lol Flowln x Solubility at 5C x 1000 = 1880 5 50,538 x L5 — ().0040

924594 % L~ 1000g
Solid DLM F low (%) = DLM Flow In — Soluble DLM at5°C =37264 —0.0040 = 37263.996

Sizing Crystallizer Conical Vessel
Excess Force, F, ("gsjm) =(p,—p) g x % xmxR)=(1340 - 997) x 9.81 x 4 x 7 x 0.00005° = 1.76 x 10”°

p, = density of particle (f—f)

p; = density of solvent (%)
g = gravitational acceleration (%)
R, = radius of particle (m)

Fe _ 176100 _ m
6><7[><u><R T 6xmx0.0017x0.00005 0.0011 B

W = viscosity of water (Pa X s)

2) _ (Waterflow)/3 x 1 hr _ (136198 )/3 x 1 hr — 11 50
xV elocity 3600 s 997 -é-x() 0011 4 3600 s '
Wl s

Velocity (m/s) =

Crossflow Area (m

1

p,, = density of water (W)
Diameter (m) = \/Aﬂffﬁ = \/-'-]-'ﬂ%[mM =3.83
Length (m) = Diameter x 1.5 = 3.83x 1.5 =5.75

Duty of Crystallizer

Heat of Fusion of DLM : AH, =202 £ = 202 x 8168.92 el x 1jfomel — 165012184 %
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Add Heat of Fusion to Duty From Crystallizer (calculated in Aspen)
Duty of crystallizer = 10954976 <4 + 7358930 <4 = 18.3 x 10°

A.7 Rotary Dryer

Solid comes from centrifuge at 19% moisture. Assume hot air comes in at 1700C and 0.7%
humidity.

The exit solid temperature must not exceed 80°C and the air velocity must not exceed 1.5 m/s in
order to avoid dusting of the solid. Specific heat of the dry solid is cps = 1.94 kJ/kg-K.

Mass of dry solid desired, Ls = 34,728 kg/hr
(above value is taken from material balance to satisfy 250 kiloton demand)
This flow rate will require 4 dryer units. All subsequent calculations are for one unit.

Mass of dry solid desired, Ls = 34,728/4 kg/hr = 8,682 kg/hr
Moisture in the wet solid, x, = 0.19/0.81 = 0.2345

Moisture in the dry solid, x, = 0.01/0.99 = 0.0101

Rate of water evaporation = 8,682(0.2345 —-0.0101) = 1,948 kg/hr

Calculate enthalpy of different streams:
H’S1 = [eps + (4.187) « X1](TS1-0) =(1.94+(4.187 % .19) % (5-0)
= 13.67 kJ /kg of dry solids

H’G2 = [1.005 + 1.88 % Y2] (TG2-0) + Y2 %20
= (1.005 + 1.88 % 0.007) (170 — 0) + (0.007 % 2500)
= 190.6 kJ /kg

H’G1 = [1.005 + 1.88 %« Y1](TG1—0) + Y1%A0
= [1.005 + 1.88 % ¥'1] % (60—0) + Y1 %2500
=[1.005+ 1.88 % Y 1] % (100 — 0) + (Y 1 % 2500)

= (100.5+2688 « Y 1) kJ/kg

Overall mass balance:
GS(Y1-Y2) = LS(X1 — X2) = G2(Y1-0.007)
1,948 = G2(Y 1 -0.007)

LS (H’S2 - H’S1) = GS (H’G2 — H’G1)

8,682 % (158.58 — 13.67) = 1,948/(Y 1 —0.007)  (190.6 — 100.5 — 2688 « Y 1)
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Y1 = 0.02838 and Gs = 1,948.24/((0.02838 — 0.007) = 91, 124 kg/hr

Calculation of the shell diameter:

Humid volume, VH = [(1/28.97) + (Y /18.02)] x22.4x [(TG + 273)/273]

Humid volume of the inlet gas, (T = 170C, Y2 = 0.007) VH2 = 1.269 m/kg dry air
Humid volume of the exit gas (T = 100C, Y1 =0.0284) or VH1 = 1.1047 m?/kg dry air
T he maximum volumetric gas flow rate = GS x V H2

= 91,124 % 1.269 = 115,637 m3/hr = 32 m3/sec

Take the maximum superficial air velocity to be 1.2 m/s (this is 20% less than the maximum
allowable velocity since part of the dryer is filled with the moving solid, and the entire
cross-section is not available for gas flow). If d is the diameter,

(nd*/4) x (1.2) = 32 m3/sec > d = 5.84 meters = 19.2 feet

Conservatively purchase a 6-meter, (or 20-foot) diameter unit for each of the 4 dryers.
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Appendix B: Aspen Calculations

Media Sterilization Process Flow Diagram:
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Media Sterilization Input:

;Input Summary created by Aspen Plus Rel. 37.@ at 18:31:09 Tue Apr 7, 2020
;Directory \\nestor\alliwa\ Filename C:\Users\alliwa\AppData\Local\Temp\~apeee7.txt

)

DYNAMICS
DYNAMICS RESULTS=0ON

IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar &
INVERSE-PRES="'1/bar' SHORT-LENGTH=mm

DEF-STREAMS CONVEN ALL
MODEL -OPTION

DATABANKS 'APV11@ PURE37' / 'APV11@ AQUEOUS' / 'APV1l1@ SOLIDS' &
/ "APV11@ INORGANIC' / 'APESV11@ AP-EQS' / &
"NISTV11@ NIST-TRC' / NOASPENPCD

PROP-SOURCES 'APV11@ PURE37' / 'APV1le AQUEOUS' / &
"APV11@ SOLIDS' / 'APV11@ INORGANIC' / 'APESV11@ AP-EOS' &
/ 'NISTV11@ NIST-TRC'

COMPONENTS
WATER H20 /
DEXTROSE CeH1206 /
AMMON-@1 " (NH4)2504"

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK MS-HX-@1 IN=H1IN C1IN OUT=H10UT C10UT
BLOCK MS-HX-02 IN=H2IN C1OUT OUT=H20UT C20UT
BLOCK SPLITTER IN=C20UT OUT=H1IN 1@
BLOCK MIXER IN=H1OUT 1@ OUT=H3IN
BLOCK MS-HX-03 IN=H3IN C3IN OUT=H30UT C30UT

PROPERTIES NRTL

STREAM C1IN
SUBSTREAM MIXED TEMP=20. PRES=1.01 MASS-FLOW=52275.
MASS-FRAC WATER ©.8194 / DEXTROSE ©.0999 / AMMON-@1 &

0.0807

STREAM C3IN
SUBSTREAM MIXED TEMP=2@. PRES=1.01325 MOLE-FLOW=55000.
MOLE-FLOW WATER 1. / DEXTROSE @. / AMMON-@1 @.

STREAM H2IN
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Media Sterilization Report:

BLOCK: MS-HX-81 MODEL: HEATX

HOT SIDE:
INLET STREAM: H1IN
QUTLET STREAM: H10UT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:
INLET STREAM: C1IN
QUTLET STREAM: c1ouT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
**%  MASS AND ENERGY BALANCE ***
IN ouTt RELATIVE DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 4334.43 4334 .43 ©.00000
MASS (KG/HR ) 92916.2 92916.2 -0.156613E-15
ENTHALPY (CAL/SEC ) -0.788942E+08 -0.788942E+08 ©.188875E-15
*#*k €02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E 0.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

#¥%  INPUT DATA ***

FLASH SPECS FOR HOT SIDE:

TWO PHASE FLASH
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE ©.000100000

FLASH SPECS FOR COLD SIDE:

TWO PHASE FLASH
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE ©.000100000

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT HEAT EXCHANGER
SPECIFIED COLD OUTLET TEMP

SPECIFIED VALUE C 88.0000

LMTD CORRECTION FACTOR 1.00000
PRESSURE SPECIFICATION:

HOT SIDE PRESSURE DROP BAR ©.0000

COLD SIDE PRESSURE DROP BAR ©.0000

HEAT TRANSFER COEFFICIENT SPECIFICATION:

169



HOT LIQUID COLD LIQUID
HOT 2-PHASE COLD LIQUID
HOT VAPOR COLD LIQUID
HOT LIQUID COLD 2-PHASE
HOT 2-PHASE COLD 2-PHASE
HOT VAPOR COLD 2-PHASE
HOT LIQUID COLD VAPOR
HOT 2-PHASE COLD VAPOR
HOT VAPOR COLD VAPOR

CAL/SEC-SQCM-K
CAL/SEC-5QCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K

**%* OVERALL RESULTS ***

STREAMS:

.0203
.0203
.0203
.02083
.02083
.0203
.0203
.0203
.0203

00006

|
HIIN ~ ----- >
T= 1.2100D+02 |
P= 1.0100D+00 |
V= 9.5068D-01

|

c1ouT gmomue |
T= 8.8000D+01 |
P= 1.0100D+00 |
V= 0.0000D+00 |

COLD

|----- > H10U
T=
P=
V:

{mmmm- C1IN

P=
V=

DUTY AND AREA:
CALCULATED HEAT DUTY
CALCULATED (REQUIRED) AREA
ACTUAL EXCHANGER AREA
PER CENT OVER-DESIGN

HEAT TRANSFER COEFFICIENT:
AVERAGE COEFFICIENT (DIRTY)
UA (DIRTY)

LOG-MEAN TEMPERATURE DIFFERENCE:
LMTD CORRECTION FACTOR
LMTD (CORRECTED)
NUMBER OF SHELLS IN SERIES

PRESSURE DROP:
HOTSIDE, TOTAL
COLDSIDE, TOTAL

CAL/SEC
SQM
SOM

CAL/SEC-SQCM-K
CAL/SEC-K

BAR
BAR

*¥*¥%  ZONE RESULTS ***

TEMPERATURE LEAVING EACH ZONE:

917307.3981
83.0557
83.0557

©.0000

0.0203
16861.8801

1.0000
54.4013
1

@.0000
©.0000

T

1.
1.
7.

2.
1.
Q.

©351D+02
©100D+00
8956D-01

0000D+01
©100D+00
0000D+00
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I
HOT IN | COND | HOT ouT
------ > | |------>
121.0 | | 103.5
| I
CoLDOUT | LIQ | COLDIN
R=c=ces I |&====nn
88.0 | | 20.0
| I
COoLD
ZONE HEAT TRANSFER AND AREA:
ZONE HEAT DUTY AREA LMTD AVERAGE U UA
CAL/SEC SQM C CAL/SEC-SQCM-K CAL/SEC-K
1 917307.398 83.0557 54.4013 0.0203 16861.8801

HEATX COLD-TQCU MS-HX-21 TQCURV INLET

PRESSURE PROFILE: CONSTANT?Z2

PRESSURE DROP: 2.0 BAR

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
I DUTY ! PRES ! TEMP I VFRAC !
| | 1 ] 1
! ! ! ! !
! ! ! ! !
! CAL/SEC ! BAR P c ! !
! ! ! ! !
l============l============l============l============|
! 0.0 ! 1.0100 ! 88.0000 ! 9.0 !
I 4,3681+04 ! 1.0100 ! 84.8992 ! 0.0 !
I 8.7363+04 ! 1.0100 ! 81.7831 ! 0.0 !
I 1.3104+05 ! 1.0100 ! 78.6520 ! 0.0 !
I 1.7473+05 | 1.0100 ! 75.5061 ! 0.0 !
R Fommm e Fomm e R |
! 2.1841+@5 ! 1.0100 ! 72.3456 | 9.0 !
I 2.6209+05 ! 1.0100 ! 69.1707 ! 0.0 !
I 3.8577+05 | 1.9100 ! 65.9816 ! 0.0 !
I 3.4945+05 ! 1.0100 ! 62.7787 ! 9.0 !
I 3.9313+@5 ! 1.01900 ! 59.5621 ! 9.0 !
I e T e T et !
! 4.3681+05 ! 1.0100 ! 56.3321 ! 9.0 !
! 4.,8049+05 ! 1.0100 ! 53.0890 ! 9.0 !
I 5,2418+05 ! 1.0100 ! 49,8330 ! 9.0 !
! 5.6786+@5 ! 1.0100 ! 46.5645 ! 0.0 !
! 6.1154+05 ! 1.6100 ! 43.2836 ! 0.0 !
[ T do-mmmmmm - R e !
! 6.5522+05 ! 1.0100 ! 39.9908 ! 0.0 !
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! 6.9890+05 ! 1.901@0 ! 36.6863 !
I 7.4258+05 ! 1.90100 ! 33.3705 !
I 7.8626+05 ! 1.0100 ! 30.0436 !
I 8.2994+65 ! 1.0160 ! 26.7060 !
I e T T trmmm e Fo-mmmm - +
! 8.7363+05 ! 1.0100 ! 23.3580 !
I 9.1731+05 ! 1.0100 ! 20.0000 !

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET: NRTL RENON
I DUTY ! PRES I TEMP !
1 1 1 1
| 1 ] !
1 1 1 1
I CAL/SEC I BAR 1 C !
I | I 1
[e===ms=m=sm=]mmmmmmemmeas Vommmm e e |
! 0.0 ! 1.0100 ! 121.0000 !
I 4.36814+04 ! 1.0100 ! 117.9678 !
I 8.7363+04 ! 1.0100 ! 115.5025 !
I 1.3104+05 ! 1.0100 ! 113.5075 !
I 1.7473+05 ! 1.0100 ! 111.8899 !
R LT Fommmmmmm - dommmmmm e +
I 2.1841+65 ! 1.01@0 ! 110.5696 !
I 2.6209+05 ! 1.0100 ! 109.4823 !
! 3.0577+05 ! 1.0100 ! 108.5777 !
I 3.4945+05 ! 1.0100 ! 107.8171 !
I 3.9313+05 ! 1.0100 ! 107.1712 !
e e T e +
I 4.3681+05 ! 1.0100 ! 106.6174 !
I 4.8049+05 ! 1.0100 ! 106.1382 !
I 5.2418+405 ! 1.0100 ! 105.7203 !
' 5.6786+05 ! 1.0100 ! 105.3531 !
I 6.1154+85 ! 1.0100 ! 105.0281 !
e i e e e R Rl +
I 6.5522+05 ! 1.90100 ! 104.7388 !
I 6.9890+05 ! 1.0100 ! 104.4796 !
I 7.4258+05 | 1.0100 ! 104.2463 !
I 7.8626+05 ! 1.0100 ! 104.0352 !
I 8.2994+05 ! 1.9100 ! 103.8434 !
R T e T e +
! 8.7363+05 ! 1.0100 ! 103.6684 !
' 9.1731+05 ! 1.0160 ! 103.5081 !

(NRTL) / IDEAL GAS
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BLOCK: MS-HX-©2 MODEL: HEATX

HOT SIDE:
INLET STREAM: H2IN
OUTLET STREAM: H20UT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:
INLET STREAM: c1ouT
OUTLET STREAM: c2ouT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*¥**  MASS AND ENERGY BALANCE ***
IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE(KMOL/HR ) 27438.6 27438.6 ©.00000
MASS (KG/HR ) 502657. 502657. 0.00000
ENTHALPY (CAL/SEC ) -9.500045E+09 -9.500045E+09 0.119199E-15
*¥¥%  (C02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

*xxk  INPUT DATA **x

FLASH SPECS FOR HOT SIDE:

TWO PHASE FLASH

MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE ©.000100000
FLASH SPECS FOR COLD SIDE:

TWO PHASE FLASH

MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT  HEAT EXCHANGER
SPECIFIED COLD OUTLET TEMP
SPECIFIED VALUE C 121.0000
LMTD CORRECTION FACTOR 1.00000

PRESSURE SPECIFICATION:

HOT SIDE PRESSURE DROP BAR ©.0000

COLD SIDE PRESSURE DROP BAR 0.0000
HEAT TRANSFER COEFFICIENT SPECIFICATION:

HOT LIQUID COLD LIQUID CAL/SEC-SQCM-K 0.0203
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HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT

2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR

STREAMS:

H2IN

T= 1.
P= 8.
V= o.

cz2out

T= 1.
.010eD+e0
V= 9.

7500D+02
9253D+00
0000D+00

2100D+62

5068D-01

DUTY AND AREA:
CALCULATED HEAT DUTY

CALCULATED (REQUIRED) AREA

COLD
coLb
coLD
COLD
coLb
coLb
COLD
COLD

LIQUID
LIQUID
2-PHASE
2-PHASE
2-PHASE
VAPOR
VAPOR
VAPOR

# ko

OVERALL RESULTS

CAL/SEC-SQCM-K
CAL/SEC-5QCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K

* ok ok

.0203
.0203
.0203
.02083
.02083
.0203
.0203
.0203

000006

CoLD

[----- > H20UT

ciout

ACTUAL EXCHANGER AREA
PER CENT OVER-DESIGN

HEAT TRANSFER COEFFICIENT:

AVERAGE COEFFICIENT (DIRTY)

UA (DIRTY)

LOG-MEAN TEMPERATURE DIFFERENCE:

LMTD CORRECTION FACTOR
LMTD (CORRECTED)

NUMBER OF SHELLS IN SERIES

PRESSURE DROP:

HOTSIDE, TOTAL

COLDSIDE, TOTAL

TEMPERATURE LEAVING EACH ZONE:

* %k %

ZONE RESULTS

CAL/SEC
SOM
SQM

CAL/SEC-SQCM-K
CAL/SEC-K

BAR
BAR

* %k

6578391.9744

765.5467
765.5467
0.0000

@0.0203
155426.5385

1.0000
42.3264
1

0.0000
@.0000

T= 1.
P= 8.
V= 0.

T= 8.
= 1.
V= 0.

3209D+02
9253D+00
0000D+00

8000D+01
0100D+00
0000D+00
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LIQ

BOI

L

ZONE HEAT TRANSFER AND AREA:

ZONE HEAT DUTY
CAL/SEC
1 6398030.677
2 180361.297

AREA
SQM
742.2344
23.3123

HEATX COLD-TQCU MS-HX-©2 TQCURV INLET

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET: NRTL RENON
I DUTY ! PRES ! TEMP !
| | I |
| | I |
| | I |
I CAL/SEC I BAR 1 C !
| | I |
Y R g ——— |
! 0.0 ! 1.0100 ! 121.0000 !
1 3.1326+05 ! 1.0100 ! 109.9190 !
I 6.2651+05 ! 1.0100 ! 106.0716 !
I 9,3977+@5 ! 1.0100 ! 104.3078 !
I 1.2530+06 ! 1.0100 ! 103.3186 !
e e e e +
I 1.5663+06 ! 1.0100 ! 102.6901 !
I 1.8795+06 ! 1.0100 ! 102.2567 !
I 2.1928+06 ! 1.0100 ! 101.9403 !
! 2.5061+06 ! 1.0100 ! 101.6992 !
I 2.8193+06 ! 1.01900 ! 101.5095 !
I e T e T +
! 3.1326+406 ! 1.0100 ! 101.3564 !
! 3.4458+06 ! 1.0100 ! 101.2303 !
I 3.7591+06 ! 1.6100 ! 101.1246 !
I 4.0723+06 ! 1.0100 ! 101.0347 !
! 4.3856+06 ! 1.0100 ! 100.9574 !
[ T do-mmmmmm - +
I 4.6989+06 ! 1.0100 ! 100.8901 !

LIQ | HOT ouT
[------ >
| 132.1
I
LIQ | COLDIN
|<-m---
| 88.0
I
LMTD AVERAGE U UA
C CAL/SEC-SQCM-K CAL/SEC-K
42.4589 150687.6887
38.1084 4732.8498

(NRTL) / IDEAL GAS
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! 5.0121+06 ! 1.901@0 ! 100.8311 !
I 5.3254+06 ! 1.0100 ! 100.7789 |
! 5.6386+06 ! 1.0100 ! 100.7324 !
! 5.9519+06 ! 1.0160 ! 106.6907 !
I e T T trmmm e Fo-mmmm - +
! 6.2651+06 ! 1.0100 ! 100.6532 !
! 6.3980+06 ! 1.0100 ! 100.6383 !
! 6.5784+06 ! 1.0100 ! 88.0000 !

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET:  NRTL RENON
I DUTY I PRES ! TEMP !
| 1 [ |
1 1 1 ]
I 1 1 ]
I CAL/SEC I BAR I C !
1 | [ |
TR PSR J————
! 0.0 ! 8.9253 ! 175.0000 !
I 3.1326+05 ! 8.9253 ! 173.0643 |
! 6.2651+05 ! 8.9253 ! 171.1179 !
I 9,3977+05 ! 8.9253 ! 169.1606 !
I 1.2530+06 ! 8.9253 ! 167.1925 |
R e T T e +
! 1.5663+06 ! 8.9253 ! 165.2137 !
I 1.8795+06 ! 8.9253 ! 163.2240 !
I 2.1928+06 ! 8.9253 ! 161.2236 !
! 2.5061+06 ! 8.9253 ! 159.2124 !
I 2.8193+06 ! 8.9253 ! 157.1904 !
R e T T +
I 3.1326+06 ! 8.9253 ! 155.1576 !
I 3.4458+06 ! 8.9253 ! 153.1141 !
I 3.7591+06 ! 8.9253 ! 151.8599 !
' 4.0723+06 ! 8.9253 ! 148.9949 !
I 4,3856+06 ! 8.9253 ! 146.9192 !
R e e +
I 4.6989+06 ! 8.9253 ! 144.8328 |
I 5,0121+06 ! 8.9253 ! 142.7358 |
I 5.3254+06 ! 8.9253 ! 140.6281 |
I 5.6386+06 ! 8.9253 ! 138.5099 !
I 5.9519+06 ! 8.9253 ! 136.3810 !
R T e +
I 6.2651+06 ! 8.9253 ! 134.2416 !
I 6.3980+06 ! 8.9253 ! 133.3308 !
I 6.5784+06 ! 8.9253 ! 132.0917 !

0.2103
0.1628
0.1152
6.7705-02
2.0168-02

I BUB>O.

Q.

(NRTL) / IDEAL GAS

]
]
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BLOCK: MS-HX-@3 MODEL: HEATX

HOT SIDE:
INLET STREAM: H3IN
OUTLET STREAM: H30UT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:
INLET STREAM: C3IN
OUTLET STREAM: c30uT
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*¥**  MASS AND ENERGY BALANCE ***
IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE(KMOL/HR ) 57438.6 57438.6 0.00000
MASS (KG/HR ) 0.104312E+07 0.104312E+07 0.00000
ENTHALPY (CAL/SEC ) -0.108533E+10 -0.108533E+10 0.00000
*%%  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E 0.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION ©.060000 KG/HR
TOTAL CO2E PRODUCTION ©.00000 KG/HR

*¥**  INPUT DATA  ***

FLASH SPECS FOR HOT SIDE:

TWO PHASE FLASH

MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
FLASH SPECS FOR COLD SIDE:

TWO PHASE FLASH

MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE ©.000100000

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT ~ HEAT EXCHANGER
SPECIFIED HOT OUTLET TEMP

SPECIFIED VALUE C 31.0000

LMTD CORRECTION FACTOR 1.00000
PRESSURE SPECIFICATION:

HOT SIDE PRESSURE DROP BAR @.0000

COLD SIDE PRESSURE DROP BAR @.0000
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HEAT TRANSFER COEFFICIENT SPECIFICATION:

OVERALL RESULTS

CAL/SEC-5QCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K

* kK

.0203
.0203
.02083
.02083
.0203
.0203
.0203
.0203
.0203

OO0 00006

HOT LIQUID COLD LIQUID
HOT 2-PHASE  COLD LIQUID
HOT VAPOR COLD LIQUID
HOT LIQUID COLD 2-PHASE
HOT 2-PHASE  COLD 2-PHASE
HOT VAPOR COLD 2-PHASE
HOT LIQUID COLD VAPOR
HOT 2-PHASE  COLD VAPOR
HOT VAPOR COLD VAPOR
EE 3
STREAMS :
|

H3IN  ----- >

T= 1.0440D+02 |

P= 1.010@D+00 |
= 8.2852D-01

|

c30uT <----- |

T= 4.3605D+01 |
= 1.e132D+00 |

V= ©.0eeeD+eo |

CcoLD

|-=--- > H30U
T=
P:
V:

C3IN
T=
P=
V=

DUTY AND AREA:
CALCULATED HEAT DUTY
CALCULATED (REQUIRED) AREA
ACTUAL EXCHANGER AREA
PER CENT OVER-DESIGN

HEAT TRANSFER COEFFICIENT:
AVERAGE COEFFICIENT (DIRTY)
UA (DIRTY)

LOG-MEAN TEMPERATURE DIFFERENCE:
LMTD CORRECTION FACTOR
LMTD (CORRECTED)
NUMBER OF SHELLS IN SERIES

PRESSURE DROP:

HOTSIDE, TOTAL
COLDSIDE, TOTAL

* %k

TEMPERATURE LEAVING EACH ZONE:

ZONE RESULTS

CAL/SEC
SQM
SQM

CAL/SEC-SQCM-K
CAL/SEC-K

BAR
BAR

*E K

HOT

6434805.0597
531.8016
531.8016

0.0000

0.0203
107965.8335

1.0000
59.66004
1

©.0000
@.0000

T

3.
1.
0.

2.
1.
0.

1000D+01
©100D+00
0000D+00

0000D+01
0132D+00
0000D+00
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LIQ

ZONE HEAT TRANSFER AND AREA:

ZONE HEAT DUTY

CAL/SEC
1 5480723.279
2 954081.781

AREA
SQM

393.3687

138.4329

HEATX COLD-TQCU MS-HX-83 TQCURV INLET

LMTD
C
68.628
33.947

(NRTL) / IDEAL GAS

0
6

LIQ | HOT QUT
|------ >
| 31.e
I
LIQ | cOLDIN
[<------
| 20.0
I
AVERAGE U UA
CAL/SEC-SQCM-K CAL/SEC-K
0.0203 79861.3182
9.0203 28104.5153

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 2.0 BAR

PROPERTY OPTION SET: NRTL RENON
I DUTY I PRES I TEMP !
1 | [ |
] 1 1 ]
| 1 1 |
! CAL/SEC ! BAR I C !
1 1 I |
l============l============|============|
! 0.0 ! 1.0133 ! 43.6049 !
I 3.0642+05 ! 1.9133 ! 42.4935 |
I 6.1284+05 ! 1.0133 ! 41.3807 !
' 9.1926+05 ! 1.0133 ! 40.2666 !
I 1.2257+06 ! 1.0133 ! 39.1512 |
R e LR T Fommmmmmm e Fommmm = +
' 1.5321+06 ! 1.9133 ! 38.0344 !
! 1.8385+06 ! 1.0133 ! 36.9164 !
I 2.1449+406 ! 1.9133 ! 35.7970 !
! 2.4514+06 ! 1.9133 ! 34.6764 |
I 2.7578+06 | 1.9133 ! 33.5546 |
R e T e e +
I 3.0642+06 ! 1.0133 ! 32.4315 !
! 3.3706+06 ! 1.0133 ! 31.3072 !
I 3.6770+06 ! 1.0133 ! 30.1817 !
! 3.9835+06 ! 1.0133 ! 29.0550 !
I 4.2899+06 ! 1.0133 ! 27.9271 |
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R e T Fommm e o e B !
I 4,5963+06 ! 1.9133 ! 26.7980 ! 0.0 !
I 4,9027+06 ! 1.0133 ! 25.6678 ! 0.0 !
I 5.2091+06 ! 1.6133 ! 24.5365 ! 0.0 !
I 5.4807+06 ! 1.9133 ! 23.5327 | 0.0 !
I 5.5155+06 ! 1.0133 ! 23.4040 ! 0.0 !
R B it R Fommmm e !
I 5.8220+06 ! 1.90133 ! 22.2704 | .0 !
I 6.1284+06 | 1.9133 ! 21.1357 ! 0.0 !
I 6.4348+06 ! 1.0133 ! 20.0000 ! 2] !
HEATX HOT-TQCUR MS-HX-83 TQCURV INLET

PRESSURE PROFILE: CONSTANT?Z2

PRESSURE DROP: 9.0 BAR

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
I DUTY I PRES ' TEMP I VFRAC !
I 1 1 | |
! ! ! ! !
! ! ! ! !
I CAL/SEC ! BAR I C ! !
! ! ! ! !
| ============l============|============|============
! 0.0 ! 1.01900 ! 104.4008 ! 9.8285 !
I 3.0642+05 | 1.0100 ! 103.3921 ! ©.7830 |
! 6.1284+05 ! 1.01900 ! 102.7506 ! 9.7371 !
' 9,1926+05 ! 1.0100 ! 102.3080 ! 9.6911 !
I 1.2257+06 ! 1.9100 ! 101.9847 ! 0.6449 |
[ it e B !
! 1.5321+06 ! 1.0100 ! 101.7384 ! 9.5986 !
1 1.8385+06 ! 1.0100 ! 101.5446 ! 9.5522 |
I 2.1449+06 ! 1.0100 ! 101.3881 ! ©.5059 !
! 2.4514+06 ! 1.0100 ! 101.2592 ! 09.4594 !
I 2.7578+06 ! 1.0100 ! 101.1512 ! 9.4130 !
e e - Fommm e Fomm e R |
I 3.0642+06 ! 1.9100 ! 101.0593 | 9.3666 !
I 3.3706+06 ! 1.0100 ! 100.9803 ! 9.3201 !
I 3.6770+06 ! 1.9100 ! 109.9116 ! 9.2737 |
! 3.9835+06 ! 1.9100 ! 100.8513 ! 9.2272 |
I 4.2899+06 ! 1.01900 ! 100.7979 ! 9.1807 !
I e T e T et !
! 4.5963+06 ! 1.0100 ! 100.7504 | 9.1342 !
' 4.,9027+06 ! 1.0100 ! 100.7078 ! 8.7715-02 !
I 5.2091+06 ! 1.6100 ! 100.6693 | 4.1217-02 !
I 5.4807+06 ! 1.0100 ! 100.6383 ! BUB>0.0 !
! 5.5155+06 ! 1.0100 ! 98.2192 ! 0.0 !
[ T do-mmmmmm - R e !
I 5.8220+06 ! 1.0100 ! 76.5047 | 0.0 !
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! 6.1284+06 ! 1.0100 ! 54.0699 ! 0.0
! 6.4348+06 ! 1.0100 ! 31.0000 ! 0.0 !
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Triple Effect Evaporation Input
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Triple Effect Evaporation Process Flow Diagram:

;Input Summary created by Aspen Plus Rel. 37.@ at 18:26:47 Tue Apr 7, 2020
;Directory \\nestor\alliwa\ Filename C:\Users\alliwa\AppData\lLocal\Temp\~apfl9c.txt

3

DYNAMICS
DYNAMICS RESULTS=0ON

IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar &
INVERSE-PRES="1/bar' SHORT-LENGTH=mm

DEF-STREAMS CONVEN ALL
MODEL -OPTION

DATABANKS 'APV11e PURE37' / 'APV11@ AQUEOUS' / 'APV11e SOLIDS' &
/ 'APV11@ INORGANIC' / 'APESV11@ AP-E0S' / &
'"NISTV11@ NIST-TRC' / NOASPENPCD

PROP-SOURCES 'APv1le PURE37' / 'APV11@ AQUEOUS' / &
"APV11@ SOLIDS' / 'APV11@ INORGANIC' / 'APESV11@ AP-EOS' &
/ "NISTV11e NIST-TRC'

COMPONENTS
WATER H20 /
AMMON-©01 "(NH4)2s504" /
DL-ME-@81 C5H11NO2S /
DEXTR-81 C6H1206

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK 1STGHTR IN=STM1IN HPRFEED OUT=S2 TO1STSTG
BLOCK 1STSTG IN=TO1STSTG OUT=1SRSTGVY 1STSTGL
BLOCK 2STGREB IN=1SRSTGV 1STGMIX OUT=7 2NSTGFED
BLOCK 2NDSTG IN=2NSTGFED OUT=2NDSTGV 2NSTGL
BLOCK 3RDSTGRE IN=2NDSTGV 2NDGMIX OUT=11 3RDSTFEE
BLOCK 3RDSTG IN=3RDSTFEE OUT=3RDSTGV 3RDSTGL
BLOCK B8 IN=1STSTGL OUT=1STGMIX
BLOCK B1@ IN=2NSTGL OUT=2NDGMIX
BLOCK 3RDSTGPM IN=3RDSTGL OUT=EVAPROD
BLOCK FEEDPMP IN=FEED OUT=HPRFEED

PROPERTIES NRTL FREE-WATER=STEAMNBS
PROPERTIES PENG-ROB / SRK

PROP-DATA PLXANT-1

IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar &
INVERSE-PRES="1/bar' SHORT-LENGTH=mm
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ASPEN PLUS IS A TRADEMARK OF HOTLINE:

ASPEN TECHNOLOGY, INC.
781/221-6400

PLATFORM: WIN-X64
VERSION: 37.9©
INSTALLATION:

~ ASPEN PLUS

PLAT: WIN-X64  VER: 37.0

Build

U.S.A. 888/996-7100
EUROPE (44) 1189-226555

APRIL 7, 2020
395 TUESDAY
6:21:26 P.M.

04/07/2020 PAGE

ASPEN PLUS (R) IS A PROPRIETARY PRODUCT OF ASPEN TECHNOLOGY, INC.
(ASPENTECH), AND MAY BE USED ONLY UNDER AGREEMENT WITH ASPENTECH.
RESTRICTED RIGHTS LEGEND: USE, REPRODUCTION, OR DISCLOSURE BY THE
U.S. GOVERNMENT IS SUBJECT TO RESTRICTIONS SET FORTH IN

(i) FAR 52.227-14, Alt. III, (ii) FAR 52.227-19, (iii) DFARS
252.227-7013(c)(1)(ii), or (iv) THE ACCOMPANYING LICENSE AGREEMENT,

AS APPLICABLE.
TO BE

FOR PURPOSES OF THE FAR, THIS SOFTWARE SHALL BE DEEMED

"UNPUBLISHED" AND LICENSED WITH DISCLOSURE PROHIBITIONS.
CONTRACTOR/SUBCONTRACTOR: ASPEN TECHNOLOGY, INC. 20 CROSBY DRIVE,
BEDFORD, MA ©173@.
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HEATX HOT-TQCUR 1STGHTR TQCURV INLET.........v.en 9

BLOCK: 1STSTG  MODEL: FLASH2..........vivvnunnns 9
BLOCK: 2NDSTG  MODEL: FLASHZ......iieivvvnvnnnas 10
BLOCK: 2STGREB MODEL: HEATX........ivininnnnnnas 12
HEATX COLD-TQCU 2STGREB TQCURV INLET............. 15
HEATX HOT-TQCUR 2STGREB TQCURV INLET............. 16
BLOCK: 3RDSTG  MODEL: FLASH2............ciiiunnn 16
BLOCK: 3RDSTGPM MODEL: PUMP..........ciiiiunnnnnn 17
BLOCK: 3RDSTGRE MODEL: HEATX.........ccoiiinnnnn. 18
HEATX COLD-TQCU 3RDSTGRE TQCURV INLET............. 22
HEATX HOT-TQCUR 3RDSTGRE TQCURV INLET............. 23
BLOCK: MODEL: VALVE....... oo 23
BLOCK: MODEL: VALVE........ceevvvinnn 24
BLOCK: FEEDPMP MODEL: PUMP.........cciiivnnnnnne 25
STREAM SECTION. ... v tv it iiiinininananassrranennnnnsnnnns 27
11 15 1SRSTGV 1STGMIX ISTSTGL...vevvvvnvnnnnvnenas 27
2NDGMIX 2NDSTGV 2NSTGFED 2NSTGL 3RDSTFEE.......... 28
3RDSTGL 3RDSTGV 7 EVAPROD FEED.......covvvieinnnnn 29
HPRFEED 52 STMI1IN TOISTSTG......iiiiiinnnnnnnnnn 30

a ASPEN PLUS  PLAT: WIN-X64 VER: 37.0 04/07/2020

TABLE OF CONTENTS

PAGE

IT

PROBLEM STATUS SECTION. .....c.iutuiiiieeinrnnnnnnnnnnns 31
BLOCK STATUS. . .eut ittt e snnnnnnnnnnns 31

a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

RUN CONTROL SECTION

RUN CONTROL INFORMATION

04/07/2020 PAGE 1

THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN

TYPE OF RUN: NEW

INPUT FILE NAME: _@948rer.inm

OUTPUT PROBLEM DATA FILE NAME: _1922wrr
LOCATED IN:

PDF SIZE USED FOR INPUT TRANSLATION:

NUMBER OF FILE RECORDS (PSIZE) = (4]
NUMBER OF IN-CORE RECORDS = 256
PSIZE NEEDED FOR SIMULATION = 1

CALLING PROGRAM NAME: apmain
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LOCATED IN: C:\Program Files\AspenTech\Aspen Plus V11.8\Engine\\xeq
SIMULATION REQUESTED FOR ENTIRE FLOWSHEET
a~ ASPEN PLUS PLAT: WIN-X64 VER: 37.0 04/07/2020 PAGE 2
FLOWSHEET SECTION

FLOWSHEET CONNECTIVITY BY STREAMS

STREAM SOURCE DEST STREAM SOURCE DEST
STM1IN ---- 1STGHTR FEED ---- FEEDPMP
S2 1STGHTR s=== TO1STSTG 1STGHTR 1STSTG
1SRSTGV 1STSTG 2STGREB 1STSTGL 1STSTG B8

7 2STGREB ---- 2NSTGFED 2STGREB 2NDSTG
2NDSTGV 2NDSTG 3RDSTGRE 2NSTGL 2NDSTG Bl1o

11 3RDSTGRE -—-- 3RDSTFEE 3RDSTGRE 3RDSTG
3RDSTGV 3RDSTG ---- 3RDSTGL 3RDSTG 3RDSTGPM
1STGMIX B8 2STGREB 2NDGMIX B1@ 3RDSTGRE
EVAPROD 3RDSTGPM - HPRFEED FEEDPMP 1STGHTR

FLOWSHEET CONNECTIVITY BY BLOCKS

BLOCK INLETS OUTLETS

1STGHTR STM1IN HPRFEED S2 TOLSTSTG
1STSTG TO1STSTG 1SRSTGV 1STSTGL
2STGREB 1SRSTGV 1STGMIX 7 2NSTGFED
2NDSTG 2NSTGFED 2NDSTGV 2NSTGL
3RDSTGRE 2NDSTGV 2NDGMIX 11 3RDSTFEE
3RDSTG 3RDSTFEE 3RDSTGV 3RDSTGL
B8 1STSTGL 1STGMIX

Blo 2NSTGL 2NDGMIX
3RDSTGPM 3RDSTGL EVAPROD

FEEDPMP FEED HPRFEED

COMPUTATIONAL SEQUENCE

SEQUENCE USED WAS:
FEEDPMP 1STGHTR 1STSTG B8 2STGREB 2NDSTG B1@ 3RDSTGRE 3RDSTG 3RDSTGPM

OVERALL FLOWSHEET BALANCE

*¥¥% MASS AND ENERGY BALANCE ***

IN ouT RELATIVE DIFF.
CONVENTIONAL COMPONENTS (KMOL/HR )
WATER 46562.4 46562.4 -0.156262E-15
AMMON-01 32.9004 32.9004 0.00000
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DL-ME-0@1 249.736 249,736 0.00000

DEXTR-01 3.44736 3.44736 0.00000
TOTAL BALANCE
MOLE (KMOL/HR ) 46848.5 46848.5 0.00000
MASS (KG/HR ) 881068. 881068. -0.132136E-15
ENTHALPY (CAL/SEC ) -0.829274E+09 -0.829248E+09 -0.311027E-04
A ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 3

FLOWSHEET SECTION
OVERALL FLOWSHEET BALANCE (CONTINUED)

*¥*% (€02 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION ©.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 4

PHYSICAL PROPERTIES SECTION

COMPONENTS
ID TYPE ALIAS NAME
WATER C H20 WATER
AMMON-@1 C (NH4)2504 AMMONIUM-SULFATE
DL-ME-@1 C C5H11NO2S METHIONINE
DEXTR-01 C C6H1206 DEXTROSE
~ ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 5

U-0-S BLOCK SECTION

BLOCK: 1STGHTR MODEL: HEATX

HOT SIDE:

INLET STREAM: STM1IN

OUTLET STREAM: S2

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:

INLET STREAM: HPRFEED

OUTLET STREAM: TO1STSTG

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

**%  MASS AND ENERGY BALANCE ***
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IN ouT
TOTAL BALANCE
MOLE(KMOL/HR ) 46848.5 46848.5
MASS (KG/HR ) 881068. 881068.
ENTHALPY (CAL/SEC ) -0.829249E+09 -0.829249E+09
%% C02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E 0.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION ©.00000 KG/HR

=% INPUT DATA ***

FLASH SPECS FOR HOT SIDE:
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

FLASH SPECS FOR COLD SIDE:
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT  HEAT EXCHANGER
SPECIFIED HOT VAPOR FRACTION
SPECIFIED VALUE
LMTD CORRECTION FACTOR

a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

U-0-S BLOCK SECTION
BLOCK: 1STGHTR MODEL: HEATX (CONTINUED)

PRESSURE SPECIFICATION:

HOT SIDE PRESSURE DROP BAR
COLD SIDE PRESSURE DROP BAR
HEAT TRANSFER COEFFICIENT SPECIFICATION:

HOT LIQUID COLD LIQUID CAL/SEC-SQCM-K
HOT 2-PHASE COLD LIQUID CAL/SEC-SQCM-K
HOT VAPOR COLD LIQUID CAL/SEC-SQCM-K
HOT LIQUID COLD 2-PHASE CAL/SEC-SQCM-K
HOT 2-PHASE COLD 2-PHASE CAL/SEC-SQCM-K
HOT VAPOR COLD 2-PHASE CAL/SEC-SQCM-K
HOT LIQUID COLD VAPOR CAL/SEC-SQCM-K
HOT 2-PHASE COLD VAPOR CAL/SEC-SQCM-K
HOT VAPOR COLD VAPOR CAL/SEC-SQCM-K

30

0.

30

a.

Q.
1.

RELATIVE DIFF.

0.00000
0.00000
0.00000

000100000

000100000

0000
00000

04/07/2020 PAGE 6

®

O 000006

.0000
.2000

.0203
.0203
.0203
.0203
.02083
.0203
.0203
.0203
.0203
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¥ %%

OVERALL RESULTS ***

STREAMS :
| |
STMIIN  ----- > HOT |----- > S2
T= 1.7500D+02 | | T= 1.7497D+02
P= 8.9000D+00 | | P= 8.9000D+00
V= 1.0000D+00 | | V= ©.0000D+00
| |

TO1STSTG <----- | coLD |<----- HPRFEED
T= 1.5937D+02 | | T= 7.0145D+01
P= 6.0008D+00 | | P= 6.0000D+00
V= 2.2775D-01 | | V= 0.0000D+00
DUTY AND AREA:

CALCULATED HEAT DUTY CAL/SEC 35032915.8751

CALCULATED (REQUIRED) AREA SQM 7529.7843

ACTUAL EXCHANGER AREA SQM 7529.7843

PER CENT OVER-DESIGN 0.0000
HEAT TRANSFER COEFFICIENT:

AVERAGE COEFFICIENT (DIRTY) CAL/SEC-SQCM-K 0.0203

UA (DIRTY) CAL/SEC-K 1528689.3687
LOG-MEAN TEMPERATURE DIFFERENCE:

LMTD CORRECTION FACTOR 1.0000

LMTD (CORRECTED) C 22.9170

NUMBER OF SHELLS IN SERIES 1
PRESSURE DROP:

HOTSIDE, TOTAL BAR 0.0000

COLDSIDE, TOTAL BAR 0.0000

A ASPEN PLUS  PLAT: WIN-X64 VER: 37.0 04/07/2020 PAGE 7

U-0-S BLOCK SECTION
BLOCK: 1STGHTR MODEL: HEATX (CONTINUED)
**%*  ZONE RESULTS ***

TEMPERATURE LEAVING EACH ZONE:
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175.0

COLDOUT BOI

I
I
L |
I
|
|

ZONE HEAT TRANSFER AND

ZONE HEAT DUTY
CAL/SEC
1 18408905.626
2 16624010.249

AREA:

AREA
SQM
5785.8291
1743.9552

a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

HEATX COLD-TQCU 1STGHTR
PRESSURE PROFILE:
PRESSURE DROP:
PROPERTY OPTION SET:

I DUTY | PRES
| |

! !

! !

| CAL/SEC ! BAR

I 1
|============l===========
! 0.0 ! 6.0000
! 895.6069 ! 6.0000
I 1.6682+06 ! 6.0000
I 3.3365+06 ! 6.0000
| 5.0047+06 ! 6.0000
[ = ————
I 6.6729+06 ! 6.0000
I 8.3412+06 ! 6.0000
I 1.0009+07 ! 6.0000
I 1.1678+07 ! 6.0000
I 1.3346+407 ! 6.0000
R e T B
I 1.5014+07 ! 6.0000
I 1.6682+07 ! 6.0000
I 1.8351+07 ! 6.0000
I 1.8409+07 ! 6.0000
I 2.0019+07 ! 6.0000

U-0-S BLOCK

TQCURV INLET
CONSTANT2

0.0 BAR
NRTL RENON

| 175.e

I
LIQ | COLDIN
| £====~-
| 7e0.1

I

LMTD AVERAGE U UA
C CAL/SEC-SQCM-K CAL/SEC-K
15.6720 0.0203 1174633.3148
46.9530 0.0203 354056.0538
04/07/2020 PAGE 8

SECTION

(NRTL) / IDEAL GAS

0.1039
8.3283-02
6.2643-02
4.2083-02
2.1362-02
7.2172-04

BUB>»9.0

0.0
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R e T Fommm e o e B !
I 2.1687+07 ! 6.0000 ! 143.0023 | 0.0 !
I 2.3355+07 ! 6.0000 ! 134.4701 ! 0.0 !
1 2.5024+07 ! 6.0000 ! 125.7668 ! 0.0 !
I 2.6692+07 ! 6.0000 ! 116.8950 ! 0.0 !
I 2.8360+07 ! 6.0000 ! 107.8578 ! 0.0 !
R B it R Fommmm e !
I 3.0028+07 | 6.0000 ! 98.6592 | 0.0 !
I 3.1696+07 ! 6.0000 ! 89.3039 ! 0.0 !
! 3.3365+07 ! 6.0000 ! 79.7972 ! 0.0 !
I 3.5033+87 | 6.0000 ! 70.1454 | 0.0 !
s ASPEN PLUS PLAT: WIN-X64 VER: 37.© 04/07/2020 PAGE 9

U-0-5 BLOCK SECTION

HEATX HOT-TQCUR 1STGHTR TQCURV INLET

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
I DUTY ! PRES ' TEMP I VFRAC !
] | ] | |
! ! ! ! !
! ! ! ! !
I CAL/SEC I BAR I C ! !
! ! ! ! !
l============|============|============ | ============
! 0.0 ! 8.9000 ! 175.0000 ! 1.0000 !
! 895.6069 ! 8.9000 ! 174.9730 ! DEW>1.0000 !
I 1.6682+06 ! 8.9000 ! 174.9730 ! 9.9524 |
I 3.3365+06 ! 8.9000 ! 174.9730 ! 9.9048 !
! 5.0047+06 ! 8.9000 ! 174.9730 ! 9.8572 !
R i e Fomm e Fomm - Fommmm o !
I 6.6729+06 ! 8.9000 ! 174.9730 ! ©.8095 |
I 8.3412+06 ! 8.9000 ! 174.9730 ! 9.7619 |
! 1.0009+07 ! 8.9000 ! 174.9730 ! 9.7143 !
I 1.1678+07 | 8.9000 ! 174.9730 ! 0.6667 |
I 1.3346+07 ! 8.9000 ! 174.9730 ! 9.6191 !
R i D e B !
I 1.5014+07 | 8.9000 ! 174.9730 ! 9.5714 |
I 1.6682+07 ! 8.9000 ! 174.9730 ! 9.5238 !
! 1.8351+07 ! 8.9000 ! 174.9730 ! 9.4762 !
I 1.8409+07 ! 8.9000 ! 174.9730 ! 0.4745 |
1 2.0019+07 ! 8.9000 ! 174.9730 ! 0.4286 |
[ e e e e T Fommmmmmmao- !
I 2.1687+07 ! 8.9000 ! 174.9730 ! 3810 !
I 2.3355+07 ! 8.9000 ! 174.9730 ! 9.3333 !
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I 2.5024+07 | 8.9000 ! 174.9730 ! 9.2857 |
I 2.6692+07 | 8.9000 ! 174.9730 ! 9.2381 !
I 2.8360+07 ! 8.9000 ! 174.9730 ! 9.1905 !
e T e R e e T o !
I 3.0028+07 ! 8.9000 ! 174.9730 ! 9.1429 |
I 3.1696+07 ! 8.9000 ! 174.9736 ! 9.5241-02 !
I 3.3365+07 ! 8.9000 ! 174.9730 ! 4.7620-02 !
I 3.5033+07 ! 8.9000 ! 174.9730 ! 6.3373-09 |
BLOCK: 1STSTG MODEL: FLASH2

INLET STREAM: TOL1STSTG

OUTLET VAPOR STREAM: 1SRSTGV

OUTLET LIQUID STREAM: 1STSTGL

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

U-0-S BLOCK SECTION
BLOCK: 1STSTG  MODEL: FLASH2 (CONTINUED)

k%% MASS AND ENERGY BALANCE ***

04/07/2020 PAGE 1@

IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE(KMOL/HR ) 32416.3 32416.3 ©.00000
MASS (KG/HR ) 621068. 621068. -0.187444E-15
ENTHALPY (CAL/SEC ) -0.567563E+09 -0.567563E+09 0.594405E-13
*¥x* (02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©@.000e0 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
wkk  INPUT DATA ok
TWO PHASE PQ FLASH
PRESSURE DROP BAR 0.0
SPECIFIED HEAT DUTY  CAL/SEC 0.0
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE ©.000100000
kkx RESULTS  ***
OUTLET TEMPERATURE C 159.37
OUTLET PRESSURE BAR 6.0000
VAPOR FRACTION 0.22775
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V-L PHASE EQUILIBRIUM :

COMP F(I) X(I)
WATER 9.99117 0.98857
AMMON - 01 9.10149E-02  ©.13143E-02
DL-ME-01 9.77040E-02  ©.99761E-02
DEXTR-01 9.10635E-03  ©.13771E-03
BLOCK: 2NDSTG  MODEL: FLASH2

INLET STREAM: 2NSTGFED

OUTLET VAPOR STREAM:  2NDSTGV

OUTLET LIQUID STREAM: 2NSTGL

PROPERTY OPTION SET:  NRTL

s ASPEN PLUS PLAT: WIN-X64  VER: 37.0

U-0-S BLOCK SECTION

BLOCK: 2NDSTG  MODEL: FLASH2 (CONTINUED)
*¥*%  MASS AND ENERGY BALANCE
IN
TOTAL BALANCE
MOLE (KMOL/HR ) 25033.6
MASS (KG/HR ) 488065.

ENTHALPY (CAL/SEC )

* %k

FEED STREAMS CO2E ©.00000
PRODUCT STREAMS CO2E ©.00000
NET STREAMS CO2E PRODUCTION  ©.000ee
UTILITIES CO2E PRODUCTION 0.00000
TOTAL CO2E PRODUCTION ©.00000
*#%  INPUT DATA
TWO PHASE PQ FLASH
PRESSURE DROP BAR
SPECIFIED HEAT DUTY  CAL/SEC
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
*¥E¥X  RESULTS  ***

OUTLET TEMPERATURE C
OUTLET PRESSURE BAR
VAPOR FRACTION

V-L PHASE EQUILIBRIUM :

-0.432946E+09

* ok sk

Y(I) K(I)
1.0000 1.0116
9.32394E-82  ©.24648E-79
0.24580E-81  ©.24648E-79
9.38397E-09  ©.27883E-05

RENON (NRTL) / IDEAL GAS

04/07/2020 PAGE 11

* kK

ouT RELATIVE DIFF.
25033.6 0.00000
488065. -0.596310E-15

-0.432946E+09

CO2 EQUIVALENT SUMMARY ***

KG/HR
KG/HR
KG/HR
KG/HR
KG/HR

-0.229641E-16

.0
.0

00006

.000100000

144,31
4.0000
@.32565
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COMP F(I) X(I) Y(I) K(I)

WATER 0.98857 0.98305 1.0000 1.0172
AMMON-©1 ©.13143E-02 ©.19489E-02 ©.72056E-82 ©.36972E-79
DL-ME-01 ©.99761E-02 0.14794E-01 0.54696E-81 ©.36972E-79
DEXTR-01 ©.13771E-03 0.20421E-03 ©.18500E-09 ©.90594E-06

a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

U-0-S BLOCK SECTION

BLOCK: 2STGREB MODEL: HEATX
HOT SIDE:
INLET STREAM: 1SRSTGV
OUTLET STREAM: 7
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:
INLET STREAM: 1STGMIX
OUTLET STREAM: 2NSTGFED

PROPERTY OPTION SET: NRTL

k%% MASS AND ENERGY BALANCE ***

IN ouT

TOTAL BALANCE
MOLE(KMOL/HR ) 32416.3 32416.3
MASS (KG/HR ) 621068. 621068.

ENTHALPY (CAL/SEC ) -0.567563E+09

*¥*% (€02 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©@.000e0 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

%% INPUT DATA ***

FLASH SPECS FOR HOT SIDE:
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

FLASH SPECS FOR COLD SIDE:
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

FLOW DIRECTION AND SPECIFICATION:
COUNTERCURRENT  HEAT EXCHANGER

RENON (NRTL) / IDEAL GAS

-0.567563E+09

04/07/2020 PAGE 12

RELATIVE DIFF.
©.00000

0.187444E-15
-90.210037E-15

30
©.000100000

30
©.000100000
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a ASPEN PLUS

BLOCK:

SPECIFIED HOT VAPOR FRACTION
SPECIFIED VALUE
LMTD CORRECTION FACTOR

PLAT: WIN-X64

VER:

37.0

U-0-S BLOCK SECTION

PRESSURE SPECIFICATION:
HOT SIDE PRESSURE DROP
COLD SIDE PRESSURE DROP

2STGREB MODEL: HEATX (CONTINUED)

BAR
BAR

HEAT TRANSFER COEFFICIENT SPECIFICATION:

HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT

LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR

STREAMS :

1SRSTGV
T= 1.5937D+0@2
P= 6.0000D+00
V= 1.0006D+060

2NSTGFED <-----

T=
p=
V=

1.4431D+@2
4.0000D+00
3.2565D-01

DUTY AND AREA:

coLb
COLD
coLb
coLD
COLD
coLb
coLb
coLb
COLD

LIQUID
LIQUID
LIQUID
2-PHASE
2-PHASE
2-PHASE
VAPOR
VAPOR
VAPOR

* Kk

OVERALL RESULTS

CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K

* ok ok

e.

1.00000

0000

04/07/2020 PAGE 13

(]

(OGSO O]

[N

CcoLD

CALCULATED HEAT DUTY
CALCULATED (REQUIRED) AREA
ACTUAL EXCHANGER AREA

PER CENT OVER-DESIGN

HEAT TRANSFER COEFFICIENT:
AVERAGE COEFFICIENT (DIRTY)

UA (DIRTY)

CAL/SEC
SQM
SQM

CAL/SEC-SQCM-K
CAL/SEC-K

18408329.
6165.
6165.

a.

a.
1251780.

. 0000
.0000

.0203
.0203
.02083
.0203
.02083
.02083
.0203
.0203
.02083

T=
P=
V=

1.5852D+02
6.0000D+00
©.0000D+00

1STGMIX

T=
P=
V=

4667
8267
8267
0000

0203
0436

1.4412D+02
4.0000D+00
3.7494D-02
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LOG-MEAN TEMPERATURE DIFFERENCE:

LMTD CORRECTION FACTOR 1.0000
LMTD (CORRECTED) C 14.7057
NUMBER OF SHELLS IN SERIES 1

PRESSURE DROP:

HOTSIDE, TOTAL BAR @.0000
COLDSIDE, TOTAL BAR @.0000
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 14

U-0-S BLOCK SECTION
BLOCK: 2STGREB MODEL: HEATX (CONTINUED)
*¥*¥%*  ZONE RESULTS ***

TEMPERATURE LEAVING EACH ZONE:

HOT
| I I
HOT IN | VAP | COND | HOT ouT
------ > | |-
159.4 | 158.9]| | 158.9
I I I
COLDOUT | BOIL | BOIL | COLDIN
¢mmnmnn | | [<nmnene
144.3 | 144.3 | | 144.1
I I I
CoLD
ZONE HEAT TRANSFER AND AREA:
ZONE HEAT DUTY AREA LMTD AVERAGE U UA
CAL/SEC SQM C CAL/SEC-SQCM-K CAL/SEC-K
1 7517.050 2.4956 14.8366 0.0203 506.6556
2 18400812.417 6163.3311 14.7057 0.0203 1251273.3880
4 ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 15
U-0-S BLOCK SECTION
HEATX COLD-TQCU 2STGREB TQCURV INLET
PRESSURE PROFILE: CONSTANT2
PRESSURE DROP: 0.0 BAR
PROPERTY OPTION SET:  NRTL RENON (NRTL) / IDEAL GAS
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DUTY

CAL/SEC

! 0.0

I 7517.0497
I 8.7659+05
I 1.7532+06
I 2.6298+06

I 3.5063+06
I 4.3829+06
I 5.2595+06
I 6.1361+06
I 7.0127+06

I 7.8893+06
I 8.7659+06
I 9.6425+06
I 1.8519+07
I 1.1396+07

I 1.2272+07
I 1.3149+07
I 1.4025+07
I 1.4902+07
I 1.5779+07

I 1.6655+07
' 1.7532+07
I 1.8408+07

A ASPEN PLUS

PRES

TEMP

PLAT: WIN-X64  VER: 37.0

U-0-S BLOCK

HEATX HOT-TQCUR 2STGREB TQCURV INLET
PRESSURE PROFILE:
PRESSURE DROP:
PROPERTY OPTION SET:

CONSTANT2

0.0 BAR

NRTL RENON
TEMP

VFRAC

9.23%0-02
7.8666-02
6.4942-02
5.1218-02
3.7494-02

SECTION

04/07/2020 PAGE 16

(NRTL) / IDEAL GAS
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I CAL/SEC | BAR I C ! !
! ! ! ! !
l============l============|============|============|
! 0.0 ! 6.0000 ! 159.3660 ! 1.0000 !
I 7517.0497 | 6.0000 ! 158.9216 ! DEW>1.0000 !
I 8.7659+05 ! 6.0000 ! 158.9160 ! ©.9528 |
' 1.7532+06 ! 6.0000 ! 158.9160 ! 9.9051 !
I 2.6298+06 ! 6.0000 ! 158.9160 ! 9.8575 |
[ Fommm e B R et |
! 3.5063+06 ! 6.0000 ! 158.9160 ! 9.8099 !
I 4,.3829+06 ! 6.0000 ! 158.9160 ! 0.7622 |
I 5.2595+06 ! 6.0000 ! 158.9160 ! ©.7146 |
! 6.1361+06 ! 6.0000 ! 158.9160 ! 0.6669 !
I 7.0127+06 ! 6.0000 ! 158.9160 ! 9.6193 !
R e T Fommm e T b !
! 7.8893+06 ! 6.0000 ! 158.9160 ! 9.5717 !
! 8.7659+06 ! 6.0000 ! 158.9160 ! 9.5249 !
I 9.6425+06 ! 6.0000 ! 158.9160 ! 0.4764 |
! 1.0519+@7 ! 6.0000 ! 158.9160 ! 9.4287 !
I 1.1396+07 ! 6.0000 ! 158.9160 ! 9.3811 !
R e T Fommmm o Fommm - Fomm e !
I 1.2272+4+07 | 6.0000 ! 158.9160 ! ©.3335 |
I 1.3149+07 ! 6.0000 ! 158.9160 ! 9.2858 !
I 1.4025+07 ! 6.0000 ! 158.9160 ! 9.2382 !
I 1.4902+07 ! 6.0000 ! 158.9160 ! 9.1906 !
' 1.5779+07 ! 6.0000 ! 158.9160 ! 9.1429 !
R e T e it e e e T !
I 1.6655+07 ! 6.0000 ! 158.91e0 ! 9.5277-02 !
I 1.7532+07 ! 6.0000 ! 158.9160 ! 4.7639-02 !
1 1.8408+07 ! 6.0000 ! 158.9160 ! 0.0 !

BLOCK: 3RDSTG  MODEL: FLASH2

INLET STREAM: 3RDSTFEE
OUTLET VAPOR STREAM: 3RDSTGV
OUTLET LIQUID STREAM: 3RDSTGL
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 17

U-0-S BLOCK SECTION
BLOCK: 3RDSTG MODEL: FLASH2 (CONTINUED)

*¥*¥%*  MASS AND ENERGY BALANCE ***

IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 16881.3 16881.3 0.00000
MASS (KG/HR ) 341201. 341201. -0.170597E-15
ENTHALPY (CAL/SEC ) -0.283542E+09 -0.283542E+09 0.102875E-09
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*¥xx (02 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E

PRODUCT STREAMS CO2E

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL CO2E PRODUCTION

TWO PHASE PQ FLASH
PRESSURE DROP BAR
SPECIFIED HEAT DUTY  CAL/SEC
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

*¥¥%¥ RE
OUTLET TEMPERATURE C
OUTLET PRESSURE BAR
VAPOR FRACTION

V-L PHASE EQUILIBRIUM :

CoMP F(I)

WATER 9.98305

AMMON -01 0.19489E-02

DL-ME-01 9.14794E-01

DEXTR-01 9.20421E-03

BLOCK: 3RDSTGPM MODEL: PUMP

INLET STREAM: 3RDSTGL
OUTLET STREAM: EVAPROD
PROPERTY OPTION SET:  NRTL

A ASPEN PLUS

PLAT: WIN-X64  VER:

0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
UT DATA
@.e
0.0
30
©.000100000
SULTS
112.52
1.5000
0.53521
X(I) Y(I) K(I)
0.96354 1.0000 1.0378
0.419326-62  ©.41342E-81  ©.98593E-79
0.31829E-01  ©.31381E-80  ©.98593E-79
©.43937E-63  ©.27466E-18  ©.62514E-07

RENON (NRTL) / IDEAL GAS

37.0

04/07/2020 PAGE 18

U-0-S BLOCK SECTION

BLOCK: 3RDSTGPM MODEL: PUMP (CON

TINUED)

*¥*%*  MASS AND ENERGY BALANCE ***

TOTAL BALANCE
MOLE (KMOL/HR ) 7
MASS(KG/HR ) 1
ENTHALPY (CAL/SEC )

IN

846.21
78430.

-0.140360E+09

ouT RELATIVE DIFF.
7846.21 0.00000
17843@. ©.163110E-15

-0.140360E+09 -0.605360E-05

*¥¥*% (02 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E

0.00000

KG/HR
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PRODUCT STREAMS CO2E ©.00000
NET STREAMS CO2E PRODUCTION  ©.00000
UTILITIES CO2E PRODUCTION ©.00000
TOTAL CO2E PRODUCTION 0.00000

%%k INPUT DATA %
OUTLET PRESSURE BAR
DRIVER EFFICTENCY

FLASH SPECIFICATIONS:

LIQUID PHASE CALCULATION

NO FLASH PERFORMED

MAXIMUM NUMBER OF ITERATIONS
TOLERANCE

*¥Ek¥  RESULTS  #**
VOLUMETRIC FLOW RATE L/MIN
PRESSURE CHANGE BAR
NPSH AVAILABLE M-KGF/KG
FLUID POWER KW
BRAKE POWER KW
ELECTRICITY KW
PUMP EFFICIENCY USED
NET WORK REQUIRED KW
HEAD DEVELOPED M-KGF/KG
A ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

KG/HR
KG/HR
KG/HR
KG/HR

3,23

2.
1.

30
0.

8.

o4

U-0-S BLOCK SECTION

BLOCK: 3RDSTGRE MODEL: HEATX

HOT SIDE:
INLET STREAM: 2NDSTGV
OUTLET STREAM: 11
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
COLD SIDE:
INLET STREAM: 2NDGMIX
OUTLET STREAM: 3RDSTFEE
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*¥x%x  MASS AND ENERGY BALANCE ***
IN ouT
TOTAL BALANCE
MOLE (KMOL/HR ) 25@33.6 25033.6
MASS (KG/HR ) 488065. 488065.
ENTHALPY (CAL/SEC ) -0.432946E+09 -0.432946E+09

*¥*%  (C02 EQUIVALENT SUMMARY ***

00000
00000

000100000

55

0.50000
0.0
2.69879
3.
3
(4]
3
5

55746

.55746
.75863
.55746
.55242
/07/2020 PAGE 19

RELATIVE DIFF.

0.00000
0.238524E-15
0.00000
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FEED STREAMS CO2E

PRODUCT STREAMS CO2E

NET STREAMS COZE PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL CO2E PRODUCTION

* ok ok

FLASH SPECS FOR HOT SIDE:
FLASH

TWO

MAXIMUM NO.
CONVERGENCE TOLERANCE

PHASE

ITERATIONS

FLASH SPECS FOR COLD SIDE:
FLASH

TWO

MAXIMUM NO.
CONVERGENCE TOLERANCE

PHASE

ITERATIONS

©.00000
©.00000
©.00000
0.00000
©.00000

INPUT DATA

FLOW DIRECTION AND SPECIFICATION:

COUNTERCURRENT

HEAT EXCHANGER

SPECIFIED HOT VAPOR FRACTION
SPECIFIED VALUE
LMTD CORRECTION FACTOR

A ASPEN PLUS

BLOCK:

3RDSTGRE MODEL: HEATX (CONTINUED)

PLAT: WIN-X64

VER: 37.0

* ok

KG/HR
KG/HR
KG/HR
KG/HR
KG/HR

U-0-S BLOCK SECTION

PRESSURE SPECIFICATION:
HOT SIDE PRESSURE DROP
COLD SIDE PRESSURE DROP

HEAT TRANSFER COEFFICIENT SPECIFICATION:

HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT
HOT

LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR
LIQUID
2-PHASE
VAPOR

STREAMS:

2NDSTGV  -----

COLD
COLD
coLb
coLb
COLD
COLD
coLb
COLD
COLD

LIQUID
LIQUID
LIQUID
2-PHASE
2-PHASE
2-PHASE
VAPOR
VAPOR
VAPOR

BAR
BAR

CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-5SQCM-K
CAL/SEC-SQCM-K
CAL/SEC-SQCM-K

*¥*¥*  OVERALL RESULTS

* Kk

3e

©.000100000

30

©.000100000

a.
1.00000

0000

04/07/2020 PAGE 20

®

0000006

.0000
.0000

.0203
.02083
.0203
.0203
.02083
.0203
.0203
.0203
.0203
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T= 1.4431D+0@2
P= 4.,0000D+00
V= 1.0000D+00

3RDSTFEE <----

T= 1.1252D+@2
P= 1.5008D+00
V= 5.3521D-01

DUTY AND AREA:

CALCULATED HEAT DUTY

| coLD

CALCULATED (REQUIRED) AREA SOM
ACTUAL EXCHANGER AREA SOM
PER CENT OVER-DESIGN

HEAT TRANSFER COEFFICIENT:

AVERAGE COEFFICIENT (DIRTY)

UA (DIRTY)

LOG-MEAN TEMPERATURE DIFFERENCE:
LMTD CORRECTION FACTOR
LMTD (CORRECTED) C
NUMBER OF SHELLS IN SERIES

PRESSURE DROP:

CAL/SEC

CAL/SEC-SQCM-K
CAL/SEC-K

HOTSIDE, TOTAL
COLDSIDE, TOTAL

BAR
BAR

a ASPEN PLUS

BLOCK:

PLAT: WIN-Xo4

* ko

VER: 37.0

U-0-S BLOCK SECTION
3RDSTGRE MODEL: HEATX (CONTINUED)

ZONE RESULTS

TEMPERATURE LEAVING EACH ZONE:

20801958.1706
3257.8505
3257.8505

0.0000

0.0203
661405.5997

1.0000
31.4511
1

©.0000
0.0000
04/07/2020

| T= 1.4369D+02
| P= 4.0000D+00
| V= ©0.0000D+00
|

|<----- 2NDGMIX

| T= 1.1196D+02
| P= 1.5000D+00
| V= 7.2999D-02

PAGE 21

|
HOT IN | VAP
______ > |
144.3 |
I
COLDOUT | BOIL
< ______
112.5 |

BOIL
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COLD

ZONE HEAT TRANSFER AND AREA:

ZONE HEAT DUTY AREA LMTD AVERAGE U UA
CAL/SEC SQM C CAL/SEC-SQCM-K CAL/SEC-K
1 11343.505 1.7750 31.4776 0.0203 360.3675
2 20790614.665 3256.0755 31.4511 0.0203 661045.2322
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 22

U-0-S BLOCK SECTION

HEATX COLD-TQCU 3RDSTGRE TQCURV INLET

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
I DUTY I PRES I TEMP I VFRAC !
I I I 1 |
! ! ! ! !
! ! ! ! !
I CAL/SEC I BAR 1 C ! !
! ! ! ! !
l============l=ssoscs=soosloosooomosoas I ooommamamaas |
! 0.0 ! 1.5000 ! 112.5230 ! ©.5352 |
I 1.1344+04 | 1.5000 ! 112.5224 ! 9.5350 !
I 9,9857+05 ! 1.5000 ! 112.4714 ! 9.5132 !
I 1.9811+06 ! 1.5000 ! 112.4243 | 9.4912 |
I 2.9717+06 | 1.5000 ! 112.3812 ! 9.4692 |
R et R e T B !
I 3.9623+06 ! 1.5000 ! 112.3416 ! 9.4472 |
I 4,9528+06 ! 1.5000 ! 112.3050 ! 9.4252 |
I 5.9434+06 ! 1.5000 ! 112.2712 ! 9.4032 !
I 6.9340+06 ! 1.5000 ! 112.2399 | 9.3812 !
I 7.9246+06 ! 1.5000 ! 112.2107 ! ©.3592 |
R Fomm e R B !
! 8.9151+e6 ! 1.5000 ! 112.1835 ! 9.3372 !
I 9.,9957+06 ! 1.5000 ! 112.1580 ! 9.3152 |
I 1.0896+07 ! 1.5000 ! 112.1342 | 9.2932 |
! 1.1887+07 ! 1.5000 ! 112.1118 ! 9.2712 !
I 1.2877+07 | 1.5000 ! 112.0908 ! 9.2492 |
[ et e et R !
! 1.3868+07 ! 1.5000 ! 112.0709 ! 9.2271 !
I 1.4859+07 ! 1.5000 ! 112.8522 ! 9.2051 !
I 1.5849+07 ! 1.5000 ! 112.0345 | 9.1831 !
! 1.6840+07 ! 1.5000 ! 112.0178 ! 9.1611 !
I 1.7830+07 ! 1.5000 ! 112.0019 ! 9.1391 !
[ it e tmmmmm e - e o m e !
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! 1.8821+07 ! 1.5000 ! 111.9868 ! 0.1170 !

! 1.9811+07 ! 1.5000 ! 111.59724 | 9.5021-02 !
I 2.0802+07 ! 1.5000 ! 111.9588 ! 7.2999-02 !
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 23

U-0-S BLOCK SECTION

HEATX HOT-TQCUR 3RDSTGRE TQCURV INLET

PRESSURE PROFILE: CONSTANT2

PRESSURE DROP: 0.0 BAR

PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
I DUTY ! PRES I TEMP I VFRAC !
] 1 1 1 1
! ! ! ! !
! ! ! ! !
I CAL/SEC I BAR 1 C ! !
! ! ! ! !
|============|============|============|z======zs=a |
! 0.0 ! 4.0000 ! 144.3061 ! 1.0000 !
I 1.1344+404 ! 4.0000 ! 143.6965 | DEW>1.0000 !
I 9.9057+85 ! 4.0000 ! 143.6886 ! 9.9529 |
I 1.9811+06 ! 4.0000 ! 143.6886 ! ©0.9053 !
I 2.9717+06 ! 4.,0000 ! 143.6886 ! 0.8576 !
R LT Fommmmmmm - dommmmmm e L LT !
I 3.9623+06 ! 4.0000 ! 143.6886 ! ©0.8100 !
I 4,9528+06 ! 4,0000 ! 143.6886 ! 0.7623 |
! 5.9434+06 ! 4,0000 ! 143.6886 ! 0.7147 !
' 6.9340+06 ! 4.0000 ! 143.6886 ! 0.6670 !
I 7.9246+06 ! 4.0000 ! 143.6886 ! 0.6194 !
e e T e R T !
I 8.9151+06 ! 4.0000 ! 143.6886 ! 0.5717 |
! 9.9057+06 ! 4.0000 ! 143.6886 ! 9.5241 !
I 1.0896+07 ! 4.0000 ! 143.6886 ! 0.4765 !
' 1.1887+07 ! 4.0000 ! 143.6886 ! 0.4288 !
1 1.2877+07 ! 4.0000 ! 143.6886 ! 0.3812 !
e i e e e R Rl e !
I 1.3868+07 ! 4.0000 ! 143.6886 ! 9.3335 !
I 1.4859+07 ! 4.0000 ! 143.6886 ! 0.2859 !
I 1.5849+07 ! 4,0000 ! 143.6886 ! 0.2382 !
I 1.6840+07 ! 4.0000 ! 143.6886 ! 0.1906 !
I 1.7830+07 ! 4.,0000 ! 143.6886 ! 0.1429 |
P - fmmmmmmnnan fom e D !
! 1.8821+07 ! o000 ! 143.6886 ! 9.5291-02 !
I 1.9811+07 ! 4.0000 ! 143.6886 | 4.7645-02 !
! 2.0802+07 ! 0000 ! 143.6886 ! 0.0 !
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BLOCK: B1le MODEL: VALVE

INLET STREAM: 2NSTGL
OUTLET STREAM: 2NDGMIX
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

*¥*%  MASS AND ENERGY BALANCE ***
IN ouT

U-0-S BLOCK SECTION

BLOCK: B1le MODEL: VALVE (CONTINUED)
TOTAL BALANCE
MOLE(KMOL/HR ) 16881.3 16881.3
MASS (KG/HR ) 341201. 341201.
ENTHALPY (CAL/SEC ) -9.304344E+09 -9.304344E+09
*¥¥%  (C02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

*xxk  INPUT DATA **x

VALVE OUTLET PRESSURE BAR

VALVE FLOW COEF CALC. NO
FLASH SPECIFICATIONS:

NPHASE

MAX NUMBER OF ITERATIONS 3

CONVERGENCE TOLERANCE

kkk RESULTS %

VALVE PRESSURE DROP BAR
BLOCK: B8 MODEL: VALVE
INLET STREAM: 1STSTGL
OUTLET STREAM: 1STGMIX
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*¥¥%  MASS AND ENERGY BALANCE ***
IN ouT

TOTAL BALANCE

MOLE (KMOL/HR ) 25033.6 25033.6

RELATIVE DIFF.
A ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 24

©.00000

©.1760597E-15
-0.195846E-15

1.50000

2
(4]
0.000100000

2.50000

RELATIVE DIFF.

0.00000
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MASS(KG/HR ) 488065. 488065,

ENTHALPY (CAL/SEC ) -0.451354E+09 -0.451354E+09
*¥¥% (02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E ©.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

#%%  INPUT DATA *#¥*

©.238524E-15
-0.264115E-15

a ASPEN PLUS  PLAT: WIN-Xe4  VER: 37.0 04/07/2020 PAGE 25

U-0-5 BLOCK SECTION

BLOCK: B8 MODEL: VALVE (CONTINUED)
VALVE OUTLET PRESSURE BAR 4.00000
VALVE FLOW COEF CALC. NO
FLASH SPECIFICATIONS:
NPHASE 2
MAX NUMBER OF ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000

&% RESULTS ***

VALVE PRESSURE DROP BAR 2.00000

BLOCK: FEEDPMP MODEL: PUMP

INLET STREAM: FEED
OUTLET STREAM: HPRFEED
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*¥%%  MASS AND ENERGY BALANCE ***
IN ouT
TOTAL BALANCE
MOLE (KMOL/HR ) 32416.3 32416.3
MASS (KG/HR ) 621068. 621068.
ENTHALPY (CAL/SEC ) -0.602621E+09 -0.602596E+09
*¥xx (02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E ©.00000 KG/HR
PRODUCT STREAMS CO2E ©.00000 KG/HR
NET STREAMS CO2E PRODUCTION  ©.000ee KG/HR
UTILITIES CO2E PRODUCTION ©.00000 KG/HR
TOTAL CO2E PRODUCTION ©.00000 KG/HR

xx%  INPUT DATA *xx

RELATIVE DIFF

©.00000
0.00000
-0.413908E-04
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OUTLET PRESSURE
DRIVER EFFICIENCY

FLASH SPECIFICATI
LIQUID PHASE CALC
NO FLASH PERFORME
MAXIMUM NUMBER OF
TOLERANCE

a ASPEN PLUS  PLAT:

BAR

ONS:

ULATION

D
ITERATIONS

WIN-X64  VER:

37.0

U-0-S BLOCK SECTION

BLOCK: FEEDPMP MODEL: PUMP (CONTINUED)

VOLUMETRIC FLOW R
PRESSURE CHANGE
NPSH AVAILABLE
FLUID POWER KW
BRAKE POWER KW
ELECTRICITY KW
PUMP EFFICIENCY U
NET WORK REQUIRED
HEAD DEVELOPED M-
a ASPEN PLUS  PLAT:

11 15 1SRSTGV 1STGMI

STREAM ID
FROM :
TO

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
WATER
AMMON-©1
DL-ME-01
DEXTR-01
TOTAL FLOW:
KMOL/HR
KG/HR
L/MIN
STATE VARIABLES:
TEMP C
PRES  BAR

* k¥

ATE L/MIN
BAR
M-KGF/KG

SED
KW
KGF/KG

RESULTS

WIN-X64  VER: 37.0

X 1STSTGL

11
3RDSTGR

LIQUID

8152.2329
0.0
0.0

1.5082-06

8152.2329
1.4686+05
2812.2113

143.6886
4.0000

EEES

STREAM SECTION

E

[¥¥]

LIQUID

.9819+05

0.0
0.0
0.0

.9819+05
.5704+06
.9127+04

12.0000
1.0135

1SRSTGV
1STSTG
2STGREB

VAPOR

7382.7781
0.0
0.0

2.8348-66

7382.7781
1.3300+05
7.3747+05

159.3660
6.0000

6.00000
1.00000

30
0.00010

0000

04/07/2020 PAGE 26

10,845.7
4.82789
9.2211¢

87.2701
104.431
104.431

0.83567
1e4.431

51.5832

04/07/2020 PAGE 27

1STGMIX
B8
2STGREB

MIXED

2.4747+04
32.9004
249.7361
3.4474

2.5034+04
4.8807+05
1.4468+@5

144.1199
4.0000

1STSTGL
1STSTG
B8

LIQUID

2.4747+04
32.9004
249.7361
3.4474

2.5034+04
4.,8807+05
9523.1702

159.3660
6.0000
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VFRAC
LFRAC
SFRAC
ENTHALPY:
CAL/MOL
CAL/GM
CAL/SEC
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOoL/CC
GM/CC
AVG MW
a ASPEN PLUS

PLAT: WIN-X64

(SR
O @
()
@
(o]

-6.5976+04
-3662.2327
-1.4940+08

-32.6489
-1.8123

4.8314-02

0.8704

18.0153
VE

R ®

.0
. 0000
.0

-6.8491+e4
-3801.8505
-3.7706+09

-39.7471
-2.2063

5.5864-02
1.0064
18.0153

R: 37.0

2NDGMIX 2NDSTGVY 2NSTGFED 2NSTGL 3RDSTFEE

STREAM ID
FROM :
TO

SUBSTREAM: MIXED
PHASE :
COMPONENTS: KMOL/HR
WATER
AMMON - @1
DL-ME-01
DEXTR-01
TOTAL FLOW:
KMOL /HR
KG/HR
L/MIN
STATE VARIABLES:
TEMP C
PRES  BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
CAL/MOL
CAL/GM
CAL/SEC
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:

2NDGMIX
Blo
3RDSTGRE

MIXED

1.6595+04
32.9004
249.7361
3.4474

1.6881+04
3.4120+05
4.4425+05

111.9588
1.5000
7.2999-02
0.9270
0.9

-6.4902+04
-3211.1294
-3.0434+08

-25.7404
-1.2735

2NDSTGV
2NDSTG

3RDSTGRE

VAPOR

8152.2329
0.0
0.0

1.5082-06

8152.2329
1.4686+05
1.1790+06

144.3061
4.0000
1.0000

0.0
0.0

-5.679%0+04

-3152.3279
-1.2860+08

-10.6114

-0.5890

[ R
[ I v I ]

-5.6666+04
-3145.4451
-1.1621+08

-11.1248
-90.6175

1.6685-04
3.0058-03
18.0153

STREAM SECTION

2NSTGFED
2STGREB
2NDSTG

MIXED

2.4747+04
32.9004
249.7361
3.4474

2.5034+04
4.8807+05
1.1855+06

144.3061
4.0000
0.3257
0.6743
0.0

-6.2261+04
-3193.4353
-4.3295+08

-20.8870
-1.6713

3.7494-02
0.9625
0.0

-6.4908+04
-3329.2163
-4.5135+@8

-27.2297
-1.3966

2.8838-@3
5.6225-02
19.49%64

[l ]
e
(]
®
(o]

-6.4908+04
-3329.2163
-4.5135+08

-27.2767
-1.3991

4.3812-02
©.8542
19.4964

04/07/2020 PAGE 28

2NSTGL
2NDSTG
B1o

LIQUID

1.6595+04
32.9004
249.7361
3.4474

1.6881+04
3.4120+05
6508.3606

144.3061
4.0000
0.0
1.0000
0.0

-6.4902+04
-3211.1294
-3.0434+08

-25.8492
-1.2789

3RDSTFEE
3RDSTGRE

3RDSTG

MIXED

1.6595+04
32.5004
249.7361
3.4474

1.6881+04
3.4120+05
3.2224+06

112.523@
1.5000
©.5352
0.4648
0.0

-6.0466+04
-2991.6484
-2.8354+08

-14.2279
-0.7039
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MOL/CC

6.3333-04 1.1524-04 3.5195-@4 4.3230-02 8.7313-05

GM/CC 1.2801-02 2.0762-03 6.8617-03 0.8737 1.7648-03
AVG MW 20.2117 18.0153 19.4964 20,2117 20,2117
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 29

3RDSTGL 3RDSTGV 7 EVAPROD FEED

STREAM SECTION

STREAM ID 3RDSTGL 3RDSTGV 7 EVAPROD FEED
FROM : 3RDSTG 3RDSTG 2STGREB 3RDSTGPM ----
T0 3RDSTGPM ==== ==== ==== FEEDPMP
SUBSTREAM: MIXED
PHASE: LIQUID VAPOR LIQUID LIQUID LIQUID
COMPONENTS: KMOL/HR
WATER 7560.1277 9035.1174 7382.7781 7560.1277 3.2130+04
AMMON-©1 32.9604 0.0 0.0 32.9004 32.9004
DL-ME-01 249.7361 0.0 0.0 249.7361  249.7361
DEXTR-01 3.4474 2.4816-07 2.8348-06 3.4474 3.4474
TOTAL FLOW:
KMOL /HR 7846.2115 9835.1174 7382.7781 7846.2115 3.2416+04
KG/HR 1.7843+05 1.6277+05 1.3300+05 1.7843+405 6.2107+05
L/MIN 3238.5534 3.2191+06 2599.2028 3238.6297 1.0846+04
STATE VARIABLES:
TEMP C 112.523@  112.5230 158.9160  112.5409 70.0000
PRES  BAR 1.5000 1.5000 6.0000 2.0000 1.1721
VFRAC 0.0 1.0000 0.0 0.0 0.0
LFRAC 1.0000 0.0 1.0000 1.0000 1.0000
SFRAC 0.0 0.0 0.0 .o 0.0
ENTHALPY:
CAL/MOL -6.4400+04 -5.7050+04 -6.5642+04 -6.4400+04 -6.6924+04
CAL/GM -2831.9011 -3166.7653 -3643.7052 -2831.8839 -3493.0730
CAL/SEC -1.4036+08 -1.4318+08 -1.3462+08 -1.4036+08 -6.0262+08
ENTROPY :
CAL/MOL-K -19.8892 -9.3116 -31.9001 -19.8882 -33.0025
CAL/GM-K -0.8746 -0.5169 -1.7707 -0.8746 -1.7225
DENSITY:
MOL/CC 4.0379-02 4.6778-05 4.7340-02 4.0378-02 4.9814-02
GM/CC ©.9183 8.4272-04 ©.8528 0.9182 0.9544
AVG MW 22.7410 18.0153 18.0153 22.7410 19.1591
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.0 04/07/2020 PAGE 30

STREAM SECTION

HPRFEED S2 STM1IN TO1STSTG



STREAM ID
FROM :
TO

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
WATER
AMMON-01
DL-ME-01
DEXTR-01
TOTAL FLOW:
KMOL/HR
KG/HR
L/MIN
STATE VARIABLES:
TEMP  C
PRES  BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
CAL/MOL
CAL/GM
CAL/SEC
ENTROPY:
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
GM/CC
AVG MW

a ASPEN PLUS  PLAT: WIN-X64

BLOCK STATUS

HPRFEED  S2
FEEDPMP  1STGHTR
1STGHTR ~ ----
LIQUID LIQUID
3.2130+04 1.4432+04
32.9004 9.0
249.7361 2.0
3.4474 9.0
3.2416+04 1.4432+04
6.2107+05 2.6000+05
1.0847+04 5197.3601
70.1454  174.9730
6.0000 8.9000
0.0 9.0
1.0000 1.00800
0.0 9.0
-6.6921+04 -6.5276+04
-3492.9284 -3623.3409
-6.0260+08 -2.6169+08
-32.9944  -31,1149
-1.7221  -1.7271
4.9806-02 4.6281-02
0.9542 9.8338
19.1591  18.0153
VER: 37.0

STM1IN

1STGHTR

VAPOR

1.4432+04
0.0
0.0
0.0

1.4432+04

.6000+05
1.0070+66

N

175.0000
8.9000
1.0000
0.0
0.0

-5.6537+04
-3138.2698
-2.2665+08

-11.6142
-0.6447

2.3886-04
4.3031-03
18.0153

PROBLEM STATUS SECTION

TO1STSTG
1STGHTR
1STSTG

MIXED

3.2130+04
32.9004
249.7361
3.4474

3.2416+04
6.2107+@5
7.4700+05

159.3660
. 0000
.2277
L7723
.0

o R )]

-6.3031+04
-3289.8614
-5.6756+08

-23.5981
-1.2317

7.2326-04
1.3857-02
19.1591

04/07/2020 PAGE 31
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*

Calculations were completed normally

All streams were flashed normally

All Unit Operation blocks were completed normally

* K XK K K ® X
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210



Combustion of Natural Gas for Rotary Dryer PFD:

—— AR FURNACE

GAS EXHAUST
o |
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Combustion of Natural Gas for Rotary Dryer Input:

;Input Summary created by Aspen Plus Rel. 37.0 at 21:25:55 Sun Apr 19, 2020
;Directory \nestor\alliwa\ Filename C:\Users\alliwa\AppData\Local\Temp\~ape4c8.txt

’

DYNAMICS
DYNAMICS RESULTS=ON

IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar &
INVERSE-PRES="'1/bar' SHORT-LENGTH=mm

DEF-STREAMS CONVEN ALL
MODEL-OPTION

DATABANKS 'APV110 PURE37' / 'APV110 AQUEOUS' / 'APV110 SOLIDS' &
/ 'APV110 INORGANIC' / 'APESV110 AP-EOS'/ &
'NISTV110 NIST-TRC' / NOASPENPCD

PROP-SOURCES 'APV110 PURE37' / 'APV110 AQUEOUS' / &
'APV110 SOLIDS' / 'APV110 INORGANIC' / 'APESV110 AP-EOS' &
/ 'NISTV110 NIST-TRC'

COMPONENTS
AIR AR/
METHA-01 CH4 /
CARBO-01 CO2 /
WATER H20 /
OXYGE-01 02/
NITRO-01 N2

SOLVE
RUN-MODE MODE=SIM

FLOWSHEET
BLOCK B2 IN=AIR GAS OUT=EXHAUST

PROPERTIES NRTL

STREAM AIR
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SUBSTREAM MIXED TEMP=25. PRES=1.01 MASS-FLOW=87606.
MASS-FRAC AIR 0. / METHA-01 0. / CARBO-01 0. / WATER &
0. / OXYGE-01 0.21 / NITRO-01 0.79

STREAM GAS
SUBSTREAM MIXED TEMP=25. PRES=1. MASS-FLOW=4630.
MASS-FRAC AIR 0. / METHA-01 1. / CARBO-01 0. / WATER &
0. / OXYGE-01 0. / NITRO-01 0.

BLOCK B2 RSTOIC
PARAM TEMP=170. PRES=1.01
STOIC 1 MIXED OXYGE-01 -2. / METHA-01 -1. / CARBO-011. / &
WATER 2.
CONV 1 MIXED METHA-01 1.
EO-CONV-OPTI
STREAM-REPOR MOLEFLOW

PROPERTY-REP PCES

’
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Combustion of Natural Gas for Rotary Dryer Report:

~

R S S S S S N S S S S T R S S S S S S S T S S S S
I e T i T o i S S S S
+ +

+ 4 ASPEN PLUS CALCULATION REPORT

+ o+

S R R T i A S S T S S T
o A i S A T A A T T i T i S S S S S S S S S S
ASPEN PLUS IS A TRADEMARK OF HOTLINE:

ASPEN TECHNOLOGY, INC.
781/221-6480

PLATFORM: WIN-X64

U.S.A. 888/996-7100
EUROPE (44) 1189-226555

APRIL 20, 2020

VERSION: 37.@ Build 395 MONDAY

INSTALLATION:

a ASPEN PLUS PLAT: WIN-X64  VER: 37.0

6:43:05 P.M.

04/20/2020 PAGE

ASPEN PLUS (R) IS A PROPRIETARY PRODUCT OF ASPEN TECHNOLOGY, INC.
(ASPENTECH), AND MAY BE USED ONLY UNDER AGREEMENT WITH ASPENTECH.
RESTRICTED RIGHTS LEGEND: USE, REPRODUCTION, OR DISCLOSURE BY THE
U.S. GOVERNMENT IS SUBJECT TO RESTRICTIONS SET FORTH IN
(i) FAR 52.227-14, Alt. III, (ii) FAR 52.227-19, (iii) DFARS
252.227-7813(c)(1)(ii), or (iv) THE ACCOMPANYING LICENSE AGREEMENT,
AS APPLICABLE. FOR PURPOSES OF THE FAR, THIS SOFTWARE SHALL BE DEEMED
TO BE "UNPUBLISHED" AND LICENSED WITH DISCLOSURE PROHIBITIONS.
CONTRACTOR/SUBCONTRACTOR: ASPEN TECHNOLOGY, INC. 2@ CROSBY DRIVE,
BEDFORD, MA 01730,

TABLE OF CONTENTS

RUN CONTROL SECTION. .. .uuiuiiriienneennnnnannnnsnnannnns 1
RUN CONTROL INFORMATION.....iviiiiinennnnrnannnans 1
FLOWSHEET SECTION. ...t vuenrtiiinnnrnrnennnennnnnnnnns 2
FLOWSHEET CONNECTIVITY BY STREAMS................. 2
FLOWSHEET CONNECTIVITY BY BLOCKS..........ovvvvnn 2
COMPUTATIONAL SEQUENCE. ... .. ittt 2
OVERALL FLOWSHEET BALANCE.........coviiiiiinnnnnns 2
PHYSICAL PROPERTIES SECTION.....vuutiiiininniiinnnnnn. 3
COMPONENTS. v i i iieeaiiiivnsnnssssssssssssasnssss 3
U-0-5 BLOCK SECTION. ...ttt iiiiiniei et nnnnnnass 4
BLOCK: B2 MODEL: RSTOIC.....cvvvvvvvnnnnnss 4

+

+ +

+ 4+ 4+ + o+
+ + + 4+ + o+
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STREAM SECTION. ... .ttt nnnnsssnanansns

AIR EXHAUST GAS. .. vt iiiinneiiiannnnns

PROBLEM STATUS SECTION.....ctiiievnnnriinnnanas
BLOCK STATUS. ... iiitiiiiiinnnntiinennnnss
a ASPEN PLUS PLAT: WIN-X64  VER: 37.0

RUN CONTROL SECTION

RUN CONTROL INFORMATION

R
N |
........ 7

04/20/2020 PAGE 1

THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN

TYPE OF RUN: EDIT
INPUT FILE NAME: _5742ewl.inm
INPUT PROBLEM DATA FILE NAME : _5742ewl

OUTPUT PROBLEM DATA FILE NAME: _3114xma
LOCATED IN:

PDF SIZE USED FOR INPUT TRANSLATION:

NUMBER OF FILE RECORDS (PSIZE) = (5]

NUMBER OF IN-CORE RECORDS = 256
PSIZE NEEDED FOR SIMULATION = 1
CALLING PROGRAM NAME: apmain

LOCATED IN: C:\Program Files\AspenTech\Aspen Plus V11.@\Engine\\xeq

SIMULATION REQUESTED FOR ENTIRE FLOWSHEET
a ASPEN PLUS PLAT: WIN-X64  VER: 37.0

FLOWSHEET SECTION

FLOWSHEET CONNECTIVITY BY STREAMS

STREAM SOURCE DEST STREAM SOURCE
GAS B2 AIR
EXHAUST B2 S

FLOWSHEET CONNECTIVITY BY BLOCKS

BLOCK INLETS OUTLETS
B2 AIR GAS EXHAUST

04/20/2020 PAGE 2

DEST
B2
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COMPUTATIONAL SEQUENCE

SEQUENCE USED WAS:

B2

OVERALL FLOWSHEET BALANCE

MASS AND ENERGY BALANCE

IN

CONVENTIONAL COMPONENTS
(KMOL/HR )

AIR
METHA-©1
CARBO-@1
WATER
OXYGE-@21
NITRO-@1

TOTAL BALANCE
MOLE (KMOL/HR )

MASS (KG/HR

)

ENTHALPY (CAL/SEC )

FEED STREAMS CO2E

PRODUCT STREAMS CO2E

0.00000
288.604
0.00000
0.00000
602.211
2587.75

3478.57
96392.0@

ouT

0.00000
0.00800
288.604
577.207
25.0833
2587.75

3478.57
96392.0@

-0.142689E+07 -©.157596E+08

%k

GENERATION

0.00000
-288.604
288.604
577.207
-577.207
©.00000

0.00000

C02 EQUIVALENT SUMMARY **%*

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION

TOTAL CO2E PRODUCTION

~ ASPEN PLUS

COMPONENTS

ID TYPE

AIR
METHA-01
CARBO-01
WATER
OXYGE-01
NITRO-@1
~ ASPEN PLUS

NAOMNOON

BLOCK: B2

PLAT: WIN-X64 VE

ALIAS
AIR
CH4
coz
H20
02
N2

115750.
12701.4
-103849.
@.e0000
-103e49.
R: 37.0

KG/HR
KG/HR
KG/HR
KG/HR
KG/HR

RELATIVE DIFF.

0.00800
0.e0800
0.00000
0.00000
-0.53@951E-16
0.00000

0.130728E-15
0.00000
0.909459

04/20/2020 PAGE 3

PHYSICAL PROPERTIES SECTION

N

PLAT: WIN-X64 VE

MODEL:

AME

AIR

METHANE
CARBON-DIOXIDE
WATER

OXYGEN
NITROGEN

R: 37.0

U-0-S BLOCK SECTION

RSTOIC

04/208/202@0 PAGE 4
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INLET STREAMS: AIR GAS
OUTLET STREAM: EXHAUST
PROPERTY OPTION SET: NRTL

k% MASS AND ENERGY BALANCE

IN ouT
TOTAL BALANCE
MOLE(KMOL/HR ) 3478.57 3478.57
MASS (KG/HR ) 96392.0 96392.0

ENTHALPY (CAL/SEC ) -0.142689E+07 -0.157596E+08

*¥**  CO2 EQUIVALENT SUMMARY *%**

FEED STREAMS CO2E 115750. KG/HR
PRODUCT STREAMS CO2E 127e1.4 KG/HR
NET STREAMS CO2E PRODUCTION -103@49,. KG/HR
UTILITIES CO2E PRODUCTION ©.00000 KG/HR

TOTAL CO2E PRODUCTION -103049. KG/HR
#%  INPUT DATA #%*
STOICHIOMETRY MATRIX:

REACTION # 1:
SUBSTREAM MIXED

METHA-81 -1.00 CARBO-01 1.00 WATER

REACTION CONVERSION SPECS: NUMBER= 1
REACTION # 1:

SUBSTREAM:MIXED KEY COMP:METHA-@1 CONV FRAC:

TwWo PHASE TP FLASH

SPECIFIED TEMPERATURE C

SPECIFIED PRESSURE BAR

MAXIMUM NO. ITERATIONS

CONVERGENCE TOLERANCE

SIMULTANEOUS REACTIONS

GENERATE COMBUSTION REACTIONS FOR FEED SPECIES
a ASPEN PLUS  PLAT: WIN-X64  VER: 37.@

U-0-5 BLOCK SECTION
BLOCK: B2 MODEL: RSTOIC (CONTINUED)
***  RESULTS  #**

OUTLET TEMPERATURE C
OUTLET PRESSURE BAR

RENON (NRTL) / IDEAL GAS

GENERATION  RELATIVE DIFF.

0.00000 0.138728E-15

0.00000
6.9089459

OXYGE-01 -2.00

170.e00
1.01000
30
©.000100000

NO
04/20/2028 PAGE 5

170.00
1.0100
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HEAT DUTY
VAPOR FRACTION

REACTION EXTENTS:

REACTION
NUMBER

1

CAL/SEC

V-L PHASE EQUILIBRIUM :

coMP
CARBO-@1
WATER
OXYGE-@21
NITRO-@1

-0.14333E+08

1.0000

REACTION

EXTENT

KMOL/HR

288.60

F(I) X(I) Y(I) K(I)
0.82966E-01  ©.61980E-02  ©.82966E-01 617.41
©.16593 0.97801 9.16593 7.8255
@.71878E-02 ©.16896E-03 ©.71878E-82 2059.6
@.74391 ©.15632E-01 ©.74391 2195.0

~ ASPEN PLUS  PLAT: WIN-X64  VER: 37.0

AIR EXHAUST GAS

STREAM ID
FROM :
TO

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
AIR
METHA-0©1
CARBO-0©1
WATER
OXYGE-01
NITRO-01
TOTAL FLOW:
KMOL/HR
KG/HR
L/MIN
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:

STREAM SECTION

AIR EXHAUST GAS
S B2 ———-

B2 - B2
VAPOR VAPOR VAPOR
0.0 0.0 0.0

e.e 0.e 288.6037

0.0 288.6037 0.0

0.0 577.2074 0.0
602.2107 25.0033 0.0
2587.7535 2587.7535 0.0

3189.9642 3478.5679 288.6037
9.1762+04 9.6392+04 4630.0000
1.3049+06 2.1156+066 1.1924+85

25.0000 170.0000 25.0000

1.0100 1.0100 1.0000
1.0000 1.0000 1.00080
0.e 0.0 0.9
e.e e.e 0.0

04/20/2020 PAGE 6

218



CAL/MOL -1.6797-13 -1.6310+04 -1.7799+04

CAL/GM -5.8393-15 -588.5827 -1109.4597
CAL/SEC -1.4884-10 -1.5760+07 -1.4269+06
ENTROPY:
CAL/MOL-K 0.9684 2.7393 -19.2241
CAL/GM-K 3.3666-02 9.8854-082 -1.1983
DENSITY:
MoL/cCC 4.0744-05 2.7412-05 4.0340-05
GM/CC 1.1728-83 7.5960-84 6.4717-84
AVG MW 28.7658 27.7103 16.0428
a ASPEN PLUS PLAT: WIN-X64  VER: 37.0 04/20/2020 PAGE 7

PROBLEM STATUS SECTION

BLOCK STATUS

ko ok ok o oK oK oK K o ok ok ok K ok ok ok K ok ok sk ko ok ok ok o ok oK 3Kk o ok ok ok o oK ok oK K ok ok ok ok ok ok ok o ok sk Kk o ok ok ok o o oK oK Kk ok ok ok K

Calculations were completed normally
All Unit Operation blocks were completed normally

All streams were flashed normally

* K X X X X ¥
¥ OR X X ¥ X ¥

sk 3k ok sk sk ok sk sk ok sk sk ok sk sk sk sk sk ok sk sk sk ok sk sk sk ok sk ok sk sk sk sk sk sk sk sk sk ok sk sk sk sk ok ok sk sk sk ok i sk sk sk sk ok sk sk sk sk sk sk sk sk ok ok sk sk sk ok ok ok ok ok ok R ok K
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Appendix C: Equipment Costing Sources

Equipment Flowsheet Label Cost Source
Cell Preparation
Cell Bank N/A ATCC Site Listing
12 mL Test Tubes N/A Fisher Scientific Site Listing
Storage
Corn Syrup Storage Tank STOR-01 Equipment Costing Spreadsheet
Teknova Broth Storage Tank STOR-02 Equipment Costing Spreadsheet
Ammonia Storage Tank STOR-03 Equipment Costing Spreadsheet
Fennentatior}raPrrll(zduct Storage STOR-04 Equipment Costing Spreadsheet
Evaporator Concentrate STOR-05 Equipment Costing Spreadsheet
Storage Tank
DLM Storage Tank STOR-06 Bruce Vrana

Seed Train Process

Air Compressor

MS-COMP

Equipment Costing Spreadsheet

Coarse Air Filter

Coarse air filter

Jahnke, Pillarella, Weiner Paper

Submicron Air Filter

Submicron air filter

Jahnke, Pillarella, Weiner Paper

Pump P-04, 08-12 Equipment Costing Spreadsheet

Pump P-05 Equipment Costing Spreadsheet

Pump P-06, 07 Equipment Costing Spreadsheet
2 L Flask N/A Fisher Scientific Site Listing

5,000 L Reactor*

PRE-SEED-01 to -06

Equipment Costing Spreadsheet

Pump

P-01

Equipment Costing Spreadsheet

Pump

P-01a,01b

Equipment Costing Spreadsheet

50,000 L Reactor*

SEED-01 to -06

Equipment Costing Spreadsheet
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500,000 L Reactor*

PROD-01 to -12

Equipment Costing Spreadsheet

Pump P-02,03 Equipment Costing Spreadsheet
Scrubber N/A Jahnke, Pillarella, Weiner Paper
Batch Process/Continuous Process
Pump MS-PUMP-01 Equipment Costing Spreadsheet
MS-HX-01
Heat Exchanger MS-HX-02 Equipment Costing Spreadsheet
MS-HX-03
Pump MS-PUMP-02 Equipment Costing Spreadsheet
Pump P-13 Equipment Costing Spreadsheet
Heat Exchanger HX-04 Equipment Costing Spreadsheet
Centrifuge CFG-01, 02, 03 Bruce Vrana
Pump P-17 Equipment Costing Spreadsheet
Pump P-18 Equipment Costing Spreadsheet
Rotary Drum Dryer RDD-01 Bruce Vrana
Pump P-14 Equipment Costing Spreadsheet
Heat Exchanger EVAP-01 Equipment Costing Spreadsheet
Flash Vessel N/A Equipment Costing Spreadsheet
Heat Exchanger EVAP-02 Equipment Costing Spreadsheet
Flash Vessel N/A Equipment Costing Spreadsheet
Heat Exchanger EVAP-03 Equipment Costing Spreadsheet
Flash Vessel N/A Equipment Costing Spreadsheet
Pump P-15, 16 Equipment Costing Spreadsheet
Crystallizer CRYS-01 to -03 Equipment Costing Spreadsheet
Centrifuge CFG-04 Consultant
Rotary Dryer RD-01 Bruce Vrana
Conveyor CONV-01 Consultant

Spares
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Pumps N/A Equipment Costing Spreadsheet
Filters N/A Jahnke, Pillarella, Weiner Paper
Scrubber N/A Jahnke, Pillarella, Weiner Paper
Other N/A Profitability Analysis Spreadsheet
Product Purification
Super Sacks SS-01, -02 ULINE Site Listing
Cleaning
CIP System N/A Jahnke, Pillarella, Weiner Paper
SIP System N/A Solida Biotech Quote

*All reactors were priced using the Pressure Vessel tab of the Equipment Costing Spreadsheet, as recommended by

Bruce Vrana.
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Appendix D: Vendor Specification Sheets
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NEXT-GENERATION BIOREACTORS

IN SITU
STERILIZABLE
BIOREACTORS




Bio Sip

Sterilizable
Bioreactors

Solida Biotechnology team with over

20 years experience in sterile process engineering
and bioprocess technologies has realised

a complete range of laboratory and pilot SIP

in situ sterilizable bioreactors and fermenters.
Solida Biotechnology offer pre-assembled SIP
bioreactors packages or custom made solutions
based on detailed requirements.

Culture vessels are available in bacteriological
or cell cultivation configurations in the
standard volumes from 3 to 5000 litres , or
customized volumes up to 50 cubic meters
and more on request.

| High Flexibility and Reliability

via PLC automation andBIOFLEX SCADA software

Modularity and upgrades at any time thanks
to our new Modular concept design

Quality without compromise
only certified materials are selected

Complete documentation. |0Q, DQ
and components traceability for GLP and cGMP

Service and Maintenance
with a worldwide network
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- %
SOLIDA BIOTECH ~.
SOLUTION ™

FULL CONTROL
& FLEXIBILITY

EXPERIENCE IN
BIOREACTORS DESIGN
AND STERILE PROCESSING

Cur laboratory and pilct SIF bicreactors
are designed to guarantee better
performances and improve process
conditions like scaling up or scaling
down, mixing and oxygen transfer,
heating/cooling thermal transfer,

sterility and cleaning procedures

to optimize manufacturing time

and costs saving.

BioSip automation & software

Are based onleading supplier PLCs
that runs under an advanced intuitive
operating system. Software comprises
a PLC with local visualization platform,
HMI human interface touch screen and
custom made configuration.

BioSip automated platforms guarantee
the best performances, reliability,

long term service and spare parts
availability unless proprietary systems.
The selection of trusted hardware
components united with

our background in fermentation

and cell culture implemented into

the BIO-SIF Controller Software

ends up into a unigue advanced

SIF bicreactors solution.

BioSip Controlers series are powersed
through a UF'S device protecting it from
interference, overvoltage and power cuts.
All units are provided with

.

an automated re-start sequence

in case of power supply failures.
Hardware components are located
into a classified waterproof cabinet
IP55/85 certified.

BioSip Controller architecture can hold
and simultaneously manage up to 2 or
more Lab and Filot bioreactors.
Automation design and functionality
allow to interchange vessel’s size
without modifying PLC or Scftware
corfiguration.

Advanced technology reflect also the
use of field-bus based YO modules for
accurate and fast data management
and to allow easy maintenance

and to be ready for any expansion
later on. Each system can be upgraded
and replaced at any time

without any limitation.

Reduce lab space
and energy consumption.

Easy to use with a simpler
User Interface.

Full material traceability
and certifications.
Various Accessories available.

Maximum flexibility with wide
choose of Hardware solutions.

UNIQUE CONTROLLER
FLEXIBILITY IN ONE
BIOREACTOR

oW

Simultaneous control and regulation:
2xpH

2xp02

10 or more temperature

2 x level and foam

2 x stirrer speed

2 X pressure

Up to 8 X variable speed

or fix speed peristaltic pumps

up to 8 or mere MFC's or rotameters
up to 4 load cells

8 or more balances

Extra inputs:
* biomass monitors

¢ optical density

* gas analyzer

s pCO2

* methanol analyzer

* automated samplers and cthers.

Chosen of leading PLC:
Siemens, National Instruments,
Bradley, Delta V.

Allen

Chosen of GCommunication device:
Canopen, Interbus, Profibus, DeviceNet,
ConfralNet, ModBus, RS232/485,
Ethernet, USB
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BioSip HUMAN
INTERFAC
TOUCHSCREEN

The BioSip HMI-FC is a unique
interface that allow full local control
of the bioreactor. Large Touch-
screens available in 187, 18",

21"

Full or empty automated

sterilization cycles in one touch
Preparation phases

Pre-Inoculation set-up

Inoculation assistance procedure
Fermentation or Cell cultivation
process start-up guided procedures
Easy configuration of process
parameters,

F.IL.D. settings,

Probes and pumps calibration

Dose monitoring for pumps and MFC's
Up to 4 level of alarms

Up to 4 password access
Sequences programming

Batches and feeding

profiles formulations

Cascade controls

and exponential equations

Online data recording

with memory card

Data download

via USB/ Ethemet output

Real-time data Visualization with
graphic, curves and profies displays.

Each unitis equipped with Batch,

Feed-batch, Continuous modes of operation.

STANDARD JACKETED VESSELS SPECIFICATIONS:

Total Working min.Working Aspect ratio  Aspect ratio h/d
volume volume (L) volume (L) Microbial culture Call cultivation
7L 5 1,5 2.7/ 3.1 2. £158
10L s 2.5 27/3.1 20 415
15L 11 3,5 2.7/34 21: /158
20L 18 5 2481 2 A0E
30L 22 7.5 2.7/34 2. £15
40L 30 10 2B 20 £
50L 37.5 12,6 2.7/ 3.1 21 /15
70L 52,5 178 2.7/34 220 S =)
100L 75 25 2.7 3.1 21 /15
150L 110 37.5 2.7 ¢ 3A 2 415
200L 150 50 2.7/ 3.4 21 /15
300L 225 5 2.7/34 220 0 =]
400L 300 100 2.7/ 3.1 21 /15
500L 3¢5 125 slnied S0 O et
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FEATURES
& SPECIFICATIONS

FEATURES

* Smart pH and D.Q. probes allow
monitoring of all sensor functions
making substantial advantages
in bioprocess monitoring and control

* nH sensor empower fully integrated
accuracy monitoring

* Monitoring of sensor quality
(glass resistance, reference
resistance, Checkref potential).

* D.0. optical sensors demonstrate
a number of substantial advantages
because of a symbiosis
of sensor and measurement
amplifier- an smart sensor.

« \fariable or fix speed peristaltic
pumps, autoclavable type.

The pump heads parts are assembled
together and mounted to the front

end of the metering pump.

Even if the separate parts are individually
steriized, handling is reguired

for assembly which renders the product
contact surfaces non-sterile.

As a result, Solida Biotech

introduce onto his Bioreactors liquid
metering pumps to avoid contamination
problems caused by manual handling.

SPEC

IFICATIONS
Agitation syst Direct drive, single and double mecharical or magneticaly coupled drive
Stirrer speed (rpm) Standard range is 1 - 2000 rpm adiustable according
to required configuration either bacterial, cell culture or both
Impellers Rusntan, Marine, Pitehed Blads, adustatle and remavatie tyoe mpelers.
Special mpellers are also avalanle.
Gas sparger Forous sparger, L-type sparges, Sinterized sparger, fixed or mmovable type
Gas overlay Inciuded as standard feature
Gas mixing Standard set-up include Air, 02, CO2 and N2 gas mixing station, our unit can
hald up to 8 gasses. Standard set-up include Fowmeters with onoff autormatic
sclanoid valve for gas flow regulation or Massfiow cortrollans for autornated
gas flow contro’ and data recording
Exhaust gas Water cooled exnaust gas Condenser
Sampling Sanitary sampling system with contained sampling pipe
including sampiing bottles availabie with vanous volumes.
DN Ingoid sampling port or Retracteble-fit type are avalanis
Harvesting Saritary contained Crain pipe or Dip tube Fixed height or Height adustable
Liquid additions Sanitary inlet ports for chemicals addtions
ar contained resteriizatle iqgud addtion pipe
pH Optical or classic DHSE"\SO" 121’1’1’1 Ingold connectors.
PLC arnd SCADA Scoftware Cortrol: via acid punp or CCO2 gas
'Fowmete’ ar MFC) in cormbination with alkali pumnp and/or ather actuators.
Do2 O,':ntca or dlassic DO sensar, 12mm, Ingold comnectors. PLC and SCADA
Softw: rol:via o incomomation with N2, Air, 02 (Rowmeter or automation
MFC) and agitation or nutrient addition pump or ather act._lators
Temperature Pt-100 sensor in thermo wel plate. PLC and DA Softw tral:
cooling and/or neating jackst va Dioreactor wall or via internal neat exchanger,
cooling via tap water or chifed water
Foam Height adiustable conductivity based foam and level sensar, Highv'Low foam
sensors are also avalable. PLC = ] ol
Anti foam addition pumnp or other actdatcrs
Level Hegf\t ad, usta::re capac tat ve based level sensorn
PLC ¢ CADA Software Control: pumnp for liquid addition or remaoval
Pressure P'eas.u:e sensar tap plate "r\cnmtecL PLC and SCADA Softwes trol:
modulated pressure valve, combned with ar nlet, Fowmeters/MFC,
agitation and other actuators
Weight Load cells and balances are available. PLC and SCADA Softws
pumnps for liquid addition or remaoval, """'e"nDStElt or continuous 'T"Clde
Probes and sensors Criine Biomass probes, cptical density sensors, COZ/O2/NH4/S02 gas analyser,
available pCO2 sensar, conductivity, methanol/ethanal analyzers, Automated samplers
PLC and SCADA Scftware Control integrations, OPC compliance.
Coriifications 1Q, OQ, PO protocols avaiable Including full material traceaoiity
GLP and cGMP complance. User and mairtenance manuals are available
n English, French, German, Spanish or Itakan. Chinese, Indian, Russian
and Japanese languages, on request.
After-sales support Waorldwide after-sales net-work with skiled engineers support.

Remate diagnastic control and Crline assistance 24/24h avaiable.
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INDUSTRIAL PLANT
PROJECTS

TURN-KEY SOLUTIONS
BY SOLIDA
BIOTECHNOLOG

The concept of modularity using
standard modules to customized

lay out of the bicreactors has been
extended to the stainless steel
Industrial bioreactors and fermenters.
The vessels are cGMF and comply
with different pressure code
throughout the world. The systems
are fully documented and delivered
with all necessary documentation

for mechanical and electronical
components. The Industrial

Systems are ranging in sizes of S00L
up to 80cm? or more. Our modular,
pre-cdesigned and configured turnkey
system incorporating the most
commonly requested functions and
features.

COMPLEMENTARY
PRODUCTS

* Complete, turnkey production-scale equipments
Fully automatic in-situ sterilization

and integrated steam generators

Industrial PLC Automation controllers

and SCADA Software in an IP551PE5

stainless steel cabinet

Integration of Online Analyzer’s for complete
process control

Integration of Down-stream equipments
Tangential flow and Dia-Filtration units

* Online Centrifuges

Integration of Isclators and Laminar Flow cabinets
Supply of Fill/Finishing and Capping automated
or semi-automated machineries.
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BioSIP HMI-PC
Full local controlwith large
touch-screenPC interface

High Quality
SS 316L bioreactors
Fully cGMP conform

Sanitary piping
Sterility and cleanability
concept design

BioSteam
Automated steam
generator unit

BioUPS
Back-up safety device
for continuous operations

BioSIP

Advanced Controller
Guarantead flexibility

and upgrades at any time

In situ
Sterilizable
Bioreactors




Solida Biotechnology
and
mach

on rese

Bioreactors & Fermenters
Filtration Units
Isolators & Glowe Testers
Sanitary Tanks

Sterilizing & Depirogenizing Units

Washing Machines

Confectioning & Final Confectioning Machines
Cryoplants

Automation & Software

Fornitures & Accessories

Turnkey Projects
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OPAKFIL 2V

V-Bank Filter

ADVANTAGES

Application
Type
Frame
Media
Separator
Sealant

Dimensions

Max airflow

RH. max

# Light and robust

Rec. final pressure drop
acc. EN 13053

Temperature max

Installation Options

<camfil

Air conditioning applications and preparatory filtration in clean
rooms

V-Bank Filter

ABS

Glass fiber

Hot-melt

Polyurethane

Filter front dimensions according EN 15805

Initial pressure drop + 100 Pa or initial pressure drop x3 (whichever is
lower)

1,25 x nominal flow
T0°C
100%

Front and side access housings and frames are available.

Model Name ENTT9 SO 16890 Dimensions WxHxD {mm)  Air Flow/pressure drop (m/hjPa) - Media area (m®) Weight (kg) Energy (KWh/year) Energyclass ePM1 ePM1min ePM2,5 ePM25min ePM10
26 M6 ePM10 70% 592x592x268 3400/85 8 3 E 28 28 40 40 2]
26 M& ePM1070% 592x490x268 2800/85 7 2,5 E
W6 Mé& ePM1070% 5928Tx268 1700/85 4 2 E
' F7 ePM155% 502x490x268 2800100 T 25 G
pillg Fr ePM155% 502x287x268 1700/100 4 2 &
V8 8 ePM170% 592x592x268 3400/120 & 3 E [ 7 80 80 92
28 F8  ePM170% 592x490x268 2800/120 T 25 E
pil) B ePM1T0% 592x28Tx268 1700120 4 2 E
29 F9  ePM180% 502x592x268 3400/180 8 3 B a3 83 87 87 %
V9 o ePM180% 592x490x268 2800/180 T 25 E
29 B ePM180% 502%287x268 1700/180 4 2 E
FA Ff ePM155% 592x592x268 3400/100 8 3 1359 (% 56 56 66 &) 87
Energy Nhy 1t Gu 21-2018
Energy to |

www.camfil.com

As part of our program for continuous improvement, Camfil reserves the right to change specifications without notice.

2020-03-12
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ABSOLUTE VG XL, XXL

V-Bank Box Filter

ADVANTAGES
® High efficiency
& Halogen free

* VDI6022

<camfil

# High air flow
® Low pressure drop

® Optimized, compact construction

e Applicable up to 6000 m*/h air flow

Efficiency final filtration in air conditioning systems, housings and

Application diffusers

Type V-Bank Box Filter

Frame ABS

Gasket EPDM

Media Glass fiber

Separator Hot-melt

Sealant Polyurethane

Max. final pressure drop 600 Pa

Max airflow MNominal flow rate (if not, efficiency drops)

Temperature max 70°C

RH. max 100%

Installation Options FKB, 4N, CamSale2
Art. No. Type EN1822 Dimensions WiHxD {mm) Air Flow/ pressure drop (m*/h/Pa) Weight (kg)
1705008 VGXL11 610x610x292-PR E11 610x610x290 4000/250 10
1705009 VGXXL11-305x610%292-PR E11 305x610x292 2000/250 5
1705007 VGXXL11-610x610x292-PR E11 610x610x292 50007250 1
1705002 VGL13-610x610x292-PR-S H13 610x610x292 3400/250 n
1705003 VGXL13-305x610x292-PR-S H13 305x610x292 17007250 5
1705001 VGXL13-610X610X292-PR-S H13 610x610x292 4000/250 11
1705006 VGXL13-762x610x292-PR-S Hi3 TE2x610:292 6000/380 14
1705014 VGXL14-305x610x292-PR-S Hi4 305x610x292 1500/250 5
1705013 VGXL14-610x610x292-PR-S Hi4 610x610x292 3000/250
1705015 VGXL14 305x610x292-PR-S H14 305x610x292 3400/250 n
1705016 VGXL14 305x610x292 PR S Hi4 305x610x292 1700/250 5
Ty shel
¥, stain or aluminium frames are available on re Juest

www.camfil.com
As part of our program for continuous improvement, Camfil reserves the right to change specifications without notice.
2020-02-19
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FEQX 520S - Large capacity nozzle centrifuge

For yeast and distillery applications with solids recirculation system

Alfa Laval separator centrifuges for the yeast and distillery
industries are available in many different sizes and configura-
tions, each one designed and adapted for dealing with the
widely varying separation tasks required. The FEQX 520S-
31CG is the largest centrifuge with peripheral nozzles for
these industries.

Applications
The FEQX 5208 is specifically designed for separation of dis-
tiller's, and fodder yeast as well as other fermentation broths.

Separation of particles with sizes down to 0.5 pm is possible.

Typical proceecing capacitys
Conventional fermentation of molasses/sugar w. recycle 180 mé/h,

High conc. fermentation of molasses/sugar w. recycle 120 mé/h
Spent sulphite liquor fermentation 130 m¥h
Fodder yeast at 5% DM in the feed 90 mé/h

Standard design

Separation takes place in the bowl, which is placed on a
vertical spindle. An electric motor mounted vertically drives
the spindle near the bottom via a flat belt. Two motors are
available: a standard motor for vanable frequency drive or a
control-torque motor. All metallic parts that come in contact

with the process liquid are made of high-grade stainless steel.

The 18 nozzles can be reached from the outside via a hatch
in the frame hood, which enables technicians to replace them
easily and rapidly without dismantling the frame. The nozzles
are made of tungsten carbide, suitable for abrasive solids.
The inlet and outlet device is equipped with flanges. The bow
casing has connections for flushing above and below the
bowl.

Special features

The FEQX 5208 is equipped with a salids recirculation
system, which constitutes a unique means of controling the
separation process. Recirculation makes it possible to use a
larger nozzle size and to meet fluctuations in the solids flow.
Circulating oil ensures that the bearings are lubricated. An
external pump maintains the necessary pressure.

Basic equipment

Centrifuge with motor, set of tools, speed and vibration sen-
sors, oil pressure switch, temperature sensors for the main
spindle bearing and the motor winding, vibration dampening
feet, foundation plate and standard set of spares.

/

Fig. 1 FEQX 5208 complete with motor

Options

Control-torque motors of four different power ratings are avail-
able. Freguency drive is also possible. The bow! is available

in two versions, with or without erosion protection. Liquid-
wetted gaskets are made of nitrile rubber or food grade EPDM
rubber. The centrifuge bowl is available with four different disc
spacings. The connections are designed with either DIN or
ANSI flanges.

Optional extras

The FEQX 520S can be fitted with a nozzle monitor. This
consists of a microphone, which is hit by the jet from each
individual nozzle. The signal is then transmitted to a box,
which displays the result. The monitor shows whether the
nozzles are clogged or worn out, thus enabling safe operation
and high availability. A cover interlocking kit makes it impossi-
ble to start the centrifuge unless it is properly assembled. The
FEQX 520S can be delivered as a complete system, including
valve modules for process liquid and wash water, starter and
control system. A conversion kit for rebuilding into FESX 5205
is available.
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Operating principles

The feed containing the liquid and the solids is introduced to
the rotating centrifuge bowl (fig. 2) from the top via a station-
ary inlet pipe (1), and is accelerated in a distributor (2) before
entering the disc stack (3). Separation takes place between
the discs. The light phase moves through the disc stack
towards the centre of the bowl, and is pumped out under
pressure by means of a built-in paring disc (4). The yeast is
collected at the bowl periphery and continuously discharged
through the nozzles (5). Filler pieces (6) prevent build-up of
the solids between the nozzles. The nozzle flow is collected in
a cover around the bowl and further discharged into a pump.
Part of the effluent from the pump can then be recirculated
back to the nozzles through a pipe (7), a separate recircula-
tion chamber (8), and recirculation tubes (9).

Utilities consumption

Fig. 2 Typical bowl drawing for a nozzle centrifuge with recircula-

tion of solids. Details illustrated do not necessarily correspond to the

centrifuge described.

Technical specification

Electric power max. 170 kWY Throughput capacity max. 250 m*/h"
Safety water 23-55 m*/h? Light liquid flow max. 200 m°h
Flushing water 60/460 Vh ¥ Nozzle flow max. 100 m#h
) At max process flow rate 120 m/h, nozze fiow rate 40 m¥h, and recircula- Bowl volume 120 |
tion rate 20 m/h. Power consumption ncreases with the flow rate
21 The bowl should be filed at start, stop and normal operation. In case process Bowl speed 3750 rpm
liquid is not avallable, safety water should be used. The above figures refer to Motor spesad, synchr. 50/60 1500/1800 rpm
nozle sizes from 1.6 to 2.5 mm and max, bowl speed. The safety water feed
to separator should aways exceed the nazzle flow by 10%. Motor power installed 135/160/200 kKW
"1 Abowm/Calbw bowl: teitient g Centrifugal force inside bowl max. 6480 g
Shipping data (approximate) Starting time 5-8 mins
Centrifuge incl. bowl and motor 4570 kg Stopping time without brake 80 mins
Bowl weight 1060 kg Feed temperature range 0-100°C
Gross weight 4900 kg Feed inlet pressure at inlet flange 100 kPa ?
Volume 8m’ Qutlet pressure at outlet flange max. 500 kPa ¥
Sound pressure 89 dB(A) 4
Dimensions ) Actual capacity depends on particle sizes, densities, viscostty and require
S dagree of separation.
4 21 At max. process fiow rate 180 m*h. Inlet pressure increasas with the flow
rate.
) At outlet flow rate 80 mi/h. Max. pressure decreases with flow rate.
) Acoording to ISO 3744.
=
E
£ q
B | alia) Material data
d S Bowl body s.s. 1.4501 UNS S32760
T 7 = 7
~O} Bowl hood, lock ring and distributor s.s. 1.4462 UNS 531803
! { / \ Solids cover and frame hood 5.5. 1.4401 UNS 316 00
v | In and outlet parts s.8. 1.4401 UNS 316 00

e 1450 mm » 2300 mm

0310 Alfa

Frame bottom part

Cast grey iron

Gaskets and O-rings

Nitrile rubber or food grade EFDM "

"' In accordance with FDA 21 CFR 177.260

aval reserves the right to change specifications without prior notification.

How to contact Alfa Laval

Contact detalls for all countries

are continually updated on our website.
Plaase visit www.alfalaval.com to
access the information direct
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SANIMATIC.

UltraFlow™: Powerful CIP in
a Compact, Portable Design.

-*" UltraFlow 45 UltraFlow 110

The Sani-Matic UltraFlow is

a self-contained, compact and
portable Clean-In-Place (CIP) System
programmed to accommodate a
variety of recirculated CIP
applications. Designed for critical
cleaning, the UltraFlow meets cGMP
and ASME BPE standards.

sanimatic.com
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The Sani-Matic UltraFlow can operate with as low as 6 gallons
of water vs. conventional CIP Systems, which must maintain a

significant guantity of water in the supply tank to prevent
pump cavitation.

Small Footprint. Space-saving design for installations with limited floor space. Fits through standard
doorways with ease.

Wide Operating Range. The systems range from 2-45 gpm and 5-110 gpm and are able to clean small
and large applications.

Self-Cleaning. Self-cleans without extra steps, and eliminates cross-contamination.

Portable. Positioned on low-friction casters for easy movement between process suites. No expensive
supply and return line installation required.

Water & Chemical Savings. The high turbulent flow rate and low water requirements for operation
reduce the amount of water and chemicals needed for a complete clean.

Low Outlets? No Problem. Returns solutions with entrained air to accommodate vessels with low
and restricted outlets.

UltraFlow Schematic

Eductor
Return to

Separator

Chemical

CIP Return

Standard
Operation and maintenance manuals
Recommended spare parts (RSP} list
Mechanical Bill of Materials (BOM)
Instrumentation calibration procedures
Material Test Reports (MTRs)

Weld maps and weld logs {including qualification and
inspection records)

* Inspection test results, reports and certificates
Component vendor documentation
As-built General Assembly (GA) drawings
As-built Process and Instrumentation Diagrams (P&ID)

As-built electrical drawings

sanimatic.com ©

Optional
Functional Specifications (FS)
Configuration Specification (CS)
Factory Acceptance Test (FAT)
Site Acceptance Test (SAT)

- Installation and Operation Qualification (IQ/0Q)
Traceability matrix
Instrument data sheets
Cleaning and passivation certificate
Borescope Inspection Video
Hydrostatic test certificate

Riboflavin spray coverage test
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Features

UltraFlow 45

- 68" L x 24" W x 74" H (height may vary
with options)

Operating range of 2-45 gpm @ 50 psi
« Electric

For process tank diameters up to 4.5'
- For process line diameters up to 2"
« Turbine flow meter

Standard Features for Both Models

A single centrifugal CIP supply pump

Modulating diaphragm control valves to set cleaning circuit
flow rates and to control the rate of discharge to drain

- Two chemical delivery systems comprised of pneumatic
diaphragm pumps, removable chemical reservoirs

+ Chemical conductivity, proof of rinse conductivity
- Supply and return temperature sensors

Electric flow-through heater

Discharge pressure gauge
- Low friction, non-marking casters

UltraFlow 110
- 74" Lx 33" W x 80" H (height may vary

with options)

Operating range of 5-110 gpm @ 60 psi

- Electric

For process tank diameters up to 10'

- For process line diameters up to 3"
- Turbine flow meter

Wetted surface: 316L stainless steel, 25 pin Ra
Non-wetted surface: 304 stainless steel, 32 yin Ra

UL listed, 304 stainless steel, NEMA 4X enclosure
Allen-Bradley CompactLogix PLC

- Allen-Bradley PanelView Plus HMI

Ethernet communication

+ 40 customizable cleaning cycle programs
- Eductor return system

Optional Features for Both Models

Vent filter assembly
- Pressure transmitter
- Mass flow meter
Fixed position leveling feet
Frame weld finish upgrade
« Sanitary flex hose package
- Piping insulation
* Fixed position seismic zone calculations
Passivation
- Spare parts budget
- Larger electric heater
- Sani-Matic Start-up and Preventive Maintenance (PM) Services

Wetted Surface: 15 pin Ra Electropolish (EP) finish
Allen-Bradley PanelView Plus 1000

Report ticket printer

- Stainless steel motor

Steam Heat (shell and tube heat exchanger)
Air blow manifold

- Chemical reservoir low level switches
- CIP supply routing valves
« Water connection bleed valves

Sample valve

Operating Requirements

UltraFlow 45

= Instrument Air 1" NPT, 10 scfm @ 90 psi

« Water Supply Two 1" tri-clamps, WFI, DI, potable
< 2gpm @ 25 psi, 20°-80 °C
- Drain 2" tri-clamp (controllable drain rate)
Dry Weight 900 Ibs (approximate)

- Electrical Power

{with electric heat) (optional) @ 460V AC, 3PH

« Electrical Power 1 amps @ 460V AC, 3PH
{with optional

steam heat)
Plant Steam %" flange, 195 Ibs/hr @ 50 psi

Plant Condensate " flange

« CIP Supply 1%" tri-clamp, 2-45 gpm @ 50 psi

- CIP Return 2" tri-clamp, 2-45 gpm @ 8.5' of head
@ B80°C

- Vent/Overflow 2" tri-clamp

12 kW, 27 amps (standard) or 24 kW, 43 amps

UltraFlow 110
1" NPT, 10 scfm @ 90 psi

Two 1" tri-clamps, WFI, DI, potable
< 2gpm @ 25 psi, 20°-80 °C

3" tri-clamp {controllable drain rate)
1,400 Ibs (approximate)

15 kW, 50 amps (standard) or 30 kW, 68 amps
{optional) @ 460V AC, 3PH

27 amps @ 460V AC, 3PH

11" flange, 540 Ibs/hr @ 50 psi
1" flange
2" tri-clamp, 5-110 gpm @ 60 psi

3" tri-<clamp, 5-110 gpm @ 11’ of head
@80°C

2" tri-clamp

BPB-0006.2
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Separator Chamber:
Small Size, Big Performance

The combination of air and CIP return
solution enters the sidewall port of the
separator where centrifugal action separates
air (upwards) and solution (downwards) to
maintain adequate supply conditions for

the CIP supply centrifugal pump.

Alr Separation
Chamber

Water Flow
Air Flow




Industry Standard
Compliance

 FDA Current Good Manufacturing Practices (cGMP),
CFR Title 21, Part 820

- Underwriters Laboratory (UL): Controls, Standard 508
- ANSI/ISA-88 (S88) Batch Control

- Authorized to Provide Canadian Registration
Number (CRN)

- ASME BPE Standards




Cleaning

Repeatable results you can count on every time you clean your process parts and equipment.
That's Cleaning Confidence from Sani-Matic.

Y/
SANI+MATIC.

sanimatic.com

Sani-Matic, Inc. (p) 800-356-3300 (f) 608-222-5348
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Packed Bed Chemical Scrubber, Model CS-17

The Model CS-17 is a Packed Bed Chemical Scrubber designed to efficiently remove
the gas contaminant from a continuous process stream through a chemical reaction.
This system includes fully automated controls to minimize operator interaction. Exhaust
gas enters the scrubber and passes through a bed of packed media where it contacts a
scrubbing solution to capture the pollutant. The scrubbing solution is introduced in
counter-current flow by a liquid distribution spray nozzle.

This model, specifically designed for acid removal, uses dilute caustic as a neutralizing
reagent to react with the acid and produce non-volatile, soluble salts and water. A
chemical reagent pump adds caustic to fresh water to create a scrubbing solution. This
water is then conveyed by the recirculation pump to the spray header to flood the
packing where it will interface with the process stream.
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The buildup of salts in the scrubbing solution is limited using fresh makeup water and
blowdown. The cleaned exhaust stream then passes through a mist eliminator where
water droplets are removed. Finally, the cleaned air stream is discharged to the
atmosphere.

Base System Components

Stainless Steel Construction Touchscreen Operator Interface

Engineered Internal Packing
Recirculation Pump

Carbon Steel Interconnecting Ductwork
Carbon Steel Process Blower

Carbon Steel Exhaust Stack

NEMA 4 Control Panel

Liquid Level Controls

Pressure Gauges and Transmitters
Chemical Metering Pump

pH Probe and Analyzer

Immersion Heater (as needed)

Specifications

Removal Efficiency:
Air Flow Capacity:
Pollutant Loading:
Inlet Connection:
Stack Height:

Stack Diameter:
Scrubber Process Fan:
Recycle Pump:

Power Requirements:

Pollution Systems

2170 Buckthoma Place

Suie 160

The Weodlands, Texas 77380

95%

17,500 ACFM

32 Ibsthr

42" x 36"

36

28"

30 HP, TEFC Motor

150 GPM

480 V/ 3 ph /60 Hz, 53 FLA

Phone (713) 674-6661

Fax  (743) 456-2666

Email. Sales@PollutionSystems.com
Webk:  www.PollutienSysiems.com
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Company Overviews

Goulds Pumps

ITT Goulds Pumps is among the most widely recognized and
respected brands in the global pump industry, serving customers in
the oil and gas, mining, power generation, chemical, pulp and
paper, and general industrial markets. As the only manufacturer to
make digital monitoring standard on every process pump, ITT
Goulds Pumps continues to lead the industry in both mechanical
pump design and the adoption of smart technologies.

Rheinhiitte Pumpen

As a specialist in corrosion and wear resistant materials the
Rheinhitte Pumpen leads the field in know-how in many specific
areas. The basis for our comprehensive pump range are the three
material groups Metal, Plastics and Ceramics. This wide variety of
materials and more than 20 different pump types offer the right
solution for your specific project. In close communication with you
our experienced project teams develop individual concepts for your
sophisticated application. And if you need a standardized
application just profit from our extensive pump range.

PRO Services

ITT PRO Services provides replacement parts, repair and upgrade
services, reliability and maintenance programs, and asset
management assistance to customers with the goals of extending
equipment life, reducing Total Cost of Ownership (TCO), and
increasing plant output. PRO Services includes, PumpSmart variable
spead drive systems, and i-ALERT2 equipment health sensors.

2 Centrifugal Pump Selection Guide
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Centrifugal Pump Selection Guide

Goulds Pumps and Rheinhiitte pumpen... Serving the World’s Industries

Goulds Pumps and Rheinhiitte Pumpen presents this Centrifugal Pump Selection Guide to assist users in making an easy initial selection of the best pump for a particular
service. To do this, simply refer to the selection chart on page 4 & 5 where the full line of Goulds Pumps, Rheinhitte Pumpen and PRO Senvices products are listed by
category. For mere details about your selection, refer to the page indicated. Contact your nearest Goulds Pumps or Rheinhiitte Pumpen sales office or representative for
a complete data package on any pump(s) in which you are interested. You will be furnished with any information you require to ensure proper pump selection for

optimum reliability and performanca.

I Chemical

The family of chemical process pumps includes both ANSI and ISO
models. Goulds Pumps and Rheinhitte Pumpen specialize in high
alloys for our chemical pumps ranging from 316SS to Zirconium and
other special alloys as requested. As well as a wide range of plastic
materials. Unique non-metallic pumps offer distinct advantages when
handling severe corrosives.

Magnetic drive pumps are designed for services where leakage cannot
be tolerated. Our complete understanding of chemical processing and
related industries gives us a clear advantage in finding solutions To
these particular pumping problems.

M Pulp and Paper

Goulds Pumps' leadership in the pulp & paper industry has been
largely due to the success of our comprehensive range of pumps that
stand up to the harsh operating requirements of this industry. The
Model 3175 has been prized for performance since its introguction in
1968. Our latest 3180/3185 paper stock/process pump line extends
the offering with better efficiencies, multiple impellers, metric flange
option and greater hydraulic covarage. Other superior pumps include
our 3420 & 3498 large double suction pumps for lo-pulse fan pumps
& dilution pump applications along with our 3409 & 3410 models for
black liquor transfer applications.

& Mining and Minerals

Goulds Pumps' and Rheinhiitte Pumpen’ presence in the mining
industry dates back to the late 1800s. Designed for the most severe
alpp\icat'\ons, our pumps can be found in coal, aluminum, copper, iron,
c e(?f, phosphate, H;SO,, potash, soda ash, salt, gold and aggregate
industries throughout the world.

Goulds Pumps and Rheinhiitte Pumpen offers the widest range of
rubber-lined and metal corrosion/abrasion-resistant slurry pumps in
the industry, including vertical, horizontal and submersible designs for
cyclone feed, tailings disposal, minerals processing, mine dewatering,
clarifier underflow, oil sands, and sump services.

B Power Generation

We offer a wide variety of pumps designed specifically for uses within
this industry. The Model 3600, the most modern axially split
multistage pump in the world, is ideally suited for boiler feed service.

Vertical turbine and double suction pumps can handle the most
demanding condensate or circulating water needs. Sumps can be
cleared with Goulds Pumps' line of vertical or submersible sump
pumps. Heavy duty slurry pumps like the XHD, SRL and 5500 are
specially designed for flue gas scrubbers and ash handling services.
The Rheinhiitte pump model GVSO is ideally

suited for solar power systems, with an immersion depth of up to
17.5 metres and for temperatures up to 600°C. Plastic pumps are
widely used for waste plant incinerations

M 0il Refining and Gas Processing

We offera fu\?ra nge of APl 610 pumps to meet your demanding
applications: BB1 axially-split, between-bearing pumps, BB2 between
bearing radially split pumps, BB3 multistage axially split pumps, B85
barrel multistage radially split pumps and overhung OH2/OH3 process
pumps.

Vertical turbine pumps are available in any configuration including can
pumps for low NPSH, fire pumps and submersib?es. Design and
manufacturing capabilities include standard commercial grades, ASME
Section VIIl and API-610

for total line capability.

[@)GOULDS PUMPS  [mrezm]

B Pipeline

Whether you are talking short distances between storage tank and
truck, or H)ng barren stretches between pumping stations, ITT has
the right solution.

Transporting crude, refined product or water demands absclute
care. ITT has dependable, efficient products that are crucial to
managing your pipelines and transport requirements.

Our offerings include pumps for terminals and tank farms, booster
pumps, mainline pumps. We also do hydraulic rerates of existing
pumps to improve efficiency and TCO. Qur PumpSmart® Smart
Control delivers real-time cantrol and protection of your pumps
while providing valuable process insight.

O Primary Metals
The wide range of products makes Goulds Pumps the ideal
choice for the demanding services of this industry. We provide
pumps for vertical and submersible abrasives handling, slurry
umps for scale pits, chemical pumps for pickle liquor and
eaching solutions, vertical turbines, double suction pumps for
cooling tower and dewatering applications, and pumps for waste
acid, scrubber service, and quench. Rheinhiitte Pumpen offers an
extensive range of plastic pumps for the steel industry.

B Water and Wastewater

We offer the most comprehensive line of double suction, end
suction, multistage and vertical turbine pumps for chemical feed,
water supply, booster, low lift, and high lift.

For non-clog solids handling, a range of horizontal, vertical
sump, and submersible pumps have helped professiona
engineers solve pollution problems around the world.

Rheinhiitte Pumpen offers an extensive range of plastic pumps
for this industry.

H Food and Beverage

Adhering to strict process requirements is only one of the reasons
for Gou%s Pumps' entry into the forefront of these industries.
Goulds Pumps handle a wide variety of grain processing, water,
wastes, biofuels, corrosives and erosives.

Breweries, bottling companies, canneries, and a multitude of
food and liguid industries rely on Goulds Pumps for successful
operations.

Fertilizer
Gould pumps and Rheinhiitte Pumpen are the only Pump
company in the world, that can offer a complete plant solution
from one hand. We are a specialist in the field of pumping fluids
in the Nitrogin and Phosphate Proccess for many decades.
Optimal customer and engineering solutions are provided in a
large selection of speciall alloys in metal, plastic and ceramic
materials combined with special shaft seals tc ensure realibity
and safety for plants operators.

Centrifugal Pump Selection Guide
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Market Segments - Selection Chart

ITT Goulds Pumps and Rheinhiitte Pumpen makes the widest range of pumps in the industry — pumps to handle virtually any
service. This selection chart is designed to help you find and specify the best pump for your service.

2 Nature of Pumpage
g 3 i Solids Refer
Product 5 o s High
Category Metal Pume Type 1 % 2% i |z TIF E 3 8| Carmosive | Temprrature | Abrasie | on- Fbrous’ | pac
AR 260°C(500°F) Abmsive |  Stringy
PRO Services PRO Services | Rotating Equipment Services | 34
3175' | Paper Stock/Process s
Pepar Stock/ I3 15073185 7 | Papr Stock Process s
3181/3186 High Temperature 6
3171 Vertical Sump and Process 7
NM3171 FRP Vert. Sump/Process 7
[SELER Non-Clog Vertical Sump Process 7
. F3171 Low Flow, High Head Vertical Sump Process 7
V'g"::_“:” GVSO Vertical Chemical Centrifugal pump [
GVRN Vertical Acid Chemical Centrifugal pump s
RK Vertical Chemical Pump ]
RVKu Vertical Plastic Pump 9
RKuV Vertical Plastic Pump, Cantilever Design 9
3196" 2 ANSI Chemical Process ! 10
HT3196' ANSI High-Te mpe rature Process . 10
ANSI Process LF3196' 7 Low Flow ANS| Process 10
Pumps CV3196' | NonClog Process 10
3796 Self-Priming Process i n
3996 ANSI In-Line Process [ 1
3299 ANSI PFA PTFE Lined Sealless i 12
FNPM Magnetic Drive Plastic Pump 12
Sealless 3296 EZMAG | ANSI Metallic S ealless Process 2
Process Pumps 3298 ANSI ETFE Lined Sealless ] i
SP3298 ANSI ETFE Lined Sealless Py
V3298 ETFE Lined Sealless I 13
3198 ANSI PFA ETFE Lined Process ] 14
NM31961 ANSI FRP Process 14
CPDR [ 1 dardized Chemical, Plastic 1
; RCNKu b | ized Chemical, Plastic 14
S;Tn:mﬁk& RCNKu+ Horizontal dardised Chemical, Flastic 15
RCKu Harizontal Chemical Pump, Plastic 15
FNP dardized Chemical Pump, PFA-Lining 15
FNC Standardized Chemical Pump, Ceramic 15
FGP Horizontal Liquid Ring Pump, Ceramic 16
ic! 150 Chemical Process T 17
RN dardized Chemical Pump 17
RNSi Acid Standardized Chemical Pump 17
1M 150 Metallic Magnetic Drive 12
I1SO Process RMEKN Magnetic Drive Metal Pum, 1%
Pumps ICB Close-Coupled IS0 Process 18
ICMB Close-Coupled 15O Sealless | .
icp' High-Temp e 50 Magnetic Drive 19
ICMP High-Temperature IS0 Magnetic Drive w
ico! Open Impeller 50 Chemical Process 19
3610 Axially S plit, 1-Stage (BB1) 20
3620' Radially Split, 1-Stage (BB2) 20
3640' Redially Split, 2-Stage (BB2) 20
3600° Axially 5 plit, Multistage (BB3) 20
7200CB Barrel Multistage (BES) 20
o AHS10 720058 | Barrel Multistage, In-Line Ciffuser (B85) )
rocass Pumps =
3910 Vertical In-Line (OH3) 21
API 3171 Ind ustrial Duty Vertical S ump (VS4) n
3700' 1-Stage, Overhung (OH2) 2
RCE Heavy Duty Centrifugal Pump ]
3700LFI 1-stage, Overhung, Radially Split (OH2) 2

1i-ALERT®2 standard | 2NSF Certified I:I Ideally Suited for
Service Indicated

[G)GOULDS PUMPS [steex)
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Market Segments - Selection Chart

ITT Goulds Pumps and Rheinhiitte Pumpen makes the widest range of pumps in the industry — pumps to handle virtually any
service. T his selection chart is designed to help you find and specify the best pump for your service.

- Nature of Pumpage
Product il e 3 % A H 8 High Solids R:::r
Category HE o | £|843 % @ £ Cormsive | Tempersture | Abrasive | Non- Fibrous/ | page
3|2 2| 2|Ed £838¢% 260°C{500°F) Abrasive Stringy
U | a 6 | = |a322|8a
HsU = )
HSUL Submersible 23
Sump/ cu 23
Abras_wls,f VRS Abrasive Slurry R.L. Cantilever 23
Solids
Handling v Vertical Cantilever 2
RCEV Vertical Cantilever 23
XHD' Severe Duty Slumry 2a
x Medium-Duty Abrasive §lurry 24
i SRL Rubber-Lined Abrasive Slurry 23
. - SRLC Rubber-Lined Abrasive Slurry 24
qu’-dlmg SRLS Rubblr-Limd Abrusiuc Slurry 24
SRL-XT Rubber-Lined Abrasive Slurry 24
5500 Severe Duty Abrasive S lurry 24
HS Non-Clog Selids Handling 25
3393 High-Pressure Muktistage 26
3316 Two-Stage 26
3935 DiffuserTy Multista. 26
'A";:f‘m‘f 3355¢ Multistage 26
DDuhIﬂSucti’Dn 3400 Series? _|Single Stage, Double Suction 27
AF Axial Flow 28
RSU Acid Axial Flow 28
RPROP Axial Flow 28
vic? Vertical Turbine/Can Type (VS6) 29
VIT? Vertical Industrial Turbine (VS 1) 29
Vertical Mixed VIDS Double Suction Vertical (V52 / V57) 29
and Axial VICR Vertical Multistage Low Flow, High Head 29
Flow VEW? Wet Pit Pumps (VS 1/ V53) 20
WIS Wertical Sut it 3
VMP Vertical Marine R | T

1i-ALERT®2 standard | 2NSF Certified I:I Ideally Suited for
Service Indicated

[@)GOULDS PUMPS [z
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able for list of eight color-coded market designations.

Process Pumps

Goulds 3180 / 3185*
Paper Stock / Process
All customer requirements were considered in this line of paper stock /
process pumps: excellent hydraulic coverage, high efficiancy, extreme
ease of maintenance, and mechanical reliability. The Modd 3185 pump
fumished with 150 or JiS flange drilling, metric fasteners, dimensions. Open,
enclosed or Shearpeller™ impellers available. Features FALERT® 2 condition
monitoring as standard. Model 3180 standard with ANSI flanges.
3180

* Capacities to 9,000 mé/h | 40,000 GPM

* Heads to 125 m | 410 ft

* Temperatures to 230° C | 446°F

* Pressures to 16 bar | 232 PSIG

3185 with Metric standards
* (Capacities to 6,000 mé/h | 26,000 GPM
* Heads to 125 m | 410 ft
* Temperatures to 230°C | 446°F
* Pressures to 16 bar | 232 PSIG

Applications:

« Paper Stock

+ Black Liguor

* Chemical Process

* Wastewater
Materials: ACDAMCuN, CDAMCUN, 31655, 31755, Hast-C, Alloy 20, NSE
Super Duplex. Other matenals available upon request.

*+ALERT®2 sensor installed (see pg 38 for details) &
L 6

Goulds 3181 /3186*

High Temperature Paper Stock / Process

End suction, top center line discharge, self-venting. Center line mounted
for high temperature services. High efficiency enclosed impeller.
TaperBore™ seal chamber standard with mechanical seal arrangement.
Features i-ALERT®2 condition monitoring as standard.

3181 with ANSI flanges
¢ Capacities to 3000 m3/h | 13,000 GPM
* Heads to 125 m | 410 ft
* Temperatures to 300°C | S08°F
* Pressures to 25 bar | 360 PSIG

3186 with ISO or JIS flanges
¢ (Capacities to 3,000 mé/h | 13,000 GPM
¢ Heads to 125m | 41C
* Temperatures to 300°C | 508°%F
* Pressures to 25 bar | 360 PSIG

Applications:
* Digester Recirculation
* Make-Up Liquor
¢ White Liquer
* Black Liquor
* High Pressure/High Temperature Pulp Mill Senvices
* Hot il

Materials: Duplex SS. Other materiak available upon request.

*ALERT®2 sensor installed (see pg 38 for details) &
! B,

Centrifugal Pump Selection Guide

Goulds 3175*
Paper Stock / Process
For the toughest semvices. Thousands of installations handle stock, solids,
fibrous / stringy materials, abrasive slurries, and corrosives. Dynamic
seal option eliminates mechanical seal problems. Features i-ALERT® 2
condition monitoring as standard.
* Capac 06,360 m¥h | 28,000 GPM
* Heads to 107 m | 350 ft
* Ternperatures to 232° C | 450°F
* Pressures to 20 bar | 285 PSIG

Applications:

* Pulp & Paper Paper stock through 6% Consistency,
Black Liquor, Hydropulper and Broke Service,
Low NPSH Digester Circulation, Blow tank to
Screens, Primary Screens Rejects, High Density
Chlorine Tower to Washer, Flotation Cell Greulation
Chemical Evaporator and Reboiler Circulation,
Slurry Services
Petroleum Corrosive/Abrasive Crude, Catalyst Slurry,
Coke fines
Steel Mill Descaling, Waste Treatment, Venturi Scrubber,
Electro-Galvanizing Recirculation
Food Fruit Pulps, Grain mash and Spent Grains,
Evaporator Recirculation, Beet and Cane Sugar,
Cormn Preducts
General Waste Treatrment, Air Follution Abaterment,
Acid Mine Water, Textile Slurries

Materials: Al/CD4MCuN, CDAMCuUN, 3165S, 31755, Hast-C, Alloy 20,
Super Duplex. Other materials available upon request.

I*i-AL[RT *2 sensor installed (see pg 38 for details) é |

Rheinhiitte RCE

Heavy Duty Chemical Centrifugal Pump in Metal

The RCE is a horizontal single-stage, end-suction, top-discharge, centrifugal
pump with heavy duty bolted-down bearing pedestal. The sturdy design with
front and back vanes on the impeller is primarily intended to fulfill very specific
requirements as a standard chamical pump.

As a product-related special version, the RCE is the first choice in the chemical
industry, the basic industry - especially in fertilizer production - environmental
technology and many other industrial sectors.

It pumps organic and inorganic as well as aggressive liguids with high solid
contents and is particularly suitable for hot media up to 450 degrees. Examples
of applications include ammonium nitrate, melten sulphur, phosphoric acid,
tar, pitch, urea melt, caustic soda, water glass, mash and cataphoretic paints. A
special option of this series is the hyd rodynamic

shaft seal.
» (apacities to 1200 m3h | 5283 GPM
* Heads to 180 m | 591 ft

Temperature ranges from
-40 °C to 450 °C | -40 °F to 842 °F
Pressures to 16 bar | 232 PSIG

Applications:

* Phosphate fertilizer

* Ammonium nitrate melt
Pitch and Tar
Urea melt
Molten Suphur
Aggressive Slurries

Materials:
12 different cast irons, cast stedls, Nickel
based materiak and high alloy cast stedls

[G)GOULDS PUMPS  [stmezx)
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vle for list of eight color-coded market designations.

Goulds 3171
Vertical Sump and Process
The "Veteran " vertical sump
and process pump. Thousands of
installations - industrial process, sump
drainage, corrosive liquids, pollution control,
molten sulfur. Rugged, heavy construction.
Simple mounting.
* Capacifies to 722 m¥h | 3,180 GPM
* Heads to 85 m | 344 ft
= Temperatures to 232°C | 450°F
* PitDepthsto 6 m | 20 ft

Applications

* Industrial Process

* Industrial Sump Wastes

* Molten Sulfur

* Tank Unlcading

* Corrosive and Non-Corrosiveliguids
Materials: Cast Iron, Bronze-fitted, Carbon
Steel, 31655, Alloy 20, Hastelloy Band C,
Duplex S5

I jmm__ mj

Goulds CV 3171
Vertical Sump and Process
The ©/ 3171 is a recessed impeller,
circular volute type sump pump. Ideal
for large sclids and shear sensitive fluids.
Circular volute minimizes radial loads
making this the ideal pump
for low flow process applications
* Capacities to 295 m¥h | 1,300 GPM
* Headsto 126 m | 230 ft
* Temperatures to 232°C | 450°F
* Pit Depths to6 m | 20 ft

Applications:

* Fiberous Wastewater

* Industrial Process

* Industrial Sump Wastes

*+ Tank Unloading

* Corrosive and Non-Corrosive
Liquids

* Food Processing

* Chemical Slurries
Materiak: Cast Iron, Duplex S5, 21655,
Alloy 20, Hastelloy B and C

; msm__w af
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Vertical Sump & Process

Goulds NM3171
FRP Vertical Sump and Process
Designed for tough chemical sump pump applications.
The fiberglass reinforced Vinyl Ester construction
provides excellent corrosion resistance in aggressive
acidic and caustic services. The true volute design T
provides the highest efficiencies
in the industry for FRP pumps.
* Capacities to 284 mih | 1,250 GPM -
* Heads to 92 m | 300 feet
* Temperatures to 93°C | 200°F
* PitDeptstoSm | 16 Ft

Applications:

* Chemical/Petrochemical-\Waste Acid,
Sedium Hydroxide; Feric Chloride,
Sulfuric Acid, Spinfinish Wastes
Utility-Coal pile runoff, Sea water,
Demineralized water
Metal Finshing-Spent pickling sclutions,
Electroplating rinses, Nickel plating bath
General-Industrial process, Deionized
water, Pollution contral, Sump services

Materials: Glass reinforced Vinyl Ester. Other resins
available upon request.

L .

Goulds LF 3171

Low Flow, High Head Vertical
Sump Pump

The LF3171 is specifically designed
to provide superior performance
for low flow flow high head sump
applications. Its concentric (circular
volute) casing and open radial vane
impéler are designed to eliminate
hydraulic and mechanical problems
at throttled low flows. Radial loads
are reduced as much as 85% versus
standard volutes at low flows.

* Capacities to 50 m¥%h | 220 GPM
Heads to 290 m | 950 ft.

* Temperatures to 232°C | 450°F
Fit Depths to 6 m | 20 ft.

Applications:

* General Sump

« Lift Pump
Tank Unloading
Condensate
Drum Purmp
Drain Pump
Hydrocarbons / Qily Water
Molten Sulfur
Batch & Specialty Chemicals
Sumps
Materials: Cast Iron, Duplex SS, 31655,
Allcy 20, Hastelloy B and C
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Vertical Process Pumps

Rheinhitte GVSO

Vertical chemical centrifugal pump in metal

28 basic sizes in a single-stage or multi-stage design
allow maximum flexibility even during the planning

stage. This means that the GVSO covers volume flows

of up to 4.000 m#h and pumping heights of up to 150
m. Individual immersion depth adjustment from 0.5 to
17,5 m through the use of one or more intermediate
bearings completes the maximum level of flexibility. At the
customer’s request, the connecting dimensions and the
shape of the sole plate can be individually adapted to the
container and pressure flange. If constant temperatures
and viscosities are required, e.g. in the case of molten
sulfur, the GVSO is also available as a heated version.
Here we offer a customized heating jacket system for
steam and other heat transfer media. Only two additional
connections for feed and discharge are required here.
Capacities to 4000 m/h | 17612 GPM

Heads to 150 m | 492 ft

Temperatures to from

-40 *Cto 600 °C | -40°F to 1112 °F

Pressures to 40 bar | 580 PSIG

Applications:

Aggressive, alsc contaminated fluids, liquefied gases and
rrelts like e.g. sulphuric acid at all concentrations, oleum,
molten sulfur, Phthalic acid, tars and molten salts

Materials:
* 1.0619 (A 216 Grade WCA / WCE)
41365 (Rheinhiitte material)
43065 (A 743 CF-3 (Type 304L))
4408 (A 743 CF-8M (Type 316))
4517 (A8S0 Grade 1B/ A743 Gr. CDAMCuN)
45295 (A 743 ON3MN (AL-6 XN))
4581 (A 743 CF-8M (+Nb) /A 351 CF10MC
Type 316(h)
1.7357 (A 217 Grade WCB)
R30.20 (A 743 CN7M (Alloy 20))
RH-RS (Rheinhutte material)
RH-5X (alloy SX)

. s

gal Pump Selection Guide

Rheinhiitte GVRN

Acid Vertical chemical centrifugal pump.

The GVRN vertical centrifugal pump has been specially
designad for use in modern sulphuric acid plants
covers most demanding applications in this area. The
high-alloyed material is particularly suitable for hot
and highly concentrated acids. The thick-walled cast
material ensures long pump senvice life. The compact
design allows easy adaptation fo existing system
dimensions.

Special designs: wet design as well dry installation design.

* Capacities to 4000 m3h | 17612 GPM
* Heads to85m | 279 ft
« Temperature ranges from
-40°C to 250 °C | -40 F to 482 F
* Pressures to 10 bar | 145 PSIG

Applications:
* HRS ( Heat recovery system) Hot Sulfuric Acid
* Concentrated Sulphuric Acid

Materials:
* 1.41365 (Rheinhlitte material)
* RH-RS (Rheinhiutte material)
* RH-5X (alloy SX)

Rheinhiitte RK
Vertical chemical centrifugal pump in metal
Vertical centrifugal pumps type RK are normally designed
for open vessels/pits, to drain these objects rotational.
This type of pump is not suitable for continuous operation
or process operation. RK pumps are used for handling
chemically aggressive media, contaminated liquids with
solids up to a maximum grain size of 8 mm.

« Capacities to 56 m¥h | 247 GPM
Heads to55m | 180 ft
Ternperature ranges from
-40 °C 10 100 °C | -40 Fto 212 F
Pressures to 10 bar | 145 PSIG

Applications:
Chemically aggressive media, contaminated liquids with
solids up to a maximum grain size of 8 mm.

Materials:
* 1.4408 (A 743 CF8M (Type 316))
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Vertical Process Pumps

Rheinhitte RVKu Rheinhiitte RKuVv

Chemical centrifugal pump in plastic Chemical centrifugal pump in plastic

The vertical centrifugal pump RVKu is specially designed The vertical centrifugal pump RKuV has been specially

for pumping aggressive, slightly contaminated media developed for pumping aggressive media that are

such as acids, alkalis and chemical waste water. The contaminated with sclids or that crystallize out. The series

closed impeller design with long axial throttle gaps allows is insensitive to dry running and operation against closed

immersion depths of up to 3m at operating temperatures e slide valves, as there is no plain bearing in the pumped

of 80°C. Smocth running of the shaft is ensured by the ;1 medium. The series is also available as lightweight design

use of a ball joint bearing located cutside the aggressive 4 RKuVL A4 .
zone as well as an immersion plain bearing made of SIC, . + Capacities to 120 mé/h | 528 GPM 1 ,

carbon or ceramic.

Heads to60m | 197 ft

* (apacities to 1000 m¥h | 4403 GPM Temperature ranges from

* Headsto 70 m | 230 ft -40 °Cto 100 °C | -40 Fto 212 F
Pressures to 10 bar | 145 PSIG

* Temperature ranges from

-40 *C 10 90 °C | -40 F to 194 °F

* Pressures to 10 bar | 145 PSIG Applications:
* Pickling ?
Applications: * Chemical wastewater
* Pickling ‘ ¢ Sulphuric acid (H2504) y
* Chemical wastewater L ‘Jb * Surface treatment
* Sulphuric acid (H2504) 3 * Hydrechleric acid (HQI)
* Surface treatment * Fertilizer
* Hydrochloric acid (Hd) * Plastic Production
* Fertilizer * Functional media
* Plastic Production * Dyes and Pigments
* Functional media « Salts
* Dyes and Pigments ¢ Metal Production
* Salts * Organics
* Metal Production = Nitric acid (HNO3)
* Organics * Flue gas scrubber
* Nitric acid (HNO3) * Steel Industry
* Fue gas scrubber * Wasteplants
* Steel Industry Incineration
* Wasteplants
Incineration Materials:
. PP
Materials: = PE 1000
* PP ¢ PVDF
* PE 1000
* PVDF
L [En wq 1 (T
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ANSI Process Pumps

Goulds 3196 i-FRAME®*
ANSI Process
This is the original ANSI pump that has become the standard of the
industry. Over 1,000,000 installations attest to the remarkable performance
of the 3196. Available with a wide range of features for handling difficult
applications. i-FRAME® power ends maximize reliability and MTBF (Mean
Time Between Failure).

+ Capacities to 1,364 m?h | 7,000 GPM

* Headsto 223 m | 730 ft

* Temperatures to 371°C | 700°F

* Pressures to 26 bar | 375 PSIG

Applications:

* Chemical
Petrochemical
Pulp & Paper
Primary Metals
Food & Beverage
General Industries

Materials: Ductile Iron, 31655, CD4AMCu,
Alloy 20, Monel, Nickel, Hastelloy B and C,

Titanium NSF'

I*i-ALERT*Z sensor instzlled (see pg 38 for deta’\\s)v -:ml

Goulds LF 3196 i-FRAME®*
Low Flow ANSI Process
Designed specifically to provide superior performance for low flow services.
Features a concentric (circular volute) casing and open radial vane impeller
to eliminate hydraulic and mechanical problems at low flows. Includes
-FRAME® power ends. e

* Capacities to 50 mdh | 220 GPM

¢ Headsto 282 m | 925 ft

* Temperatures to 371°C | 700°F

* Pressures to 31 bar | 450 PSIG

Applications:

* Specialty Chemicals

* Batch Chemical Process
Reactor Feed
Seal Water
Shower Service
Boiler Feed
Condensate
High Pressure Process
Column Bottoms

* Hot Ol

+ Column Reflux
Materials: Ductile Iron, 31655, CDAMCu,
Alloy 20, Hastelloy B and C

]’*irALERT *2 sensor installed (see pg 38 for deta'\\s)ﬁ

.

10
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I’?i—ALE RT®2 sensor installed (see pg 38 for deta

Goulds HT 3196 i-FRAME®*
ANSI High Temperature Process Pump
Center line mounted in a heavy duty fabricated steel casing support, the
Model HT 3196 minimizes shaft misalignment and piping strain associated
with elevated temperatures up to 700° E As a member of the ANSI pump
family the HT3196 features Goulds Pumps' premier -FRAME® power end,
multiple seal chamber options including the TaperBore PLUS, and a wide
variety of rigid and rugged mounting systems.
* (apacities to 1,023 m¥/h | 4,500 GPM
* Heads to 282 m | 925 ft
* Temperatures to 371°C | 700°F
* Pressures to 31 bar | 450 PSIG

Applications:

¢ Hot Water

* Thermal Oils

* Heat Transfer Fluids
Dig/Meld Pre-Heating Systems
Pilot Plants
Electronic Heating and Cooling
Reactor Heating

* Urea
Materials: Carbon Steel, 31655, CD4AMCu,
Alloy 20, Hastelloy C

v.

Goulds CV 3196 i-FRAME®*
Non-Clog ANSI Process
Perfect solution for handling bulky, fibrous, or shear-sensitive liquids.
Recessed impeller design provides non-clog pumping with minimum solids
degradation. Capability to handle liguids containing 10 to 20 percent air/
gas. i-FRAME® power ends

* Capacities to 610 mé/h | 2,700 GPM

* Heads to 134 m | 440 ft
Temperatures to 260° C | 500°
Pressures to 20 bar | 285 PSIG

Applications:

* Flter Slumries

* latex

* Polystyrene Beads
Crystal Suspensions
Screen Rejects
Hydropulper pump
Sedium Chlorate Slurry
Fruit and Vegetable Suspensions
Dye Liquor
Fibrous Was tewater
Long Fibre White Water
Long Fibre White Water
Primary Cleaner Pump

Materials: Ductile Iron, CD4MCu,
Hastelloy B and C, Alloy 20

*-ALERT®2 sensor installed (see pg 38 for details) &
| = R

[G)GOULDS PUMPS [stmezs)
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ANSI Process Pumps

Goulds 3796*

Self-Priming ANSI Process

One-piece casing eliminates need for separate priming chamber, air
separator, valves or by-pass line. Fully open impeller can be trimmed to
meet specific hydraulic requirements. Includes -FRAME™ power ends.

* (Capacities to 284 m¥h | 1,250 GPM
* Heads to 131 m | 430 ft

* Temperatures to 260° C | 500°F
¢ Suction Lifs to6m | 20 ft

Applications:

Industrial Sump
Mine Dewatering
Chernical Transfer
Bilge Water Rernoval
Coal Pile Drainage
Tank Car Unloading
Filter Systems v Petroleurn Transfer
* Column Bottoms and Reflux

.

Materials: Ductile Iron, 31655,CD4MCu,
Alloy 20, Hastelloy B and C, Titanium

*-ALERT®2 sensor installed (see pg 38 for details, &
‘ Pg ) Em = |

Goulds 3996

In-Line ANSI Process

For corrosives, abrasives and high temperature,

Fully open impeller, back pull-cut design, heavy duty
construction. Field alignment not reguired.

* Capacities to 318 m¥h | 1,400 GPM
¢ Heads to 213 m | 700 ft
* Temperatures to 260°C | 500°F

Pressures to 26 bar | 375 PSIG

Applications:

+ Caustic Transfer
Acid Unloading
Monomer/Polymer Transfer
Liquid Nitrogen
Liquid Ammonia
Reflux and Light Tower Bottoms
Waste Acid Recovery
Pickle Liquor Circulation
Chilled Water
Filter Feed
Cendensate Retum

.

.

.

Materials: Ductile Iron, 31655, Monel, Alloy 20, Nickel,
Hastelloy B and C, CD4MCu, Titanium

[@)GOULDS PUMPS [z
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Sealless Process

Goulds 3299
Magnetic Drive ANS| Lined
Designed to handle moderate to severe corrosives with or without solids.
Sealless design provides effective altemative to pumps with mechanical
seal problems. Thick linings for extended pump life.
* Capacifies to 95 mth | 425 GPM
* Heads to 149 m | 490 ft
+ Temperatures to 180°C | 360°F
* Pressures to 19 bar | 275 PSIG

Applications:

* Hot Acids
Acetic Acid
Chlorinated Sclvents
Chlereform
Freon 113
Acetone
Hydrofluoric Acid
Sodium Hypachlorite
Nitric Acid
Amines
Carbon Tetrachloride
Dichloroethylene
Ethers
Bromine
Chlorine Dioxide

.

Lining Material: PFA
I B W mp

Goulds 3296 EZMAG
Magnetic Drive ANSI Process
Robust, simple sezlless design ideal for difficult liquids such as corrosives,
pollutants, ulra-pure liquids and toxics. Meets ANSI dimensional
specifications. Features a bearing cartridge for ease of maintenance and
improved reliability.

* (Capacities up to 159 m¥h | 700 GPM

* Heads to213m | 700 ft

* Temperatures to 280°C | 535°F

* Pressures to 19 bar | 275 PSIG

Applications:
* Batch Chemical Process
* Rail Car or Tank Unlcading
* Spedialty Chemicals
Materials: 31655, others upon request

| [
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Pumps

Rheinhltte FNPM

Magnetic drive pump in plastic

Purnps type FNPM are horizontal, single-stage,
end-suction, top-discharge centrifugal pumps
with magnetic coupling, dimensioned to
comply with standards EN 22858, SO 2858,
NF 44-121 and BS 5257.

The scope of application covers the wide fields
of chemical processing and environmental
technology where chemically aggressive fluids
of varicus concentrations at up to 190°C are
to be handled. The constant standardization
of the drive components and the unigue
magnetic cartridge reduce the variety of parts and enable
cost-saving stecking concepts. The magnet cartridge is a
pre-assembled,

ready-to-use unit containing all core components of
the magnetic drive pump (e.g. plain bearings, impeller
and containment shells). Replacement takes only a few
minutes - then the old unit can be reconditioned

The cost advantage over the usual
guick-coupler unit: up to 25%.

Capacities to 350 méh | 1541 GPM
Heads to 100 m | 328 ft
Temperature ranges from

-40 °C to 190 °C | -40 *F to 374 F
Pressures to 16 bar | 232 PSIG

Applications:

Hot Acids

Acetic Acid
Chlorinated Sclvents
Chleroform

Steel Industry
Acetone
Hydroflueric Acid
Sodium Hypochlorite
Nitric Acid

Amines

Chlorine Dicxide
Flue gas scrubber
Waste plants
Incineration

Materials:
. PEA
« PTFE

[G)GOULDS PUMPS [stmeex)
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Goulds 3298
Magnetic Drive ANSI Lined
Designed to handle moderate to severe
corrosives with or without solids. Sealless design
provides effective alternative to pumps with
mechanical seal problems. Thick linings for
extended pump life.

+ Capacities to 270 m¥h | 1,200 GPM

* Headsto 162 m | 500 ft

* Temperatures to 121°C | 250°F

* Pressures to 16 bar | 225 PSIG

Applications:

Rail Car or Tank Unloading
Batch Chemnical Process
Specialty Chemicals
Column Reflux or Bottoms
Reactor Feed

Lining Material: ETFE

Sealless Process Pumps

Goulds v 3298
Vertical ANSI Lined Process
Ideal for moderate to severe corrosives. With or without
solids, the 3288 can handle the tough chemical sarvices.
As a sealless design, it's an effective altemative to
pumps with mechanical seal problems. Meots strictest
EFA regulations.

¢ Capacities to 270 m¥h | 320 GPM
Heads to 129 m | 425 ft
* Temperatures to 121°C | 250°%F
Pressures to 16 bar | 225 PSIG

Applications:

* Rail Car or Tank Unloading
Batch Chemical Process
Specialty Chemicals
Column Reflux or Bottoms
Reactor Fead

Materials: ETFE Construction

Goulds SP 3298
Self-Priming Lined
When suction pressure is negative and air or
gases must be evacuated to accomplish pump
priming, the SP 3298 has a self-priming dual
volute that primes on demand with only an
initial charge of liquid in the casing. Priming is
accomplished within the casing, eliminating the
need for auxifiary priming systems.

Capacities to 70 méth | 310 GPM

Heads to 42.5 m | 140 ft

Temperatures to 121°C | 250°F

Pressures to 12 bar |
175 PSIG

Effective Stafic Lift
to6m | 20 ft

Applications:
* Rail Car or Tank Unloading
* Batch Chemical Process
Specialty Chemicals
Column Reflux or Bottorms
Reactor Feed

Lining Material: ETFE
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Sealed Lined & Non-Metallic

Goulds 3198*

PFA Process ANSI Lined
Virgin PFA Teflon® for handling a wide range of severe corrosive liquids,
trace contaminants, and mixtures. The 3198 features ANSI B73.1 design,
and i-ALERT® 2 power ends. Teflon® molded in place by high pressure
technique and mechanically locked.
Capacities to 182 méh | 800 GPM
Heads to 137 m | 450 ft

s Temperatures to 148°C | 300°F
* Pressures to 16 bar | 225 PSIG
Applications:

* Hydrochloric Acid

* Hydroflucric Acid

Ferric Chleride

Pickling Acid

Plating Acid

Plating Solutions

* Chlcrinated Brine
Chlerinated Hydrocarbons
Sedium Hypochlorite

* Chlorine Dioxide

Material: PTFE
"‘i ALERT#2 sensor installed (see pg 38 for dcm'\\s)ﬁ -:-:ll

Rheinhiitte CPDR

Standardized chemical pump in plastic
Pumps of the CPDR and CPRF type family are horizontal,
single-stage, end-suction, top-discharge centrifugal
pumps, standardized to EN 22858 (formerly DIN 24256;
ISO 2858, NF 44-121, BS 5257 and ISO 5199). The
installation length of type CPRF is simply longer about the
channel width so that a free passage for the fluid is given.
The pumps are used for handling chemically aggressive
and/or inflammable liquids within the wide field of
chemical processing and environmental technology. The
CPDR with open impeller is foreseen for clean liquids and
fluids with a small content of solids. The CPRF (Free Flow)
is able to handle fluids with larger sclids. Both types are
possible in close-coupled design instead of bearing block.
Capacities to 200 m¥h | 880 GPM
Heads to 100 m | 328 ft
Temperature ranges from
-40°Cto 190 °C | -40 °F to 374 F
Pressures to 16 bar | 232 PSIG

.

.

.

.

Applications:
* Brine
Chemical Wastewater
Chloralkali
Flue gas scrubbers
* Waste incineration plants
Hydrochloric acid
Sea water
Steel industry
Sulphuric acid

0

Materials:
* PP
* PE 1000
* PE 1000R
* FVDF
L - =
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Goulds NM3196*
FRP ANSI Process
The Fiberglass reinforced Vinyl Ester construction provides excellent
comesion resistance in many aggressive acidic and caustic services. The
random glass orientation and generous ribbing provides flange load
ratings equal to a metal pump of the same size. The true volute design
provides the highest efficiencies in the industry for
FRP ANSI pumps
* (Capacities to 218 m?h | 1,400 GPM
* Heads to 152 m | 500 ft
Termperatures to 93°C | 200°F
Pressures to 15 bar | 220 PSIG

Applications:

* Hydrochloric Acid Unleading
Ferric Chloride
Sulfuric Acid Transfer
Sodium Sulphite
Sulphate Liquors
Plating Solutions
Filter Feed
Aquarium Water
Sea Wter
Chlorine Dioxide

Materials: Glass reinforced Vinyl Ester,
other resins available upon request

*i-ALERT®2 sensor installed {see pg 38 for dﬂtai!s;&
| ] |

Rheinhiitte RCNKu

Standardized chemical pump in plastic

Pumps of the RONKu and RCFKu type family are horizontal, single-stage,
end-suction, top-discharge centrifugal pumps, standardized to EN 22858,
IS0 2858, NF 44-121, BS 5257 and ISO 5199, With RCFKu (Free Flow),
only the overall length is increased by the amount of the spiral width

to ensure a free housing passage. The pumps are used for handling
chemically aggressive and/or inflammable liquids within the wide field of
chemical processing and environmental technology.

The RCNKu with dlosed impeller is foreseen for clean liquids and fluids with
a small content of solids. The same applies for the RCKu with open impeller
design. The RCFKu is able to handle fluids with larger solids

* Capacities to 2500 m¥h | 11007 GPM

* Heads to 100 m | 328 ft

* Temperature ranges from

-40°C1o 190 °C | -40 Fto 374 °F
* Pressures to 16 bar | 232 PSIG

#1141

Applications:
* Brine
Chemical Wastewater
Chloralkali
Flue gas scrubbers
Wa ncineration plants
Hydrochloric acid
Sea water
Steel industry
Sulphuric acid

Materials:
= PP
= PE 1000
* PE 1000R
* PVDF
* PTFE

[G)GOULDS PUMPS [stmeex)
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Sealed Lined & Non-Metallic

Rheinhiitte RCNKu*

Standardized chemical pump in plastic
Pumps of the RCNKu+ type family are herizontal, single-stage, end-su
top-discharge centrifugal pumps, standardized to EN 22858 and 1SO

ction,

The
nically aggressive liquids within the wide field

pumps are used for handling che

of chemical processing and environmental technology.
* Capacities to 400 méh | 1761 GPM
¢ Headsto 110 m | 361 ft

Temperature ranges from

-40°Cto 130 °C 0 °F to 266 F

Pressures to 16 bar | 232 PSIG

Applications:

* Brine
Chernical Wastewater
Chloralkali
Flue gas scrubbers
Waste incineration plants
Hydrochloric acid
Seawater
Steal industry
Sulphuric acid

.

.

Materials:
. PP
* PE 1000
* PE 1000R
* PVDF

Rheinhitte RCKu
Standardized chemical pump in plastic
The RCKu is a cost-effective and place-saving bearing
block pump for small power ratings.A variant of the
RCKu is the RCKUF in close-coupled design instead
of bearing block. The pumps are used for handling
chemically aggressive and/or inflammable liquids within
the wide field of chemical processing and environmental
technology. L

* (Capacities to 20 m3h | 88 GPM

* Headsto 50 m | 164 ft

* Temperature ranges from

-40 °C to 130 °C | -40 °F to 266°F
* Pressures to 10 bar | 145 PSIG

Applications:
Chemically aggressive, even slightly contaminated media
in all areas of the chemical industry and high-grade
chemicals.

Materials:
. PP
* PE 1000
« PVDF

[@)GOULDS PUMPS

Rheinhiitte FNP

Standardized chemical pump with PFA-Lining
The standard chemical pump FNP is universally
applicable in the chemical and pharmaceutical industry,
in petrochemistry and general process engineering for
pumping chemically aggressive and comrosive media.

* Capacities to 70 m¥h | 308 GPM

* Heads to95m | 312 ft

* Temperature ranges from
30°Cto190°C | -22 Fto374F

* Pressures to 16 bar | 232 PSIG

Applications:
* Hot Acids
« Acetic Acid
« Chlorinated Solvents
* Chloroform
* Acetone
* Hydroflucric Acid
* Sodium Hypochlorite

ic Acid

* Amines

« Chlorine Dioxide

* Flue gas scrubber

* Steel Industry

* Waste plants
Incineration

Materials:
* PFA

Rheinhlitte FNC

Standardized chemical pump in ceramic
Pumps of the FNC are horizontal, single-stage, end-
suction, top-discharge centrifugal pumps, standardized
to ISO 2858 99, The wear resistance and
universal chemical resistance offers great advantages
for use in corrosive and abrasive media. FNC pumps are
used for handling chemically aggressive and/or abrasive
liquids within the wide field of chemical processing and
environmental technelogy.

Capacities to 600 m¥h | 2642 GPM
Heads to 90 m | 295 ft
Temperature ranges from

-40°Ct0 120 °C | -40 *Ftoc 248 F
Pressures to 10 bar | 145 PSIG

and ISO 5

stions:

* Chemical Industry

* Solids-containing fluids
* Titanium dioxide

Materials:
* FRIKORUND

Centrifugal Pump Selection Guide @S]
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Sealed Lined & Non-Metallic

Rheinhitte FGP
Liquid ring vacuum pump in ceramic
Qur FGP liguid ring pump is the suitable partner for
difficult evacuation and compression processes invalving
gases and vapours in all corrosion-critical areas of
application in the chemical industry. Together with
le operating medium of the liquid
llows volume flows of up to 700 mé/h.
In compressor mede gas pressures of up to p2 max =
2.5barg are easily created. In vacuumade for aggressive
media the pump preduces suction pressures of pl =
100mbara up to p1 = 25mbara with an additional gas
gector. And this all takes place at gas temperatures of up
o 100°C. The highly corrosion-r: ant technical ceramic
is perfectly suitable for all media containing chlerine and
hydregen chloride.

* Capacities to 700 m?h | 3082 GPM

* Temperature ranges from

20°Cto 100°C | -4 Fto 212 °F

Applications:

* Chemical industry
* Chlorine gas

Materials:
* FRIKORUND

16 [G)GOULDS PUMPS [stmezs)
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Goulds IC i-FRAME®*
ISO Process

This series is designed in accordance with IS0 5198 and ISO 2858, maki
it ideal for worldwide chemical or industrial process applications. IC
pumps are fitted with a patented seal chamber design called the Cyclone
seal chamber, which has been proven to provide the optimum sealing
environment for extended mechanical seal life. Optional inducer red
NPSHr

Capacities to 450 m¥h | 1,980 GPM

Heads to 160 m | 525 ft

Temperature ranges from -40° C to 280°C |

-40°F t0530° F

Pressures to 25 bar | 360 PSIG

.

Applications:

* Chemical

* Petrochemical
Pulp & Paper
Primary Metals
Food & Beverage
General Industries

.

Materials: Ductile Iron, Carbon Steel, 3165S,
Duplex SS, Alloy 20, Hastelloy C, Titanium

‘i'l ALERT®2 sensor installed (see pg 38 for dwtdi\s)@ -:-:-:“

Rheinhutte RN

Standardized Chemical Pump in Metal
The pump RN is a horizontal, single-stage, endsuction,
top-discharge centrifugal pumps, standardized to EN
22858 (formerly DIN 24256) ISO 2858, NF 44-121,

BS 5257 and ISO 5189. RN (RNSI) pumps are used for
handling chemically aggressive and/or infllmmable
liquids within the wide field of chemical processing and
environmental technology.

Capacities to 2700 méh | 11888 GPM
Heads to 150 m | 482 ft

Temperature ranges from

-40 °C to 300 °C | -40 °F to 572 °F
Pressures to 16 bar | 232 PSIG

.

Applications:

Chemically aggressive media in the whole area of
chemical processing technology and other areas of
industry.

Materials:
= 15 different pure metals (Nickel and
Titan) , Nickel based materials and high
alloy cast steels

[@)GOULDS PUMPS [z

ISO Process Pumps

Rheinhiitte RNSi
Standardized Acid Chemical Pump in SIGUSS

The RNSi (ferro-silicon cast iron “Si-lron”) purnps are
used for handling chemically aggressive liguids within
the wide fidd of chemical processing and environmental
technology, especially for media based on sulphuric acid.
Suitable for all Sulfuric acid concentratien in all different
Temperature ranges.

* (apacities to 1500 m¥*h | 6604 GPM
Heads to 100 m | 328 ft
Termperature ranges from
-40 °C to 300 °C | -40 F to 572 °F
Pressures to 10 bar | 145 PSIG

Applications:

Sulphuric acid

Titanium dicxide

Spinning bath (Viscose fibre production)
Electrolytes (Cu, Ni, Zn, etc)

H2504 pickling

H2504 regeneration

Materials:
* SIGUSS (A 518 Grade 3)

Centrifugal Pump Selection Guide Wi
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ISO Process Pumps

Goulds ICM

1SO Metallic Magnetic Drive Process
The ICM pump is the optimum metallic sealless pump for process

fluid services in the chemical, paper and general industries where ISO
dimensions are preferred. The ICM is specifically designed to pump difficult
fluids such as corrosives, high purity and toxic fiquids. Its sealless, sturdy
design combines with a wide variety of wet end materials. The bearings are
chemical and abrasion resistant Silicon Carbide (SSiC). Optional Dryguard™
dry-run pretection can be provided.

Capacities to 400 m3h | 1,760 GPM

Heads to 210 m | 685 ft at 3,500 rpm

Temperature ranges from-40° Cto 180°C

-40°F o 360° F

Pressures to 16 bar | 232 PSIG

.

Applications:

* Batch Chemical Process

* Rail Car or Tank Unloading

* Specialty Chemicals
Materials: Stainless Steel, Hastelloy,
Ductile Iron, Allcy 20

Goulds ICB
Close-coupled ISO Process Pump
The ICE series is an extension to the IC series 1S0 5199 frame mounted
chemical pump series. These new pumps provide a compact and
economical pumping solution ideal for OEM applications and confined
spaces in industrial processes. No spacer coupling or alignment is
required, reducing capital equipment costs and simplifying installation
and maintenance. ICB pumps are fitted with our patented Cyclone seal
chamber, proven to provide the optimum sealing environment
for extended mechanical seal life.

* Capacities to 340 m¥h | 1,490 GPM

* Heads to 160 m | 525 f

* Temperature ranges from-40°C to 140°C |

40° F to 280°
* Pressures to 16 bar | 230 FSIG

Applications:

*+ Specialty Chemicals

* Batch Chemical Process
Reactor Feed
Seal Water
Shower Service
Boiler Feed
Condensate
High Pressure Process
Celumn Bottoms
Hot Gil
Column Reflux

.

.

Materials: Ductile lron, Carbon Steel,
316SS, Duplex S5
‘ T
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Rheinhiitte RMKN

Magnetic drive pump in metal

The RMKN is a horizontal, single-stage, end-
suction, top-discharge centrifugal pump with
magnetic coupling, dimensioned to comply
with standards 1SO 2858. The pumps are
designed to meet the technical requirements
for magnetic drive pumps as determined by
VDMA 24278 and DIN EN ISO 15783. The
scope of application covers the wide fields

of chemical processing and environmental
technology where chemically aggressive fluids
of various concentrations at up to 250°C are to
be handled. For applications where the medium is kept at
a constant temperature

S

the RMKN is available in a heated version. By using
heating chamber systems, the RMKN is ako very suitable
for difficult cases, such as conveying molten sulfur, pitch
and tar.

* Capacities to 500 m3/h | 2201 GPM
* Heads to 150 m | 492 ft
Temperature ranges from

-40 °C to 250 °C | -40 F to 482 F
Pressures to 16 bar | 232 PSIG

Applications:

Aggressive, especially toxic, highly flammable, explosive or
foul smelling media. In general all liquids that must not
get into the atmosphere during the pumping process.

Materials:
« 12 different pure metak (Nickel and
Titan) , Nickel based materiaks and high
alloy cast steels

[G)GOULDS PUMPS [stmeex)
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Goulds ICMB
Close-coupled ISO Magnetic Drive Process Pump

The ICMB is an extension of the ICM series frame mounted sealless process
pump. This design provides a compact and economical solution ideal for
OEM applications and confined spaces in industrial processes. No spacer
coupling or alignment is required, reducing capital equipment costs and
simplifying installation and maintenance. ICMB pumps are fitted with

the same features as all other ICM pumps, including a patented bearing
cartridge and a one piece high pressure containment shell.

Capacities to 100 méh | 440 GPM

Heads to 100 m | 330 ft at 3,500 rpm

Temperature ranges from -40° C to 180°C |

-40°F 1o 280°F

Pressures to 16 bar | 232 PSIG

.

Applications:
* Batch Chemical Process
* Rail Car or Tank Unloading
* Specialty Chemicals

Materials: Stainless Stesl, Hastelloy,
Ductile Iron, Alloy 20
L |

Goulds ICMP
High Temperature ISO Metallic Magnetic Drive Process
The ICMP is a heavy-duty metallic sealless pump for applications with
high temperature and pressure conditions. It is designed for aggressive,
toxic and high purity media. The center line casing is optimal for the
compensation of dimensional changes due to temperature fluctuations.
SSiC Silicon Carbide plain bearings,with optional Dryguard™ dry run
protection.

* Capacities to 400 m3h | 1,760 gpm

* Heads to 210 m | 685 ft at 3500 rpm

* Temperature ranges from - 40° C to 280°C | - 40°F to 535°F

* Pressurss to 25 bar | 365 PSIG

Applications:

* Batch Chemical Process

* Rail Car or Tank Unloading

* Specialty Chemicals
Materials: Stainless Sted, Hastelloy,
Ductile Iron, Alloy 20

[@)GOULDS PUMPS

ISO Process Pumps

Goulds ICP*
High Temperature I1SO Process Pump
The ICP is a heavy duty chemical process pump designed for extreme
temperatures and pressures. The ICP complies with 1SO standards and
features the patented Cyclone Seal Chamber for extended seal service life.
Center line casing design & self venting. Large capacity oil sump provides
maximum bearing cooling.
Opticnal inducer reduces NPSHT.

* Capacities to 450 mé/h | 1,980 GPM

* Heads to 150 m | 492 ft

* Temperature ranges from -40°C to 280°C | -40°F to 535°F

* Pressures to 25 bar | 363 PSIG

Applications:

¢ Hot Water

« Thermal Oils

+ Heat Transfer Fluids
Dig/Mold Pre-Heating Systems
Pilot Plants
Electronic Heating and Cocling
Reactor Heating
* Urea

Materials: Carbon Steel, 31655,
Alloy 20, Duplex S5, Hastelloy C

i T2 sensor installed (see for detai
II ALERT®2 sensor installed (see pg 38 rdexalls;? Em w wf

Goulds ICO i-FRAME® Series*

IS0 process pump with i-ALERT®2

Intelligent Monitoring

Goulds Pumps IC family of I1SO chemical

process pumps is designed in accordance

with ISO 5199 and ISO 2858, making it

ideal for worldwide chemical or industrial

process applications. The range includes the

1CO pump which has the following features:
* Sermi Open Impeller for improved solids

and entrained gas handling

34 hydraulic sizes

Flows up to 450 m¥h | 1980 GPM

Heads up to 160m | 514 ft

Temperatures from -40°C to 280°C | -40°F to 530°F

Pressures up to 25 Bar | 360 PSI

Available in a comprehensive range of materials for chemical

and process applications that include Carbon Steel, 31655,

Duplex S5, Alloy 20, Hastelloy, Nickdl and Titanium.

Features:
* Semi Open Impeller for improved solids handling
* ITT Goulds patented Cyclone Seal Chamber
* Suitable for mechanical seal or gland packing
* |FRAME cptimized Bearing Frame.
* Hanges drilled to DIN/ISO or ANSI
* Robust fabricated steel baseplate

*i-ALERT®2 sensor installed (see pg 38 for details) &
| [mEw | mmj
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API 610 Process Pumps

Goulds 3610 API610 (BB1) Goulds 3620i" and 3640i*" APl 610 (BB2)
Horizontal $plit Case, Double Suction Single and Two-Stage Between Bearings
Designed for a wide range of industrial, municipal and marine services. Between bearings, radially split process

pumps designed for smooth, reliable operaticn.
Fully meets requirements of AP 610.

* Capacities to 4,540 mé/h | 20,000 GPM

* Heads to 455 m | 1,500 ft

* Temperatures to 455°C | 850°F

* Pressures to 70 bar | 1,000 PSIG

* Capacities to 11,355 méh | 50,000 GPM
* Heads to 215 m | 700 ft

* Temperatures to 205°C | 400°F
* Pressures to 42 bar | 600 PSIG

Applications:

* Petroleum refining, production,
and distribution
Petrochemical and demanding
chemical processing
High temperature applications
including boiler circulation
General industrial requiring high
temperature or high pressures Materials: All APl materials, custom materials available

Applications:

* Refinery — Tower bottoms, process feed,
colurmn reflux, circula
around, process booster

= Power Plant — Boiler feed booster, boiler
circulation, ash sluice

»n and pump

.

Materials: All APl materials, custom
materials available

Goulds 3600 i-FRAME®" API 610 (BB3)
Heavy Duty Multistage a5
Advanced design with proven operating history. Axially split, with many *i-ALERT®2 sensor installed {see pg 38 for detaiisl& R
enhanced features that make it an extremely reliable, high performance 1 ) I
pump well-suited to a wide range of services.

s Capacities to 1,830 m¥h | 8500 GPM

* Headsto 2,740 m | 9,000 ft

* Temperatures to 205°C | 400°F

* Pressures to 275 bar | 4,000 PSIG

7200CB (BB5)

Barrel Multistage Pumps

11™ edition APl comgliant, severe service, barrel pumps, in-line diffuser
style. For high temperatures, pressures and low specific gravities.

Applications: i
« Capacity: 910 mé/h | 4,000 GPM

* Refineries 2
* Injection offshore platforms * Head:2,740m | 9,000 ft

* Fipeline * Temperature: 425°C | 800 °F
* Boiler fead * Pressure: 275 bar | 4,000 PSIG
* Descaling

Applications:

etroleum refining, production,
and distribution

Patrochemical and demanding
chemical processing

High temperature applications
including beiler circulation

: General industrial requiring high
*i-ALERT*2 sensor installed (see pg 38 for details) ﬁ temperature or high pressures

L ] Materials: All APl materizk, custom

materials available

Mine dewatering
Process transfer
Desalination
Water injection

* (CO?injection

.

.

Materials: All API materials, custom
materials available

20 [G)GOULDS PUMPS [stmeex)
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APl 610 Process Pumps

Goulds 720058 Goulds API 3171 (VS$4)
APl 610 11th Edition API BBS Barrel Multistage, API 610 Vertical Sump and Process
Radially Split In-Line Diffuser Type For all refinery services requiring tank
High Temperature, High Pressure Low Specific mount or sump duties. Fully compliant
Gravity BBS Barrel Pumps for Critical Services. with 10% and 11* editions ISO 1370/API

« Capacity to 600 mifh | 2,200 GPM 610

*+ Total Dynamic Head to 2430 m | 8,000 ft * Capacities to

* Temperature to 425°C | 800°F 722 mifh | 3,180 GPM

* Pressure to 275 Bar | 4,000 PSIG * Heads to 160 m | 525 ft

* Operating Speed to 3,600 RPM * Temperatures to

232°C | 450°F
¢ Pitdepths w6 m | 20 ft

Applications:
* Industrial Process
* Industrial Sump Wastes
* Melten Sulfur
* Tank Unloading
* Conosive & Non-Corrosive Liquids

Materials: Carbon Steel, 31655,
12% Chrome Fitted, Duplex 55

H,

Goulds 3910 APl 610 (OH3)

Vertical In-Line with Bearing Frame

High pressure, high temperature services meets API610
requirements. Back pull-out for ease of maintenance.
Bearing frame carries pump loads.

* Capacitiss to 1,360 méh |
6,000 GPM

Heads to 230 m | 750 ft
Temperatures to 340° C | 650°%F
Pressures to 42 bar | 600 PSIG

Applications:

* Refinery Units — Distallation,
Flasher, CCU, Hydrotreater,
MTBE, Alkylation, Reformer,
Gas Plant, Isomerization
Petrochemical Plants — Clefins, BTX Recovery,
Ethylene Glycol, Vinyl Chloride, Styrene, Phenol,
Propylene Glycol, Alcchols, Ketones, Acids,
Acrylonitrile, Anhydrides

Materals: All APl materials,
custorn materials available

I O |
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API1 610 Process Pumps

Goulds 3700 API 610 (OH2)

Overhung Process

High temperature and high pressure process pumps designed
to fully meet the requirements of API 610. Center line support
for high temperature stability, maximum rigidity. Features
tangential discharge for maximum hydraulic efficiency.
Available in top suction design (Model 3710).

+ Capacities to 1930 m¥h | 8,500 GPM

s Heads to 360 m | 1,200 ft

* Temperatures to 425°C | B00°F

s Pressures from full vacuum to 60 bar |
870 PSIG

Applications:
Column Reflux
Column Bottoms

.
.

Hot Gil

Column Charge
Reac tor Feed
Stabilizer Overhead
Scrubber Circulation
Tower Bottoms
Offsite Hydrocarbon

Rebailer

Injection

Fuel Blending

* Heat Transfer
Slop Gas Qil
Transfer

Heavy Gas Cil
Stripper Overhead

.

Materials: All APl materials,
custom materials available

gal Pump Selection Guide

Goulds 3700LFI
API1 610 11th Edition /I1SO 13709 2nd Edition
APl OH2 Overhung, Single Stage, Radially Split
High-Temperature and Pressure Process Pumps that meet or
exceed ISO 12709 and APl 610 11th edition. End-suction,
centerline-mounted, overhung (OH2) API 610 process pump.
* Capacity to 88 m¥/h | 380 GPM
« Total dynamic head to 503 m | 1650 ft
* Temperature to 425° C | 800° F
* Pressure to 75 bar | 1100 PSIG

Applications:

« Column Reflux * Hot Qil

* Column Bottoms * Column Charge

* Reboiler * Reactor Feed

* Injection = Stabilizer Overhead

Scrubber Circulation
Tower Bottoms
Offsite Hydrocarbon

* Fuel Blending

* Heat Transfer

¢ Slop Gas Oil

* Stripper Overhead

Materials: Available in a wide range of materials including all
API 610 constructions and custom application neads.
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Sump/Abrasives/Solids Handling

Goulds HSU, HSUL & JCU Submersible
Three different models allow selection of the very best pump for the service

conditions whether large, stringy, fibrous solids, or abrasive slurries.

* Capacities to 910 m¥h | 4,000 GPM
* Heads tc 67 m | 220 ft

s Temperatures to90°C | 194°F

* Solids to 152 mm | 6 inches

Applications:

* Waste Treatment Plants
Sewage Wet Wells
Reclaim Sumps
Industrial Waste Surmps
Sludge Pits
Drainage Sumps
Power Plants
* Collection Basins
* General Service Sumps

.

Materials: Cast lron, High Chrome Iron,
CDAMCuN, 31655

1 (TS

Goulds VHS & VIC

Vertical Cantilever

Ideal for range of tough sump services: abrasive slurries —
mine slurry, fly ash, foundry sand, clay, coal prep,

power plants or large solids handling.

Model VHS
* Capacifies to 1,590 mé/h | 7,000 GPM
* Heads to 42.6m | 140 ft
* Solids to 254 mm | 10 inches
= Lengths to 3.4m | 11 feet
Materials: Cast Iron, High Chrome Iron, 31655

Model VIC
* Capacities to 1,590 mé/h | 7,000 GPM
Heads to 73 m | 240 ft
Solids to 57 mm | 2 1/4 in
* lengths to3.4m | 11 ft

.

Materiaks: Cast Iren, High Chrome Iron, 316SS

Applications: (Model VHS) Applications: (Model VIC)

+ Mill Scale * Coal Prep Plant
* Coal Slurry * Iron Ore Slurry

* Coal Pile Runoff « Steel Mills

* Sludge * Power Plants

* Clay Slurry * Phosphoric Acid
* Food Pulp Plants

Cement Mills
Mine Slurry
Foundries

Washdown Water
Waste Paper Stock
Black Liquor

+ Plant Waste ¢ Alumina Refineries
* Sewage Treatment * Phosphate Mines
+ Ash Slurry

1

Goulds VRS
Abrasive Slurry Handling
The VRS s designed using the proven reliability of
the SRL and Goulds cantilever pumps. VRS offers
higher efficiencies, with maximum reliability and
interchangeability. Offered in standard lengths and a
variety of elastomers.

* (Capacities to 341 mé/h | 1,500 GPM

¢ Heads to37 m | 120 ft

* Temperatures to 121°C | 250°F

* Pressures to 5 bar 75 PSIG

* Standard lengths: 1.2 m | 4ftand 1.8 m | 6 ft

Applications:

* Mineral Processing

* Non-metallic Mining

* Sand & Gravel

* Power Utility

* Pulp & Paper

« General Industry
Lining Materials: Natural Rubber, Neoprene, Nitrile,
Polyurethane, Chlorcbutyl, Hypalen, EPDM, and
Metal / Alloy impdler available

[@)GOULDS PUMPS  [wnezm]

Rheinhitte RCEV

Vertical chemical centrifugal pump in metal

Due to its non-pedestal design and impeller equipped with
front and rear blades, the RCEV pump type is highly suitable
for handling solids-laden liquids. It is possible to pump up to
30 percent solids with this type of pump, where the type and
composition of the solids (hard, soft, light or heavy) plays a
important role. The decision whether to use an open or closed
impeller depends heavily on the type of the solids. The RCEV

is used to convey mechanically contaminated, corrosive or
neuftral liquids such as phosphoric acid, highly contaminated
sulphur, titanium dioxide slurries, copper dissclution acids as
well as liquids that cannot tolerate localised heating by sliding
bearings, e.g. concentrated ammonium nitrate solutions, DNT
mixtures,

* Capacities to 900 m3h | 3963 GPM
* Heads to 85m | 180 ft
* Temperature ranges from

-40°C to 200 °C | -40 °F to 392 F
* Pressures to 10 bar | 145 PSIG

Applications:
« Dirty sulphur
* Fertilizer
* Phosphate fertilizer
* Solids-containing fluids
* Sulphuric acid
* Ammonium Nitrate

Materials:
* G different cast irons, cast steels and high alloy
cast steels

Centrifugal Pump Selection Guide
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Abrasives/Solids Handling

Goulds XHD* Goulds JC
Extra Heavy Duty / Rubber and Metal Lined Medium Duty Slurry
The XHD lined slurry pump is designed for extremely tough slurry Ideal for most medium duty abrasive and/or corrasive slurmy services. Extra

applicaticns. Using advanced CFD technelogy for optimal hydraulics, it thick wet end components extend wear life. Replaceable wear liner for

offers the lowest total cost of ewnership features including adjustable low maintenance cost. Available with dynamic seal for dimination of seal
suction liner and impeller plus double wall construction with extra wall problems, reduced maintenance. Variety of drive arrangements available
thickness in high wear areas. for application flexibility

* Capacities to 2,950 m¥h | 13,000 GPM
* Headsto 85 m | 280 ft
* Pressures to 17 bar | 250 PSIG

* (apacities to 1,600 m3/h | 7,000 GPM
¢ Heads to73m | 240 ft

* Temperatures to 121°C | 250°F
* Pressures to 10 bar | 127 PSIG
+ Sclids to 57 mm | 2.25 in

Applications:

¢ Primary Metals — SAG/Ball Mill,
Cyclone Feed, Tailings
Mineral Processing — Slurry Transfer,
Flotation Cells, Thickener Underflow

Applications:
* Wet scrubber systems
* Waste sludge

* Non-Metallic Mining — Heavy Media, * Fracking slurries
Cyclone Feed, Raw Coal, Clay, Soda Ash ¢ Paper mill wastes and liquors
and Phosphate Slurries, Slurry Heater, * {ay and sand slurries
Slurry Digestion, Hydrate « Dirty water
* Power - Abscrber Recycle, Gas Cocling, * Kaclin water
Filter Fead, Lime and Ash Slurriss * Carbon slumry
+ Sand & Aggregate - Sand Slurries, ¢ Lime mud
Tailings * Precipitated CaCOs
Materials: HC 600, Endura Chrome Materials: Cast Iron, High Chrome Iron,
e 316SS, CDAMCuN, Endura Chrome
& . = : ;
i ALERT®2 sensor installed (see pg 38 for detaw\s)ﬁ Cm_m_nf i |
Goulds SRL / SRL-C / SRL-S / SRL-XT Goulds 5500
Abrasive and Corrosive Slurry Handling Severe Duty Slurry
The SRL pumps are designed to handle the toughest abrasive slurry. The “Werkherse” of severe duty slurry pumps. It's not enly built
Features include wear-resistant rubber liners for maximum life and tostand up to the toughest services, but the Modd 5500 is also
engineered for ease of maintenance. The SRL-S uses a Shearpeller® for designed for extreme ease of maintenance. A heavy duty power
froth applications. end, extra thick wall sections and easily replaceable wear parts add

up to long, reliable operation.
* (apacities to 3,861 m¥h | 17,000 GPM
* Heads to 139 m | 425 ft
* Temperatures to 121°C | 250° F
* Pressures to 35 bar | 500 PSIG
* Solids to 127 mm | 5in

* Capacities to 4,542 m#h | 20,000 GPM
¢ Heads to 50 m | 164 ft

* Temperatures to 121°C | 250°F
* Pressures to 28 bar | 400 PSIG

Applications:

* Sag Mill

* Rod & Ball Mill Applications:

* Primary & Secondary * Tailings

Cyclone * Thickener Underflow

* Thickener Feed * Pipeline

* Fotation Feed * Potash

* Tailings * Mud Disposal
Lining Materials: Natural Rubber, Neoprene, Materials: High Chrome Iron, CD4MCuN,
Nitrile, Polyurathane, Chlorobutyl, Hypalon, Endura Chrome
EPDM, Ceramic Composites and Metal Alloys

[mEm m | O
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Goulds HS
Hydro Solids

For handling sludges and slurries containing large solids, entrained air,
fibrous materials, corrosives and abrasives. Features recessed, non-cleg

impe
.

Appli
.

Matel
Iren,

L

ller.

Capacities to 1,590 méh | 7,000 GPM

Heads to 43 m | 140 ft
Temperatures to 93°C | 200° F
Pressures to 7 bar | 100 PSIG
Solids to 254 mm | 10 in

cations:

Waste Treatment — Raw Sewage
Sewage Sludge, Water, Resin, Fiber
Water & Ashes, Textile Mill Effluent
Pulp & Paper — Paper Stock, Plant
Effluent, Black Liqucr, Filtrate

Food Processing - Beet Pulp, Dirty
Water, Vegetable Rafuse, Lemons,
Tomato Wash Water

Foundries & Steel Mills - Mill Scale
Water & Slag, Grit

Agriculture - Liquid Manure, Drainage
Mulch, Seed, Water, Cane Wash, Sprigs

Wood, Fiber

Manufacturing - Paint Sludge, Plant
Sewage & Sludge, Floor Wash, Clay
Slip, darifier Sludge

rials: Cast Iron, High Chrome,

31655, (4AMCuN

Abrasives/Solids Handling

Centrifugal Pump Selection Guide @58
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Multistage/Double Suction

Goulds 3393*

High Pressure Multistage Ring Section Pump

Radially split, segmented casing, multistage pump designed with modular
interstage compenents. Its multiple suction nezzle and discharge nozzle
orientations allow adaptation to multiple piping installations. Multiple
hydraulics for each pump size optimize efficiency across a vast range of
applications. These pumps are particularly well suited for reverse os mosis,
boiler feed, cogeneration, shower/spray senvice, pressure boosting and
high pressure cleaning applications.

+ Capacities to 750 m3h | 3,300 GPM
* Heads to 1,000 m | 3,300 f

* Temperatures to 177°C | 350°F
* Pressures to 114 bar | 1,650 PSIG

Applications:
* Reverse osmasis
* Boiler feed
* Cogeneration
* Shower / spray service
* Pressure boosting
* High Pressure Cleaning
* Snow making

Materials: 12% chrome, duplex and
super duplex stainless steels, Other materials available upon request.

]*i ALERT®2 sensor installed (see pg 38 for dcta’\\s)é B

Goulds 3935
Centrifugal Diffuser Multistage
Centrifugal diffuser type multistage pumps well suited for boiler feed,
reverse osmosis, petrachemical and hydrocarbon services.
* Capacities to 28 m?th | 125 GPM
* Heads to 792 m | 2,600 ft
= Temperatures to 204°C | 400°F
* Pressures to 103 bar | 1,500 PSIG

Applications:
* Reverse Osmaosis
Boiler Feed
Descaling
High Pressure/High Temperature Cleaning
Spraying Systermns
Hydraulic Systems
Process Water
Petrochemical & Hydrocarbon Service
Transfer
All Low Flow Applications — where efficiency
is critical

.

-

Material: Carbon Steel. Other materials available upon request.
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Goulds 3316
Two-Stage Splitcase
Horizontal split case pumps are ideally suited for boiler feed, mine
dewatering and other services requiring moderately high heads with a
wide range of operating conditions.
Capacities up to 681 m¥%h | 3,000 GPM
Heads to 305 m | 1,000 ft
Temperatures to 177°C | 350° F
Pressures to 38 bar | 550 PSIG

Applications:
* Boiler Feed
* Mine Dewatering
* Booster
High Pressure Process
Condensate
High Prassure Cleaning

Materials: Bronze-fitted, Cast Iron, 31655,
SS-Fitted. Other materials available upon request.

Goulds 3355
Multistage
Multistage ring section pump designed for high pressure services including:
reverse csmosis, shower service, boiler fead and much more.
* (Capacities to 340 mé/h | 1,500 USGPM
* Heads to 500 m | 1,640 ft
* Maxspeed to 3,600 min-1 | 3,600 rppm
* Discharge freom 1'%2in to 5 in
* Temperatures to 140° C | 280°F
* Pressures to 55 bar | 800 PSIG

¢ Condensate Return
* Deaerator

* Reverse Osmosis
Shuwer,fSpr.Jy Service
Mine De-watering
Qeaning Systems
Seal Water Booster
Product Transfer
Reactor Fead
Pressure Boosting

Materials: Stainless Steel,
Stainless Fitted. Other materiak available upon request.

[G)GOULDS PUMPS [Ftmezx)
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Multistage/Double Suction

Goulds 3409
Medium Capacity
* Capacities to 2,725 né/h | 12,000 GPM
* Headsto 259 m | 850 ft
* Temperatures to 120°C | 250°F
* Working Pressures to 2758 kPa |
400 PSIG

Applications:

Process — Quench water, Stripper
bottoms, Reboiler circulation, Cooling
tower

Pulp & Paper — Primary and secondary
cleaner, filtrate, mill water supply Fan
pump, Headbox supply, Shower
Primary Metals - Cooling water, quench
and leaching

Municipal - High lift, low lift, wash
water, waste water, raw water

Power Generation — Cooling tower,
Compenent cooling, Service water, Ash
Sluicing, Heater drain

Marine - Bilge and ballast, cargo, cocling
water, fire pump

General - River water, Brine, Sea water

Materials: Cast lren / Bronze, All Iron,

Cast Iron / Stainless Steel, Cast Iron / Ni-Al-Br,
All stainless Steel. Other materials available
upen reguest.

(1724 kPa)

Goulds 3420

Large Capacity

Capacities to 14,762 m¥h | 65,000 GPM
Heads to 122 m | 400 ft

Temperatures to 135°C | 275%F

Working Pressures to 1379 kPa |

200 PsIG

Applications:
Process — Quench water, Stripper bottoms,
Rebciler circulation, Cooling tower

Pulp & Paper — Primary and secondary cleaner,
filtrate, mill water supply Fan pump, Headbox
supply, Shower

Primary Metals - Cooling water, quench and
leaching

Municipal - High lift, low lift, wash water, waste
water, raw water

Power Generation — Cooling tower, Component
cooling, Semvice water, Ash Sluicing, Heater drain
Mearine - Bilge and ballast, cargo, cooling water,
fire pump

General - River water, Brine, Sea water

Matenials: Cast lron / Bronze, All Iron, Cast Iron /
Stainless Steel, Cast Iron / Ni-Al-Br, All Stainless Steal.
Other materiaks available upon request.

(1724 kPa)

Goulds 3410
Small Capacity
* Capacities to 1,817 méh | 8000 GPM
* Headsto 174 m | 570 ft
¢ Temperatures to 177° C | 350°F
* Pressures to 1,724 kPa | 250 PSIG

Applications:

Process — Quench water, Stripper
bottoms, Reboiler circulation, Cooling
tower

Pulp & Paper — Primary and secondary
cleaner, filtrate, mill water supply
shower, fan pump

Primary Metals — Cocling water, quench
and leaching

Municipal — High [ift, low lift, wash
water, waste water, raw water
Utilities — Cooling tower, component
cooling, service water

Marine - Bilge and ballast, cargo,
cooling water, fire pump

Materials: Cast Iron / Bronze, All Iron, Cast
Iron / Stainless Steel, Cast Iron / Ni-Al-Br,
All Stainless Steel. Other materials available
upen request.

(1724 kPa)

Goulds 3498
Extra Large Capacity
* (apacities to 18,000 m/h | 80,000 GPM
* Heads to 244 m | 800 ft
* Temperatures to 135°C | 275%F
« Working Pressures to 200 PSIG

Applications:

* Process — Quench water, Stripper bottomns,
Reboiler circulation, Cooling tower by

* Pulp & Paper — Primary and secondary cleaney, e
filtrate, mill water supply Fan pump, Headbox
supply, Shower

* Primary Metals - Coocling water, guench and
leaching

* Municipal — High lift, low lift, wash water,
waste water, Raw water

* Power Generation - Cooling tower, Component
cooling, Service water, Ash Sluicing, Heater
drain

* Marine - Bilge and ballast, cargo, cooling
water, fire pump

» General - River water, Bring, Sea water

Materials: Cast Iron / Bronze, All lron, Cast Iron /
Stainless Sted, Cast Iron / Ni-Al-Br, All Stainless Steel.
Other materials available upon request.

(1724 kPa)

[@)GOULDS PUMPS [z
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able for list o ht color-coded market de:

Axial Flow

Goulds Axial Flow*®
Axial Flow
For continuous circulation of corrosive/abrasive solutions, slumies, and
process wastes. Fabricated dbow or cast elbow designs available. Most
suitable for low head, high capacity pumping.
* Capacities to 68,000 mh | 300,000 GPM
* Headsto 9.2 m | 30 ft
+ Temperatures to 176°C | 350°F
able in cast iron, austenitic stainless steek, duplex alloys, nickel,
kel-chrome alloys, nickdl-chrome-maly alloys, fitanium and cther
alloys as required for the service
* Availablein & - 66 inch sizes (larger sizes on application)
Materials: Cast Iron, 304SS, 3165S,
D4AMCu, Nickel, Monel, Alloy 20,
904L, Titanium, Hastelloy, Sanicro 28.
Other materials available upon request.

L [T THI |

Rheinhiitte RSU

Axial flow centrifugal pump in metal

Herizontal chemical circulating pump type RSU is designed

for high flow rates at relatively low heads. By using specially
designed screw impellers or propellers in Siguss is excellent
suitability for the circulation of different acids, e.g. for the
evaporation of spent and contaminated sulphuric acids. In
order to achieve a sufficiently resistant - usually difficult to cast
and machinable - materials, armoured versions are available.

14970 GPM

Capacities to 3400 m3/h
Heads to 6 m |20 ft
Temperature ranges from
-40 °C to 150 °C | -40 °F to 302 F
Pressures to 6bar | 87 PSIG

Applications:
* H2504 regeneration
* crystallizing fithium sulfate
+ Titanium dicxide

Materials:
* SIGUSS (A 518 Grade 3)

28

Centrifugal Pump Selection Guide

Applications:

Evaporator and
Crystallizer Greulation

Mining & Minerals - Phosphate, Scda
Ash, Potash and Scdium Chloride
Processing

Petrochermical - Polymerization
Reactors, Xylene

Pulp & Paper — Black liquor evaporater,
Chlerine dioxide generators
Municipal - Sewage digesters
General - Raw water pumping, Flood
control, Marine ballast transfer

Chemical

Rheinhiitte RPROP
Axial flow centrifugal pump in metal
Pumps of type RPROP are horizontal, axial
flow circulation pumps, which are fitted
in standard with propeller impeller and
could be executed in special cases also with
inducer impeller. Additionally, there is a
close-coupled design (RFROPF) available,
which can be installed suspended in the
Pipeline. Tha RPROPF can ako be executed
with propeller or inducer impeller, but the
flow direction is only cne-sided. This pump type is installed
in evaporation plants, crystallisation plants, pulp and paper
industries, plastic proeduction, regeneration plant for spend acid
and reaction solutions and production of titanium dioxide.

* (apacities to 8500 m3th | 37424 GPM

* Heads to 6,5 m | 21 ft

* Temperature ranges from

-20 °Ct0 150 °C | -4 °F to 302 °F
* Pressures to 6 bar | 87 PSIG

Applications:

Crystal suspensions, brine, seawater, cellulose mash, abrasive
media, aggressive acids and alkaline sclutions. Crystal
suspensions, brine, seawater, cellulose mash, abrasive media,
aggressive acid, alkaline sclutions, food and beverage.

Materials:
* 12 different Nickel based
cast steels and Titan

rmaterials, high alloy

[G)GOULDS PUMPS [stmeex)
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See page 4-5 table for list of eight color-coded market designations.

Vertical Mixed & Axial Flow

Goulds VIC (VS6)

Vertical Can-Type

A wide range of hydraulic conditions allows
meeting requirements of virtually every pumping
senvice. Designed to meet custom specifications
of the user.

Model VIC can-type turbine meets APl 610
specifications.

Capacities to 15,900 m¥h | 70,000 GFM
Heads to 1,067 m | 3,500 ft

Pressures to 176 kg/cm?® | 2,500 psi

Bowl sizes from 152.4 mm to 1,400 mm |
6" to 55”

Temperatures to 204°C | 400°F
Horsepower to 3730 KW | 5,000 HP

Applications:

* Pipeline Booster
Product Transfer, Refinery Blending
Injection-Secondary Recovery
Chemical Transfer
Boiler Fead

Condensate
Cryogenics NSE
LNG Transfer

Light Hydrobarbons
* Water Services

.

.

.

Materials: Any Machinable Alloy

*i-ALERT*2 sensor installed (see pg 38 for deta’\\g)@

L

Goulds VIDS (VS2/VS7)
Double Suction Vertical Pump
Unique specific designs that optimized results. Each
model of the VIDS line is customized to conform to
project specifications. They are available in open pit or
can configurations.

= (Capacities up to 15,900m3h | 70,000 GPM
Heads to 244 m | 800 ft on single stage
configuration
1,060 m | 3,500 ft on multi-stage configuraticn
Temperatures to 204° C | 400°F
Pressures to 76 kg/cm? | 2,500 psi
Horsepower to 3,730 kw | 5,000 hp Maximum
suspended solids concentration (1 stage): 10,000
PPM

.

.

Applications:

Pipeline Booster

Product Transfer, Refinery Blending
Injection-Secondary Recovery
Chemical Transfer

Boiler Feed

Condensate

Cryogenics

LNG Transfer

Light Hydrocarbons

* Water Services

Dirty water

Sea water

Reclaim & process water

.

Materials: Any Machinable Alloy

*I-ALERT*2 sensor installed (see pg 38 for de[:—.’w\s)v

[@)GOULDS PUMPS  [mrezm]

Goulds VIT (VS1)
Vertical Turbine
A wide range of hydraulic conditions allows
meeting requirements of virtually every pumping
senvice. Designed to meet custom specifications of
the user. Model VIT can-type turbine meets API-
610 specifications.

* Capacities to 15,800 m*h |70,000 GPM

¢ Headsto 1,067 m | 3,500 ft

* Pressures to 176 kg/em? | 2,500 psi

* Bowl sizes from 152.4 mm to 1,400 mm|

6" to 55"
* Temperatures to 204°C | 400°F
* Horsepower to 3,730 KW \ 5,000 HP

Applications:
* Cooling Water
* Seawater & River Water Intake
* Industrial Process Pumps
« Uiility Girculating Water
* Condenser Girculating Water Pumps
* Fire Senvice

* Reclaimed Water NsF
Materials: Any Machinable Alloy -
*I-ALERT*2 sensor installed {sea pg 38 for details) ﬁ
L [ T

Goulds VICR (VS6)
Vertical Multistage Low Flow, High Head
A wide range of hydraulic conditions with a competitive advantage
due to its compact design and reduced number of stages from
the radial impeller configuration that can produce more head per
stage.
Model VICR can vertical multistage low flow, high head meets
APl 610 specifications

* Capaci to 636 mé/h | 2,800 GPM

* Headsto1,372m | 4,500 ft

* Temperatures to 204°C | 400°F

* Discharge flange sizes from 38 mm to 203 mm | 1.5" to 8"

* Powers to 3,000 KW | 4,000 hp

Applications:
* Pentane, Propane, LPG and other light hydrocarbons with
specific gravities ranging from 0.2 to 1.0
« Hotwater applications such as Boiler feed water
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Wti ALERT®2 sensor installed (see pg 38 for details) 6

Vertical Mixed & Axial Flow

Goulds VCW (VS 1/VS3)

Vertical Mixed & Axial Flow

Custom designed for maximum refiability and
high efficiency.

Capacities to 91,000 m¥/h | 400,000 GPM
Heads to 180 m | 600 ft
Powers to 7,500 KW | 10,000 hp

Materials: Bronze Fitted, All Bronze, SS Fitted, Ni Resist, All SS

VCW Hydraulic Coverage Chart 50 Hz

VCW Coverage Chart 60 Hz

e 011

30
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sle for list of eight color-coded market designations.

Vertical Mixed & Axial Flow

Goulds VIS

Vertical Submersible

For deep settings or where use of lineshaft pumps
is impractical. For irrigation, service water, deep
well supply, offshore and mine dewatering.
Capacities to 15,900 m¥h | 70,000 GPM
Heads to 1,067m | 3,500 ft

Pressures to 176 kgfcm? | 2,500 psi

Bowl sizas from 152.4 mm to 1,400 mm

"y

6" to 55"
Applications:
* Irrigation
* Service Water
* Deep Well
* Sea Water Lift
Materials: Any Machinable Alloy

[y
Goulds VMP
Vertical Marine
Goulds Model YMP pump is an automatically
self-priming unit designed specially for efficient
unloading and stripping of product tankers and
barges.
* (Capacities to 4,542 méh | 20,000 GPM
* Heads to 194m | 635 ft
s Temperatures to 120°C | 250°F
Applications:
* Product Stripping
* Ship Fire Pumps
* Ballast Pump
* Bilge
* Fuel Oil Transfer
Materials: Any Machinable Alloy
L o,
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Bearings & Bearing Housings & Filters

To get superior MTBF you need two things: Optimum pump The Ball/Ball and Sleave/Ball 360° i-FRAME bearing housings
hydraulics and a robust pump structure. The new 360°i-FRAME  have enhanced air cooling with axial fans and without the need
housings deliver on the second point by providing a premium for cooling water. The NDE side comes standard with a guarded

robust housing with unigque features that raises the bar on what  extension to accept a fan for ease of field retrofit, so if your
you can expect from your pump’s long term performance. These  process needs to change, the fan can be fitted without the
360°i-FRAME bearing housings include the new patented cne need for expensive pump disassembly and installation.
piece design bearing housing for the Ball/Ball bearing

arrangement, as well as the patent pending split bearing

housing for the Sleeve/Ball and Sleeve/Tilt pad bearing

arrangement.

Bearing housings constructed in ASTM A216 Grade WCB carbon ﬁ.
steel. Three bearing arrangements available:

* Ball/Ball bearings
- Duplex 40° Angular Contact Bearing Set on the Non-Drive
End (NDE) to handle radial and axial loads. Bearing set is
supplied with a light clearance
- Deep Groove Ball Bearing on the Drive End (DE) to
handle radial loads

* Sleeve/Ball bearings
- Duplex 40° Angular contact Bearing Set on the Non-Drive
End (NDE) handle axial loads. Bearing set is supplied with a
light clearance.
- Babbitt lined Sleeve Bearings handle radial loads on NDE
and DE (Nen Drive End and Drive End)

* Sleeve/Tilt pad bearings

- Tilting pad Bearings are installed on NDE to handle axial
load.

- Babbitt lined Sleeve Bearings handle radial loads and are
installed on NDE and DE (Non Drive End and Drive End).

- This bearing configuration utilizes an external pressurized
Lubrication Oil System (LOS) to lubricate and cool the
bearings. Both API, standard and custom designed systems
can be offered.

All bearing housings feature a 360° bearing saddle bolted to the
casing positioned with precision dowels for accurate, repeatable
alignment. The 360° bearing saddle is optimized for stiffness
and rigidity of connection between the pump casing and
housing along with increased bolt diameters. This provides Bearing housing put through rigorous testing.
significantly increased stiffness, resulting in reduced vibration.

The bearing housing exterior includes distinctive cooling fins

optimized by CFD/FEA analysis to aid in heat dissipation.

£l Centrifugal Pump Selection Guide @GOULDS PUMPS | B"nfﬁ'g'é'ﬁ
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Bearings & Bearing Housings & Filters

Bearing oil contamination by wind-blown sand and dust
together with atmaospheric moisture are major contributors to
bearings failing well before their design life. In an industry first,
all Ball/Ball and Sleeve/Ball include a cartridge filter assembly
that will help safeguard the bearing oil from debris
contamination. The patent pending filter cartridge will also
continuously work to scrub dissolved water from the bearing oil
utilizing specifically engineered moisture absorbing materials
built into the filter. The design allows for easy changeover of
filter cartridges even while the pump is operating — no need to
stop your process. All this additional reliability is achieved
without the need for additional oil pumps or piping - no
additional system complexity, monitoring, or control overhead.

Qil with Particulate**
Run time = 72 hrs* | Run ime = 314 hrs* | | [ Runtime = Ohrs* | Runtime = 72 hrs* |
| Black Oil | Result dlean ail | | Cloudy il | Result dleancil |

*Continuous operation at 3100RPM
**Test dust used is ISO 12103-1, A3 Medium test dust

Another smart feature included as standard is the award
winning, i-ALERT® 2. This provides class leading continuous
machine monitoring with comprehensive wireless reporting
including diagnostic quality vibration FFTs and operating history
to the mobile phone or tablet of your choice. The bearing
housings come equipped as standard with constant level
oilers!, sight window' and provisions for instrumentation
including: RTD's, proximity probes!, and accelerometers. If your
monitoring needs changein the future, this comprehensive
approach allows field retrofitting of almost any monitoring
scheme without replacing your bearing housings or relying on

ad-hoc instrument mounting.

‘where appropriate, based on the bearing arrangement purchased.

[@)GOULDS PUMPS [z
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Reliability has no quitting time. services

Building on centuries of pump design experience, PRO Services provides an array of services
focused on reducing equipment total cost of ownership (TCO) and increasing plant output,
including condition monitoring, predictive maintenance contracts, field service, engineered
upgrades, inventory management, and overhauls for pumps and other rotating equipment.

Installation and
Commissioning

OEM Pump Parts

Root Cause
Failure Analysis

Asset
Performance

Inventory

Condition
Monitoring

Re-Engineered Parts

[GG0ULDS PUMPS
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. 00000 ]
Pump Upgrades

ITT PRO Services provide upgrades engineering services for a
wide range of pumps.

Re-engineering hydraulics

is a the best way to address the root cause of many pump and
system damaging mechanisms. ITT PRO Services is experienced
at hydraulically re-rating any manufacturer’s centrifugal pump
for parameters such as Flow/Head, NPSH,Suction Recirculation,
and Efficiency through dedicated aftermarket hydraulics
engineering and laser scanning and casting technclogies.

Custom drop-in replacement pumps

allow users to fit the hydraulic they need into the footprint
available in order to save on piping, foundation, electrical, and
civil work often required to completely change a pump train.
This solution brings to bear the full capabilities of ITT PRO
Services aftermarket machanical and hydraulic expertise with the
fullbacking of an industry leading CEM of centrifugal pumps.

PRX-0OH2 Back Pull-out Upgrade

is a back pull-out assembly which provides a complete
replacement to your existing equipment while keeping the
existing impeller and casing.

PRX-VSR Rebowl of Vertical Turbine Pumps

offers a more economical solution than a complete new pump,
rebowling a pump could be the best option for many pump
problems with no disturbance to the existing piping and re-
using some of the original pump parts such as the discharge
head,mounting plate and the driver.

PRX-CBS

program exists to replace the internal bundle of a BBS barrel
pump to tailor hydraulics and provide quick sparing with
minimized downtime.

[@)GOULDS PUMPS  [warezm]

277



[
ITT OEM and Re-engineered Parts

In addition to providing OEM parts for the full suite of ITT pump brands, we also supply
replacement parts for all other pumps helping to solve pump performance or part supply issues
for obsolete equipment.

Utilizing global engineering center capability, regional manufacturing resources, combined with
the latest available technology, PRO Services is able to re-engineer parts to improve hydraulic
performance and equipment life cycle.

All parts meet or exceed OEM specifications at very competitive pricing and often with faster
lead times. These parts deliver the advantages of ITT's advanced modeling capabilities and
integrated pattern shop, and more than a century of pump design and manufacturing
experience for a variety of applications worldwide.

Centrifugal Pump Selection Guide @GOULDS PUMPS | B";?;‘.'E‘é'.:

278



PRO Services brings its expertise and global
coverage to support your equipment on site to
ensure reliable, trouble free operation. Our Field
Services team are experienced at supporting all
types of pumps and rotating equipment. Using

the latest industry equipment and capabilities we
can provide a variety of services including
installation & commissioning, machine analysis,
removal and installation services and field repairs 24
hours a day, 7 days a week, 365 days a year.

[GGOULDS PUMPS [t
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. ]
i-ALERT®2 Monitoring Solution

Sensors | App | Ai Platform | Gateway www.siertcom

O Buetooth
i-ALERT® Sen Process Monitoring

Directly measure and monitor the pressure and
Monitor temperature of any process fluid. Build long
Tracks vibration, temperature & term trends and capture transient events with
run-time hours 24/7/365. the builtin data logger.

Alarm Technical Specifications
Takes high resolution data when an alarm condition occurs Pressure: -14.7 to 10,000 psi
and stores it for later analysis. Temperature: -20°C to 85°C (-4°F to 185°F)

Wireless: Bluetooth V4, Range 30-100m (100-300ft)
Trend Data Storage: 300 Days (based on hourly data)
Captures data every 1-60 minutes and has up to 170 days of Power: 2 Year Replaceable Lithium Battery (use dependent)
hourly on-board storage. Enclosure: P68/ NEMA4x

Wetted Material: 17-4 Stainless Steel
Analyze

Diagnose machine faults with vibration tools
Fast Fourier Transform (FFT) & Time Wave Form Analysis. i-ALERT® Gateway
Environment

Rated for any industrial environment. water & dust resistant.
Intrinsically Safe with a 3-year battery life (use dependent).

Secure Connection ® —
The i-ALERT Gateway provides a secure {-ALERT Gatowray

connection between the -ALERT sensors and

* ATEX Zone 0 AExa IIB Ga (Groups C & D) the i-ALERT Ai portal. Apply power and let the I
Wirsless gatewa: au;oma‘?.ca\ly CTFHGCT to the cellular . — 4
Sync data via Bluetooth Smart enabled .rwetwor B s gukeal e ALEN, Seusas w
smartphones and tablets. N rangs:

Technical Specifications

Cellular WAN*: (TE, 3G

Bluetooth: Bluetooth 4.0 (Max 12.5 dBm)
Wireless Range: 30-100m (100-300ft)
Power: 120-240VAC or 6-90 VDC
Temperature: -30°C to 60°C (-22°F to 140°F)
Enclosure: P68/ NEMA4x, Class 1 Division 2

i-ALERT® Ai Online Plateform

Monitor and manage all of your
I-ALERT® 2 enabled machines and
sensors in one place. This
subscription service requires no
software to download or dedicated

Online Monitoring

Menitor and manage all of your i-ALERT® 2 enabled machines
in one place - i-ALERT Ai Online Platform. This subscription
service requires no software to download or dedicated
hardware to run.

hardware to run.

Spend less time collecting data and more time fixing problems. The

i-ALERT mobile app has the ability to scan multiple i-ALl 2
sensors within range to quickly and safely inspect multiple machines

Centrifugal Pump Selection Guide @GOULDS PUMPS | B"Jﬁ'#‘éﬂ
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PumpSmart® Control Solutions

The industry award-winning and patented pump control
logic delivers real-time control and protection of your pumps
while also providing valuable process insight. By protecting
against pump failure due to process upsets, PumpSmart
keeps your operation running longer and reduces unplanned
repair activities and expense. By right-sizing your pumps to
your system, we can reduce not only your energy
consumption, but also wear & tear on your process systems.

Features (Low Voltage)

* Smart Flow
This patented feature allows PurmpSmart to accurately
control a process flow WITHOUT a flow meter.

¢ Pump Protection
Provides the operator the ability to set protection for low
flow, no flow, run-out and cavitation.

¢ Flow Economy
Calculates process efficiency by flow of product versus
energy consumption (gprykW).

* Multi-Pump Control
Provides control for up to four pumps in a parallel for
automatic lead/lag changeover, redundancy back-up and
synchronized torque control while still communicating to a
field bus or DCS system.

¢ Options and Engineered Solutions
Available in a low-harmonic configuration quaranteed to
meet IEEES19 harmonic specifications for industries
requiring low-harmonic distortion on the utility line.

Features (Medium Voltage)

* Pump Protection & Predictive Monitoring
Takes intelligent control of your pumping system to ensure
it operates within the parameters needed for maximized
output and it also prevents damage due to process upsets
which cause critical “downtime”.

¢ Multi-Pump Control — Load Balancing
Ability to monitor or control multiple pumps while
operating in parallel or series piping plans.

* Upgrade and Improve your standard Medium
Voltage VFD Pumping System!
Ability to analyze existing VFD controlled systems and give
operators visibility to pump systerns.

Patented logic can improve overall system relizbility and
predictive monitoring capabilities.

RHEINBOTTE
.PU MPEN

[@)GOULDS PUMPS

Features (Engineered Solutions)

* Pre-Engineered or Custom Engineered Solutions for any pump
project

* Dedicated Global Resources for design, drawings and site
support

* Integrated Solutions for high energy centrifugal or PD type
pumps

* ITT PumpSmart takes ownership of a fully integrated efficient
pumping solution

20
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Visit our website at

www.gouldspumps.com

www.rheinhuett
wWww.ittproservice

Pick Your Perfect Process Pump
Whether it's for severe corrosives, abrasive slurries, fibrous/stringy solids, high temperature liguids,

hazardous fluids, low flow or high capacity services — Goulds Pumps and Rheinhitte pumps have a
perfect, reliable solution. Our selection of fluid solutions includes horizontal and vertical

configurations in a range of alloy and non-metallic constructions, sealed and sealless. Goulds Pumps'

and Rheinhiitte pumps have a wide range of products ensures that we have the right pump for

virtually every application.

Pump Selection Checklist

The following Pump Selection Checklist is designed to assist users in reviewing most pump reguirements for ultimate

selection of the best pump. Your Goulds Pumps and Rheinhltte pumps representative has been specially trained in pump

application and should be contacted to assist in final pump selection for optimum reliability and safety.

1A SYSTEM

Service:

Total Dynamic Head:
NPSH Available:

Suction Pressure:
Minimum Flow Rate:
Total Working Pressure:

1B

PumpSize o
Impeller diameter
HP, efficiency
NPSHR__
Minimum Purmp Flow

Speed (RPM)

GOULDS
PUMPS

2A LIQUID PROPERTIES

Vapor Pressure:
Specific Heat __
Viscosity: e
Solids Size/ Content:
Specific Gravity:
Temperature:
Characteristics: (flammable,
explosive, carcinogenic, toxic,
noxious, regulated, etc.):

2B

Materials of
Construction
Bearing ceoling
Sealing / flushing
Requirements
Jacketing for
Ceeling / heating_

I RHEINHUTTE
PUMPEN

3A SAFETY / ENVIRONMENTAL

UL label {(explosion-procf
enclosures)

[ Regulations {government,
local, plant)

U Terperature limits

[ Fugitive emissicn limits

[ Product purity

[ Best Available Control
Technology

0 Reporting requirements

3B

Explosion-proof enclosures

Safety protection options

Coupling guard options

Casingdrain
Flange opfions -
O-ring materials_

PR®T

services

ITT Brands

240 Fall Street

Seneca Falls, NY 13148
Phone: 315.568.2811
Fax: 315.568.2418
www.gouldspumps.com

RHEINHUTTE Pumpen GmbH

Rheingaustrale 96-98 — 65203 Wiesbaden — Germany
Tel: +48 (0)611 604-0 — Fax: +49 (0)611 604-328

info@rheinhuette.de
www.rheinhuette.de

® 2020 ITT Goulds Pumps Inc.

4A ECONOMY / RELIABILITY

[ MTEF requirements

[J Lubrication

[J Cooling / Heating

[ Operater experience

[J Operator maintenance
[ Extra product filtering
[ Ease of installation

48

Type of lubrication ——
Start-up assistance
Operator training
Maintenance training
Baseplate options

Oil seal options

Member of

WL hdralic

B.PSG.an-US.2020-03
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AUL MUELLER COMPANY

Get to Know Mueller® BioPharm Systems

Since our inception in 1940, Paul Mueller Company has evolved from a small scale fabricator into a
global process solution provider with ane million square feet of manufacturing space. Mueller® offers a
full range of tanks from shop-fabricated alloy vessels up through 20 feet in diameter to field-fabricated
vessels up through 2,000,000 gallons; furthermore, we offer integrated systems, modular fabrication,
field construction, plant maintenance and repair, and complete turnkey project execution. Our facility
is uniguely qualified to handle large and complex fluid handling systems from project concept through
installation. Mueller products are used in over 100 countries in a wide variety of applications. Paul Mueller
Company delivers outstanding equipment and unique solutions to the process industries with our
technical expertise, innovative engineering, and manufacturing resources.

We know that building a quality product starts from the ground up. Our unprecedented purpose is to
make your system as valuable and efficient as it can be, and to guarantee that you receive the highest
possible quality in our processes and products. With our skilled craftsmen, quality materials, and one of
the best technologically advanced manufacturing facilities in the country we are able to build
exceptional products at a reasonable price.

Mueller products are made by our highly skilled craftsmen, whose average experience exceeds 15 years.
Qur process is well defined and consistently developed. Each Mueller team member fully understands
the importance that their individual roles play in producing a quality product. On any given day, their
talent and pride of workmanship can be observed in any our praduction areas. Our central United
States production facility lowers your transportation costs and speeds delivery of product to your
location.

Mueller Transportation, Inc. lets us provide you with competitive delivery rates on standard products,
as well as dedicated handling for large or critical delivery items. We offer a perfect package by working
directly with you to resclve any transportation issues.

Mueller Field Operations, Inc. offers our customers more versatility and flexibility. Our field construction
capabilities allow us to install Mueller advanced products at a low cost.

Factory technicians and field service available. Mueller offers rapid response to your service needs with
trained factory personnel knowledgeable in all aspects of Paul Mueller Company equipment.

The Mueller Reputation

Every piece of Mueller BioPharm processing
equipment Is precision engineered for quality
form and fit, close tolerances, and high quality
finishes. You can depend on Mueller to deliver
a product that will perform reguired functions
and offer reliable product protection.
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Our Philosophy is Simple:
We are committed to meeting and exceeding our customers’

expectations of value by providing high quality equipment,
excellent service, and complete process solutions.

Mueller BioPharm Tanks

For decades, Mueller has been recognized as a trusted supplier of tanks and vessels to the pharmaceutical and
biotech industry, and our cumulative experience in this field is unrivaled. From smailler portable tanks and “smart”
tanks to larger processing vessels, we have the capabilities and engineering, manufacturing, and documentation

resources to deliver your custom BioPharm tanks as required.

We provide you with a vast array of services, including a diverse engineering organization with specialists in the
areas of heat transfer, agitation, and CIP, in addition to the most technclogically advanced manufacturing capabilities.

Qur extensive tank and vessel manufacturing capabllities, one million square foot facility, and hundreds of production
workers and craftsmen allow us to provide the entire scope of these products in-house. Mueller manufactures 100%
of the heads, shells, manways, and heat transfer surface within our facility. This, in conjunction with our
electropolishing capability, lets us control the entire scope of supply for your tank or vessel. This means that you
can expect tight control of quality and schedule throughout the manufacturing process, consistent documentation,
and on-time delivery via Mueller Transportation, Inc,

In addition, we offer installation, full Factory Acceptance Testing (FAT), and extensive standard documentation
packages, or we can supply a custom package to meet your project’s specific needs. From projects requiring a
single portable vessel to multiple quantity large vessel orders, let Mueller BioPharm Systems contribute to the
success of your next project!
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BioPharm Tanks
Portable Tanks

Mueller offers you a full range of portable vessels. Our engineering
and manufacturing staff has decades of experience in the design
and manufacture of portable tanks with heat transfer, agitation,
top-head manways, and virtually any requirernent that might exist.

“Smart” Tanks

A recent trend in the Biopharm industry, a “smart” tank is a vessel which
has most or all of its required control hardware and capability integrated
onto the vessel itself or an attached skid.

Our vessel capability, coupled with our highly skilled controls group, can
meet all of your requirements for such a project. From initial consultation
to software programming and FAT, we can meet your most complex
project requirements.
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Processing Tanks

Paul Mueller Company has the capability to fabricate the
largest and most complex processing tanks the biopharm
industry requires. We are experienced working with material
from thin gauge up to one inch thick with any combination
of fittings, manways, heat transfer, and mixing equipment.
These capabilities mean there is aimost no limit to the level
of complexity and size of vessel we can manufacture.

We rmanufacture a wide range of heat transfer products,
which means we can provide precise temperature control
to meet your reguirements, along with a variety of agitation
devices for critical aseptic applications. Qur capabilities also
allow us to offer all surface finishes utilized in the biopharm
industry.

Bioreactors and Fermenters

Paul Mueller Company custom bioreactor and fermentation
systems are fully instrumnented and integrated skid mounted
systems built and designed to your custom specifications.

The complete systems are offered in sizes ranging from 20
liters to 25000 liters to meet your unique needs.

The equipment can be fully tested in our shop at elevation
closely meeting the actual utllity parameters at the
installation site. We can even ship these systems using our
own fleet of trucks.
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Affordable High-Purity Water Storage

Water-for-Injection Tanks

Mueller WFI tanks are engineered specifically for the special needs of the pharmaceutical and biotech industry.
They consist of a Type 316L stainless steel vessel and utilize sanitary clamp style connections, an aseptic manway,
and a spray ball for interior sanitization. Chloride-free insulation surrounds the tank's sides and bottom, which is
covered with Type 304 stainless steel outer sheathing. The vessel and all components are fabricated to the
requirements of ASME Section VI, Division 1. Standard tank sizes range from 250 to 15,000 gallons (945 to 56,780
liters) to satisfy a broad spectrum of capacity requirements. Custom fabrication is also avallable.

Specifications

Spare Connection
Upper Level Connection

CIF/SIP inket Comection-
Aseptic Hinged Manway.
Infet Conrection

2

Rupture Dise Cornaction with.
OptonalRuptire Disc ~

Fressure Gauge Conrection
with Cptional Disl Gauge

Vess—2

Insudation et
Sheathing

Lower Level
Canrection

Features and Benefits

-

Seismic design means strength enough to withstand
earthquakes up to and including Zone 4 conditions.

With Paul Mueller Company's 75 years of experience
in stainless steel fabrication and finishing, qual ity and
reliability in design and construction are assured.

Mueller manufactures a broad range of standard
WFI tank sizes to meet your specific storage needs.
In addition, we offer custom sizes and dimensions
for special requirements.

_H

i

Insulated sides and bottom of vessel helps maintain
WFI| temperature.

Mueller WFI tanks are Integrated with our PyroPure®
stills and pure steam generators and tested as a
system prior to shipment, which speeds installation
by pre-assembly and shop fit-up.

CIP coverage and FAT testing is available. Each tank
comes with a complete documentation package
that speeds validation of your system.

288



Components

Vessel. The ASME Code stamped WFI| vessel has a rating of 40 psig and full vacuum at 300°F. Interior surfaces are
mechanically polished to 25 Ra maximum and then electropolished (BPE SF6) to maintain optimum sanitary
conditions. Exterior surfaces are 2B or mill finish with welds buffed. Mechanically polished material and/or flush
ground weld finishes are available options.

Aseptic Manway. The 18" hinged cpening meets cGMPs standards for validation ease. It has an EPDM O-ring seal
and is made of Type 316L stainless steel to match the vessel. It may be centered on top of the vessel or located off
center, depending upon installation requirements. Silicone and Viton O-rings are available options.

Connections. Standard sanitary clamp-type connections include an outlet connection, inlet connection, CIP/SIP
connection, vent connection, rupture disc connection, pressure gauge connection, upper and lower level connection,
temperature thermowell connection, and a spare connection.

Insulation. A 2" chloride-free insulation surrounds the sides and bottom of each WFI vessel, A 12-gauge, Type 304
stainless steel sheathing is welded around the insulation to seal it from moisture.

Sanitary Spray Ball. When connected to a CIP or SIP system, the spray ball will rinse the vessel interior and top
head with hot water to keep the tank environment sanitary. The spray ball and its components are removable for
cleaning and inspection. The ball is constructed of electropolished Type 316L stainless steel. CIP coverage testing
is available.

Optional Equipment

Heat Transfer Surface. Dimpled heat transfer surface can be included on the bottom of the vessel to keep WFI at
a constant temperature using plant steam. The surface is ASME rated at 125 psig at 360°F and is constructed of
14- gauge Type 316L stainless steel. Additional heat transfer surface on the sidewall is also available.

Rupture Disc. Protects the vessel from excessive pressure buildup when combined with a sanitary port.

Pharmaceutical Vent Filter. Allows air in while protecting stored water from airborne
contaminants with a 0.2 micron hydrophobic, steam sterilizable filter element.
Both the filter and the element comply with requirements for LVP cGMPs.

Temperature Indicator. Provides a digital readout of WFI temperatures
viaan RTD probe.

Pressure/Vacuum Gauge. Stainless steel casing encloses a sanitary
diaphragm pressure sensor. Gauge attaches to the vessel.

Sanitary Level Controller. Monitors tank level and can be set to activate
a level alarm while starting/stopping the connected still.

Vortex Breaker. Prevents problems caused by high draw-off rates.

289



PAUL MUELLER COMPANY

Material and Weld Finishes

Material Finishes

Mueller products can be fabricated with any of the following material finish options. These designations apply to
stainless steel sheet, plate, pipe, and bar.

Types and Descriptions
Hot Rolled (HR). Rough, dull surface appearance. Most scale removed by pickling. Applies to all steel plate
thicknesses above 4", Also available in 7 gauge and 14", Specify where surface finish is a low priority.

2B Mill Finish (2B). A smooth, bright, moderately reflective finish suitable for “as is” specifications or as a preliminary
finish for further polishing. Available only in 10 gauge or thinner sheet material.

No. 3 Finish. A semi-polished surface achieved by finishing with the equivalent of an 80 grit abrasive. This finish has
a pronounced grit line. Typically used with a No. 3 weld finish.

Nao. 6 Finish

i
Industrial Electropolish IND-EP)

2B Milf Finish (28)

L s
No. 7 Finish

Electropolish (EF)

No. 4 Finish. An aesthetic industrial finish with visible
grain that prevents mirror-like reflectivity. Used where
clean industrial surfaces are required. Typically used
with a No. 4 weld finish (150 grit).

No. 6 Finish. This polished finish is achieved with the
equivalent of 240 grit abrasive. Finer grit lines and
higher reflectivity than No. 4 finish. Improved product
release, cleanability, and appearance. Typically used
with a No. 6 weld finish.

No. 7 Finish. Highly reflective surface obtained with
the equivalent of 320 grit abrasive. Minimal grit lines.
Used where product contact surfaces are critical.
Typically used with a No. 7 weld finish.

Industrial Electropolish (IND-EP). Reflective surface
achieved by passing direct current through material
that is suspended in electrolyte. Used where improved
product release or cleanability is necessary.

Electropolish (EP). A highly reflective surface that
provides the level of product release and cleanability
required by the medical, chemical, pharmaceutical, and
electronic industries. Process removes impurities and
surface materials, but may not remove nonmetallic
inclusions that may be present in parent material. Used
to improve release on any of our product material
finishes. Degree of improved performance depends on
weld and material finishes specified prior to EP.
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Weld Finishes

While it is possible to grind and polish every weld on a piece of equipment, in many cases it is not necessary or
practical, The following describes the various weld finishes that are available from Mueller and, where applicable,
the appropriate use of the finish.

Fine Grind (No. 4)

Extra-Fine Grind (No. &)

Uttra-Fine Grind (No. 7)

Types and Descriptions

As-Is (Al). Characterized by fine spatter and smoke and weld discoloration. Tack
welds, start-stop areas, and severe spatter are ground as required for nondestructive
examination of the weld and weld area.

Sandblast (SB). Uniform, dull gray appearance to match cold- or hot-rolled material
finish. Large spatter, slag, and burrs are first removed by grinding. Welds are then
sandblasted to remove weld discoloration on material surfaces, leaving a clean,
banded appearance.

Glass-Bead Blast (GB). Follows sandblasting to produce a satin, gray appearance
closely matching a 2B finish.

Buff (BF). A process in which the weld is brightened. There is minimal removal of
weld material. This finish is not flush and will contain crevices, ripples, silicone islands,
and irregularities in the remaining weld material. Dark lines on either side of the weld
and within the weld ripple may also remain. Generally used on exterior and interior
plate surfaces where finish is not critical. Weld ripple size and appearance depends
on the welding process used. Typically used with HR, CR, and 2B mill material finishes.

Coarse Grind (No. 2) Industrial. Welds are ground smooth but not flush. The upper
surface of the weld bead is removed. Visual pits are not removed. This is not a 100%
flush weld finish. Ra* is not applicable. Characterized by coarse grit lines which may
run inany direction. Discoloration remains on both sides of weld. Used as a preparatory
finish where a flush and uniform surface are required.

Medium Grind (No. 3). Weld is ground flush and all discoloration is removed. A near
sanitary finish generally used where a flush and uniform surface is required. Moderate
grit lines remain. Target Ra is 75.

Fine Grind (No. 4) 150 Grit. Results in an aesthetic industrial finish surface normally
used with a No. 4 material finish for applications where clean industrial contact
surfaces are required. Grain and grit lines are visible. Target Ra is 32.

Extra-Fine Grind (No. 6) 240 Grit. Finer grit lines and higher reflectivity than fine
grind. Improves product release and cleanability. Target Ra s 25.

Ultra-Fine Grind (No. 7) 320 Grit. A highly reflective, sanitary surface with minimal
grit lines. Normally used to provide excellent product release and cleanability. Use
where sanitary product contact surfaces are most critical. Target Rais 15.

*Ra: Roughness average is the maost universally recognized parameter of roughness.
Its arithmetical average definition is measured normal to the centeriine (AA or CLA).
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Heat Transfer Solutions
Heat Transfer Surface

Paul Mueller Company offers a variety of heat transfer surfaces to meet your particular requirements.
Mueller heat transfer surface is ideally suited for applications involving high pressure and temperature
extremes. It can be routinely fabricated in an almost unlimited number of shapes, sizes, and materials
to fit any vessel design. Styles are available for use with almost any type of refrigerant or heating media.
We work closely with you on each project to select the right surface for your equipment.

- \
- \‘
-
- — |

Double-Embossed Half-Pipe Coil

Most commonly utilized in immersion Cur half-pipe coil heat transfer surface
applications, double-embossed Mueller can handle large volumes of flow and
Temp-Plate heat transfer surface helps is suited for high pressure applications
maximize heating and cooling by using and low pressure drop requirements.

both sides of the heat transfer plate.

=TT

i

Q\ =
e com——
Dimpled Single-Embossed
Dimpled Mueller Temp-Plate surface is Single-embossed Mueller Temp-Plate
machine punched and swaged pricr to heat transfer surface is economical to
welding to increase the flow area in use for interior tank walls, tank heads,
the passages. and when a flat side is required.
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Temp-Plate® Heat Transfer Surface
Mueller Temp-Plate heat transfer surface provides
precise, consistent control capability with minimum
pressure drop. Its design provides extremely efficient
heat transfer performance that is more economical
than other competitive types of heat transfer surface.
Temp-Plate has spot-welded and inflated channels
that induce the fluid turbulence necessary to attain
high heat transfer coefficients. Lower flow rates are
essential to achieve the high velocities of heating and
cooling media

Half-Pipe Coil Heat Transfer Surface

Mueller half-pipe coil heat transfer surface handles
large volumes of flow and is suited for high pressure
applications and low pressure drop requirements. It
is ideal for cyclic heat transfer conditions where
heating and cooling cycles occur several times a day,
as it is very resistant to stress corrosion cracking.
Awvailable in a variety of materials, half-pipe coil may
be used for heating or cooling using steam, hot oll,
water, glycel, ammonia, and refrigerants. ASME
Code stamping is available.

Dimpled Heat Transfer Surface
Mueller's dimpled Temp-Plate heat transfer surface
is ideally suited for applications that involve high
pressure and temperature extremes. It is routinely
fabricated in an almost unlimited number of shapes,
sizes, and materials to fit any vessel design. Styles are
available for use with almost any type of heating or
refrigerant media.

10
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Documentation and Validation

Documentation

Material Traceability

The documentation for your system begins before
the first drawing is generated or the first welding
arcis struck Material traceability is established with
the purchase and receipt inspection of materials
and is systematically maintained throughout the
manufacturing and assembly processes.

Process Traceability
Many different processes take place during the fabrication of BioPharm eguipment. Several methods are used to
document that the equipment has been designed, fabricated, assembled, and tested appropriately. These include:

+ Borescope inspection and video capabilities. « Software design specification (as required).
* Factory testing procedures. + Master inspection traveler.
* Inspection records. + Weld records.

Submittals

After receipt of your order, Mueller will send you drawings
for fina approval. These documents define the mechanical
scope of supply and allow procurement and fabrication
of the key components to proceed so the schedule is
minimized while ensuring that the proper equipment will
be supplied. Subsequent submittals are provided for
software and functional testing details as required. We
encourage you to comment and provide feedback on
these documents to ensure compliance with your project
reqguirements.

Turnover Packages —

Per BPE Requirements

The resulting turnover package provides a well organized
and comprehensive validation reference that parallels
customer protocols. In addition to the standard three-ring
hinders, packages are also provided in CD/DVD formats.

IQ/0Q Capabilities

Mueller offers installation qualification (IQ) and operational
qualification (OQ) documents to support cur products.
Execution of these protocols can be performed by Paul
Mueller Company service technicians at the time of start-
up and commissioning.
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Factory Acceptance Testing
Mueller factory acceptance testing starts
prior to your arrival on site with your review
and approval of the test documents. We also
pre-test the equipment prior to your arrival.
Any project specific requirements outlined
in the functional specification and design
specification documents will be checked and
tested as needed.

Validation

As a world leader in water and processing
systems for the finished pharmaceutical, bulk,
AP, biotechnology, medical device, and medical
diagnostic industries, we have extensive industry
experience preparing comprehensive turnover
documentation and validation packages. The
many projects that Mueller has completed have
withstood scrutiny by the numerous customers,
independent validation companies, as well as
the Food and Drug Administration (FDA).

As the pharmaceutical industry has evolved, so has our approach to validation. We are qualified to provide
documentation and validation compliance due to our extensive experience within the industry, our attention to
regulatory changes, and our capability to adapt to each of our customers’ specific needs. The optional completed
installation qualification (1Q) and operational qualification (OQ) documentation and validation packages provide
documented evidence that cur systems are built and commissioned in accordance with user requirements
specifications (URS), functional requirements specifications (FRS) and detail design specifications (DDS), as well as
FDA and cGMP standards.

Paul Mueller Company maintains a staff of professicnals with considerable experience within the pharmaceutical
industries and broad educational backgrounds in quality, engineering, chemistry, and technical services. Since our
validation and quality systems are integrated within the company structure, there are substantial benefits realized
from shared databases as well as our detailed understanding of the equipment.

Industry Experience

Mueller has successfully provided documentation and validation assistance for large and small pharmaceutical and
biotech projects including:

+  Multiple-effect stills and pure stearm generators.

* Seed train and production bioreactors, including controls and related process equipment.

« Process equipment for numerous buffer hold and preparation facilities consisting of as many as 40 vessels, as
well as the associated controls, electrical equipment, structure, utility piping, and process piping.

+ Vessels used in pharmaceutical and biotech service.

12
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Complete Service from Start to Finish
Mueller Field Operations, Inc.

Mueller Field Operations, Inc., a wholly owned subsidiary of Paul Mueller Company, offers complete construction
services with particular emphasis on expanded scope projects utilizing our construction management, engineering,
procurement, and field integration capabilities. We provide specialized labor for on-site field erected tanks/vessels,
equipment installation, vessel retrofit, vessel repair, and process piping that allows us to go beyond the capabilities
of our manufacturing facility.

Mueller Field Operations, Inc. has extensive experience in providing on-site solutions in sanitary design for the food,
juice, dairy, beer, wine, and pharmaceutical industries. Industrial applications, such as ASME and API code stamped
equipment, are also available through our services.

In-house manufacturing of components in our state-of-the-art facility ensures that all parts such as tank heads,
cylinders, manways, fittings, agitators, and heat transfer surface are fabricated correctly and coordinated to support
our construction schedule in the field.

From project start to finish, we instill stringent quality control processes for design, component manufacturing,
equipment transport, field installation, commissioning, final performance testing, to project completion. We also
offer complete mainterance and start-up services to ensure our customer's needs are upheld.

Mueller Field Operations, Inc. is supported by Paul Mueller Company’s nearly one million square foot manufacturing
facilities, centrally located in Springfield, Missouri, and Osceola, lowa. Manufactured components are delivered to
the job site by Mueller's own fleet of trucks.

...We’re with you from the ground up.
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Mueller Product Support Team

Qur Mission

The mission of the Mueller product support
team is to meet and exceed our customers’
expectations of value by setting the industry
standard for exceptional service. In support
of this missicn, we maintain a technical staff
of specialized technicians highly trained on
our products, vendor software, controls, and
the various trade disciplines. Our equipment
is serving customers worldwide. Qur factory-
trained technicians are available to meet the
needs of our customers and can normally be
on-site within 72 hours of notification.

Paul Mueller Company makes some of the
most reliable equipment in service today.
However, no matter how well built a product
is, continuous use without periodic inspection
and maintenance may result in mechanical
failure and costly downtime. When you buy
Mueller equipment, you are not just buying
machinery—you are investing in a partner-
ship. We work together to assure that your
equipment continues to perform at its best
for years to come.

Qur Services

Technical Support Via Phone, Fax, or Email

There is never a charge for technical support from the factory via telephone, fax, or email. Your experienced
operators and our factory technicians are able to resolve most issues over the phone, which saves you time and
money. Please call 888-281-5800, send a facsimile to 417-575-9662, or email us at biopharm@paulmueller.com.

Replacement Parts

Each documentation package includes a list of recommended replacement parts that will minimize downtime in
the event of a failure. Mueller stocks the most critical replacement parts for your equipment. Our parts specialists
literally provide replacement parts to you as quickly as possible when your machine is down.

“It has been our privilege to place the skills and techniques of
Paul Mueller Company at the service of many of the nation’s leading
companies. It would be a further privilege to serve your company.”

14
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Corynebacterium
glutamicum (ATCC®
13032™)

Please read this FIRST

Frozen: -80°C or
colder
Freeze-Dried: 2°C
to 8°C

Live Culture: See

Propagation
Section

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner: Corynebacterium glutamicum

(ATCC™ 13032™)

American Type Culture Collection
PO Box 1549

Manassas, VA 20108 USA

weww. alce. org

800.638.6597 or 703.365.2700

Fax: 703.365 2750

Email: Tech@atcc.org

Or contact your local distributor

Page 10f 2

@ Description

Designation: 534 [NCIB 10025]
Deposited Name: Micrococcus glutamicus Kinoshita et al
Product Description: Type strain. Genome sequenced strain.

H:" Propagation

Medium

ATCC™ Medium 3: Nutrient agar or nutrient broth

Growth Conditions
Temperature: 37°C
Atmosphere: Aerobic

Propagation Procedure
Open vial according to enclosed instructions.
Using a single tube of #3 broth (5to 6 mL), withdraw approximately 0.5 to 1.0 mL with a Pasteur or

N

1.0 mL pipette. Rehydrate the entire pellet

Aseptically transfer this aliquot back into the broth tube. Mix well.

Use several drops of the suspension to inoculate a #3 agar slant and/or plate
Incubate the tubes and plate at 37°C for 24 hours.

(S SR

Notes

Additional information on this culture is available on the ATCC™ web site at www.atcc.org

E References

References and other information relating to this product are available online at www_.atcc.org.

’Q“ Biosafety Level: 1

Appropriate safety procedures should always be used with this material. Laboratory safety is discussed in
the current publication of the Biosafely in Microbiological and Biomedical Laboratories from the U.S.
Department of Health and Human Services Centers for Disease Control and Prevention and National Institutes
for Health

ATCC Warranty

ATCC® products are warranted for 30 days from the date of shipment, and this warranty is valid only if the
product is stored and handled according to the information included on this product information sheet. If the
ATCC® product is a living cell or microorganism, ATCC lists the media formulation that has been found to be
effective for this product. While other, unspecified media may also produce satisfactory results, a change in
media or the absence of an additive from the ATCC recommended media may affect recovery, growth and/or
function of this product. If an alternative medium formulation is used, the ATCC warranty for viability is no
longer valid

Disclaimers

This preduct is intended for laboratory research purposes only. It is not intended for use in humans.
While ATCC uses reasonable efforts to include accurate and up-to-date information on this product sheet,
ATCC makes no warranties or representations as to its accuracy. Citations from scientific literature and
patents are provided for informational purposes only. ATCC does not warrant that such information has been
confirmed to be accurate.
This preduct is sent with the condition that you are responsible for its safe storage, handling, and use. ATCC
is not liable for any damages or injuries arising from receipt and/or use of this product. While reasonable effort
is made to insure authenticity and reliability of materials on deposit, ATCC is not liable for damages arising from
the misidentification or misrepresentation of such materials.

Please see the enclosed Material Transfer Agreement (MTA) for further details regarding the use of this
product. The MTA is also available on our Web site at www.atcc org

Additional information on this culture is available on the ATCC web site at www atee.org
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ATCC

Corynebacterium
glutamicum (ATCC®
13032™)

Please read this FIRST

P
Frozen: -80°C or
colder
Freeze-Dried: 2°C
to 8°C
Live Culture: See

Propagation
Section

Intended Use

This product is intended for research use only. It is not
intended for any animal or human therapeutic or
diagnostic use

Citation of Strain

If use of this culture results in a scientific publication, it
should be cited in that manuscript in the following
manner. Corynebacterium glutamicum

(ATCC™ 13032™)

American Type Culture Collection
PO Box 1549

Manassas, VA 20108 USA

www. alce, org
800.638.6597 or 703.365.2700
Fax: 703.365.2750

Email: Tech@atcc.org

Or contact your local distributor

Page 2 of 2

ATCC 2019. All rights reserved. ATCC is a registered trademark of the American Type Culture Collection. [09/20]
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Safety Data Sheet
according to 29CFR1910/1200 and GHS Rev. 3
Effective date : 12.27.2014

| Corn Syrup

|

|SECI'ION 1 : Identification of the substance/mixture and of the supplier

Product name : Corn Syrup
Manufacturer/Supplier Trade name:

Manufacturer/Supplier Article number: $25339
Recommended uses of the product and uses restrictions on use:
Manufacturer Details:

AquaPhoenix Scientific
9 Barnhart Drive, Hanover, PA 17331

Supplier Details:

Fisher Science Education
15 Jet View Drive, Rochester, NY 14624

Emergency telephone number:
Fisher Science Education Emergency Telephone No.: 800-535-5053

SECTION 2 : Hazards identification

Classification of the substance or mixture:
Not classified for physical or health hazards under GHS.

Hazard statements:
Precautionary statements:

Combustible Dust Hazard: :
May form combustible dust concentrations in air (during processing).
Combustible Dust Hazard: :
May form combustible dust concentrations in air (during processing).

Other Non-GHS Classification:

WHMIS
NFPA/HMIS
"
)
\\\0// p I|. . x E
W ersona
. 0 >/ Protection
\\.\/.
NFPA SCALE (0-4) HMIS RATINGS (0-4)

|SECT ION 3 : Composition/information on ingredients

I Ingredients:

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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Safety Data Sheet
according to 29CFR1910/1200 and GHS Rev. 3

Effective date : 12.27.2014 Page 2 of 6
Corn Syrup

CAS 50-99-7 D-Fructose >75%

CAS 7732-18-5 water, Purified <25 %

Percentages are by weight

SECTION 4 : First aid measures

Description of first aid measures

After inhalation: Loosen clothing as necessary and position individual in a comfortable position.Remaove to
fresh air. Give artificial respiration if necessary. If breathing is difficult give oxygen.Get medical assistance if
cough or other symptoms appear.

After skin contact: Wash affected area with soap and water. Seek medical attention if irritation persists or if
concerned.

After eye contact: Protect unexposed eye. Immediately flush eyes with water for at least 15 minutes. Remove

contact lenses while rinsing.Immediately get medical assistance.
After swallowing: Dilute mouth with water or milk.Get medical assistance.

Most important symptoms and effects, both acute and delayed:
Nausea.Headache.Shortness of breath.|rritation.;

Indication of any immediate medical attention and special treatment needed:
If seeking medical attention provide SDS document to physician.

SECTION 5 : Firefighting measures

Extinguishing media

Suitable extinguishing agents: Use water, dry chemical, chemical foam, carbon dioxide, or alcohol-resistant

foam.
For safety reasons unsuitable extinguishing agents:
Special hazards arising from the substance or mixture:
Dust can form an explosive mixture in air.
Advice for firefighters:
Protective equipment: Wear protective eyeware, gloves, and clothing.Refer to Section 8.
Additional information (precautions): Avoid contact with skin, eyes, and clothing.Avoid generating dust.

SECTION 6 : Accidental release measures

Personal precautions, protective equipment and emergency procedures:

Where risk assessment shows air-purifying respirators are appropriate use a full-face particle respirator type
N100 (US) or type P3 (EN 143) respirator cartridges as a backup to engineering controls.When necessary use
NIOSH approved breathing equipment.

Environmental precautions:

Methods and material for containment and cleaning up:

If necessary use trained response staff or contractor. Clean up spills immediately. Observe precautions for
protective equipment.Absorb with suitable absorbent material such as sand or earth and containerize for
disposal. Refer to Sections 5, 8, and 10.

Reference to other sections:

SECTION 7 : Handling and storage

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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Effective date : 12.27.2014

Safety Data Sheet
according to 29CFR1910/1200 and GHS Rev. 3

Page 3 of 6

Corn Syrup

Precautions for safe handling:

Wash hands before breaks and immediately after handling the product.Avoid contact with skin, eyes, and
clothing.Minimize dust generation. Avoid ingestion and inhalation. Follow good hygiene procedures when
handling chemical materials. Refer to Section 8.Do not eat, drink, smoke, or use personal products when

handling chemical substances.

Conditions for safe storage, including any incompatibilities:

Keep container tightly closed in a cool, dry, and well-ventilated area. Store away from incompatible materials.

Refer to Section 5.

SECTION 8 : Exposure controls/personal protection

Control Parameters:

Appropriate Engineering controls:

Respiratory protection:
Protection of skin:

Eye protection:

General hygienic measures:

,, OSHA PEL TWA (Total Dust) 15 mg/m3 (50 mppcf*)
, + ACGIH TLV TWA (inhalable particles) 10 mg/m3

Emergency eye wash fountains and safety showers should be available in

the immediate vicinity of use or handling. Provide exhaust ventilation or
other engineering controls to keep the airborne concentrations of vapor
and mists below the applicable workplace exposure limits {Occupational
Exposure Limits-OELs) indicated above.Normal ventilation is adequate.

Not required under normal conditions of use. Normal ventilation is

adequate.

Select glove material impermeable and resistant to the substance.Select
glove material based on rates of diffusion and degradation.

Safety glasses with side shields or goggles.

Wash hands before breaks and at the end of work. Avoid contact with the
eyes and skin.Perform routine housekeeping to prevent dust

generation.Before wearing wash contaminated clothing.Dispose of
contaminated gloves after use in accordance with applicable laws and
good laboratory practices.

SECTION 9 : Physical and chemical properties

Appearance (physical
state,color):

Clear viscous liquid

Explosion limit lower:
Explosion limit upper:

Non Explosive
Non Explosive

range:

octanol/water):

Odor: Sweet odor Vapor pressure: Not Available
Odor threshold: Not Available Vapor density: Not Available
pH-value: 5.9 Relative density: 1.54
Melting/Freezing point: | 146.1°C Solubilities: Soluble in water
Boiling point/Boiling Not Available Partition coefficient (n- Not:availabie

Flash point (closed
cup):

Not Applicable

Auto/Self-ignition
temperature:

Not Applicable

Created by Global Safety Management,

Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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Safety Data Sheet

according to 29CFR1910/1200 and GHS Rev. 3

Effective date : 12.27.2014

Corn Syrup

Evaporation rate:

Not Available

temperature:

Decomposition

Not Available

Flammability

(solid,gaseous): Not Applicable

Viscosity:

a. Kinematic:Not Available
b. Dynamic: Not Available

Density: Not Available

[SECTION 10 : Stability and reactivity

Reactivity:None under normal processing.

Chemical stability:Stable under normal conditions.

Possible hazardous reactions:

Conditions to avoid:Excessive heat.Dust generation. Incompatible materials. Refer to Section 5.

Incompatible materials:Strong oxidizers.

Hazardous decomposition products:Carbon oxides.Irritating and highly toxic gases or fumes.

SECTION 11 : Toxicological information

Acute Toxicity:

Oral: 25,800 mg/kg

LD50 Oral - rat

Chronic Toxicity: No additional information.

Corrosion Irritation: No additional information.

Sensitization:

No additional information.

Single Target Organ (STOT):

No additional information.

Numerical Measures:

No additional information.

Carcinogenicity:

No additional information.

Mutagenicity:

No additional information.

Reproductive Toxicity:

No additional information.

[SECTION 12 : Ecological information

Ecotoxicity Persistence and degradability:
Bioaccumulative potential:

Mobility in soil:

Other adverse effects:

|SECI'ION 13 : Disposal considerations

Waste disposal recommendations:

Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste.
Chemical waste generators must also consult local, regional, and national hazardous waste regulations. Ensure

complete and accurate classification.Dispose of empty containers as unused product.

SECTION 14 : Transport information

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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Corn Syrup

UN-Number
Not Dangerous Goods
UN praper shipping name
Not Dangerous Goods

Transport hazard class(es)
Packing group:Not Dangerous Goods
Environmental hazard:

Transport in bulk:

Special precautions for user:

SECTION 15 : Regulatory information

United States (USA)

SARA Section 311/312 (Specific toxic chemical listings):
None of the ingredients is listed

SARA Section 313 (Specific toxic chemical listings):
None of the ingredients is listed

RCRA (hazardous waste code):
None of the ingredients is listed

TSCA (Toxic Substances Control Act):
All ingredients are listed.

CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act):
None of the ingredients is listed

Proposition 65 (California):

Chemicals known to cause cancer:
None of the ingredients is listed

Chemicals known to cause reproductive toxicity for females:
None of the ingredients is listed

Chemicals known to cause reproductive toxicity for males:
None of the ingredients is listed

Chemicals known to cause developmental toxicity:
None of the ingredients is listed

Canada

Canadian Domestic Substances List (DSL):
All ingredients are listed.

Canadian NPRI Ingredient Disclosure list (limit 0.1%):
None of the ingredients is listed

Canadian NPRI Ingredient Disclosure list (limit 1%):
None of the ingredients is listed

SECTION 16 : Other information

This product has been classified in accordance with hazard criteria of the Controlled Products Regulations and the

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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I Corn Syrup

SDS contains all the information required by the Controlled Products Regulations.The respansibility to provide a
safe workplace remains with the user.The user should consider the health hazards and safety information
contained herein as a guide and should take those precautions required in an individual operation to instruct
employees and develop work practice procedures for a safe work environment.The information contained herein is,
to the best of our knowledge and belief, accurate. However, since the conditions of handling and use are beyond
our control, we make no guarantee of results, and assume no liability for damages incurred by the use of this
material.lt is the responsibility of the user to comply with all applicable laws and regulations applicable to this
material.Note:

GHS Full Text Phrases:

Abbreviations and acronyms:

IMDG: International Maritime Code for Dangerous Goods

PNEC: Predicted No-Effect Concentration (REACH)

CFR: Code of Federal Regulations (USA)

SARA: Superfund Amendments and Reauthorization Act (USA)

RCRA: Resource Conservation and Recovery Act (USA)

TSCA: Toxic Substances Control Act (USA)

NPRI: National Pollutant Release Inventory (Canada)

DOT: US Department of Transportation

IMDG: International Maritime Code for Dangerous Goods

IATA: International Air Transport Association

GHS: Globally Harmonized System of Classification and Labelling of Chemicals
IATA: International Air Transport Association

ACGIH: American Conference of Governmental Industrial Hygienists

CAS: Chemical Abstracts Service (division of the American Chemical Society)
NFPA: National Fire Protection Association (USA)

HMIS: Hazardous Materials Identification System (USA)

WHMIS: Workplace Hazardous Materials Information System (Canada)

DNEL: Derived No-Effect Level (REACH)

PNEC: Predicted No-Effect Concentration (REACH)

CFR: Code of Federal Regulations (USA)

SARA: Superfund Amendments and Reauthorization Act (USA)

RCRA: Resource Conservation and Recovery Act (USA)

GHS: Globally Harmonized System of Classification and Labelling of Chemicals
TSCA: Toxic Substances Control Act (USA)

NPRI: National Pollutant Release Inventory (Canada)

DOT: US Department of Transportation

ACGIH: American Conference of Governmental Industrial Hygienists

CAS: Chemical Abstracts Service (division of the American Chemical Society)
NFPA: National Fire Protection Association (USA)

HMIS: Hazardous Materials Identification System (USA)

WHMIS: Workplace Hazardous Materials Information System (Canada)

DNEL: Derived No-Effect Level (REACH)

Effective date : 12.27.2014
Last updated : 03.19.2015

Created by Global Safety Management, Inc. -Tel: 1-813-435-5161 - www.gsmsds.com
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SECTION 1: IDENTIFICATION OF THE SUBSTANCE AND OF THE

COMPANY/UNDERTAKING.
1.1 Product identifier.
Product Name: DL-Methionine
Product Code: 108400
Chemical Name: DL-Methionine
CAS No: 59-51-8
EC No: 200-432-1
Registration No: N/D

1.2 Relevant identified uses of the substance and uses advised against.
For manufacturing, processing, laboratory or repacking use only
Uses advised against:

Uses other than those recommended.

1.3 Details of the supplier of the safety data sheet

Company: DC FINE CHEMICALS Ltd.
Address: Hill Top, 88

City: NW11 6DY London (United Kingdom)
Telephone: +44 (20) 7586 6800

Fax: +44 (20) 7504 1701

E-mail: info@dcfinechemicals.com

Web: www.dcfinechemicals.com

1.4 Emergency telephone number: (Only available during office hours)

SECTION 2: HAZARDS IDENTIFICATION.

2.1 Classification of the substance.
The product is not classified as hazardous within the meaning of Regulation (EU) No 1272/2008.

2.2 Label elements.

Contains:
DL-Methionine

2.3 Other hazards.
In normal use conditions and in its original form, the product itself does not involve any other risk for health and the environment.

SECTION 3: COMPOSITION/INFORMATION ON INGREDIENTS.

3.1 Substances.

Chernical Name: DL-Methionine
CAS No: 59-51-8

CE No: 200-432-1
Registration No: N/D

3.2 Mixtures.

Not Applicable.

SECTION 4: FIRST AID MEASURES.

4.1 Description of first aid measures.
Due to the composition and type of the substances present in the product, no particular wamings are necessary.

Inhalation.

-Continued on next page.-
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Take the victim into open air; keep them warm and calm. If breathing is irregular or stops, perform artificial respiration. Do not
administer anything orally. If unconsdous, place them in a suitable position and seek medical assistance.

Eye contact.
If wearing contact lenses, remove them. Wash eyes with plenty of clean and cool water for at least 10 minutes while pulling
eyelids up, and seek medical assistance.

Skin contact.

Remove contaminated clothing. Wash skin vigorously with water and soap or a suitable skin deaner. NEVER use solvents or
thinners.

Ingestion.
If accidentally ingested, seek immediate medical attention. Keep calm. NEVER induce vomiting.

4.2 Most important symptoms and effects, both acute and delayed.
No known acute or delayed effects from exposure to the product.

4.3 Indication of any immediate medical attention and special treatment needed.
In case of doubt or when symptoms of feeling unwell persist, get medical attention. Never administer anything orally to persons
who are unconscious.

SECTION 5: FIREFIGHTING MEASURES.

5.1 Extinguishing media.

Recommended extinguishing methods.

Extinguisher powder or CO:. In case of more serious fires, also aleohol-resistant foam and water spray. Do not use a direct
stream of water to extinguish.

5.2 Special hazards arising from the substance.

Fire can cause thick, black smoke. As a result of thermal decomposition, dangerous products can form: carbon monoxide, carbon
dioxide. Exposure to combustion or decomposition products can be harmful to your health.

5.3 Advice for firefighters.

Use water to cool tanks, cisterns, or containers dose to the heat source or fire. Take wind direction into account. Prevent the
products used to fight the fire from going into drains, sewers, or waterways.

Fire protection equipment.

According to the size of the fire, it may be necessary to use protective suits against the heat, individual breathing equipment,
gloves, protective goggles or facemasks, and gloves.

SECTION 6: ACCIDENTAL RELEASE MEASURES.

6.1 Personal precautions, protective equipment and emergency procedures.
For exposure control and individual protection measures, see section 8.

6.2 Environmental precautions.
Product not classified as hazardous for the environment, avoid spillage as much as possible.

6.3 Methods and material for containment and cleaning up.
The contaminated area should be immediately cleaned with an appropriate de-contaminator. Pour the decontaminator on the
remains in an opened container and let it act various days until no further reaction is produced.

6.4 Reference to other sections.
For exposure control and individual protection measures, see section 8.
For later elimination of waste, follow the recommendations under section 13.

SECTION 7: HANDLING AND STORAGE.

-Continued on next page.-
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7.1 Precautions for safe handling.

The product does not require special handling measures, the following general measures are recommended:

For personal protection, see section 8. Never use pressure to empty the containers. They are not pressure-resistant containers.
In the application area, smoking, eating, and drinking must be prohibited.

Follow legislation on occupational health and safety.

Keep the product in containers made of a material identical to the original.

7.2 Conditions for safe storage, including any incompatibilities.

The product does not require spedial storage measures.

As general storage measures, sources of heat, radiation, electricity and contact with food should be avoided.
Keep away from oxidising agents and from highly acidic or alkaline materials.

Store according to local legislation. Observe indications on the label.

The product is not affected by Directive 2012/18/EU (SEVESO III).

7.3 Specific end use(s).

SECTION 8: EXPOSURE CONTROLS /PERSONAL PROTECTION.

8.1 Control parameters.

The product does NOT contain substances with Professional Exposure Environmental Limit Values.The product does NOT contain
substances with Biological Limit Values.
8.2 Exposure controls.

Measures of a technical nature:
Provide adequate ventilation, which can be achieved by using good local exhaust-ventilation and a good general exhaust systam.

Characteristics:

Concentration: | 100 %
Uses: For manufacturin cessing, labor. or repacking use only
Breathing protection:
If the recommended technical measures are observed, no individual protection equipment is necessary.
Hand protection:
PPE: Protective gloves.
Characteristics: «CE» marking, category II
CEN standards: EN 374-1, En 374-2, EN 374-3, EN 420
Keep in a dry place, away from any sources of heat, and avoid exposure to sunlight as much as possible.
Maintenance: Do not make any changes to the gloves that may alter their resistance, or apply paints, solvents or
adhesives.
Obs o Gloves should be of the appropriate size and fit the user's hand well, not being too loose or too tight.
ervations: Al ith clean, dry hand
ways use with clean, dry hands.
Material: PVC (polyvinyl chloride) ?n’f;'.‘f’m"gh ume 409 me;a' thickness 1 3¢
Eye protection:
PPE: Face shield.

«CE» marking, category II. Face and eye protector against splashing liquid.

CEN standards: EN 165, EN 166, EN 167, EN 168
Visibility through lenses should be ideal. Therefore, these parts should be cleaned daily. Protectors should

Maintenance: be disinfected periodically following the manufacturer's instructions. Make sure that mobile parts move
smoothly.

e Face shields should offer a field of vision with a dimension in the central line of, at least, 150 mm

s vertically once attached to the frame.
Skin protection:
PPE: Protective dothing.
o «CE» marking, category II. Protective clothing should not be too tight or loose in

Characteristics: order not to obstruct the user's movements.

CEN standards: EN 340

Hadterariags In order to guarantee uniform protection, follow the washing and maintenance instructions provided by
the manufacturer.
The protective dothing should offer a level of comfort in line with the level of protection provided in

Observations: terms of the hazard against which it protects, bearing in mind environmental conditions, the user's level

of activity and the expected tirme of use.

-Continued on next page.-
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PPE: Work footwear.
Characteristics: «CE» marking, category II.
CEN standards: EN ISO 13287, EN 20347
= This product adapts to the first user's foot shape. That is why, as well as for hygienic reasons, it should
Maintenance:
not be used by other people.
Cbssivatianas Work footwear for professional use includes protection elements aimed at protecting users against any
; injury resulting from an accident

SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES.

9.1 Information on basic physical and chemical properties.
Appearance: Solid

Colour: N.A./N.A.

Odour:N.A./N.A.

Odour threshold: N.A./N.A.

pH:5,6-6,1 (2%, 20°C)

Melting point:275 °C

Boiling Point: N.A./N.A.

Flash point: N.A./N.A.

Evaporation rate: N.A/N.A.

Inflammability (solid, gas): N.A./N.A.

Lower Explosive Limit: N.A./N.A.

Upper Explosive Limit: N.A./N.A.

Vapour pressure: N.A/N.A.

Vapour density: N.A./N.A.

Relative density:1,34 gfem?’

Solubility: 34 g/l (25°C)

Liposolubility: N.A./N.A.

Hydrosolubility: N.A./N.A.

Partition coefficient (n-octanol/water): -2,41 (log Pow)
Auto-ignition temperature: 390°C

Decompeosition temperature: 280°C

Viscosity: N.A/N.A.

Explosive properties: N.A./N.A.

Oxidizing properties: N.A./N.A.

N.A./N.A.= Not Available/Not Applicable due to the nature of the product

9.2. Other information.

SECTION 10: STABILITY AND REACTIVITY.

10.1 Reactivity.
The product does not present hazards by their reactivity.

10.2 Chemical stability.
Unstable in contact with:
- Bases,

10.3 Possibility of hazardous reactions.
Meutralization can occur on contact with bases.

10.4 Conditions to avoid.
- Avoid contact with bases.

10.5 Incompatible materials.
Avoid the following materials:
- Bases.

10.6 Hazardous decomposition products.

Depending on conditions of use, can be generated the following products:
- Corrosive vapors or gases,

-Continued on next page.-
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SECTION 11: TOXICOLOGICAL INFORMATION.

11.1 Information on toxicological effects.

Repeated or prolonged contact with the product can cause the elimination of il from the skin, giving rise to non-allergic contact
dermatitis and absorption of the product through the skin.

Splatters in the eyes can cause irritation and reversible damage.

Toxicological information.

N Acute toxicity
i Type Test | Kind Value
DLS0 Rat S g/kg

Oral

DL-Methionine D |

Inhalation

CAS No: 59-51-8
a) acute toxicity;
Not conclusive data for classification.

EC No: 200-432-1

b) skin corrosion/irritation;
Mot conclusive data for classification.

¢) serious eye damage/irritation;
Not conclusive data for classification.

d) respiratory or skin sensitisation;
Not conclusive data for classification.

&) germ cell mutagenidty;
Not conclusive data for classification.

f) cardnogenicity;
Mot conclusive data for classification.

g) reproductive toxicity;
Not conclusive data for classification.

h) STOT-single exposure;
Mot conclusive data for classification.

i) STOT-repeated exposure;
Mot conclusive data for classification.

j) aspiration hazard;
Not conclusive data for classification.

SECTION 12: ECOLOGICAL INFORMATION.

12.1 Toxicity.
Mo information is available regarding the ecotoxidty.

12.2 Persistence and degradability.
No information is available about persistence and degradability of the product.

12.3 Bioaccumulative potencial.
Information about the bioaccumulation.

Bioaccumulation
Log Pow BCF NOECs Level

-Continued on next page.-
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DL-Methionine

2,41 - - Very low
N. CAS: 59-51-8 EC No: 200-432-1

12.4 Mobility in soil.

Mo information is available about the mobility in soil.

The product must not be allowed to go into sewers or waterways,
Prevent penetration into the ground.

12.5 Results of PBT and vPvB assessment.
No information is available about the results of PBT and vPvB assessment of the product.

12.6 Other adverse effects.
No information is available about other adverse effects for the environment.

SECTION 13 DISPOSAL CONSIDERATIONS.

13.1 Waste treatment methods.
Do not dump into sewers or waterways. Waste and empty containers must be handled and eliminated according to current,

local/national legislation.
Follow the provisions of Directive 2008/98/EC regarding waste management.

SECTION 14: TRANSPORT INFORMATION.

Transportation is not dangerous. In case of road accident causing the product’s spillage, proceed in accordance with point 6.
14.1 UN number.
Transportation is not dangerous.

14.2 UN proper shipping name.
Transportation is not dangerous.

14.3 Transport hazard class(es).
Transportation is not dangerous.

14.4 Packing group.
Transportation is not dangerous.

14.5 Environmental hazards.
Transportation is not dangerous.

14.6 Special precautions for user.
Transportation is not dangerous.

14.7 Transport in bulk according to Annex II of MARPOL 73/78 and the IBC Code.
Transportation is not dangerous.

SECTION 15: REGULATORY INFORMATION.

15.1 Safety, health and environmental regulations/legislation specific for the substance.

The product is not affected by the Regulation (EC) No 1005/2009 of the European Parliament and of the Council of 16 September
2009 on substances that deplete the ozone layer.

The product is not affected by Directive 2012/18 /EU (SEVESO III).

The product is not affected by Regulation (EU) No 528/2012 concerning the making available on the market and use of biocidal
products.

The product is not affected by the procedure established Regulation (EU) No 649/2012, concemning the export and import of
dangerous chemicals.

15.2 Chemical safety assessment.

-Continued on next page.-
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There has been no evaluation a chemical safety assessment of the product,

SECTION 16: OTHER INFORMATION.

Sections changed compared with the previous version:
1,16

Itis recommended that the product only be employed for the purposes advised.

Abbreviations and acronyms used:

BCF: Bioconcentration factor,

CEN: European Committee for Standardization.
EC50:  Half maximal effective concentration.
PPE: Personal protection equipment.

LC50:  Lethal concentration, 50%.

LD50:  Lethal dose, 50%.

Log Pow: Logarithm of the partition octanol-water.
NOEC:  No observed effect concentration.

Key literature references and sources for data:
http: //eur-lex.europa.eu/homepage.html

http: //echa.europa.eu/

Regulation (EU) 2015/830.

Regulation (EC) No 1907/2006.

Regulation (EU) No 1272/2008.

The information given in this Safety Data Sheet has been drafted in accordance with COMMISSION REGULATION (EU) 2015/830
of 28 May 2015 amending Regulation (EC) No 1907/2006 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 18
December 2006 conceming the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), establishing a
European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC,
93/105/EC and 2000/21/EC.

The information in this Safety Data Sheet on the Preparation is based on current knowledge and on current EC and national
laws, as far as the working conditions of the users is beyond our knowledge and control. The product must not be used for
purposes other than those that are specified without first having written instructions on how to handle. It is always the
responsibility of the user to take the appropriate measures in order to comply with the requirements established by current
legislation. The information contained in this Safety Sheet only states a description of the safety requirements for the
preparation, and it must not be considered as a guarantee of its properties.

-End of safety data sheet..-
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1.6 Freedom of Information Act, 5 U.5.C. 552

It is Nestec’s view that all data and information presented in Parts 2 through 7 of this Notice do not contain

any trade secret, commercial, or financial information that is privileged or confidential, and therefore all
data and information presented herein are not exempt from the Freedom of Information Act, 5 U.S.C.
Section 552.

Part 2. §170.230 Identity, Method of Manufacture, Specifications,
and Physical or Technical Effect

21 Identity

2.1.1 Common or Usual Name

FEMA Common Name: Corynebacterium glutamicum corn syrup fermentation product
FEMA No.: 4907

Commercial Name: Savory Base 100 “Corn Sauce” (Savory Base 100)
Historical/alternative denotations (used in supporting documentation):

¢ He WeiC. Essence |;

¢ Savory Seasoning Sauce 1 (5SS 1);
* Corn Seasoning Sauce 1; and

* Savory Corn Sauce 1 (SCS 1).

21.2  Chemical Name

Not applicable.

2.1.3  Chemical Abstract Service (CAS) Number

Not applicable.

2.1.4 Chemical and Physical Characteristics

Savory Base 100 is a pale brown to brownish paste with a savory taste. Some of the constituents that
contribute to the characteristic savory flavor of Savory Base 100 include glutamic acid, L-alanine, succinic

acid, formic acid, and an intrinsic mix of other free and bound amino acids, organic acids, Amadori and
Maillard products, and minerals and their salts.

Nestec S.A.
8 February 2018
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2.2 Method of Manufacturing
2.2.1 Raw Materials and Processing Aids

The raw materials (carbon and nitrogen source) and processing aids (e.g., salts and minerals, anti-foaming
aids and pH adjustment aids) and food contact materials used during the production of Savory Base 100 are
food grade quality* and are used in accordance with an appropriate federal regulation, or have been
determined to be GRAS for their respective uses?. Corn glucose syrup is used as a carbon source and liquid
anhydrous ammonia is used as a nitrogen source to support microbial growth and metabolism during
fermentation.

2.2.2  Manufacturing Process

Savory Base 100 is manufactured by submerged fermentation of C. glutamicum in glucose-based media
(enzymatically hydrolyzed corn starch) in compliance with requirements for risk-based preventive controls
mandated by the FDA Food Safety Modernization Act (FSMA), current Good Manufacturing Practices
(cGMPs) and the principles of Hazards Analysis and Critical Control Points (HACCP). Briefly, the process
involves production of a fermentation broth, to which a C. glutamicum starter culture is added, followed by
heating, filtration, and vacuum evaporation. A schematic overview of the production process is provided in
Figure 2.2.2-1.

The submerged fermentation process is initiated by preparation of a fermentation broth (within a sterilized
fermentation vessel), which contains sterilized nutrients for bacterial growth, substrates, and sterilized pH
regulators. A small pre-starter culture is prepared separately with C. glutamicum, which is incubated in a
medium containing the nutrients for optimum growth. This pre-starter culture is scaled up to produce the
biomass, which is transferred to the primary fermentation vessel (containing the submerged fermentation
broth) and then incubated. Processing aids are added during fermentation to regulate pH and
reduce/prevent formation of foam. Substrates are also replenished during fermentation.

After fermentation is complete, the broth is heated to inactivate the bacteria, as well as to initiate a
controlled Maillard reaction in order to achieve the desired color flavor and taste, before the broth is
filtered to remove the bacterial cells (this process is monitored at Critical Control Point 3 of the HACCP
plan); see Section 2.3.4 for information regarding the absence of the bacteria from the final product. The
broth then undergoes vacuum evaporation, to remove water as well as initiate a second controlled Maillard
reaction. Atthe same time sterilized sodium chloride is added to improve shelf life stability and microbial
resistance against contaminants, producing the final Savory Base 100 “Corn Sauce”.

! Specifications compliant with U.S Food Chemicals Codex, or equivalent international standard E.g., US/EU Pharmacopoeia
standards.

2 E.g., Antifoams or flocculants used in fermentation and recovery are used in accordance with the Enzyme Technical Association
submissions to FDA.

Nestec S.A.
8 February 2018 8
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Figure 2.2.2-1 Schematic Overview of the Manufacturing Process for Savory Base 100 “Corn Sauce”
(Savory Base 100)
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*Polyoxyethylene polyoxypropylene pentaerythritol ether

Nestec S.A.
8 February 2018
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23 Product Specifications and Batch Analysis

2.3.1  Product Specifications

The product specifications for Savory Base 100 are presented in Table 2.3.1-1.

Table 2.3.1-1 Product Specifications and Analytical Methods for Savory Base 100 “Corn Sauce”

(Savory Base 100)
Specification Parameter Specification Method
Appearance Asis Uniform pale brown to brownish paste Visual test
After Clear solution and free from visible particles or
preparation insoluble matter
Odor (‘as is’ and “after preparation’) Characteristic of Savory Base 100 flavor, free Organoleptic test

from foreign and off odors

Taste (after preparation)

Characteristic of Savory Base 100 flavor, umami,
slightly salty and not bitter or burned. Free from

foreign and off flavors

Organoleptic test

pH (10% dry matter solution) 55to7 APHA 4500-H+
Compositional Parameters
Moisture content (%) 27to 34 IDF - FIL 26A
L-Glutamic acid (%) (free) 34to 44 ADAC 982.30
L-Alanine (%) 08to 23 ADAC 982.30
Succinic acid (%) 03t00.7 ADOAC 986.13
Formic acid (%) 04to 1.2 AOAC986.13
Total nitrogen (%) 407 ISO/FDIS 16634
Ash (%) 10to 18 AOAC923.03
Sodium chloride (%) 55to 8 AOQAC 986.26
Heavy Metals
Arsenic (mg/kg) <0.5 AOAC 984.27
Lead (mg/kg) <0.02 ACAC 984.27
Cadmium (mg/kg) <0.01 AOAC 984.27
Mercury (mg/kg) <0.004 AOAC 984.27
Microbiological Parameters
Aerobic plate count (CFU/g) <10,000 1SO 4833:2003
AOAC method 990.12
Yeasts and molds (CFU/g) <100 150-21527-2:2008
Enterobacteriaceae (CFU/g) <10 I1SO 21528-2:2004
Salmonella Negative/25g -AFNOR TRA 02/08 —03/01

alternative method according to ISO

16140 standard:2003
-AOAC 010602

AFNOR TRA = French National Organization for Standardization; AOAC = Association of Official Agricultural Chemists; APHA =

American Public Health Association; CFU = colony forming units; FDIS = Final Draft International Standard; IDF - FIL = International
Dairy Federation; ISO = International Standards Organization.

Nestec S.A.
8 February 2018

10

318



2.3.2  Batch Analyses

Data from the analysis of five non-consecutive lots of Savory Base 100 demonstrating the consistency of the
manufacturing process and compliance with the ingredient specifications are presented in Table 2.3.2-1.

Table 2.3.2-1 Batch Analysis Data for 5 Representative Batches of Savory Base 100 “Corn Sauce”

(Savory Base 100)
Specification Parameter Specification Manufacturing Lot
G151002°  G160302° G160304¢ G170213¢ G170215°
Appearance  Asis Uniform pale Conforms  Conforms Conforms Conforms Conforms
brown to
brownish paste
After Clear solution Conforms  Conforms Conforms Conforms Conforms
preparation  and free from
visible particles
orinsoluble
matter
Odor (‘as is’" and “after Characteristicof Conforms  Conforms Conforms Conforms Conforms
preparation’) Savory Base 100
flavor, free from
foreign and off
odors
Taste (after preparation) Characteristicof Conforms  Conforms Conforms Conforms Conforms
Savory Base 100
flavor, umami,
slightly salty and
not bitter or
burned. Free
from foreign and
off flavors
pH (10% dry matter 55to7 5.6 5.6 5.5 5.5 6.3
solution)
Compositional Parameters
Loss on drying (%) 27to 34 33 32 32 31 29
L-Glutamic acid (%) (free) 34t044 37.00 37.20 39.70 35.2 341
L-Alanine (%) (free) 0.8t023 123 0.98 0.82 2.23 1.83
Succinic acid (%) 0.3t00.7 0.56 0.61 0.55 0.38 0.33
Formic acid (%) 04t01.2 1 0.73 0.42 0.68 1.18
Total nitrogen (%) 4to 7 6.3 6.4 6.2 6.2 5.8
Ash (%) 10to 18 11 13 12 14 15
Sodium chloride (%) 55to8 5.6 71 6.5 6.5 7.6
Heavy Metals
Arsenic (mg/kg) <0.5 <0.05 <0.02 <0.05 <0.05 <0.05
Lead (mg/kg) <0.02 <0.02 <0.007 <0.02 0.028 <0.02
Cadmium (mg/kg) <0.01 <0.01 <0.005 <0.01 <0.01 <0.01
Mercury (mg/kg) <0.004 <0.003 <0.003 <0.004 <0.003 <0.003
Microbiological Parameters
Aerobic plate count (CFU/g)  <10,000 450 10 <10 <100 <100
Yeasts and molds (CFU/g) <100 <10 <10 <10 <10 <10
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Table 2.3.2-1 Batch Analysis Data for 5 Representative Batches of Savory Base 100 “Corn Sauce”

(Savory Base 100)
Specification Parameter Specification Manufacturing Lot
G151002° G160302° G160304° G170213¢ G170215°
Enterobacteriaceae (CFU/g) <10 <10 <10 <10 <10 <10
Salmonella Negative/ Negative/  Negative/ Negative/ Negative/ Negative/
25g 25g 25g 25g 25¢g 25¢

CFU = colony forming units.
?Manufacturing date: October 18, 2015.
®Manufacturing date: March 2, 2016.

© Manufacturing date: March 3, 2016.
4Manufacturing date: February 25, 2017.
¢ Manufacturing date: February 26, 2017.

2.3.3 Additional Chemical Characterization

The mineral profile of 5 non-consecutive industrial scale lots of Savory Base 100 are presented in

Table 2.3.3-1.

Table 2.3.3-1 Mineral Profile for 5 Non-Consecutive Lots of Savory Base 100 “Corn Sauce”

Parameter (values given on a dry weight Manufacturing Lot

basis) 6151002 160302 G160304¢ G170213¢ G170215¢
Mineral profile

Sodium (%) 4.03 4.79 457 6.02 7.65
Potassium (%) 0.94 1.00 0.89 0.71 0.75
Magnesium (%) 0.06 0.07 0.06 0.04 0.05
Calcium (%) 0.02 0.02 0.02 0.02 0.02
Chloride (%) 3.32 3.65 211 3.77 45
Phosphate (%) 0.49 0.54 0.45 0.56 0.61
Sulfate (%) 0.15 0.20 0.14 0.16 0.15

# Manufacturing date: October 18, 2015.
b Manufacturing date: March 2, 2016.

< Manufacturing date: March 3, 2016.
9Manufacturing date: February 25, 2017.
© Manufacturing date: February 26, 2017.

2.3.4  Other Impurities from Fermentation Media

2.3.4.1 Production Organism

The production organism (C. glutamicum) is excluded from the fermentate during production of Savory Base
100 using microfiltration (0.22 um). The effectiveness of the microfiltration system was evaluated using
1 mL of Savory Base 100 filtrate, which was mixed with 15 to 20 mL of plate count agar (PCA), cooled at 46°C

and then incubated at 3621°C for approximately 48 hours. As shown in Figure 2.3.4.1-1, no microbial

growth was detectable in the media.
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Figure 2.3.4.1-1 Absence of the Production Organism Following Microfiltration

Absence of the fermentation strain is also corroborated by the low residual levels of protein in

Savory Base 100. Three samples of Savory Base 100 were analyzed for protein content using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) withCoom assie blue staining and the
Bradford assay. Asshown in Table 2.3.4.1-1, no appreciable protein levels could be detected in the
ingredient. Small quantities of oligopeptides or other interfering substances likely account for the residual
levels of protein that were detected.

Table 2.3.4.1-1 Protein Content of Savory Base 100 “Corn Sauce”

Sample Bradford Assay SDS-PAGE
Protein Concentration (mg/mL) Protein quantity (intact/theoretical protein
content) (ppm)
1(LotL4K-00001)  0.005+0.003 33
2(LotL4K-00002)  ND 22
3(LotL4K-00003)  0.193+0.002 139

ND = not detected; SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis.
2.3.4.2 Biogenic Amines

Biogenic amines are biologically active organic compounds present naturally inanimals and humans. The
main source of exogenous amines is through consumption of foods such as fish, fish products and
fermented foodstuffs (meat, dairy, vegetables, beers, and wines) (EFSA, 2011). As detailed in

Table 2.3.4.2-1 below, results of analyses for biogenic amines did not identify detectable levels of
phenethylamine, cadaverine, histamine, spermidine or spermine in Savory Base 100. Only minimal levels of
putrescine (1.4 mg/kg), tyramine (5.4 mg/kg) and tryptamine (3.5 mg/kg) were detected, which are far
below (or within, in the case of tryptamine) reported mean values of putrescine (87.3 to 222 mg/kg),
tyramine (24.7 to 235 mg/kg) and tryptamine (2.4 to 7.2 mg/kg) detected in sauerkraut (Sahu et al., 2015)
and also lower than maximum levels found in other commercial ready-to-eat products (Table 2.3.4.2-2).
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Table 2.3.4.2-1 Biogenic Amine Levels in Savory Base 100 “Corn Sauce”

Specification Parameter Result (mg/kg) Quantification Limit Method of Analysis
Phenethylamine <LQ 1 AM-BIOGE 2014 Rewv.3 -
Cadaverine <LQ 1 HPLC-DAD

Histamine <LQ 1

Putrescine 14104 L

Spermidine <LQ 1

Spermine <LQ 1

Tyramine 54+13 1

Tryptamine 3.5+0.9 0.5

Biogenic Amine Index 141043 N/A

HPLC-DAD = high performance liquid chromatography with diode array detection; LQ = quantification limit; N/A = not applicable.

Table 2.3.4.2-2

Biogenic Amine Levels in Commercial Ready-to-Eat Products

Specification Result (mg/kg)
Parameter Soy Products  Miso Products  Ketchup Finnish Dry Washed-Rind  Parmesan
Sausages
Phenylethylamine  NR NR NR <1to 48 NR NR
Cadaverine nd to 128 nd to 201 14to131 NR NR NR
Histamine ndto 234 nd to 221 2to0 18 <1te 200 Nd 1.4+ 0.04
Putrescine nd to 360 nd to 12 2.4to0 165 NR NR NR
Spermidine NR NR NR NR NR 30.7+19
Spermine NR NR NR NR 13.6 (nd to NR
70.5)

Tyramine nd to 237 nd to 434 4.5 to 149 82 NR NR
Tryptamine NR NR NR <10to 91 NR NR
Biogenic Amine nd to 959 nd to 868 10to 463 NR 6.6 9.8

Index

nd = not detected; NR = not reported.

Results presented as the range (soy products, miso products and ketchup) or the mean concentration (non-irradiated blue

cheese, washed-rind, and parmesan).

Sources: Eerola et al. (1998); Prester (2016).

2.3.5

2.3.5.1 Mycotoxins

Other Internal Quality Control Analyses

As part of Nestec’s internal quality control procedures, select lots of Savory Base 100 are routinely analyzed
for mycotoxin contamination. The results of analysis of 5 non-sequential batches for Savory Base 100 are

summarized in Table 2.3.5.1-1.
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Table 2.3.5.1-1 Analysis of Mycotoxins in 5 Batches of Savory Base 100

Parameter Specifications  Batch Number

G1510022 G160302° G160304¢ G170213¢ G170215¢
Aflatoxins (Sum of B and G) <4 <4 <4 <4 <4 <4
(ne/ke)
Ochratoxin A (pg/kg) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Fumonisins (Sum of B; and B;) <100 <100 <100 <100 <100 <100
(ng/ke)
Deoxynivalenol/Vomitoxin <50 <50 <50 <50 <50 <50
(ne/ke)
Zearalenone (ug/kg) <20 <20 <20 <20 <20 <20

2 Manufacturing date: October 18, 2015,
b Manufacturing date: March 2, 2016.

¢ Manufacturing date: March 3, 2016.
dManufacturing date: February 25, 2017.
¢ Manufacturing date: February 26, 2017.

2.3.5.2 Heterocyclic Amines

As previously discussed in Section 2.1.4, Maillard reaction products, formed from the reaction between a
reducing sugar and a food-grade nitrogen source (e.g., amino acids), contribute to the distinct desirable
flavor notes in Savory Base 100. However, Maillard-type reactions may also rise to undesirable substances
such as heterocyclic amines (HCAs). These carcinogenic by-products are formed in the presence of creatine
or creatinine (major components of muscle in meats and fish) and during heat processing of animal
products at temperatures greater >130°C (Jagerstad et al., 1991; Skog et al., 1998), due to the reaction
between creatine or creatinine with amino acids and sugars. Although the fermentation broth used in the
manufacture of Savory Base 100 is enriched in amino acids and sugars, it does not contain creatine or
creatinine, as it is not derived from animal sources. In addition, the temperature used during the
manufacturing process of Savory Base 100 (i.e., 70°C) does not reach a temperature at which formation of
HCAs is favorable (i.e., >130°C). Considering this, neither the composition nor the manufacturing process of
Savory Base 100 is conducive to formation of such by-products.

2.4 Stability Data

The sensory and microbiological and chemical stability of Savory Base 100 was tested using a single lot of
Savory Base 100 (lot number 363976). Each sample (100 g) was stored in a dual-layered, low-density
polyethylene (LDPE} bag (enclosed within an aluminum pouch) and stored for up to 360 days (1 year).
Sensory and chemical stability was evaluated at 30, 90, 150, 180, 240, 300, and 360 days, while
microbiological stability was analyzed after 1 year only.

2.4.1 Sensory Stability

A panel of 8 trained internal sensory evaluators used a 7-point bipolar evaluation scale to score samples for
taste (umami, sweet, roasted, caramelized and overall flavor), color [neat and in solution (as prepared for
tasting)] and smell (overall aroma); the scoring scale is given as part of Figure 2.4.1-1. Tasting doses were
prepared by dilution of 4 g Savory Base 100 paste in 1 liter of water (90°C) followed by stirring until visibly
homogeneous; samples were served at 70°C (+5°C) for tasting. Test samples were stored (blinded and
identifiable only by 3-digit code) at temperatures of 20, 30, or 37°C and at relative humidities of 50, 70, and
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75%, respectively; samples stored at 4°C were assumed to be stable for the analysis period and were used
as the reference (labeled as such).

As illustrated in Figure 2.4.1-1, the color of samples (whether neat or in solution) were darker with
increasing temperature and humidity, and generally became darker over time. In terms of taste, there were
minimal changes in roasted and caramelized flavors (regardless of temperature, humidity, or time);
however, umami, sweet and overall flavor were all less detectable after 300 days (at all temperatures), then
became slightly more similar to the reference after 1 year.
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Figure 2.4.1-1 Sensory Stability Evaluation of Savory Base 100 “Corn Sauce”
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2.4.2  Chemical Stability

For evaluation of chemical stability, samples were homogenized before analysis of water activity, pH, and
total acidity (as acetic or citric acid) when stored refrigerated (4°C) or at temperatures of 20, 30, or 37°C and

at relative humidities of 50, 70, and 75%, respectively. As shown in Table 2.4.2-1 below there were no

significant changes in any of the parameters measured (with all values remaining within specification, where
applicable), regardless of temperature and relative humidity, when Savory Base 100 was stored for up to

1 year. Savory Base 100 is stable for at least 1 year under accelerated conditions.

Table 2.4.2-1 Accelerated Stability of Savory Base 100 “Corn Sauce” (Lot 363976)

Parameter Specification  Analytical Data

Time (days)

30 90 150 180 240 300 360
Temperature = 4°C
Water activity at 25°C <0.75 0.731 0.723 0.721 0.722 0.724 0.724 0.722
pH at 25°C 5.5-7.0 6.15 6.20 6.27 6.28 6.24 6.23 6.24
Total acidity — as acetic N/A 217 219 2.24 2.51 2.32 2.20 2.04
acid (g/100g)
Total acidity — as citric acid N/A 2.53 2.55 2.61 293 2.57 2.50 2.38
(s/100g)
Temperature = 20°C, RH = 50%
Water activity at 25°C =0.75 0.728 0.726 0.726 0.723 0.739 0.720 0.723
pH at 25°C 5.5t07.0 6.16 6.27 6.19 6.29 6.22 6.22 6.24
Total acidity — as acetic N/A 2.17 219 2.24 251 2.32 2.20 2.04
acid (g/100g)
Total acidity — as citric acid  N/A 2.53 255 2.61 293 2.57 2.50 2.38
(g/100g)
Temperature = 30°C, RH = 70%
Water activity at 25°C <0.75 0.725 0.723 0.724 0.720 0.723 0.720 0.723
pH at 25°C 5.5t07.0 6.16 6.21 6.23 6.24 6.30 6.27 6.24
Total acidity — as acetic N/A 2.19 2.20 217 247 2.22 211 2.06
acid (g/100g)
Total acidity — as citric acid N/A 2.55 257 253 2.88 2.46 247 2.40
(g/100g)
Temperature = 37°C, RH = 75%
Water activity at 25°C <0.75 0.723 0.720 0.720 0.717 0.716 0.725 0.725
pH at 25°C 5.5t0 7.0 6.17 6.32 6.22 6.23 6.29 6.25 6.21
Total acidity — as acetic N/A 2.18 219 214 247 221 2.11 2.06
acid (g/100g)
Total acidity — as citric acid N/A 255 2.55 2.50 2.88 2.46 2.43 2.40
(e/100g)

N/A = not applicable; RH = relative humidity.
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2.4.3  Microbiological Stability

Savory Base 100 was also analyzed for the presence of microorganisms (Enterobacteriaceae and aerobic
plate count) on Day 0 at room temperature and after 1 year when stored refrigerated (4°C) or at
temperatures of 20, 30, or 37°C and at relative humidities of 50, 70, and 75%, respectively. These data are
presented in Table 2.4.3-1 and show that the numbers of bacteria present in the sample after 1 year
remained consistent with those on Day 0 (regardless of storage conditions), and within proposed
specifications, demonstrating that Savory Base 100 is microbiologically stable for at least 1 year under
accelerated conditions.

Table 2.4.3-1 Microbiological Stability of Savory Base 100 “Corn Sauce” (Lot 363976)

Time Storage Conditions Enterobacteriaceae (CFU/g) Aerobic Plate Count (CFU/g)

(days) Specification Analytical Data Specification Analytical Data

0 Room temperature <10 <10 <10,000 <1,000

360 Temperature = 4°C <10 270
Temperature = 20°C, RH = 50% <10 340
Temperature = 30°C, RH = 70% <10 200
VTemperature =37°C,RH = 75% 7<10 ) 72970

CFU = colony forming units; RH = relative humidity.

Part 3. §170.235 Dietary Exposure

31 Current Regulatory Status in the United States

Savory Base 100, under the substance name, “Corynebacterium glutamicum corn syrup fermentation
product”, was granted FEMA GRAS status for use as a flavoring agent in a variety of food and beverage
products at use levels up to 5,100 ppm (FEMA No. 4907).

3.2 Estimated Dietary Consumption of Savory Base 100 from Intended Food
Uses

3.2.1 Methodology

An assessment of the anticipated dietary exposure to Savory Base 100 as an ingredient under the intended
conditions of use (see Table 3.1.2-1) was conducted using data available in the 2011-2012 cycles of the
U.S. National Center for Health Statistics’ (NCHS) National Health and Nutrition Examination Survey
(NHANES) (CDC, 2015). A summary of the survey and methodology employed in the intake assessment of
Savory Base 100 along with the pertinent results is presented herein.

The NHANES data are collected and released in 2-year cycles with the most recent cycle containing data
collected in 2011-2012. Information on food consumption was collected from individuals via 24-hour
dietary recalls administered on 2 non-consecutive days (Day 1 and Day 2). In addition to collecting
information on the types and quantities of foods being consumed, NHANES contain socio-economic,
physiological, and demographic information from individual participants in the survey, such as sex, age,
height and weight, and other variables useful in characterizing consumption. The inclusion of this
information allows for further assessment of food intake based on consumption by specific population
groups of interest within the total population. Sample weights were incorporated with NHANES data to
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compensate for the potential under-representation of intakes from specific populations and allow the data
to be considered nationally representative (USDA, 2014; CDC, 2015). The NHANES data were employed to
assess the mean and 90'" percentile intake of Savory Base 100 for each of the following population groups:

¢ Infants and young children, ages 0 to 2 years;

e Children, ages3to 11;

* Female teenagers, ages 12 to 19;

* Male teenagers, ages 12 to 19;

* Female adults, ages 20 and up;

* Male adults, ages 20 and up; and

s Total population (all age and gender groups combined).

Consumption data from individual dietary records, detailing food items ingested by each survey participant,
were collated by computer and used to generate estimates for the intake of Savory Base 100 by the U.S.
population. Estimates for the daily intake of Savory Base 100 represent projected 2-day averages for each
individual from Day 1 and Day 2 of NHANES 2011-2012 data, and these individual average amounts
comprised the distribution from which mean and percentile intake estimates were generated. Mean and
percentile estimates were generated incorporating survey weights in order to provide representative
intakes for the entire U.S. population. “Per capita” intake refers to the estimated intake of Savory Base 100
averaged over all individuals surveyed, regardless of whether they potentially consumed food products
containing Savory Base 100, and therefore includes individuals with “zero” intakes (i.e., those who reported
no intake of food products containing Savory Base 100 during the 2 survey days). “Consumer-only” intake
refers to the estimated intake of Savory Base 100 by those individuals who reported consuming food
products in which the use of Savory Base 100 is currently under consideration. Individuals were considered
“consumers” if they consumed 1 or more food products in which Savory Base 100 is proposed for use on
either Day 1 or Day 2 of the survey.

3.2.2  Estimated Intake of Savory Base 100 from Proposed Food-Uses

The estimates for the intake of Savory Base 100 was generated using the maximum use level indicated for
each intended food-use, as presented in Table 1.3-1, together with food consumption data available from
the 2011-2012 NHANES dataset. A summary of the estimated daily intake of Savory Base 100 from
proposed food-uses is provided in Table 3.2.2-1 on an absolute basis (mg/person/day) and in Table 3.2.2-2
on a body weight basis (mg/kg body weight/day).

The percentage of consumers was high among all age groups evaluated in the current intake assessment;
greater than 43.4% of the population groups consisted of users of those food products in which

Savory Base 100 is currently proposed for use. Female adults had the greatest percentage of users at
82.3%,; infants and young children had a notably lower percent consumers than all other age groups
(43.4%). The consumer-only estimates are more relevant to risk assessments as they represent exposures
in the target population; consequently, only the consumer-only intake results are discussed in detail herein.

Among the total population, the mean and 90 percentile consumer-only intakes of Savory Base 100 were
determined to be 197 and 477 mg/persaon/day, respectively. Of the individual population groups, male
adults were determined to have the greatest mean and 90" percentile consumer-only intakes of

Savory Base 100 on an absolute basis, at 230 and 556 mg/person/day, respectively, while infants and young
children had the lowest mean and 90" percentile consumer-only intakes of 105 and 290 mg/person/day,
respectively (Table 3.2.2-1).
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Table 3.2.2-1 Summary of the Estimated Daily Intake of Savory Base 100 from Proposed Food-Uses in
the U.S. by Population Group (2011-2012 NHANES Data)

“Population Group Age Group  Per capita Intake (mg/day) Consumer-Only Intake (mg/day)

(Years) Mean 90t Percentile % Users n Mean 90t Percentile

Infants and Young Upto 2 46 172 43.4 315 105 290
Children

Children 3to1l 105 291 7.7 1,138 147 359
Female Teenagers 12to 18 138 400 76.0 391 182 443
Male Teenagers 12to 19 170 455 75.5 384 226 537
Female Adults 20 and up . 151 392 . 82.3 . 1,790 183 . 436
-Male Adults -20 and up . 186 -492 . 80.8 . 1,685 -230 . 556
Total Population All ages 154 404 78.3 5,703 197 477

NHANES = National Health and Nutrition Examination Survey; Savory Base 100 = Savory Base 100 “Corn Sauce”; U.S. = United
States.

On a body weight basis, infants and young children were identified as having the highest mean and

90" percentile consumer-only intakes of any population group, of 8.8 and 23.1 mg/kg body weight/day,
respectively. Female adults had the lowest mean and 90'" percentile consumer-only intakes of 2.7 and
6.3 mg/kg body weight/day, respectively (Table 3.1.2-2).

Table 3.2.2-2 Summary of the Estimated Daily Per Kilogram Body Weight Intake of Savory Base 100
from Proposed Food-Uses in the U.S. by Population Group (2011-2012 NHANES Data)

Population Group  Age Group Per Capita Intake (mg/day) Consumer-Only Intake (mg/day)
(Years) Mean 90 Percentile % Users n Mean 90 Percentile
Infants and Young Upto2 38 14.5 43.4 314 8.8 23.1
Children
Children 3toll 4.0 12.0 1.7 1,138 5.6 14.5
Female Teenagers 12 to 19 24 7.7 76.2 383 31 8.8
- Male Teenagers ”12 to 19 26 6.9 75.6 382 3..4 8.6
Female Adults 20 and up 2.2 5.6 82.3 1,774 27 6.3
Male Adults 20 and up 22 61 80.7 1,670 2.8 6.8
Total Population All ages 25 6.7 783 5,661 32 7.8

bw = body weight; NHANES = National Health and Nutrition Examination Survey; Savory Base 100 = Savory Base 100 “Corn
Sauce”; U.S. = United States.

3.2.3 Summary and Conclusions

Consumption data from the 2011-2012 NHANES dataset and information pertaining to the individual
proposed food-uses of Savory Base 100 were used to estimate the “per capita” and consumer-only intakes
for specific demographic groups and for the total U.S. population. Several conservative assumptions have
been included in the present assessment, which means that resulting values may be considered ‘worst case’
estimates of exposure for the target population. For example, it was assumed that all food products within
a food category contain the ingredients at the maximum specified level of use. In addition, it is well-
established that the length of a dietary survey affects the estimated consumption of individual users. Short-
term surveys, such as the typical 2- or 3-day dietary surveys, may overestimate the consumption of food
products that are consumed relatively infrequently (Anderson, 1988). It should also be noted that the FEMA
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GRAS uses are the same as those proposed herein, so consideration for additive exposure form FEMA GRAS
uses was not deemed to be necessary.

In summary, on a consumer-only basis, the resulting mean and 90" percentile intakes of Savory Base 100 by
the total U.S. population from all proposed food-uses in the U.S., were estimated to be 197 mg/person/day
(3.2 mg/kg body weight/day) and 477 mg/person/day (7.8 mg/kg body weight/day), respectively. Among
the individual population groups, the highest mean and 90" percentile intakes of Savory Base 100 were
determined to be 230 mg/person/day (2.8 mg/kg body weight/day) and 556 mg/person/day (6.8 mg/kg
body weight/day), respectively, as identified among male adults. When intakes of Savory Base 100 were
expressed on a body weight basis, infants and young children had the highest mean and 90" percentile
consumer-only intakes of 8.8 mg/kg body weight/day and 23.1 mg/kg body weight/day, respectively.

Part 4. §170.240 Self-Limiting Levels of Use

No known self-limiting levels of use are associated with Savory Base 100.

Part 5. §170.245 Experience Based on Common Use in Food Before
1958

Not applicable, as Savory Base 100 was not used in food before 1958.

Part 6. §170.250 Narrativeand Safety Information

The safety of Savory Base 100 is demonstrated based on the following pivotal information: 1) published
toxicological studies (Tafazoli et af., 2017), including an acute oral toxicity study, a 90-day subchronic oral
toxicity study, and a battery of in vitro genotoxicity and mutagenicity assay; 2) information on the
compositional identity of Savory Base 100 demonstrating that they are common component of the diet with
a history of safe use; 3) information establishing the safety of the fermentation organism. Each of the
aforementioned points is discussed in detail in the following sections.

6.1 Metabolic Fate

The absorption, distribution, metabolism, and excretion (ADME) of Savory Base 100 has not been
investigated; however, Savory Base 100 is mainly composed of amino acids, minerals, water, sugars, and
organic acids that are normal components of human diet and as such, are expected to be digested and
metabolized in a similar manner to other commonly consumed nutrients.

6.2 Toxicological Studies

6.2.1  Acute Toxicity

The acute oral toxicity of Savory Base 100 (identified as ‘GA-NRC’ in the study report) in rats has been
evaluated in a study conducted in compliance with the Organisation for Economic Co-operation and
Development (OECD) principles of Good Laboratory Practice (GLP) (OECD, 1998a) and according to
Directive 86/609/EEC (EC, 1986), Directive 2001/83/EC (EC, 2001) and Commission Regulation (EC) No
440/2008 (EC, 2008) (Tafazoli et al., 2017).
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Groups of 5 male and 5 female Wistar rats were administered a single dose of 0 (drinking water), 100, 500,
or 2,000 mg/kg body weight Savory Base 100, by gavage, at a dose volume of 10 mL/kg body weight.
Animals were observed shortly after dosing, at 6 hours after dosing and then once daily until the end of the
study (14 days). Body weights were recorded on the day of dosing and 3 times a week thereafter. Atthe
end of the observation period, animals were subjected to a macroscopic necropsy, where any abnormalities
were fixed and subsequently examined microscopically.

There were no deaths and no test item-related clinical signs or effects on body weight (a statistically
significant (5%) reduction in body weight for males given 500 mg/kg body weight on Day 14 was considered
not toxicologically relevant, due to absence of a dose-response).

There were also no macroscopic or microscopic changes that were considered to be related to Savory Base
100. White deposits observed in the spleen of 2 females from each of the low and high-dose groups were
confirmed microscopically to be slight capsular fibroses. However, these were isolated instances (only seen
for 2 out of 5 females in each of the affected groups) and there was no evidence of a dose-related response.
Isolated instances of unilateral pelvic dilatation (1 high-dose male and 1 control female) and red sports on
the thymus (1 low dose male) were also considered to be unrelated to the test item. It was concluded,
therefore, that 2,000 mg/kg body weight (the highest dose tested) was the no-observed-adverse-effect level
(NOAEL).

6.2.2 Repeated-Dose Toxicity

A 90-day repeat dose oral toxicity study was conducted to investigate the subchronic toxicity of NRC Mix

[a combination of Savory Base 100 and the related Savory Base 200 “Corn Sauce” (Savory Base 200) ina 2:1
ratio] in rats (Tafazoli et al., 2017). NRC Mix contained 37.8+0.2% glutamic acid (primarily from Savory Base
100) and 14.5+0.4% IMP (primarily from Savory Base 200). Savory Base 200 is the subject of a concurrent
GRAS Notice.

The study was performed in compliance with the OECD principles of GLP (OECD, 1998a) and according to
Directive 2001/83/EC (EC, 2001), OECD Test Guideline 408 (OECD, 1998b) and Commission Regulation (EC)
No 440/2008 (EC, 2008). Given that Savory Base 100 will often be used in combination with Savory

Base 200, the test articles were used in combination.

Groups of 10 male and 10 female Wistar rats were given 0 (basal diet), 1, 2.5, or 7% NRC Mix (equivalent to
approximately 500, 1,250, or 3,500 mg/kg body weight/day NRC Mix, which equates to approximately 333,
833, or 2,333 mg/kg body weight/day Savory Base 100), in the diet for 90 days; doses were selected based
on data derived from an internal palatability study. An additional 5 males and 5 females were included in
the control and high-dose groups and also fed for 90 days, after which time they were kept untreated for a
further 4 weeks, to assess the reversibility of any effects seen during the treatment period.

Animals were observed daily for changes in behavior and appearance, with ophthalmoscopic examinations
performed once before the start of dosing and once towards the end of the treatment period. Body
weights were recorded 3 times each week, food intake was recorded once weekly, and water consumption
was recorded every 4 days from Week 2 onwards. Blood samples were taken from the retro-orbital sinus
for clinical pathology from main study animals before dosing and at the end of the treatment period, with
recovery animals sampled towards the end of both the treatment and recovery periods; urine samples were
collected once before dosing and at the end of the treatment and recovery periods (where applicable).
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All animals were subjected to a macroscopic necropsy, where selected organs were weighed and, for
animals in the control and high-dose groups only, the following tissues were examined microscopically:
liver, kidneys, adrenals, spleen, pancreas, heart, lung, aorta, thymus, larynx, thyroid gland, parathyroid
glands, salivary glands, tongue, trachea, bronchus, esophagus, stomach, small and large intestines, urinary
bladder, prostate gland, seminal vesicles, testes, epididymides, ovaries, vagina, uterus, lymph nodes, brain,
pituitary gland, skin, mammary gland, eyes, optic nerves, lacrimal glands, skeletal muscle, sciatic nerve,
spinal cord, and bone marrow.

There were no test item-related deaths or clinical signs during the study. The death of 1 male in the mid-
dose group on Day 90 was considered incidental as it was an isolated incident, but no reason for the death
was identified at necropsy. There were also no ocular changes that were considered to be related to
administration of the test item.

Mean body weights for test item-treated males were statistically significantly higher (p<0.05 to p<0.005)
than those of the controls at the end of the treatment period; however, these increases were not dose-
related (increases of 10, 14, and 6% at 1, 2.5, or 7.5% NRC Mix, respectively). Female groups given NRC Mix
also gained slightly more weight than controls after 89 days (6 to 7%), but, as with the males, there was no
dose-response relationship. All test item-treated male and female groups were heavier than controls on
Day 1, despite mean body weights being similar on arrival; therefore, these animals were already gaining
more weight than controls before NRC Mix was introduced into the diet. Body weight increases may in part
be due to organoleptic properties of the savory base resulting in an apparent increase in food intake by the
savory base groups during the early phase of the study. Nonetheless, the body weight changes were
considered to be non-adverse.

Although there were statistically significant (p<0.05 to p<0.005) increases in mean food consumption in
various weeks during the treatment period for both males and females (mostly for males given 1 or 2.5%
NRC Mix, correlating with the increased body weights for these groups), food consumption in Week 13 was
similar between test item-treated groups and controls.

High-dose males drank statistically significantly (p<0.05) more (18%) than controls after 90 days, with a
dose-related increase in mean water consumption observed for females (increases of 13, 17, and 40% at 1,
2.5, or 7.5% NRC Mix, respectively), which was statistically significant (p<0.005) at the high dose; by the end
of the recovery period, water consumption for high-dose groups dropped to either less than (males) or
similar to (females) that of the controls. Increased water consumption was to be expected given the salt
content of Savory Base ingredients. In the absence of biologically relevant changes in the kidney or in
relevant clinical chemistry or urinary parameters, these findings were considered to be non-adverse.

Various statistically significant findings were reported among hematology parameters for test item-treated
males and females at the end of the treatment period. Increases in hemoglobin count [4 and 7% (p<0.005)
for high-dose males and females, respectively] and in hematocrit (for both sexes at the high-dose) were
minor and there was only a dose-response relationship for females, hence these were considered to be
physiological variations, unrelated to the test item. Differences in other hematological parameters were
minor, inconsistent between the sexes, and/or did not show a relationship with dose and were likely also to
be due to normal biological variation rather than any effect of the test item.

Nestec S.A.
8 February 2018 24

332



There were no test item-related differences in coagulation parameters at the end of the treatment period.
Where statistically significant differences were reported [shortened mean activated partial thromboplastin
time (APTT) for mid- (9%, p<0.01) and high-dose (8%, p<0.05) males and shorted mean prothrombin time
(PT) for low dose females (4%, p<0.05)], there was no dose-response relationship and the changes were in
the wrong direction for biological relevance (elongation of APTT and/or PT are considered to be biologically
relevant changes). The statistically significantly (p<0.01) shortened PT (14%) for males at the end of the
recovery period was also in the wrong direction for biological relevance and considered not test item-
related.

There were numerous sporadic statistically significant differences in clinical chemistry parameters between
test item-treated groups and controls; however, these differences were either of low magnitude,
inconsistent between the sexes or did not show a dose-response relationship and were therefore
considered to be toxicologically irrelevant. There were no test item-related differences in urinalyses
parameters.

There were no differences in body weight-related organ weights between test item-treated groups and
controls. Brain weight-relative organ weights can be notably affected by variations in terminal body weights
(which were reported in this study), therefore the statistically significant differences in brain weight-related
organ weights [increased thymus and spleen weights for males given 1 (thymus only), 2.5, or 7% NRC Mix,
respectively, and reduced adrenal gland weight at the high dose] were considered not biologically relevant,
in the absence of any changes in body weight-relative weights or of histological changes for any of these
organs. Furthermore, these statistically significant differences weren’t reported for females and the
changes in thymus and adrenal weights were clearly not dose-related.

There were no test item-related macroscopic changes. Histopathological findings included hepatic steatosis
(primarily in the periportal region), which was reported for 7 out of 20 controls and 13 out of 20 high-dose
animals; this was also reported at the end of the recovery period in all 5 control males and 1 out of 5 control
females and in 4 out of 5 males and 2 out of 5 females in the high-dose group. These effects were
considered by the author as not test item-related, as they were not associated with any necrosis or
increases in liver enzyme activities or liver weights (neither absolute nor relative), so the low and mid dose
groups were not subject to histopathological examination. The histopathology report does not specify
whether the changes were micro- or macrovesicular; however, as the droplets were described as “medium”
this appears to indicate that these were macrovesicular fatty changes, which are the most common form of
liver fatty changes that may be seen sporadically in control animals and are considered benign changes
presumably as a result of nutritional, metabolic or hormonal derangement (Greaves and Faccini, 1992;
Thoolen et al., 2010; Greaves, 2012); therefore, these changes were considered not test item-related.

Kidney tubular mineralization (also known as nephrocalcinosis) was reported in 4 out of 10 high-dose
females and 1 control female at the end of the treatment period and in 4 of the 5 high-dose females at the
end of the recovery period. Nephrocalcinosis is a common spontaneous minor lesion that develops in
young and adult rats, primarily females (Gad, 2016}; this finding was not reported in males in this study.
Increased susceptibility to nephrocalcinosis is known to occur from dietary manipulation and it has been
reported that imbalances in the calcium and phosphorus content of diets, calcium:phosphorus ratio of diets,
deficiency of magnesium and/or chloride and high urinary pH can all contribute to the development of
nephrocalcinosis (Reeves et al., 1993; Rao, 2002). Considering the high mineral content of Savory Base
ingredients, the likely unbalanced provision of minerals in the test diet relative to the control diet could be
responsible for the observed effects in the kidneys; however, no single mechanism that explains the
association between the dietary factors contributing to the incidence of nephrocalcinosis has been
identified. In general, these mineral deposits are of no pathological significance (Seely and Brix, 2014} and
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in the absence of correlating markers of kidney impairment, were considered not to be toxicologically
relevant.

At the end of the treatment period, non-specific and incidental findings included chronic focal myocarditis
(4 out of 10 high-dose males and 1 of the 10 female controls) and hyperplasia of lymph follicles in both the
small intestine (4 males and 2 females from the high-dose group, compared with 3 males and 1 female in
the control group) and large intestine (2 and 1 high-dose males and females, respectively, compared with
4 male and 4 female controls) were reported. At the end of the recovery period, focal myocarditis was
reported in only 1 high-dose male, hyperplasia of the lymph follicles in the small intestine was reported in
1 male and 2 females from the high-dose group, compared with 2 and 4 control males and females,
respectively and hyperplasia of lymph follicles in the large intestine was reported in 2 males and 3 females
from the high-dose group, in comparison to 3 male and 3 female controls.

The incidence of chronic focal myocarditis reported in high-dose males was considered to be toxicologically
irrelevant, as these histological observations were similar to the spontaneous lesions commonly reported in
test and control rats, with a higher occurrence in males (Gaunt et al., 1967; Jokinen et al., 2011). Instances
of hyperplasia of lymph follicles in the small and large intestine were small in magnitude and occurred at a
similar frequency in test item-treated and control groups, and were therefore also considered biologically
irrelevant.

The NOAEL was reported to be 7% NRC Mix (the highest dose tested, equivalent to approximately
3,500 mg/kg body weight/day NRC Mix, which corresponds to a NOAEL of approximately 2,333 mg/kg body
weight/day for Savory Base 100 (based on a the 2:1 ratio of Savory Base 100 and Savory Base 200).

6.2.3  Mutagenicity and Genotoxicity

6.2.3.1 Bacterial Reverse Mutation Test

The potential mutagenicity of Savory Base 100 (identified as ‘GA-NRC’ in the study report) was evaluated in
a bacterial reverse mutation test (Ames test), which was performed in compliance with the OECD principles
of GLP (OECD, 1998a) and according to OECD Test Guideline 471 (OECD, 1997), Commission Regulation (EC)
No 2000/32/EC (EC, 2000), US EPA Health Effects Test Guidelines OPPTS 870.5100 (U.S. EPA, 1998}, ICH
Guidance S2A (ICH, 1995) and ICH Guidance S2B (ICH, 1997) (Tafazoli et al., 2017).

An initial preliminary range-finding test was conducted using the plate incorporation method at Savory

Base 100 concentrations of 5 to 5,000 pg/plate, using Salmonella typhimurium (S. typhimurium) strains TA98
and TA100, in the absence and presence of S9 metabolic activation. Since the results of this test were
negative, 2 separate tests (plate incorporation assay and pre-incubation assay) were conducted using

S. typhimurium strains TA98, TA100, TA1535, and TA1537 and Escherichia coli strain WP2 uvrA, which were
treated with Savory Base 100 at concentrations of 51.2, 128, 320, 800, 2,000, and 5,000 pg/plate in the
absence and presence of $9 mix.

Three negative control groups [untreated, vehicle (distilled water) and dimethyl sulfoxide] were used, and
positive controls were also included in the absence (4-nitro-1,2-phenylene-diamine, sodium azide,
9-aminoacridine and methyl-methanesulfonate) and presence (2-aminoanthracene) of metabolic activation.
A positive result for mutagenicity was defined as a dose-dependent, reproducible, and biologically relevant
2-(in 8. typhimurium T100) or 3-fold (in the other tested strains) increase in the number of revertant
colonies, compared to that of the vehicle control group.
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Savory Base 100 showed no evidence of mutagenicity in any of the tests, in the absence or presence of
metabolic activation. In contrast, the positive controls induced biologically relevant increases in revertant
colony counts (with metabolic activation where required), which demonstrated the sensitivity of the assay
and metabolic activity of the S9 preparations. It was concluded, therefore, that Savory Base 100 is non-
mutagenic at concentrations up to 5,000 pg/plate, in the absence or presence of metabolic activation.

6.2.3.2 In Vitro Mammalian Cell Gene Mutation Test

The mutagenic potential of Savory Base 100 was investigated in an in vitro mammalian cell gene mutation
test conducted in compliance with the OECD principles of GLP (OECD, 1998a) and according to OECD Test
No. 476 (OECD, 2015) and Commission Directive (EC) No 2000/32/EC (EC, 2000) (Tafazoli et al., 2017).

A preliminary dose range-finding study (where Savory Base 100 was not cytotoxic at concentrations up to
5,000 pg/mL) was followed by 2 independent experiments (each conducted in duplicate) using V79 Chinese
hamster lung (CHL) cells. For both of these experiments, the vehicle [Dulbecco’s Modified Eagle’s (DME)
medium] and dimethyl sulfoxide (DMSO) served as the negative controls and positive controls were
included in the absence (ethylmethane sulfonate) and presence (7,12-dimethyl benzanthracene) of

S9 metabolic activation.

In the first experiment, CHL cells were exposed to Savory Base 100 for 3 hours at concentrations of 312.50,
625, 1,250, 2,500, or 5,000 pg/mL in the absence or presence of S9 metabolic activation. In the second, CHL
cells were exposed to Savory Base 100 for 20 hours (in the absence of 59) or 3 hours (in the presence of 59)
at concentrations of 156.25 (presence of S9 only}, 312.50, 625, 1,250, 2,500, or 5,000 pg/mL.

After the incubation period, for both experiments, the cells were washed with DME, detached with trypsin-
ethylenediaminetetraacetic acid (EDTA) solution, and cultured to determine survival and to allow for
expression of the mutant phenotype. Once mutant colonies had been selected, they were fixed, stained
with Giemsa, and counted for either mutant selection or cloning efficiency. Mutant frequency was
calculated by division of the total number of mutant colonies by the number of cells selected, corrected for
cloning efficient of cells before mutant selection. Positive mutagenic responses were defined as dose-
related, reproducible, and statistically significant increases in mutant frequency.

For both experiments, in the absence or presence of S9, no statistically significant increases in mutation
frequency were reported for Savory Base 100 treated cells, compared with that of the negative controls.
Sensitivity of the assay and efficacy of the 59 preparations was confirmed by the significant increases in

mutation frequency for the positive controls. It was concluded that Savory Base 100 is not mutagenic at
concentrations up to 5,000 pg/mL, in the absence and presence of metabolic activation.

6.2.3.3 In Vitro Mammalian Cell Micronucleus Test

The clastogenic and aneugenic potential of Savory Base 100 (identified as He Wei C. Essence | in the study
report} was evaluated in an unpublished corroborative in vitro mammalian cell micronucleus test,
conducted using human lymphocytes, in compliance with the OECD principles of GLP (OECD, 1998a) and
according to OECD Test No. 487 (OECD, 2014) (Chevallier, 2017). A copy of the full study report is provided
in Appendix A.

An initial preliminary cytotoxicity test was conducted using Savory Base 100 at concentrations of O to

5,000 pg/mL, in the presence (3-hour treatment) and absence (3 and 24-hour treatments) of S9 metabolic
activation; there was no evidence of cytotoxicity reported at any concentration. Cytotoxicity was assessed
again in the main experiment. In the absence of S9 (at the same dose levels and under similar conditions to
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those used in the preliminary test), there was no evidence of cytotoxicity after a 3-hour treatment, but
slight to moderate cytotoxicity was reported at concentrations 22,500 pg/mL after 24 hours continuous
treatment. However, there was no evidence of cytotoxicity in the presence of S9 after a 3-hour treatment
under similar conditions to those described above.

In the main experiment for micronucleus analysis, 5,000 pg/mL was considered to produce extreme culture
conditions, therefore, human lymphocytes were treated with Savory Base 100 at 312.5, 625, 1,250, 2,500,
or 3,750 pg/mL with 9 (3 hours) and without 59 (3 and 24-hour treatments). The vehicle (water for
injection) was used as a negative control and positive controls were included in the absence (colchicine and
mitomycin C) and presence (cyclophosphamide) of metabolic activation. A positive result for
clastogenicity/aneugenicity was defined as a dose-dependent, statistically significant increase in the
frequency of micronucleated binucleated cells (MNBC), with the frequency of MNBC also being above the
vehicle background range for at least 1 dose level.

Savory Base 100 showed no evidence of clastogenicity or aneugenicity in any of the tests, in the absence or
presence of metabolic activation. In contrast, the positive controls induced biologically relevant increases in
MNBC (with metabolic activation where required), which demonstrated the sensitivity of the assay and
metabolic activity of the S9 preparations. It was concluded that Savory Base 100 is neither clastogenic nor
aneugenic at concentrations up to 3,750 pg/mL, in the absence and presence of metabolic activation.

6.3 Additional Safety Information on Major Constituents of Savory Base 100

The constituents of Savory Base 100 have a long history of consumption as part of existing food stuffs and
the characteristic savory taste of the ingredient results from a specific intrinsic mix of these compounds
(including free and bound amino acids, arganic acids, Amadori and Maillard products, minerals and their
salts), all of which individually contribute to the overall taste. Dietary intakes of the flavoring compounds
are consistent with levels commonly used in foods, and/or are well below acceptable daily intake (ADI)
values that have been derived.

6.3.1  Glutamic Acid

A major constituent of Savory Base 100 is the amino acid glutamic acid. Glutamic acid is a non-essential
amino acid and as a constituent of protein is consumed from a host of protein containing food sources,
including meat, eggs, fish, milk, and vegetables. The safety of glutamic acid in particular has been well
characterized and reported in safety evaluations of an extensive collection of animal and human studies,
conducted firstly by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) at the 14*" and 17%
JECFA meetings in 1970 and 1974, respectively (JECFA, 1970, 1974). A further evaluation of additional data
at the 31 JECFA (1988) resulted in the allocation of a group ADI 'not specified’ for glutamic acid and its
ammonium, calcium, potassium, magnesium and sodium salts, which is applicable to substances with very
low toxicity and indicates that the total dietary intake of glutamic acid, arising from its use at the levels
necessary to achieve the desired effect and from its acceptable background levels in food, does not, in the
opinion of JECFA, represent a hazard to health. This conclusion was reiterated by the Scientific Committee
on Food (SCF) in 1991 (JECFA, 1988; SCF, 1991). Furthermore, glutamic acid is approved as a food additive
(E 620) in the European Union (EU), under Commission Regulation (EU) No 1129/2011. Glutamic acid

(E 620) is a Group | additive, authorized at levels up to 10 g/kg in numerous food categories; additionally, it
is authorized for use in salt substitutes, seasonings, and condiments at quantum satis (European Union,
2011).
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Recently, the European Food Safety Authority (EFSA) Panel on Food Additives and Nutrient Sources added
to Food (ANS) re-evaluated the safety of glutamic acid and its salts for use as food additives (EFSA, 2017).
Following its re-evaluation of the technical, safety, and exposure data available for glutamic acid and related
glutamates, the Panel derived a group ADI of 30 mg/kg body weight/day, expressed as glutamic acid, for
glutamic acid and glutamates. This ADI was based on the NOAEL of 3,200 mg monosodium glutamate/kg
body weight/day from the neurodevelopmental toxicity study (Vorhees et al., 1979), and applying the
default uncertainty factor of 100.

Dietary intakes of glutamic acid from protein in the typical diet have been estimated to be ca. 15 g/person
per day (Stamler et al., 2008). Only free glutamic acid imparts flavor enhancing properties to foods, and

free glutamic acid is present in a number of natural and fermented foods (Table 6.3.1-1).

Table 6.3.1-1 Foods Rich in Free Glutamic Acid

Food Product Free Glutamic Acid (mg) Serving Size
Human milk 300 1000 ¢
Cantaloupe 50 100g
Grapes 40 100 g
Vegemite 143 10g
Marmite 196 10g
Tomato paste 62to 64 10g
Parmesan cheese 36to0 127 10g
Soy sauce 5to126 10g
Fish sauce 73to 138 10g
Oyster sauce 90 10g
VCondensed soups 0to 480 10b g
Sauces, mixes, seasonings 2t0 190 10g
Chinese restaurant meals <10 to 1500 100 g
Italian restaurant meals 10to 230 100 g
Western restaurant meals <10 to 710 100 g

Sources: JECFA (1988); Yoshida (1988); Nichols and Jones (1991); Daniels et al. (1995).

Inthe U.S., L-glutamic acid and its glutamate salts are GRAS when used as a salt substitute when used in
accordance with good manufacturing practice (§182.1045; §182.1047; §182.1500; §182.1516; §182.1). The
GRAS use of L-glutamic acid and L-glutamates as flavoring enhancers was evaluated by the Select
Committee on GRAS Substances (SCOGS) (FASEB, 1980). The committee commented on the reported cases
of “Chinese Restaurant Syndrome” in certain individuals, and that the use of Monosodium Glutamate in
restaurant and/or home prepared foods was not under the purview of the Select Committee since its
evaluation was limited to processed foods. The committee concluded that

“There is no evidence in the available information on L-glutamic acid, L-glutamic acid
hydrochloride, monosodium L-glutamate, monoammonium L-glutamate, and
monopotassium L-glutamate that demonstrates, or suggests reasonable grounds to
suspects, a hazard to the public when they are used at levels that are now current and
in the manner now practices. However, it is not possible to determine, without
additional data, whether a significant increase in consumption would constitute a
dietary hazard”.
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Another source of glutamic acid is from yeast extracts, which are commonly consumed ingredients that are
GRAS under Title 21 Food and Drug of the Code of Federal Regulations (CFR) §184.1983 (U.S. FDA, 2017).
Savory Base 100 is compositionally similar to yeast extracts and will be used as a replacement for them in
foods. A comparison of yeast extracts [as defined in the Food Chemicals Codex (FCC, 2016)] with

Savory Base 100 is presented in Table 6.3.1-2 below.

Table 6.3.1-2 Comparison of Savory Base 100 “Corn Sauce” (Savory Base 100) with Yeast Extracts (as
Defined in the Food Chemicals Codex)

Parameter Yeast Extract Savory Base 100

Description Yeast extract occurs as a liquid, paste, Savory Base 100 occurs as a pale brown
powder, or granular substance. to brownish paste.
It comprises the water-soluble Savory Base 100 is composed of glutamic
components of the yeast cell, the acid (34 to 44%), water (27 to 34%), ash
composition of which is primarily amino (10 to 18%), total nitrogen (4 to 7%),
acids, peptides, carbohydrates, and salts.  sodium chloride (5.5 to 8%} and other

free amino acids (1 to 3%).

Yeast extract is produced through the Corn syrup serves as the substrate and
hydrolysis of peptide bonds by the C. glutamicum is the source of the
naturally occurring enzymes presentin enzymes.
edible yeasts or by the addition of food-
grade enzymes.
Food-grade salts may be added during Sodium chloride is added during
processing. manufacture.

Function Flavoring agent, flavor enhancer. Savory flavoring ingredient.

Assay

Protein 242% protein -

Total Nitrogen - 410 7%.

a-Amino Nitrogen/ Total Nitrogen 15t0 55% N/A

Percent Ratio

Ammonia Nitrogen <2% <2% (Analytical results)

Insoluble Matter 2% Not provided

Lead <2 mg/kg <0.02 mg/kg

Mercury <3 mg/kg <0.003 mg/kg

Potassium <13% 0.94% (Analytical results)

Sodium Chloride <50% 5to 7%

Microbial Limits

Aerobic plate count <50,000 CFU/g <10,000 CFU/g

Coliforms <10 CFU/g No specification

Salmonella Negative in 25 g Negative in 25g

Yeast and Molds <50 CFU/g <100 CFU/g

CFU = colony forming units; N/A = not applicable.

Savory Base 100 is intended for use as an alternative to yeast extracts for general food use, and therefore,
will not increase dietary intakes of glutamic acid above levels currently occurring by way of existing
regulations for glutamic acid and its salts discussed above.
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Based on the results of analysis of 3 batches of Savory Base 100, the glutamic acid content of the product
averages about 38% (see Table 2.3.3-1). As previously indicated, EFSA has recently established an ADI of
30 mg/kg body weight/day. The 90" percentile intakes of Savory Base 100 were estimated to be

477 mg/person/day (see Table 3.1.2-1; the daily intakes of glutamic acid, as a major component of Savory
Base 100, is calculated to be 174.77 mg/day (equivalent to 2.49 mg/kg body weight/day for a 70 kg
individual). This intake is well below the ADI of 30 mg/kg body weight/day for glutamic acid as established
by EFSA and is not expected to raise a safety concern.

6.3.2 L-Alanine

L-alanine is a non-essential amino acid, which is a natural constituent of proteins in plants and animals
(Burdock, 2009). L-alanine is permitted for direct addition to foods for nutritive purposes at levels up to
6.1% by weight of total protein (21 CFR §172.320 - U.S. FDA, 2017). L-Alanine has been allocated an ADI of
'acceptable’ by JECFA (2004). Based on the results of analysis of 3 batches of Savory Base 100, the L-alanine
content of the product averages about 1.43% (see Table 2.3.3-1). Since the 90" percentile intakes of Savory
Base 100 were estimated to be 477 mg/person/day (see Table 3.1.2-1), the daily intakes of L-alanine, as a
component of Savory Base 100, was calculated to be 6.82 mg/day, and this is not expected to raise a safety
concern.

6.3.3 Formic Acid

Formic acid is a natural constituent of many foods consumed by humans, such as apple, papaya, pear,
raspberry, strawberry, cheeses, breads, yogurt, milk, cream, and fish (Burdock, 2009). It is also a metabolite
in intermediary metabolism and a precursor in the biosynthesis of several body constituents (FASEB, 1976).
Formic acid is permitted for direct addition to food intended for human consumption with no limitations
other than good manufacturing practice (6MP) (21 CFR §186.1316 - U.S. FDA, 2017). Formic acid has been
allocated an ADI of '0 to 3 mg/kg body weight/day’ by JECFA (1997). Based on the results of the product
averages about 0.80% (see Table 2.3.2-1). Since the 90" percentile consumer-only intakes of Savory

Base 100 were estimated to be 477 mg/person/day (see Table 3.1.2-1), the daily intakes of formic acid, as a
component of Savory Base 100, was calculated to be 3.82 mg/day (equivalent to 0.054 mg/kg body
weight/day for a 70 kg individual). This intake is well below the ADI of 3 mg formic acid/kg body weight/day
established by JECFA.

6.3.4  Succinic Acid

Succinic acid, an intermediate metabolite of the tricarboxylic acid cycle and an end-product of aerobic and
anaerobic metabolism (Song and Lee, 2006), can be produced from yeast fermentation in the processing of
sake and wine (Arikawa et al,, 1999; Song and Lee, 2006). In the U.S., succinic acid produced by chemical
synthesis or fermentation is GRAS for use as a flavor enhancer, and pH control agent in food at levels
consistent with 21 CFR §184.1091 and not to exceed cGMP (U.S. FDA, 2017). In a 13-week subchronic oral
toxicity study by Maekawa et al. (1990), the toxicity of monosodium succinate was evaluated in groups of
10 male and 10 female F344 rats via the drinking water at concentrations of 0 (control), 0.3, 0.6, 1.25, 2.5, 5,
or 10%. No dose-related adverse effects were reported in hematological, biochemical, or histopathological
parameters at any dose. The authors concluded that the NOAEL was 1.25% (equivalent to 1,250 mg/kg
body weight/day or 1,050 mg/kg body weight/day as succinic acid), based on decreased body weight gain
noted at higher doses (Maekawa et al., 1990). The food intakes were not measured in this study. Ina
follow-up 2-year carcinogenicity study, no statistically significant differences were reported between the
control and treated animals in overall tumor incidence, or mean survival times in either sex, when groups of
50 male and 50 female F344 rats were administered monosodium succinate through the drinking water at
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doses up to 2% for 104 weeks, corresponding to daily intakes of up to 1,093 mg/kg body weight/day for
males and 773 mg/kg body weight/day for females (Maekawa et al., 1990). The results of an in vitro reverse
mutation assay and a chromosomal aberration test demonstrated that succinic acid was neither mutagenic
nor clastogenic (Ishidate et al., 1984). Based on the results of analysis of 3 batches of Savory Base 100, the
succinic acid content of the product averages about 0.53%. Considering that the 90'" percentile consumer-
only intakes of Savory Base 100 was estimated to be 477 mg/person/day, and the daily intakes of succinic
acid, as a component of Savory Base 100, was calculated to be 2.53 mg/day (equivalent to intakes of

0.036 mg succinic acid/kg body weight/day for a 70-kg individual), which provides a large margin of safety
when compared to the NOAEL of 1,050 mg succinic acid/kg body weight/day, as determined in the 13-week
oral toxicity study by Maekawa et al. (1990).

6.4 Safety of the Source Organism

6.4.1 Identity

The C. glutamicum strain used by Nestec in the production of Savory Base 100 is deposited in several
international culture collections. Initially deposited as Micrococcus glutamicus strain 13032 by Kyowa Ferm.
Ind. Co., Ltd., the production organism currently has the strain designation C. glutamicum 534 [ATCC 13032]
and represents the type strain for the species (ATCC, 2016; Ikeda and Nakagawa, 2003).

The complete genome of C. glutamicum ATCC 13032 was sequenced in 1998, which was further
characterized and annotated in 2001 and 2002 (reviewed in lkeda and Nakagawa, 2003) and is also publicly
available (NCBI, 2016). The central carbon pathway, physiology, and regulation of main and specific
metabolic pathways for this strain have been well characterized, as it has significant industrial applications
and much interest has been focused on optimizing production performance from this microorganism
(Wieschalka et al., 2013).

6.4.2 Pathogenicity and Toxicogenicity

There are no documented case-reports of C. glutamicum being pathogenic or toxic to humans or animals.

C. glutamicum fulfils the requirements for Qualified Presumption of Safety (QPS) when it is used for amino
acid production (EFSA, 2013); Savory Base 100 being enriched in amino acids. C. glutamicum ATCC 13032 is
classified as a Biosafety Level 1 by the American Type Culture Collection (ATCC), meaning the microorganism
is not known to consistently cause disease in healthy adult humans and is of minimal potential hazard to
laboratory personnel and the environment.

C. glutamicum has a long history of use in the food production industry. First isolated in 1956,

C. glutamicum was initially characterized by its unique natural ability to produce large amounts of glutamic
acid (the predominant amino acid in Savory Base 100) from sugar and ammonia (Vertés et al., 2013).
Moreover, C. glutamicum has been used for the production of glutamic acid in the U.S. since 1961
(Kinoshita et al., 1961a,b; Kalinowski et al., 2003); in 2005 alone, 1.5 million tons of glutamate were
produced using fermentation by C. glutamicum, in addition to several thousand tons of threonine, lysine,
isoleucine and tryptophan (Smith et al., 2010). C. glutamicum has also been identified as a surface
microflora in cheese during ripening, indicating that this organism has a history of consumption as a species
in cheese (Dolci et al., 2009).

A number of Corynebacterium spp. (C. ammoniagenes, C. casei, C. flavescens, and C. variabile) have been
listed in the International Dairy Federation (IDF) 2012 inventory of microbial species with technological
beneficial role in fermented food products (IDF, 2012).
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Corynebacterium spp. have also been used globally for number of years in the production of a variety of
foods including cereals, bread, alcoholic beverages, and native dishes. Corynebacterium are responsible for
the hydrolysis of starch to organic acids in the production of cassava and the West African maize porridge
ogi (which can be cooked and then cooled to produce agidi, a weaning food or breakfast cereal) and are also
involved in the fermentation of ugba (a Nigerian snack and condiment) from African oil bean seeds

(Hahn, 1988; Haard et al., 1999; Osungbaro, 2009; Nwagu et al., 2011). A novel Corynebacterium species
(termed by the authors as C. nuruki strain 56-4) was isolated from an alcohol fermentation starter (nuruk),
which is used in the fermentation of rice to produce the Korean alcoholic beverage makgeolli

(Shin et al., 2011); Corynebacterium spp. have also been detected in doenjang-meju (Korean fermented
soybean paste), sufu (Chinese fermented bean curd) and sayur asin (Indonesian fermented mustard
cabbage) (Puspito and Fleet, 1985; Cheng and Han, 2014; Jung et al., 2016).

6.5 Expert Panel Evaluation

Nestec has concluded that Savory Base 100 meeting appropriate food-grade specifications and
manufactured consistent with cGMP is GRAS for use as an ingredient in various food products, as described
in Part 1.3, on the basis of scientific procedures.

The GRAS determination is based on data generally available in the public domain pertaining to the safety of
Savory Base 100 and based on a unanimous opinion among a panel of experts (“the Expert Panel”), who are
qualified by scientific training and experience to evaluate the safety of food ingredients. The Expert Panel
consisted of the following qualified scientific experts: Professor Emeritus Joseph F. Borzelleca

(Virginia Commonwealth University School of Medicine}, Professor Eric A. Johnson (University of Wisconsin-
Madison), and Professor Emeritus John A. Thomas (Indiana University School of Medicine). The Expert
Panel was selected and convened prior to issuance of the FDA’s guidance for industry on Best Practices for
Convening a GRAS Panel (U.S., FDA 2017), and therefore no formal written GRAS Panel policy was in place at
the time of Expert Panel meeting. However, the naotifier confirms that prior to convening the Panel all
reasonable efforts were made to identify and select a balanced Expert Panel with expertise in food safety,
toxicology, and microbiology, and efforts were placed on identifying conflicts of interests or relevant
appearance issues that would potentially bias the outcome of the Expert Panel deliberations; no such
conflicts of interests or appearance conflicts were identified. The Expert Panel received a reasonable
honorarium as compensation for the Expert Panel’s time, and honoraria provided to the Expert Panel were
not contingent upon the outcome of the Expert Panel deliberations.

The Expert Panel, convened by Nestec, independently and critically evaluated all data and information
presented herein, and concluded that Savory Base 100 is GRAS for use as an ingredient in various food
products, as described in Section 1.3, based on scientific procedures. A summary of data and information
reviewed by the Expert Panel and evaluation of such data as it pertains to the proposed GRAS uses of Savory
Base 100, are presented in Appendix B.

6.6 Conclusions

Based on the data and information presented herein, Nestec has concluded that Savory Base 100, meeting
appropriate food-grade specifications and manufactured according to cGMP, is safe for use in various food
products as presented in Section 1.3. Nestec also has further concluded that pivotal data and information
relevant to the safety of Savory Base 100 are publicly available and therefore the intended uses of Savory
Base 100 can be determined to be Generally Recognized as Safe (GRAS) on the basis of scientific
procedures.
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Date of Issue: 9/6/2016
Rev 14220-01

Section 1. |dentification

Product Identifier

Catalog Number: 14220

Recommended use of the chemical and restrictions on use
For research use only. Not intended for human or animal diagnostic or therapeutic uses

Manufacture/Supplier Details: Alpha Teknova, Inc.
2290 Bert Dr.
Hollister, CA 85023
Telephone Number: 831-637-1100

Emergency Telephone Numbers
CHEMTREC Emergency Phone Number: (800) 424-9300

Section 2. Hazard Identification

Classification of the substance/mixture: Not a hazardous substance or mixture.

GHS Label elements, including precautionary statements
The substance is classified and labeled according to the Globally Harmonized System (GHS).
Not a hazardous substance or mixture.

Hazard statements: None
Signal word: None
Precautionary Statements: None
HMIS rating (Scale 0-4): HEALTH

FIRE

REACTIVITY 0
NFPA Rating:

None

Hazards not otherwise classified:

Section 3. Composition/Information On Ingredients

Chemical Name Identifiers Hazardous Approximate Percentage %
Magnesium Sulfate CAS: 7487-88-9 nonhazardous 0.10%

Soytone CAS: N/A nonhazardous 25%

Yeast extract CAsS: 8013-01-2 nonhazardous 4.80%

Glycerol CAS: 56-81-5 nonhazardous 1%

Sodium Phosphate Dibasic CAS: 7558-79-4 nonhazardous 12%

Potassium Phosphate Monobasic CAS: 7778-77-0 nonhazardous 6%
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Date of Issue: 9/6/2016
Rev 14220-01

Ammonium Chloride CAS:12125-02-9 nonhazardous 2%
Calcium Chloride CAS: 10043-52-4 nonhazardous 0.013%
Water CAS: N/A nonhazardous -

Chemical Characterization: Mixture

Any concentration shown as a range is to protect confidentiality or is due to batch variation.

Section 4. First-Aid Measures

Description of necessary measures

Inhalation:

Skin:

Eye:

Ingestion:

Remove victim to fresh air and keep at rest in a position comfortable for breathing. If not breathing, if breathing is irregular or if
respiratory arrest occurs, provide artificial respiration or oxygen by trained personnel. It may be dangerous to the person
providing aid to give mouth-to-mouth resuscitation. Get medical attention if adverse health effects persist or are severe. If
unconscious, place in recovery position and get medical attention immediately. Maintain an open airway.

Flush contaminated skin with plenty of water. Remove contaminated clothing and shoes. Get medical aid if irritation develops

or persists

Imm ediately flush eyes with plenty of water, occasionally lifting the upper and lower eyelids. Check for and remove any
contact lenses. Continue to rinse for at least 10 minutes. Get medical attention.

Do not induce vomiting. Get medical attention if adverse health effects develop or persist.

Most important symptoms/effects, acute and delayed
No further relevant infermation available

Indication of any immediate medical attention and special treatment needed
All treatment should be based on observed sign and symptoms of distress in the patient. Consideration should be given to the possibility that
overexposure to materials other than this product may have occurred.

Section 5. Fire Fighting Measures

Extinguishing media:

Suitable extinguishing media:

Unsuitable Extinguishing:

Special hazards arising from the substance or mixture

Unusual fire and explosion hazards:
Hazardous Combustions products:

Special protective equipment and precautions

for the fire-fighters

This is a nonflammable solution
Use an extinguishing agent suitable for the surrounding fire.

None known

No specific fire or explosion hazard
None known

No special measures required

Section 6. Accidental Release Measures
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Personal precautions, protective equipment and emergency procedures
Wear appropriate protective equipment including respiratory protection as conditions warrant. Do not touch or walk through spilled material. Do not touch

damaged containers or spilled materials unless wearing appropriate protective clothing.

Environmental precautions
Awvoid run off to waterways and sewers.

Methods and materials for containment and cleaning up
Absorb with liquid-binding m aterial.
Dispose contaminated material as waste according to item 13.
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I Section 7. Handling And Storage

Precautions for safe handling: No special handling requirements for norm al use of this material.

Conditions for safe storage, including and incompatibilities = y >
Storage: Keep labeled container tightly closed and upright.

Incom patible materials or Ignition sources: Keep away from strong oxidizers.

Section 8. Exposure Controls/Personal Protection

Control parameters

Occupational exposure Limit values: Contains no substances with occupational exposure limit values.
Appropriate engineering controls: General industrial hygiene practice.
Personal protective equipment

Use equipment for eye protection tested and approved under appropriate government standards such

Eye protection: as NIOSH (US) or EN 166(EU).

" Protective gloves. The glove material has to be impermeable and resistant to the productithe
Hand Protection: substance/ the preparation.
Respiratory Protection: None required under normal conditions of use

Section 9. Physical And Chemical Properties

Appearance 1 liquid

Odor : none

QOdor Threshold :  no data available
pH :  no data available
Melting pointffreezing point 1 no data available
Initial boiling point & boiling range :  no data available
Flash point : no data available
Evaporation rate : no data available
Flammability (solid, gas) :  no data available
Partition coefficient : no data available
Vapor pressure :  no data available
Vapor density :  no data available
Relative density (water) : nodata available
Solubility :  Soluble in water
Upper/lower flammability or explosive limits :  no data available
Auto-ignition temperature :  no data available
Decomposition temperature :  no data available
Viscosity :  no data available

Other information: None
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' Section 10. Stability And Reactivity

Reactivity: No specific test data related to reactivity available for this product or its ingredients

Chemical stability Stable under recommended storage conditions.

Possibiity of hazarcous reactions Under norm al conditions of storage and used, hazardous reactions should not oceur.

Conditions to avoid No specific data

Incompatible materials No specific data

» Under norm al conditions of storage and used, hazardous decomposition preducts should not be
Hazardous decomposition products: produced.

Section 11. Toxicological Information

Information on toxicological effects
Acute toxicity

Product/Ingredient Name CAS Result Species Dose Exposure

Inoculum Broth with Calcium = - - z -

Chloride

Irritation/Corrosion

Product/Ingredient Name Result Species Score Exposure/Observation

Inoculum Broth with Calcium | - = C; ke

Chloride -
Sensitization: Not available
Mutagenicity: Not available
Carcinogenicity
Product/Ingredient Name OSHA IARC NTP
Inoculum Broth with Calcium None of the ingredients None of the ingredients listed None of the ingredients listed
Chloride listed
Reproductive toxicity: Mot available
Teratogenicity: Not available
Specific target organ toxicity- single exposure Not available
Specific target organ toxicity- repeated exposure Net available
Aspiration Hazard Not available
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Information on the likely routes of exposure
Routes of entry anticipated: Oral

Symptoms related to the physical, chemical and toxicological characteristics

Eye contact: No specific data
Inhalation: No specific data
Skin contact: No specific data
Ingestion: No specific data
Aspiration Hazard No specific data

Delayed and immediate effects and also chronic effects from short and long term exposure
No known significant effects or critical hazards.

Numerical measures of toxicity
Not available

Section 12. Ecological Information

Toxicity
Product/ingredient name Result Species Exposure
Inoculum Broth with Calcium g . 5
Chloride

Persistence and degradability: Not available

Bioaccumulative potential Not available

Mability in soil Not available

Other adverse effects Not available

Aspiration Hazard No known significant effects or critical hazards.

Section 13. Disposal Considerations

Waste treatment methods

Product waste: Dispose of content and/or container in accordance with local, regional, national, and/or international regulations

Packaging waste: Dispose of content and/or container in accordance with local, regional, national, and/or international regulations
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| Section 14. Transport Information
UN Number UN praoper shipping name Tran;ggr;{::)zard Packaging group Em;i'::zr;r:;esntal
DOT Not regulated - - - none
IMDG Not regulated - - - none
IATA Not regulated - - - none

Transport in bulk according to Annex Il of Marpol 73/78 and the IBC code
This product is provided only in non-bulk containers

Special Precautions for user
None specified

Section 15. Regulatory Information

Safety health and environmental regulations/ legislation specific for the substance or mixture

Sara
Section 355 (Extremely hazardous substances)

Section 313 (Specific toxic chemical listings)
SARA 311/312 Hazards

No SARA Hazards

TSCA (Toxic substances control act)
Proposition 65:

Chemicals known to cause cancer

Chemicals known to cause reproductive toxicity
or females

Chemicals known to cause reproductive toxicity for males
Chemicals known to cause developm ental toxicity
Carcinogenic categories

EPA (Environmental protection agency)

TLV (Threshold limit value established by ACGIH)

NIOSH-CA (National institute for occupational safety and health)
OSHA-CA (occupational safety & health administration)

GHS label elements

Hazard pictograms
Decomposition temperature
Viscosity

Signal Word

Hazard-determining components of labeling
Hazard statements

Precautionary statements
MNational regulations

State right to know
Chemical safety assessment

Not applicable
Substance is not listed
Substance is not listed

Substance is not listed
Substance is not listed
Substance is not listed

Substance is not listed
Substance is not listed

Substance is not listed
Substance is not listed
Substance is not listed
Substance is not listed

The product is classified and labeled according to the Globally
Harmonized System (GHS).

Not applicable
Not applicable
Not applicable
None
Not applicable
None

Not applicable

Substance is not listed

Substance is not listed

A Chemical Safety Assessment has not been carried out.
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I Section 16. Other Information

Disclaimer/Statement of Liability: The information contained herein is believed to be accurate but is not warranted to be so. Data and calculation are
based on inform ation furnished by the manufacturers of the components of the product. Uses are advised to confirm in advance of need that information
is current, applicable and suited to the circumstance of use. Vendor assumes no responsibility for injury to vendee or third persons proximately caused
by the material if reasonable safety procedures are not adhered to as stipulated in the data sheet. Furthermore, vendor assumes no responsibility for
injury caused by abnorm al use of this material even if reasonable safety procedures are followed. Any questions regarding this product should be
directed to the manufacturer of the product as described in section 1.

Warranty

The above information is believed to be correct but does not purport to

Be all inclusive and shall be used only as a guide. Teknova, inc. Shall not be held liable for any damage resulting from handling or from contact with the
above product.

Teknova, inc.

Key to abbreviations: NDA= No data available
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1
METHOD FOR THE PRODUCTION OF
METHIONINE

RELATED APPLICATIONS

This application is a national stage application (under 35
US.C371) of PCTIP2004/014423 Mled Dee, 17, 2004,
which claims beneflt ol (German application 103 39 668.2
filed Diec. 18, 2003,

The present invention relates to a process for producing
methionine by fermentation, a process for isolating the
methionine  formed. the methionine-conlaining  biomass
obtained in the isolation. ils use for producing a feedstull or
feed supplement, and also 1o the vse of the isolated methion-
ine for producing toods or feeds or food or feed supplements

PRIOR AR

Methionine 1s used in the most varied sectors, including the
food, teed. cosmetics and pharmaceutical industries.

[ itherto, only the chemical production processes for 13,] -
methienine have been ol industrial importance. Starling
materials for this synthesis are hvdrogen sulfide, methylmer-
captan, acrolein, Prussic acid or methylmercaptopropional-
dehyde (see Ullmann’s lneyelopedia ol Industrial Chemistry
{1985), Vol. page 71).

Methionine is also produced by natral cellular metabolic
processes. [ts production on an industrial scale would moest
expediently be carried out by means of bacterial culmures

which have been developed o preduce and seerele large 3

amounts ol the desired substance, Organisms which are par-
ticularly svitable for this purpose are nonpathogenic coryne-
form bacteria.

Itis known that methionine can be produced by fermenting
strains ol corynelorm bacteria in particular Corvredacierinm
ghatamicun. 13ecause of the greal Importance. work is con-
tinvously being carried out on improving the production pro-
cess, Improvements on the process ean relate to, for example,
lermentation measures. the composition ol the nutrient
media, or the intrinsic perlommance properties ol the micro-
organism itsel .

To improve the performance properties of these microor-
ganisms with respect 1o procuecing a defined molecule, nse
can he made ol methods ol mutagenesis. selection and mutant
sclection or meihods o recombinant DNA technology lor the
strain improvement ol amino acid-producing strains, for
example of Conpnrebacterivm, by amplifving or turning off
individual amine acid biosynthesis genes and thus indocing
an improvement of the amine acid production.

Por instance, WO-A-02/10200 and DI-A-101 36 986
describe a process for producing L-methionine by fermenta-
ton, vsing L-methionine-producing genetically modified
corvnefor bacteria. There, a description is given, inter alia.
ol a process lor producing | -methionine comprising the ler-

mentatiom ol the bacteria. the enrichment ol the amino acid in

the medium or in the bacteria and the isolation of the amino
acid. Furthermore, a process is described for producing
L -methionine-containing animal [eed additive rom a ler-
mentation broth which comprises the following steps: a) ler-
menting | -methionine-producing microorganisms; b) con-
centrating  the fermentation broth, for example by
evaporation; <) separating off the biomass (0-100%), for
example by centrilugation: and d) drying. lor example by
[reeye drying or spray drying, spray granulation.

Swapan el al. deseribe. in L Microbial Bictechnology, 4
(1}, 35-41 (1989), the microbial production of methionine by
means of a Baciffus megaterivm mutant by separating off the
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cells from the fermentation broth, adjusting the pH 1o 5,
treatment with setivated carbon and lon-exchange chroma-
lagraphy.

D11-A-35 33 198 discloses the production ol T -leucine by
termentation vsing special thermophilic bacreria. The fer-

tion ol hiomass. separation ol produc
medium, cooling (down o +2° C.J in a cryslallizer. produc-
tion of the amino acid which has crystallized out and recir-

o culation of the mother liquor 1o the reactor. The production of

methionine by termentation is not described therein.

I'he processes which have been deseribed hitherto Tor the
microbial production of methionme do nol yet satisfy the
requirements of production on an industeial scale. A reason

5 for this is, firstly, the limited solubility of methionine in the

agquecus fermentation medivm, which has the effect that, at
high biosynthesis outpul, methionine precipitates oul in the
lermentation broth and thus makes purification difficull. A
turther reason is that in the case of work according to the prior

o an, considerable waste streams are produced, the disposal of

which is associated with high cost.
BRIEE DESCRIFTION O 1T INVENTION

Itis an object of the present invention, therelore, 10 provide
an improved process [or iselating methionine produced by
fermentation which is applicable. n particular, 10 those ler-
mentation broths which comprise methionine in part in crvs-
talline form. A further object is to provide a workup process
for methionine-containing fermentation broths which pro-
duces virtually no waste streams and thus can be carried out
particularly ceomomically.

We have found thal the above chject is swprisingly
achieved by providing a workup process which specifically
exploits the solubility properties of methionine for separating
oll the biomass. The process utilizes ervstallization as 4 puri-
fication method [or L-methionine produced by fermenlation.
It gives two different produets for use as teed additive (low-
concentration and high-concentration product). In preferred
variants, virtually no waste streams are produced and thus
particularly cconomical methionine production on an indus-
trial sealo is permitted.

DETAILED DESCRIPTION OF THE INVENTION

A) General Definitions

“Methicnine™, for the purposes of the invention, in prin-
ciple covers |- or 1-methionine. mixtures of these isomers,
for example racemates. bul preferably T-methionine,

The solubility of methionine in water is about 30 g/l at 207
<., and at 70° C. 1t 15 greater than Y0 ¢/1. In the fermentation
hroth under these conditions, salubilities of comparable order
ol magnilude are observed.

Process measures such as “concentrating”, “separaling™,
“washing”™, “drving”, for the purposes of the present inven-
tion, cover all processes present in the field of specialist skill.
Forexample, “concentrating” can be taken to mean evaporat-
ing the liquid phase under aimospheric pressure or with (he
application ol a vacuum. “Concentrating” can be carried out,
torexample, vsing familiar techniques, such as reverse osmao-
sis or nanofiltration or customary apparatuses, for example a
[alling-film evaporator, thin-lilm evaporalor or rolary cvapo-
ralor, or combinalions thereoll “Separating” can cover. lor
oxample. cenlrifuging, lillering. decanting. or combinations
of these processes. “Washing” can cover, tor example, filker-
ing off a solid and single or repeated washing, if appropriate
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after suspending the filter residue. “Drying™ can cover, for
example, reese drying. spray drying. spray granulation, Mu-
idized-bed drying or combinations ol these processes.

¥

13) Preferred Pmbodiments of the Invention

The present mvention (rstly relates W a process for isolat-
ing methionine produced by [ormentatiom, which comprises
a) heating a methionine-containing liguid fraction produced

in the fermentation of a methionine-producing microor-

ganism, which liquid fraction comprises, in particular,
methioning in partially undissolved form. 0 a lemperature
which is sullicient 1o inerease the solubility ol methionine
in the liguid phase, preferably to bring methionine essen-
tally completely 1nto solution.

1) obtaining therefrom a methionine-enriched liquid phase
and

¢y erystallizing oul methionine, i appropriate afier concen-
traling the enriched liquid phase.

Methionine is “essentially” complerely in solution if'it is,
for example, more than 95% dissolved, preferably more than
98% dissolved, in particular 100% dissolved. based on the
tetal methionine eontent in the liguid pha:

A methionine-containing “liguid [zetion™ is Lypically the
broth which is obtained from the fermenation process and
comprises, in particular, methionine in partially undissolved
lorm and il appropriate can have other solid constituents
which can be customarily present in lermentation broths: ora
ligquid derived therefrom, oblained lor example by suitable
pretreatinent, A “pretreatment™ could consist, for example, in
concentration by evaporation, or in addirion of substances.
For example. methionine-containing ractions could be added
1o (he broth from previous workup halches, or adjuncts (sce
helow) which promole the following processing sleps or
which promate the use of the produet (for example a feed
additive) as directed.

The content ol undissolved methioning in the, il appropri-
ale, lort
ol the lermentation broth. in the range o Trom about 1 10 10%
by weight, preferably from about 3 to 8% by weight, or, based
on the total solids content, in the range of trom about 30 to
80% by weight. preferably [rom about 30 1o 57% by weight.

Forexample. an nventive lermentation can give amethion-
inc cantentol about 96 g/1, ol which, ata typical fermentation
temperature, about 46 ¢/l are in solution and about 50 g/l are
undissolved.

The methionine content of the enriched liquid phase is,
hased on the dry residues thereol. in (he range ol [rom about
6010 100% by woight or about 90 1o 1OO% by weight. as for

ed [ermentation broth is, based on the total weight

example from about 75 to 85% by weizht, or about 95 1o

1009 by weight, each based on dry mass.

To bring methionine essentially into solution, in stage a).
the liquid is heated to a temperature in the range o from about
6010 1207 C.. preferably from about 70 (o 100° C.. depending
on the amount of the product to be dissolved. It appropriate.

[
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i can be necessary to operate under a slightly elevated pres-

sure, for example from I to S atm.

Preferably. the Tiquid fraction used in stage a) s the biom-
ass-containing [ermentation broth without [urther pretreat-
ment,

The methionine-enriched liquid phase of stage b) is pref-
erably obtained by separating oftthe biomass from the heated
fermentation broth which is enriched with disselved methion-
ine. "l'o prevent premature erystallization of the methionine.
likewise clevated temperature is employed during biomass
separation. preferably o temperature in the range specified
above

[i1

4

In a preferred embodiment of the invention
dy the erystallized methionine is separated ol
¢) the solid. prelerably crystalline, methionine which has
been separated ol is il appropriate washed and
1) if appropriate dried.
According to a further preferred process variant, the bio-
paraled ofT in stage by is
appropriate washed. the liguid used for the washing
being it appropriate heated, and

5 23) dried.

It can become necessary 10 heat the wash liquid if, for
example. solid methionine is (o he present in the hiomass
lraction separated ofT, and it is desired (o produce methionine
from the biomass fraction as far as possible.

To avodd waste streams, preferably
g2) the wash liguid produced in stage g1) is combined with

the methionine-enriched liquid phase [rom stage b).

The methionine-containing liquid phases ol the stage b)
obrained in accordance with the above procedures are then
further concentrated, for example by evaporation with heat-
ing and il appropriate applying a vacuum. The methionine
conlent in the resultant coneentrale is in the range of rom
about 10 to 40% hy weight, based on the total weight of the
concentrate. The methionine is preferably separated off by
cooling crvstallization. For this the solution 1s cooled 1o tem-
peratures in the range [rom 0 1o 200 C. ARer erysiallization is
complete, the solid methivnine is washed with cold wash
liquid, for example water, and dried, if appropriate with
pentle heating,

According Lo a [urther process varlant. the mother liguor
produced in slage d) is
d1}combined with the methionine-containing liquid fraction

from another fermentation batch using a methionine-pro-

ducing microorganism; or

d2) added 10 (he biomass separated oll rom the same or
another lermentation bateh using a methionine-producing
microorganism belore the drying ording (o stage £3).

Agcording to a further process vardan, the wash liquid
produced in stage e} is
¢l combined with the methionine-coniaining liguid fraction

[rom another [ermentation balch using a methionine-pro-

ducing microorganisn or
e2) added to the biomass separated off from the same or

another fermentation batch using a methionine-producing
microorganism belore the drying according (o stage ¢3).

Reeireulating moether liquor and wash liquid further pre-
vents production of waste streams.

According 1o the invention, in addition, preferably. the
drying according Lo slage g3) comprises a spray-drying step.

The present mvention Turther relales 1o a process for pro-
ducing methionine by fermentation, a natural or recombinant
microorganism being fermented in a manner known per se
and the methionine formed being isolated by a process
according 1o the delmition above.

In a preferred embodiment. the inventive processes arc
carried out vsing a methicnine-producing microorganism
selected from natural or recombinant bacteria of the genus
Corvaebacterium.

‘The invention [urther relates (o the use ol the dry material
oblainable according to the above slage g3) Lor producing a
teedstufl or a feed supplement (feed additive)

The present invention alsa relates to the use of the inven-
tively isolated methionine for producing a loodsiufl or [eed-
stull or food supplement or feed supplement.

Ihe invention [inally relales o methionine-conlaining
dried biomasses obtainable by a process according to the
definition above; teed additives, comprising a biomass of this
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tvpe: and also feed compositions comprising such a feed
additive in addition o customary feedstull constituents.

In the sections below, [urther developments of the nven-
tion are deseribed.

O Tost Cells Used Ac

For the imventive process, use is preferably madeolcoryne-
form bacteria. Preferably, these are bacteria of the genus
Corynebacierivm, Ofthe genus Corvrebacterium, in particu-
lar the specics Corvnebacterium gluzaniowm 1s 1o be men-
tioned which is known in speciality [or its ability o produce
L-amino acids.

Examples of snitable strains which mav be mentioned are:

of the genus Coryrebacierivi:

Coryuebacterium ghaamicum XVCC 13032, Corvuebac-
terium acetogluamicum NXUCC 15806, Corpnebacterium
acetoacidophilum XUCC 13870, Corvnebacterium  ther-
moaminogenes  FERM  BP-1338,  Corvnebuacterivm
melassecola ATCC 17965, Corvnebacierium glulamicum
KICCHKGS; or Corvnebacterium glutamicum N CC21608

or ol the genus Arevibacterim:

Brevibacterimin favime AVCC 14067 Brevibacterium
lactofermentum ATCC 13869 and Brevibacterium divarica-
firm ATCC 14020 are to be mentioned;

(KICC=Korean  lederatiom ol Cullure  Colleetion:
ATCC=American  “Type  Culture  Colleetion;  FIIRM
BP=Collection ol the National Instiiute ol Biosclence and
Human-Technology, Agency of Industrial Science and Tech-
nolagy, Japan)

Ihe bacteri
maodilicd in a suitable manner, For instance, microorganisms
can be used, for example, in which genes of the methionine
biosynthesis pathway are amplitied, so that more methionine
is present in the cell. Alernatively, or additionally. it is also

wding (o the Invention

possible lo switch ollor atlenuate genes whichare involved in 2

methionine-degrading metabaolic pathways. Suitable strate-
gies tor improving methionine production are known from
the prior art and are described, for example, in WO-A-027
10209, DI-A-102 170 58, DH-A-102393 08, 1D1-A-102 390
T3, DE-A-102 3940 82 and D1-A-102 228 38 which arce
expressly incorporated herein by roference.

In order to reduce the activity or amount of an enzyme
which could lower the methionine content, those skilled in the
art can carry out diflering measures individually or in com-
hinations. By reducing the transeription frequency el the gene
which codes for the inventive protein, the coneentration ol the
relevant proteincan be lowered. This can be achieved by those
skilled in the art by moditying or exchanging the promorer or
regulation region and also (he ribosome binding site of the

cading gene. Downstream ol the coding region, those skilled

in the art can modify terminators or inroduce sequences
which lead 10 a reduced stability of the tanscript. These
measures reducing the life of the mRNA malke it possible to
lower the expression ol the associaled protein and thus ils
concentration.

Atthe level of the expressed enzyime, fusioned sequences
can lead 1o an increased breakdown rate and thus likewise to
a lowering of the concentration of the protein. In addition,
those skilled in the art. by means of targeted or untargeled
mutagenesis ol the coding gene can change the activity. the
substrate affinity and the substrate specificity. The activity of
enzymess can be atfected by mutations in the corresponding
genes in sueh a manner that partial or complete reduction of
the reaction velocily ol the enzymalic reaction occurs.
l:xamples ol such mutations are known o those skilled in (he
art (Motovama H. Yano H. Terasaki Y. Anozawa H. Applied &
Environmental Microbiology. 67:3084-70, 2001, Eikmanns

1 strains can be used unmodified or genetically 3
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o
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B Eggeling L. Sahm H. Antonie van Lecuwenhoek. 64:145-
63, 1993-84). Mulants of the protein ean also Tead 1o reduced
or inhibited homo- or heleromullimerization ol enzyme com-
plexes and thus likewise to an impairment ol the ensymatic
properties.

Cienes modified in this manner can either be present in
plasmids, or preferably integrated in the chromosome. In this
case. the original gene which has not heen modilicd in this
manner canstill additionally be present, but preferably can be

10 exchanged for the modified gene.

To reduce the activity of an enzvine measured in a corvoe-
[erm bucterium. it can be suflicient o express genes which
code [or [unclional equivalents. such as arlificially manulac-
tured mutants or natural homologes from other organisms, n

5 this case, the orginal gene can still additionally be present,

but preferably can be exchanged lor the modilied or homolo-
gous gene.

In addition, it can be advaniageous Tor the bacterial pro-
duction of methiomine to amplify one or more enzymes of the
methionine biosvnthesis pathway, of the cvsteine metabolic
pathway. ol aspartate semialdchyde synthesis. ol glycolysis,
olanaplerosis. ol pentose phosphate metabolism, of the cilric
acid evele or of amino acid export.

For instance, forthe production of methionine, one or more

5 of the following genes can be amplified:

the gene TysC eoding [or an agpartate kinase (11P 1 108 790
AZDDNA-SEQ NO. 281).

the gene asd coding, for an aspartate semialdehvde (ED 1
108 790 A2; DNA-SEQ NO. 282),

the gene gap coding for glyeeraldehyde-3-phosphale dehy-
drogenase (Hikmamns (1992), Journal ol Bacteriology
174: 6076-6086),

the gene ppk coding for 3-phosphoglyeerate kinase (Eik-
manns (1992), Journal of Bacteriology 174: 6076-
6086).

the gene pyc coding for pyruvate carboxylase (likmanns
(19923, Journal of Bacteriology 174: 6076-6086).

the gene tpd cading for triose-phosphate isomerase (Bik-
manns (1992), Journal of Bactericlogy 174: 6076-
[EIETN

the gene metA coding for homoserine O-a
(ET 1 108 790 A2; DNA-SEQ NO. 725),

the gene metB coding for cystathioninegamma-syurhase
(EP 1 108 790 A2; DNA-SEQ NO. 3491),

the gene melC coding [or eyslathioninegamma-lyase (1P 1
108 790 A2: DNA-SIIQ NQ. 3061),

the gene metH coding for cyvstathioninesynthase (EP 1 108
790 A2: DNA-SEQ NO. 1663),

the gene aly A coding lor serinchydroxymethylrans lerasce
(1P T T08 790 A2 DNA-SEQ NOL T,

the gene melY coding for O-acetylhomoserinesul Thydry-
lase (EP 1 108 790 A2:DNA-SEQ NO, 726),

the gene metF coding for methvlenetetiahydrofolater-
cductase (1P 1 TO8 790 AZ: DNA-81I) NO. 2379),

the gene sorC coding [or phosphoscrine aminelrans[erasce
(EP 1 108 790 A2; DNA-SEQ NO., 028)

a gene serB coding for phosphoserine phosphatase (EP 1
108 790 A2; DNA-SEQ NO. 334, DNA-SEQ NO. 467,
DNA-SL NO. 2767)

the gene cyslt coding lor serine acetyl-translerase (1P 1
108 790 A2; DNA-SEQ NO. 2818)

the gene eysK coding for cvsteine synthase (EP 1 108 790
A2 DNA-SEQ NO.L 2817),

the gene hom coding lor a homoserine dehydrogenase (1P
1108 790 A2: DNA-SIQ NO. 1306)

In addition, it can be advantageons for the inventive pro-

duction of methionine 1o mutate simultaneously at least one

yltranslerase
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of the following genes i such a manner that the activity of the
corresponding proteins, compared with non- -mutaied pro-
teins. is allected 10 a lesser exteny, or is not allecled. by a
metabolile, or that their specific activity is increased:

the gene lysC coding for an aspartate kinase (EP 1 108 790
A2; DNA-SEQ NO. 281),

the gene pye coding lor pyruvale carboxylase (Hikmanns
(19492), Journal ol Bacteriology 174: 6076-6086).

the gene metA coding for homoserine O-acetyiransterase
(ED’ 1 108 790 A2;: DNA-SEQ NO. 725),

the gene merB coding for cystathionine gamma-synthase
(1P T 108 790 A2; DNA-SEQ NO. 3491).

the gene melC coding lor cysiathionine gamma-lyase (1P
1108 790 A2: DNA-SEQ NO. 3061),

the gene metH Cudmg for methionine synthase (EP’ 1 108
TONAZ DNA-8IQ NO. 1663),

the gene gly A coding [or serine hydroxymethy lrans ferase
(TP T 108 790 A2; DNA-SEQ NO. 1110y,

the gene metY coding for O-acetylhomoserine sulthvdry-
lase (ED' 1 108 790 A2; DNA-SEQ NO., 726),

the gene melll eoding  for methylencletrahydrofolate
reductase (P 1 1O 790 AZ: DNA-SIHQ NO. 2379),

the gene ser(C coding lor phosphoserine aminotrans [erase
(EI’ 1 108 790 A2;: DNA-SEQ NO. 928)

a gene serB coding for phosphoserine phosphatase (EP 1
108 790 A2, IINA-SHQ NO, 334, DNA-SIH) NO. 467,
DNA-S1Q NOL 2767)

the gene eys! i coding lorserine acetyltranslerase (LP 1 108

790 A2; DNA-SEQ NO. 2818)

the gene cvsK coding for cvsteine svnthase (EP 1 108 790 -+

A2, DNA-SIIQ NCQ. 2817).

the gene hom coding for a homaeserine dehydrogenase (179
1108 790 A2 DNA-SIQ NOL 1306)

In addition, it can be advantageous for the production of

methionine to arrenvate one or more ofthe following genes, in ~

particular o reduce or switch ofl their expression:

the gene metK coding lor S-adenosy Imethionine synthase
{(13.02.5. 1.6)

the gene theB coding for homoserine kinase (EP 1 108 790
A2 DNA-SEQ NO. 3453)

The gene ilvA coding for threonine dehvdratase (ED 1 108
TOOAZ DNA-BI) NO. 2328)

the gene (hr” ecoding lor threonine synthage (1P 1 108 790
AZ; DNA-SEQ NO. 3486)

the gene ddb coding for meso-ciaminopimelate D-dehy-
drogenase (EP 1 108 790 A2; DNA-SEQ NO. 3494)

the gene pek eoding lor phosphoenolpyruvale carboxyki-
nase (1P 1 108 790 A2; DNA-SLQ N 3157)

the gene pgi coding or glucose-6-phosphate G-isomernse
(El' 1 108 790 A2; DNA-SEQ NO. 950)

the gene poxB coding for pyruvate oxidase (EI' 1 108 790
A2; DNA-SIQ NOI. 2873)

the genedapA coding lor dihydrodipicolinate synthase (1 1P
1108 790 A2: DNA-SIQ NO. 3476)

the gene dapB coding for dihvdrodipicolinate reductase
(E' 1 108 790 A2; DNA-SEQ NO. 3477)

gene lysA coding for diaminopicolinate decarboxylase
(1P T 108 790 A2; DNA-SEEQ NO. 3451)

In addition it can be advantageous lor the production ol
methionine to mutate at least one of the abovementioned
genes metk, 1lwB, ilvA, theC, ddh, pck, pei. poxB, dapA,
dapl3. lysA i such amanner that the enzsymatic activity ol the
carresponding protein is pariially or complotely cul back.

In addition it can be advantageous lor the production of
methionine o eliminate further nuwanted side reactions (Na-
kavama: “Breeding of Amino Acid Producing Microorgan-

o
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_ Morinaga (3io/
© eral. (Gene 102, 93-98 {(1991)), in EP 0472869, in U.8. Pat

8

isms™, w Overproduetion of Mierobial Products. Krum-
phanzl. Sikyta, Vanck (eds)). Academic Press, London, UK,
1982).

lor achieve averexpression, those skilled n the art can take
dilTering measures individually or in combination. Thus. the
number of copies of the corresponding genes can be
increased, or the promoter and regulation region or the ribo-
some binding site which is upstream ol the structural genecan
be mutated. Lxpression cassclles act in the same manner

7 which are incorporated upstream of the structural gene. By

means of inducible promoters it is additionally possible to
increase the expression in the course of production of L-me-
thionine by fermentation. Measures (o prolong the lile ol the
mRNA likewise Improve expression. Furthermore, by inhib-

5 iting the breakdown of the enzyme protein, the enzyme activ-

ity is likewise increased. The genes or gene construets can be
present in plasmids with diflering numbers ol copies or inte-
grated i the chromosome and amplified. Allernatively. over-
expression ol the relevant genes can [urther be achioved by
changing the media composition and culture conditons.
Those sldlled in the art find instructions in this respect,
inter alia, in Martin et al. {Biotechnology 5. 137-146 (1987)),
in Guerrero el al. (Gene 138, 35-41 (1994)), Tsuchiya and
sehmology 6, 428-430 (1988)). in Hikmanns

No. 4,601,893, in Schwarzer and Piibler (Biotechnology 9.
84-87 (1991), in Remscheid et al. (Applied and Environmen-
lal Microbiology 60. 126-132 (1994). in [.aBarre el al. (Jour-
nal ol Bacteriology 175, 10011007 (1993)), in WO
96/15246, in Malumbres et al. (Gene 134, 15-24 (1993)), in
JP-A-10-229891, in Jensen and Hammer (Biotechnology and
Bivengmeering 58, 191-195 (1998)). in Makrides (Microbio-
logical Reviews 60:512-338 (1996) and n known textbooks
al genetics and molecular biclogy.

12) Carrying Out the Inventive Permentation

I'he microorganisms produced according o the nvention
can be culwred for ihe production of methienine continu-
ously or barchwise in the batch process (bateh culture) or in
the fed batch process, or repeated fed batch process. A sum-
mary ol known cullure methods may be found in the texthook
by Chmicl (Bioprazcfilecimik 1. Hinfithrung in die Biover-
[ahrensiechnik |Process iotechnology 1. Introduction 1o
process biotechnology] (Gusiav Fischer Verlag, Smttgart,
19913y or in the textbook by Storhas (Bioreaktoren vnd
periphere Binrichtungen | Bioreaciors and - peripherals)
(Vieweg Verlag., Brunswick/Wicsbhaden. 19947).

I'he culture medium 10 be used has to satisly the require-

. ments of the respective strains in a suitable manner. Descrip-

ticns of culture media of various microorganisims are given in
the manual “Manual ol Methods RirGGeneral Bacteriology™ ol
the American Sociely [ir Bacleriology (Washingion 1.7,
USA, 1981).

I he media which can be used according 1o the invention
vsnally comprise one or more carbon sources, nitrogen
sourees, iorganic salts, vitamins and/or trace elements.

Preferred carbon sources are sugars, such as mono-, di- or
polysaccharides. Very good carbom sources are, lor example,
glucose. [ructose. mannose. galaclose. ribose. sorbose, ribu-
lose, lactase, maltose, sucrose, raffinose, starch or cellulose
Sugars can also be added to the media via complex com-
pounds. such as molasses, orother by -products ol sugar relin-
ing. It can also be advantageous 1o add mixtures of various
carbon sources. Other possible carbon sources are oils and
fats, for example sovbean oil. sunflower oil, peanur oil and
coconutfat; fatty acids, for example palmitic acid, stearic acid
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or linoleic acids alcohols, for example glycerel, methanol or
cthanol: and organic acids, or example acelic acid or lactic
acid.

Niltrogen sources are usually organic or inorganic nitrogen
compounds or materdals which contain these compounds
Examples of nitrogen sources comprise ammonia gas or
ammenium salts such as ammonium sullale, ammonium
chloride. ammemium phosphate. ammonium carbonaie or
ammonium nitrate, nitrates, urea, amino acids or complex
nitrogen sources such as corn steep liquor, soybean meal,
sovbean protein, yveast exiract, meat extract and others. The
nitrogen sources can be used individually or as 2 mixture.

Inorganic salt compounds which can be present in the
media comprise the chlorde, phosphorus or sulfate salts of
calcium, magnesivm, sodium, cobalt, molybdenum, potas-
SIUmL. manganese, #ine. copper and iron.

Sullur sources which can be used lor the production of
methionine are inorganic sulfur compounds, lor example sul-
tates, sulfites, dithionites, tetrathiopates. thiosulfates, sul-
fides, but also organic sultor compounds, such as ercaptans
and (hials.

Ay phosphorus source. use can be made ol phosphoric acid.
potassium dihydrogen phosphate or dipotassinm hydrogen
phosphate or the corresponding sodium salts.

Chelating agents can be added to the mediom to keep metal
ions in solution. Particularly suilable chelating agents com-
prise dihydroxyphenols, such as calechol or protocatechuate.
or organic acids, such as citric acid.

The fermentation media vsed according to the invention

usually also comprise other growth lactors, such as vilamins 3

or growth promoiers. which include, for example, botin.
riboflavin. thiamine, [blic acid. nicotinic acid. panthothenate
and pyridoxine. Growth factors and salts frequently originate
from complex media components, such as veast extract.
maol:
precursors can be added Lo the culture medium. The exact
composilion ol the media compowunds depends greatly on the
respective experiment and is decided individually for sach
specific case, Information on media optimization is obtain-
able [rom the textbook “Applied Microbiol. Physiology. A
Practical Approach™ (editors P M. Rhodes. P 1L Stanbury.
IRL Press (1997) pp. 53-73, ISBN 0 19 863577 3). Growth
media may also be obtained from commercial suppliers, such
as Standard 1 (Merck) or BHI (Brain heart intusion, DIFCO)
and (he like.

All media compenentis are sterilized either by heat (20 min
at 1.3 barand 121° C ) or by sterile filkration. The components
can efther be sterilized together or if necessary separately. All
media compenents can be present al the start of the culture or
optionally can be

The temperature ol the culture is usually from 159 C. 1o 45°
C., preferably from 25° C. 10 40° C, and can be kept constant
or changed during the experiment, The pH of the medium
should be in the range from 5 1o 8.5, preferably around 7.0,

added comtinuously or batchwise

Ihe pll for the culture can be regulaled during cullure by

adding basic compounds, such as sodivm hydroxide, potas-
sium hydroxide, ammonia or ammonia warer, or acidic com-
pounds, such as phosphoric acid or sulfuric acid. To control
leam development, amiloamers can be used, for example
latty acid polyglycol esters. To maintain the swability of plas-
mids, suitable selective substances, for example antibiotics.
can he added to the medivm. To maintain agrobic conditions,
oxygen or oxygen-conlaining gas mixiures, lor cxample
ambient air, are introduced into the culture. The culture is
continued until a maximum ol the desired product has
tormed. This goal isusvally achieved within from 10 hours to
160 hours.

. corn sleep liguor and the like. In addition, suitable
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The resultant methionine-containing, fermentation broths
usually have a dry mags of from 7.5 (0 23% by weighl.

It 15, Turthermore, advanlageous i the lermentation is run
under sugar-limiting conditions at Teast at the end. but in
particular over at least 30% of the fermentation time. That is
to say that during this time the concentration of utilizable
sugar in the [ermentation medium is kept at from =010 3 ¢/,
or is reduced.

1) Purilication of Mcthionine

I the methionine obtained according to the invention aller
crystallization should still not have the desired purity, it can
be further puritied. For this the produet is subjected in dis-
solved [orm o chromatography iin, the
desired product or the impurities being wholly or partially
retained on the chromatographic resin. These chromalo-
araphic steps can be repeated it necessary, the same or differ-
enr chiromatographic resins being vsed, Those skilled in the
arl are conversanl in the selection of suitable chromato-
graphic resins and their most effective application. The puri-
fied product can be concentrated by (ilration or ultrafiliration
and stored at a temperature at which the stability of the prod-
uet is mankimal.

Ihe identity and purity ol the isolated compound ean be
determined by known techniques. These inelude high-perfor-
mance liquid chromatography (HPLC), spectroscopic meth-
ods, color methods, thin-layer chromatography, NIRS.
enzyme testing or microhiological tests. These analytical
methods are summarized in: Patek el al. (1994) Appl. Vinvi-
ron. Microbiol. 60:133-140; Malakhova ot al. (1996)
Biotelchnologiva 11 27-32; and Schmidt et al. (1998) Biopro-
cess Engineer, 19:67-70. Ullmann’s Encyelopedia of Indus-
trial Chemistry (1996) Vol, A27, VO T Weinheim., pp. $9-90),
pp. 5321-540. pp. 540-347, pp. 559-566. 575-381 and pp.
S81-387: Michal, G (1929) Biochemical Pathways: An Adlas
of Biochemistry and Molecular Biology, John Wilev and
Sons; Fallon, A et al. (1987) Applications of HPLC in Bio-
chemistry in: Laboratory ‘Technigues in Biochemistry and
Meolecular Biology, Vol. 17,

sing a suitablo

11) Drying the Biomass
After the lermentation is compleled, the methionine-con-

taining termentation broth can be processed directly to give
the finished dry feedstutt additive. According to a preferred
embodiment of the invention, however, tirst the biomass con-
lent is wholly or partially, preferably compleiely. removed,
for example by centrifugation, from the fermentation broth
and processed 1o form inventive feedstuitadditive, The resuli-
ant biomass still contains a certain fraction of methionine,
which il desired can be decreased by inlermediale provision
al'awash siep.

Ihe inventive biomass can be worked up to give a suitable
dry product by various processes trom the prior art which are
known per se. In particular, suitable processes for the produc-
lien arce drying processes, such as spray drving, spray granu-
lation, contact drying, Muidized-bed drying or [reere drying
Suitable processes are described, for example in:

O. Krischer, W. Kast, Trocknungsiechnik [Drving technol-
ogy] first volume, “Diewissenschattlichen Grundlagen der
Trocknungstechnik™ | The seientific bases ol drying tech-
nology]. Springer-Yerlag 1978 KrischerKroll, Trock-
mungsicchnik  [Drving  technology] second  volume,
“Trockner und Trockoungsvertahren™ [Drvers and drving
methods|, Springer-Verlag 19595 K. Kndll W. Kasl. Trock-
nungstechnilk third volume, “Irocknen und Trockner in der
Produktion™ |Drying and dryers in production], Springer-
Verlag 1989 K. Masters, “Spray Drving Handbook™,
Longman Scientific & Technical 1991, 725 pages; H. Uhle-
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mann, L, Mérl, “Wirbelschichi—Spriibgranulation” [Flu-

idized-bed spray  granulation], Springer-Verlag 2000

I'recze drying: Georg-Wilhelm Octjen, “Gelrlertrocknen™

[Preeee drying, VOTTT997; and also 1P-A-Q 809 940, The

disclasure of'the above-described publications is expressly

ineorporated herein by reference.

Particularly preferably, the inventive drving step is per-
formed by spray drving. for example spray drying with an
infegrated Muidized bed. or by spray granulation.

II'desired, the drying can be performed in the presence ol a
suitable support material which is suitable for feedstulT use.
as a resull ol which, in particular. the [ree-Mlowing ability and
thus the produet quality can be improved.

Support materials which are suitable for feedstuff use and
which can be used are customary inert supports. An “inert”
support shall not exhibit any adverse interactions with the
lood adjuncty pres Iditive and must be sale for use
as aid in feedstull additives. xamples ol suitable support
marerials which mayv be mentioned are: inorganic or organic
compeunds of natural or synthetic origin. Examples of suit-
able low-molecular-weisht inoroanic supports are salts, such
as sedium chloride. calcium carbonate, sodium sullaie and
magnesium sulfate, or silicic acid, Examples of suitable
orgalic supports are, in particular, sugars, for example glu-
cose, fructose, suerose and also dextrins and starch products.
Ixamples ol higher-molecular-weight  organic  supporls
which may be mentioned are: starch and cellulose prepara-
tions. such as, i particular, corn starch. cereal lours, for
example wheat, rve. barley and oar flovr, or mixtures thereot,
or wheat semolina bran. The support material can be present
in the preparation, based on dry basis. in a quantity of fom
aboul 5 0 83% by weight, for example [rom about 10 w0 30%,
by weight, from 20 10 409 by weight or from 30 1o 85% by
weight.

Hersinaiter, some preferred drving techniques are 1@ be
dealt with briefly in general form.

The spray drying can be carried oul by [irst pumping (he
still-moist blomass 1o (he alomizer in the spray lower. The
atomization is performed, for example, by means of a pres-
sure nozzle (single-component nozzle). a two-component
nozzle or a centritugal atomizer. The droplets are dried by a
hot air stream passed into the spray dryer. When centrilugal
alomizers are used, the drying is preferably perlormed in
cocurrent flow, When nozzles are vsed, the dryving can also be
performed in countercurrent How or crossflow, The dried
powder can be discharged at the tower or it is carrded along
with the air stream and separated in a eyelone andfor (llier,

Depending on the product and procedure. a post-drying may

be required, which can be performed in an internal fividized
bed flanged to the spray dryer or in an external Huidized bed.

Ina variant of the inventive drying process, a conrinuous or
hatchwise fluidized-bed agglomeration is provided down-
stream ol the drying slep. in pa
this, a flnidized-bed dryer is charged. at the start of the pro-
cess, with a pulvernlent material, for example pulvernlent
additive obtained by spray drving. The material is fuidized,
ler example, by leeding preheaied air. A liguid phase. for
example [urther biomass or a binder-containing solution. is
sprayed onto the fluidized bed, and as a result the powder
which has been charged 1s wetted with this solution and, by its
adhesive propertics, inereasingly agglomerated. Al the same
time, comtinuously or semicontinuously, incyc Lintervals.
a subguantity ol agglomerale is discharged [rom the Nuidived
bed. The discharge is classified, for example using a screen.
Coarse material produced inthis procedure can be ground and

spray drying. lior
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continveusly recirculated to the fHuidized bed. Fines, for
example from the exhaust air (ler system, can likewise be
conlinuously recireulated.

A lurther preferved process variant comprises spray dryving
bhiomass 10 give a powder. coupled with the subseguent
agglomeration of the spray-dried powder. This can be per-
formed batchwise or continuously. Mreference is given 1o the
continuons procedure. Processes of this tvpe can be carred

. out using conventional spray-drying plants. Advantageously,

however, the procedure is carried oul in apparatuses which are
known as S (Muidized spray dryer), SBID (spray bed dryer)
or MSD (mult stage drver).

A Huidized spray dryer (FSD) drying plant for continuous
production of an inventive dry product can be operated in
particular according 1o the following pathline: wet biomass is
introduced via a feedline inw the wp ol the FSD dryer and
atomized using an atomizer, The drying is performed by
introducing air in cocurrent Mow. The air is preheated via a
heater. The sprav-dried powder collects in the integrated flu-
idized bed in the bottom of the FSD drver and is there sprayed
using =@ spraying apparatus using compressed air, for
example. with a binder solution and [uidived using intro-
dueed air. The air lor this is preheated and led via a feedline
beneath the gas distributor of the integrated fiuidized bed. The
resultant preagolomerate then passes imo a downstream
external fluidized bed. Preheated air is introduced into this
extemal [Tuidived bed from beneath via a further feedline. The
preagglomerate charged in the NMuidized bed is again sprayed
using a lurther spraying apparatus using compressed air (Tor
example with binder solution) and agglomerated 1o form the
end produet. The finished agglomerate is discharged from the
fluidized bed and can be further worked up as deseribed
above.

1 he composition and amount of the liquids sprayed depend
on the adhesive propertics of (he selution sprayed in. the
agglomerale sive lo be achicved and the process conditions.

In the event that the adhesive propertics of the sprayed
biomass are not sufficient 1o ensure that the particles stick
together stably atier spraving, the use of a binder in addition
is advantageous. This avoids that the agglomerates disinte-
grate again on drying. In such cases it is prelorred w sp
binder which is soluble or dispersible in an aqueous medium
into the Nuidized bed. ixamples ol suitable binders which
may be mentioned are solutions of carbohydrates. for
example glucose, sucrose, dextrins etc., sugar alcohols, for
example mannitol, or pelymer solutic [or example solu-
tions ol hydroxypropylmethylecllulose (TTIPMCT), polyvi-
nylpyrrolidene (PYP). cthoxylated ecllulose (1:C), clhyleel-

lulese or prapvleellulose. As a result of suitable choice of

amount and adbesive properties of the binder spraved in,
agglomerates of ditfering size and strength are formed.

Ifthe binderis spraved on as a sepamte solution, the binder
conlent ol the selution is in the range ol from aboul [ (o 30%
by weight. based on the total weight of the solution. The
binder is likewise present in (his case dissolved in an aqueous
medium, preferably sterile demineralized water. Customary
additives, for example butfer or solubilizer, can likewise be
present

| he content of binder in the end product is according (o the
imvention Irom 0 1o about 20% by weight. lor example [rom
aboul 1 1o 6% by weight. The optimum amount is alsa a
function of the type of binder selected. It is necessary 1o
ensure that adverse effects on the product are avoided.,
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G) Formulations
1) Feedstutt Additives and Feedstoft Compositions:

The inventive methionine-containing feedstutt additive is
preferably in the form of a finely divided free-flowing pow-
der, or in granulated form. Parti example ina
size range of [rom 3 (o 200 um. [or example [rom 10 (o 150
pm, from 20 o 100 jm or from 30 to 80 wn, without being
restricted thereto

The bulk density of the inventive additives can be, for
example, in the range of [rom aboul 100 1o 600 g/l for
example from 150 10 400 g1, or from 200w 350 g7, without
being restricted thereto.

The methionine content of the invemive additive varies
according to the manner of praduction

Methionine crysials available according to the invention
have a methionine content of greater than 60% by weight, for
example of [rom about 7010 98% by weighl, prelerably [rom
about 80 10 95% by weight, particularly preferably from
about 87 to 95% by weight. The content of salts (residues
trom the termentation hroth) can be in the range of trom abour
0 1 20% by weight. in particular of [rom about 5 o 13% by
weight. Ciher lermentation minor constituents can be present
in an amount of from about 0 to 20% by weight, in particular
of from about 5 to 15% by weight,

Biomass methionine of the wvention has a methionine
content of more than 3% by weighl. for example From about
5 (0 40% by weight, or from about 10 10 35% by weight. The
content of salts can be in the range of from about 0010 30% by

can be,

weight, such as from about 510 25% by weight. Other minor 7

fermentation constituents can be present ar a content of from
aboul 0 10 20% by weight, such as [rom about 5 (o 15%: by
weight.

The residual moisture content ol the (nished additive is

preferably in the range of less than about 3-5% by weight,
based on the total weight of the additive. The above percent-
ages by weightare based on the wotal weight of the dry product
(preferably without residual moisture).

In additien ke the above-deseribed constituents, the inven-
tive formulations, as already mentioned above, can comprise
further adjunets, which can be added before, during or after
workup of the biomass. Examples which can be mentioned
are preservalives, antibiotics, antimicrobial additives, anti-
oxidants. chelating agents. physiologically harmloss salts.
flavorings, colorngs and the like. Nutriticnally relevant
adjuncts can also be present, for example vitamins (for
example vitamins A, B, B,. B, B)-, C, D, and/or E, K,
lolic acid, nicotinic acid. pantothenic acid): taurine. carboxy-
Tic acids and salts thereol, for example tricarboxylic acids.
such as citrate, isocitrate, trans-‘elsaconitate and/or homoci-
trate, enzymes, carotenoids, minerals, for example I Ca, Mg
andfor Lie, and trace clements, such as e Cr, Zn. Mn, pro-
teins. carbohydrales, lats, amino acids. In addition pyruvic

acid, T -carnitine. lipoic acid, coenzyme Q0. aminocarboxy-

lic acids, for example creatine, orotic acid, myoinositol,
vonoids, beraine, p-aminobenzoic acid can be present.

The inventive methionine-containing feed additives can be
incorporated into commercially conventional animal [eed
lermulations. which can then be led, for example, o catle.
i heep, poultry and the like. For this the inventive addi-
5 mixed with customary animal feed constitnents anc if
appropriate processed into hinal lorm. for example pelleted
Customary animal feed constituents are, for example, com.
harley. manioc, cats, soybean. lishmeal. wheal semolina bran.
sovbean oil, chalk, minerals, trace elements, amino acids and
vitaming,

a-
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ii) Foed and Feed Supplements

The inventively produced methiomine is used as an adjunet
in loodstulls and leedstulTs or as an adjunct in lood supple-
ments and leed supplements, for example multivitamin
preparations. The inventively produced product can be incor-
porated for this in the desired amount and in a manner known
per se into conventional [oodstulls and feedstulls or food
supplements and leed supplements. The methionine can be
presentin this case, depending on use, 10 differing expedient

7 amounts.

iif} Coated Formulations
The above-described 1
priale additionally have
case with a coaling composition which compris
compound sclecled rom:
nolyfalkylene glyvcol)s. in particular polv{ethylene glveol)
5, for example having a number-sverage melecular
welght of rom about 4000 ¢ 15 000, [or example [rom
400 (o 10 000,
poly(allylene oxide) polymers or copolymers, lorexample
lhaving a number-average molecular weight of from
about 4000 1o 20 000, in particular block copolvmers of
polyoxyethylene and polyoxypropylene:
substituled polystyrenes. maleie acid derivatives and sty-
rene-maleic acid copolvmers;
vinyl polymers, in particular polyvinylpvrrolidones, for
example having a number-average molecular weight of
Lrem about 7000 (o 1 000 Q00; cither alone or in combi-
nation with other compounds, such as cellulose ethers or
starches;
vinylpyrrolidone/vinyl acetate copolymers, for example
having a number-average molecular weight ol [rom
abaul 30 000 e 100 000;
poly(vinyl alcohel)s. lor example having o number-aver-
age molecular weight of from about 10 000 to 200 000,
and polv(phthalic acid vinyl ester)s;
hydroxypropylmethyleelluloses, lor example havin

centive formulations ean if appro-
coating. They are [urnished in this
at leastone

g u
number-average molecular weight o[ Trom about 6000 10
80 000,

alkyl{methjacrylate  polymers and  copolymers,  for
example having a number-average molecular weight of
lrom about 100 000 (o 1 000 OD0. in particular cthyl
acrylate/methyl methacrylate copolymers and meth-
acrvlate’ethy] acrylate copolvimers:

poly(vinyl acetate s, or example having a number-average
molecular weight of from about 250 000 to 700 000, it
appropriale slabilized with pely-vinylpyrrolidone:

polyalkylenes, in particular polyethylenes;

aromatic polymers, for example lignins:

poly(acrvlic acid)s;

volyacrvlamides;

polyeyanoaerylales,

phenoxyacetic acid-lormaldehyde resins,

cellulose derivatives, such as cthylecllulose. ethylmethyl-
cellulose, methyleellulose, hvdroxvpropyleellulose,
bydroxypropylmethyleellulose,  carboxvimethylcellu-
Tose, cellulose acelate phthalale:

animal, vegeiable or synthetic lals and modilied lats, lor
example polyglycols, fally alcohols, cthoxylated fatty
alcohols, higher tatty acids; mono-, di- and triglveerides
of higher fatty acids, forexample glyceryl monostearate,
alkylarylethoxylates and cocomenocthanolamides;

animal and plant waxes or chemically modificd animal and
plant waxes. such as beeswax. candelilla wax. carnauba
wax, montan ester wax and rice germ oil wax, sper-
maceti, lanolin, jojoba wax, sasol wax;
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animal and vegetable proteins, for example gelatin, gelatin
derivatives, gelatin substitules. cascin, whey, keratin.
seybean protein; vein and wheal protein:

mono- and disaccharides. oligo, harides. polysaccha-
rides, for example hyaluronic acid, pullulan, elsinan,
starches, modified starches, and also pectins, alginates,
chilosan, carrageenan;

vegelable oils, for cxample sunllower. thistle. collonsced.
soybean, com germ, olive, rapeseed, linseed. coconur,
palm kernel oils; synthetic or semisyithetic oils, for
example medivm-chain triglycerides or mineral oils;
animal oils, [or example herring, sardine and whale oil

hardened (hydrogenaied or partially hydrogenaied) oils/
fars, for example of the abovementioned, in particul
hvdrogenated palm oil, hydrogenated cottonseed oil,
hydrogenated soybean oil;

lacquer coatings, for example terpenes. in particular shel-
lack. tolubalsam, perubalsam. sandarac, and silicone
resins;

fatty acids, both saturated and also monounsaturated and
polyunsaturated Cg o O, -carboxylic acids;

silic

and mixlures thereol.

Adding plasticizers or emulsifiors Lo [ais or waxes belore
coating can it appropriate be advantageous to improve the
flexibility of the film.

Cloatings are applied in a manner known per se, if appro-
priate together with additives, generally via deviees [or mak-
ing addition dropwise or by spraying onlo the product of
valve which has been charped in a mixer, Examples of this are
lances, sprinkler heads, single-fluid or multiple-fluid nozzles,
or rotating dropping or alomizing devices, In the simplest
case 1l is possible alse o make the addition locally as a
concentraled jel. Altematively, the coaling material can [rst

By

Y

30

be charged ino the mixer, in order thereafier 10 add the -

product of valve, Another possibility ig the addition of ini-
tially solid coating material which, as o result ol wall heating.
or owing 1o mechanical energy input, melts and coats the
procuct of value.

The invention will now be described in more detail with
reference to the accompanying figures, FIGS. 1 10 4 show
different develepments ol an inventive precess (or producing
crystalline dry methionine and dry methionine-containing
biomass (“biomass methionine™)

FEXAMPLIL L

a) Produetion of Methionine by lermentation
To produce a representative fermentation broth lor (he
purification of methionine, a laboratory fermentation was
carried out. The Corpnebacierivn  gheamicum  strain
ATCC13032 (American Type Culture Collection, Manassas,
USAY was grown in a preliminary culture of 200 ml of BIII
medium (Dileo/Becton Dickinson Pranklin |akes. USA). In
the Techfors fermenter. the preliminary culture was then
inoculated into the culture medium (zpproximately 14 1),
lhe lermentation medium of the main culiure had the
[allerw ing compaosition
2 ¢/l ol KILPO,
2 g/l of K-HPOy
10 9/1 of ammoniom suliate
100 ¢/1 of glucose
5 ¢l ol yeast extraci
20 mg/l of kanamyein
1 g/l of KS911 ASM antifoam
pH7.0

an

S0

55

G0

made up with demineralized water to the desired final volume

Trace salt solution 1 ml] of medium

FeSQ,*7ILO gl
MuSO, =46 10 10 g1
EATIS Y 24
MpR0,*7 11,0 250l

Adust to pll L nging [IC]

1 mlil of protocarechuate solution (stock solution 300 mg/10
ml)

biotin 1 mefl
1hiarming 1 myl
CaCl, 5 mesl

Atter the fermenter has been inoculated by the preliminary
culture. the fermenter was keptat pH 7 by adding base (25%
NILOTT) and fermented until the sugar had been consumed
This was indicated by an increase in the pO, value or by a
deerease in TR and (TR,

b Workup of the Fermentation Broth

The procedure for the workup is ovtlined diagrammarically
in FIG 1L

Ihe [ermentation broth produced according 1o seetion )
acls as starling material. Al a formentation lemperature
between 30and 40° C. approximately 30% ol the methionine
present Is inerystalline form. The starting product has a waler
coutent of approximately 86%, a fortified methionine content
ofapproximately 9% and a biomass content of approximately
3%. (nber fermentation bv-products and minerals are present
in the fermentation broth in traces (approximately 2.5% by
weight).

20 kg of this fermentation broth are heated at 700 C. lor 15
minules. The methionine passes completely inte solution as a

resull. AL a constant emperature. the biomass is then centri-
tiged off. The supematant (approximately 15 ko) is then
concentrated 10 a methionine content of 20% at 100° C. and
atmospheric pressure. The concentrate is then cooled 1o 57 C.
at § Kb, as a result of which a majority of the methionine
crystallives oul. The erystals arc then separated ofT from the
crysl

magma on a vacuum (ller. washed with 4 liters of
waler previously equilibrated al 57 C.and then blown dry with
nitrogen a1 40° C. By means of (his procedure. 1.3 kg of dry
methionine were isolated at a purity of approximately 90%.

The resicue of the centritugation (approximately 5 kg), in
addition to dry biomass, also comprises approximately 6%
methionine. By spray drving, this residue can be converted
imto approximately 0.7 ke of slightly vellowish and ftree-
Nowing dry powder having a residual moisiure ol 3%, which,
in addition to the dry biomass and other lermentation by-
products and mineral salts. also comprises methionine (ap-
proximately 30%).

The spray drving was performed ina laboratory spray drver
using the following instrument settings:
Tnlet temperature: 2007 C.,
Outlet remperature: 80-82° C
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The heating gas used was 60 m*/h of nitrogen. The nozzle
gas was sprayed al a pressure of 2 bar through a 1.2 mm
nozyle.

EXAMPLE 2

is

ling from the same starting material. the proces
maodificd 1o the extent thal (he biomass is separated ol by
means of centrifugation and the biomass which s separated
oft'is then washed with 5 | of water (FIG. 2). After centritu-
galion. the resulling supernatant is added 1o the supernatant ol
the first biomass separation. The entive supematant is coneen-
trated 10 a methionine content of 16% at 100° C. and atmo-
spheric pressure. By cooling the concentrate 1o 5° CLat S K/,
the methionine is crystallized our. The crystals are separated
oflon a vacuum e, washed with 4.5 liters ol waler provi-
ously equilibrated at 5° C. and then dried with nitrogen at 407
C. By means of this procedure, the amovnt of dry methionine
is increased to approximately 1.5 kg The purity of the iso-
Tated crystals is again approximately 90%

The residue ol the biomass which s separated oll and
washed 1s converted inte approximately 0.5 kg ol dry product
by spray dryving

The produer thus produced which, in addition 1o drv bio-
mass and other fermentation by-products and mineral salts.
also comprises methionine Gapproximately 10%). was [ree
Mowing.

PXAMPLIEZ

oy

s

o
b

7

Starting [rom the same starting material. the process ol

Example 2 was additionally modified 1o the extent that the
mother liquor and the wash water which are produced when
the erystalline methionine is separated olT are added ina next
haleh w the methionine-containing fermentation broth (G,
).

With an otherwise similar procedure 1o Example 2, in the
fermentation approximately 1.5 kg of drv methionine are
obtained [rom the erystallization al a purity ol approximately
90% and approximately (L3 kg ol product is oblained [rom the
spray-dried biomass having a methionine content of approxi-
mately 10%.

IXAMPLIL4
Starting from the same starting material, the process of
Ixample 2 is additonally moedified 1o the exlent that (he
mother liguor and the wash waler which are produced when
the erystallime methionine is separated oIl are added 1o the
biomass stream before the spray drving (FIG. 4).

With an otherwise similar procedure 1o Example 2,
approximately 1.1 kg ol methionine-containing biomass arc
produced. which, in additien lo dry blomass and other fer-
mentation by-products and mineral salts, also comprises

methicnine (approximately 30%). The amount of dry

methionine is 1.5 kg with a purity of approximarely 90%.
EXAMPLE 3

A process variant is also conceivable in which a portion of
the mother liguor and of the wash waler. aller the erystalliza-

”

&

-

18

tion of the methionive, is added 1o the fermenter broth betore
biomuss separation, and the other subsiream is added 1o the
biomass  stream belore spray  drying  (combination ol
Iixamples 3 and 4).

We claim:

1. A process for preparing methionine comprising,

@) culturing a methionine-producing microorganism under
comdilions approprizte lo produce methionine:

b)Y heating the culture al 607 C. o 1207 C, for a peried of
time sufficient for solubilizing any methionine which
hias ervstallized; and

¢) while maintaining the temperature at 60° C. o 1200 C
separating the [ermentation broth from the microorgan-
isms,

2. The process of claim 1, wherein the heating is performed

to a temperature of about 70 to 100° C. in stage b),

3. The process ol claim 1, lurther comprising

d) erystallizing methionine out of the fermentation broth.

4. The process of claim 1, further comprising washing the

o microorganism 1o give a spent wash liquid and adding the

spent wash Tiquid 1o the fermentation broth of step ©).

5. 'The process of 3. [urther comprising

¢} separating ofT (he crystallized methionine 1o give a

mother liquid,

1) washing the crystallized methionine which has been

separated ofT o give a wash Tiquid, and

2) drying the erystallized methionine,

6. The process of claim §, wherein the mother liquid pro-
duced in stage e) is combined with a methionine-containing
liquid fraction from another fermentation batch.

7. The process of claim 5. wherein the wash liquid pro-
duced in stage 1) 15 combined with a methionine-conlaining
liquid fraction from another fermentation bateh,

8. The process of claim 1, wherein the microorganism is a
natural or recombinant microorganism,

9. The process of claim 8. wherein the microorganisim is 2
natural or recombinant baclerium ol the genus Corynebacte-
rium,

10, The process of claim 8, wherein L-methionine is pro-
duced.

11. The process of claim 1, further comprising concentrat-
ing the fermentation broth and then erystallizing methionine
out of the concentrated fermentation, broth.

12, The process of claim 4, further comprising drving the
washed microorganism,

13, The process o elaim 12, wherein (he drying comprises
sprav-drying.

14, Theprocess ofclaim 1, wherein the amountof methion-
ine in the fraction containing the microorganism ranges from
more (han 3% 1o about 40%, by weight.

13, The process of claim 5. [urther comprising separaling
off the microorganism from the same or another termentation
batch and adding the mother lquid produced instage ) 1o the
separated off microorganism.

16. The process of ¢laim 5. [urther comprising separating
ollthe microorganism Trom (he sume er another lermentation
batch and adding the wash liquid produced in stage 1) to the
separated off microorganisn.
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Microorganism for methionine production with improved methionine
synthase activity and methionine efflux

FIELD OF THE INVENTION

The present invention relates to a recombinant microorganism useful for the production of
L-methionine and/or its derivatives and process for the preparation of L-methionine. The
microorganism of the invention is modified in a way that the L-methionine production is
improved by enhancing its cobalamin-dependant methionine synthase activity as well as its
L-methionine export. In particular, the genes metH, fldA, fpr or their homologous genes
and the genes ygaZ and ygaH or their homologous genes are overexpressed in the

microorganism.
PRIOR ART

Sulphur-containing compounds such as cysteine, homocysteine, methionine or 8-
adenosylmethionine are critical to cellular metabolism. In particular L-methionine, an
essential amino acid, which cannot be synthesized by animals, plays an important role in
many body functions. Most of the methionine produced industrially is widely used as an
animal feed and food additive.

With the decreased use of animal-derived proteins as a result of BSE and chicken flu, the
demand for pure methionine has increased. Commonly, D,L-methionine is produced
chemically from acrolein, methyl mercaptan and hydrogen cyanide. However, the racemic
mixture does not perform as well as pure L-methionine (Saunderson, 1985). Additionally,
although pure L-methionine can be produced from racemic methionine, for example,
through the acylase treatment of N-acetyl-D,L-methionine, this dramatically increases
production costs. Accordingly, the increasing demand for pure L-methionine coupled with
environmental concerns render microbial production of methionine an attractive prospect.
Other important amino acids, such as lysine, threonine and tryptophan are produced via
fermentation for use in animal feed. Therefore, these amino acids can be made using
glucose and other renewable resources as starting materials. The production of L-
methionine via fermentation has not been successful yet, but the development of the
technology is on going.

Different approaches for the optimisation of L-methionine production in microorganisms
have been described previously (see, for example, Patents or patent applications
US7,790,424, US7.61 1,873, WO02002/10209, WO02005/059093 and WO2006/008097);
however, industrial production of L-methionine from microorganisms requires further

improvements.
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In Escherichia coli, two distinct enzymes catalyze the terminal step in de novo biosynthesis
of methionine; the cobalamin-dependent methionine synthase (MetH, EC 2.1.1.13) which
contains a prosthetic group that is required for activity and the cobalamin-independent

methionine synthase (MetE, EC 2.1.1.14) (Foster ef al., 1961; Gonzalez et al., 1992). The
cobalamin-dependent methionine synthase, MetH, is a protein of -136 kDa containing four
domains: a domain containing the cobalamin cofactor (Cob domain), a domain binding the
methyl-THF substrate (CH3-THF domain), a domain binding the homocysteine substrate
(Hey domain), and a domain binding S-Adenosyl-Methionine (SAM) (Adomet domain)
(Matthews, 2001). In the presence of oxygen, the enzyme is inactivated by oxidation
(Banerjee et al, 1990). In order to reactivate the enzyme, a reductive methylation occurs.
The reaction involves a methyl group provided by SAM bound to the AdoMet domain of
the enzyme, and two electrons transferred via an external transport chain. The two
electrons are provided by NADPH and transferred via a downhill potential driven redox
chain composed of a FAD-containing flavodoxine reductase, FIdA and a FMN-containing
flavodoxine reductase, Fpr (Fujii & Huennekens, 1974; Wan & Jarrett, 2002) in
Escherichia coli. As disclosed in patent application W0O2009/144270, in Corynebacterium
glutamicum, functional homologues of FIdA and Fpr have been identified. They are
respectively FdxC, FdxD or FdxA and FprAl, FprA2, FprA3 or FIdRL

The protein complex YgaZ and YgaH is a member of the branched chain amino acid
exporter (LIV-E) family responsible for export of L-valine. In the same manner, YgaZH is
also involved in the export of methionine as it was shown by Trotschel and colleagues for
BmFE, the homolog of YgaZH from Corynebacterium glutamicum (Trotschel et al,

2005).

Numerous patents applications were filed on the improvement of the methionine synthase
activity by different means in order to produce L-methionine:

- WO02007/0 12078 and WO2007/135188 from BASF claim among other
modifications, genetic alteration leading to overexpression of at least merH and/or
metE,

- W02009/144270 from Evonik discloses a method of producing methionine with a
microorganism that displays an increased amount and/or activity of a cob(I)alamin-
dependent MetH reactivation system,

- WO02008/080900 from Evonik claims a MetH™R form (FeedBack Resistant) which
should be more resistant to high L-methionine concentrations.

In the same manner few patents disclose the overexpression of genes encoding the
methionine excretion system in different micro organisms:
- Reduction of the L-methionine uptake in Corynebacterium is described in patent
applications W02002/097096 and WO2005/085463 (Degussa) or,
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- Overexpression of a branched chain amino acid exporter (YgaZH) responsible for
the export of L-valine and L-methionine is disclosed in patent applications
EP1239041 (Ajinomoto) and WO2008/08221 1 (CJ Corporation).

Inventors have found surprisingly and unexpectedly that the increase of the L-methionine
efflux together with the enhancement of the cobalamin-dependant L-methionine synthase
activity in a recombinant L-methionine overproducer microorganism improve the

methionine production.

SUMMARY OF THE INVENTION

The invention relates to recombinant microorganism and method for optimising the
production of methionine and/or its derivatives, wherein the cobalamin-dependent
methionine synthase activity and the methionine efflux are enhanced. In the recombinant
microorganism, cobalamin-dependent methionine synthase activity is enhanced by
overexpressing the expression of metl, and optionally the expression of the genesfldA and
Jpr from E. coli or their homologous genes from C. glutamicum whereas methionine efflux
is enhanced by overexpressing the genes vgaZH from E. coli or brnFE from C. glutamicum
or their homologous genes.

The recombinant microorganism may also comprise other genetic modifications
such as:

- an increased expression of at least one of the following genes: pisG, pyc, pntAB,
cvsP, cysll, cvsW, cvsA, cysM, cysJ, cvsl, cvsH, gevT, gevH, gevP, Ipd, serA,
serB, serC, cvsE, metF, metA, metA* allele encoding for an enzyme with reduced
feed-back sensitivity to S-adenosylmethionine and/or methionine, thrA, or a thrA®
allele encoding for an enzyme with reduced feed-back inhibition to threonine
and/or

- an attenuated expression of one of the following genes: metJ, pyvkA, pykF, purll,
ybdL, udhA, dgsA, metE metN, metl, metQ oryncA.

In a particular embodiment, the present invention is related to a recombinant
microorganism wherein: a) the genes metf, and optionally the genes fldA andfpr from E.
coli or their homologous genes from C. glutamicum are overexpressed, b) the genes ygaZ
and ygaH from E. coli or the genes brnF and brnE from C. glutamicum or their
homologous genes originating from Citrobacter koseri, Shigella flexneri, Raoultella
ornithinolytica, Enterobacter sp., Yersinia enterocolitica, Photorhabdus [luminescens,
Citrobacter youngae or Citrobacter freundii are overexpressed, and c) the expression of
the genes metA * cysPUWAM, cysJIH, gcvTHP, metF, serA, serB, serC, cysE, thrA + ptsG
and pye are enhanced; and d) the expression of the genes metl, pykA, pykF, purll, yncA,

dgsA and metE are attenuated.
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Preferably, the recombinant microorganism is Escherichia coli or Corynebacterium

glutamicum.
DETAILED DESCRIPTION OF THE INVENTION

Before describing the present invention in detail, it is to be understood that this
invention is not limited to particularly exemplified methods and may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing
particular embodiments of the invention only, and is not intended to be limiting, which will
be limited only by the appended claims.

All publications, patents and patent applications cited herein, whether supra or infra,
are hereby incorporated by reference in their entirety.

Furthermore, the practice of the present invention employs, unless otherwise indicated,
conventional microbiological and molecular biological techniques within the skill of the
art. Such techniques are well known to the skilled worker, and are explained fully in the
literature.

It must be noted that as used herein and in the appended claims, the singular forms "a".
"an", and "the" include plural reference unless the context clearly dictates otherwise. Thus,
for example, a reference to "a microorganism" includes a plurality of such microorganisms,
and a reference to "an endogenous gene" is a reference to one or more endogenous genes,
and so forth. Unless defined otherwise, all technical and scientific terms used herein have
the same meanings as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although any materials and methods similar or equivalent to those
described herein can be used to practice or test the present invention, the preferred
materials and methods are now described.

In the claims that follow and in the consecutive description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word "comprise”, "contain”, "involve" or "include" or variations such as "comprises",
"comprising”, "containing", "involved", "includes", "including" are used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or
addition of further features in various embodiments ofthe invention.

The term "methionine” and "L-methionine” designate the essential sulphur-containing
amino-acid with chemical formula HO ,CCH(NH,)CH ,CH,SCH ; and CAS number 59-51-
8 or 63-68-3 for the specific L-isomer.

"Derivatives of methionine" refers to molecules analogs to methionine which present
the same chemical backbone but differ from methionine with at least one chemical group.

In this invention, preferred methionine derivatives are N-acetyl methionine (NAM), S-
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adenosyl methionine (SAM) and hydroxy-methionine (or methionine hydroxy analogue or
MHA).

The term "microorganism”, as used herein, refers to a bacterium, yeast or fungus which
is not modified artificially. Preferentially, the microorganism is selected among
Enterobacteriaceae, Bacillaceae, Streptomyceraceae and Corynehacteriaceae. More
preferentially the microorganism is a species of Escherichia, Klebsiella, Pantoea,
Salmonella, or Corynebacterium. Even more preferentially the microorganism of the
invention is either the species Escherichia coli or Corynebacterium glutamicum.

The term "recombinant microorganism” or "genetically modified microorganism", as
used herein, refers to a bacterium, yeast or fungus that is not found in nature and is
genetically different from its equivalent found in nature. It means, it is modified either by
introduction or by deletion or by modification of genetic elements. It can also be
transformed by forcing the development and evolution of new metabolic pathways by
combining directed mutagenesis and evolution under specific selection pressure (see, for
example, WO2004/076659 or WO2007/01 1939).

A microorganism may be modified to express exogenous genes if these genes are
introduced into the microorganism with all the elements allowing their expression in the
host microorganism. The modification or "transformation” of microorganisms with
exogenous DNA is aroutine task for those skilled in the art.

A microorganism may be modified to modulate the expression level of an endogenous
gene.

The term "endogenous gene" means that the gene was present in the microorganism
before any genetic modification. Endogenous genes may be overexpressed by introducing
heterologous sequences in addition to, or to replace endogenous regulatory elements, or by
introducing one or more supplementary copies of the gene into the chromosome or a
plasmid. Endogenous genes may also be modified to modulate their expression and/or
activity. For example, mutations may be introduced into the coding sequence to modify the
gene product or heterologous sequences may be introduced in addition to or to replace
endogenous regulatory elements. Modulation of an endogenous gene may result in the up-
regulation and/or enhancement of the activity of the gene product, or alternatively, down
regulate and/or lower the activity of the endogenous gene product.

Another way to modulate their expression is to exchange the endogenous promoter of a
gene (e.g., wild type promoter) with a stronger or weaker promoter to up or down regulate
expression of the endogenous gene. These promoters may be homologous or heterologous.
It 1s well within the ability of the person skilled in the art to select appropriate promoters.

Contrariwise, "exogenous gene” means that the gene was introduced into a
microorganism, by means well known by the man skilled in the art whereas this gene is not

naturally occurring in the microorganism. Exogenous genes may be integrated into the host
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chromosome, or be expressed extra-chromosomally by plasmids or vectors. A variety of
plasmids, which differ with respect to their origin of replication and their copy number in
the cell, are well known in the art. These genes may be homologous.

In the context of the invention, the term "homologous gene" is not limited to designate
genes having a theoretical common genetic ancestor, but includes genes which may be
genetically unrelated that have, none the less, evolved to encode protein which perform
similar functions and/or have similar structure. Therefore the term 'functional homolog"
for the purpose of the present invention relates to the fact that a certain enzymatic activity
may not only be provided by a specific protein of defined amino acid sequence, but also by
proteins of similar sequence from other (un)related microorganisms.

Using the references given in Genbank for known genes, those skilled in the art are
able to determine the equivalent genes in other organisms, bacterial strains, yeast, fungi,
mammals, plants, etc. This routine work is advantageously done using consensus
sequences that can be determined by carrying out sequence alignments with genes derived
from other microorganisms and designing degenerate probes to clone the corresponding
gene in another organism. These routine methods of molecular biology are well known to
those skilled in the art.

The terms "improved methionine production”, "improve methionine production”
and grammatical equivalents thereof, as wused herein, refer to an increased
methionine/carbon source yield (ratio of gram/mol methionine produced per gram/mol
carbon source consumed that it can be expressed in percent) and/or an improved purity of
produced methionine. In this invention, the purity of the produced methionine may be
increased by decreasing the production of ketomethylvalerate and/or homolanthionine.
Methods for determining the amount of carbon source consumed and of methionine
produced are well known to those in the art. The yield and/or the purity of produced
methionine are higher in the recombinant microorganism compared to the corresponding
unmodified microorganism.

The terms "microorganism optimised for the fermentative production of methionine”
refers to microorganisms evolved andfor genetically modified to present an improved
methionine production in comparison with the endogenous production of the
corresponding wild-type microorganisms. Such microorganisms "optimised" for
methionine production are well known in the art, and have been disclosed in particular in
patent  applications ~ WO2005/1 11202, WO2007/077041, WO02009/043803  and
WO2012/098042.

According to the invention the terms "fermentative production”, “culture" or
"fermentation” are used to denote the growth of bacteria. This growth is generally

conducted in fermenters with an appropriate culture medium adapted to the microorganism
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being used and containing at least one simple carbon source, and if necessary co-
substrates.

An "appropriate culture medium" designates a medium (e.g., a sterile, liquid media)
comprising nutrients essential or beneficial to the maintenance and/or growth of the cell
such as carbon sources or carbon substrates, nitrogen sources, for example, peptone, yeast
extracts, meat extracts, malt extracts, urea, ammonium sulfate, ammonium chloride,
ammonium nitrate and ammonium phosphate; phosphorus sources, for example,
monopotassium phosphate or dipotassium phosphate; trace elements (e.g., metal salts), for
example magnesium salts, cobalt salts and/or manganese salts; as well as growth factors
such as amino acids and vitamins.

The term "carbon source" or "carbon substrate” or "source of carbon" according to the
present invention denotes any source of carbon that can be used by those skilled in the art
to support the normal growth of a microorganism, including monosaccharides (such as
glucose, galactose, xylose, fructose or lactose), oligosaccharides, disaccharides (such as
sucrose, cellobiose or maltose), molasses. starch or its derivatives, hemicelluloses and
combinations thereof. An especially preferred simple carbon source is glucose. Another
preferred simple carbon source is sucrose. The carbon source can be derived from
renewable feed-stock. Renewable feed-stock is defined as raw material required for certain
industrial processes that can be regenerated within a brief delay and in sufficient amount to
permit its transformation into the desired product. Vegetal biomass treated or not, is an
interesting renewable carbon source.

The term "source of sulphur" according to the invention refers to sulphate, thiosulfate,
hydrogen sulphide, dithionate, dithionite, sulphite, methylmercaptan, dimethylsulfide and
other methyl capped sulphides or a combination of the different sources. More
preferentially, the sulphur source in the culture medium is sulphate or thiosulfate or a
mixture thereof.

The terms "source of nitrogen" corresponds to either an ammonium salt or ammoniac
gas. The nitrogen source is supplied in the form of ammonium or ammoniac.

The terms "attenuation” or "expression attenuated" mean in this context that the
expression of a gene or the production of an enzyme is decreased or suppressed compared
to the non modified microorganism leading to a decrease in the intracellular concentration
of a ribonucleic acid, a protein or an enzyme compared to the non modified
microorganism. The man skilled in the art knows different means and methods to measure
ribonucleic acid concentrration or protein concentration in the cell including for instance
use of Reverse Transcription Polymerase Chain Reaction (RT-PCR) and Real-time
Polymerase Chain Reaction (qPCR) to determine ribonucleic acid concentration and use of
specific antibody to determine concentration of specific protein.
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Decrease or suppression of the production of an enzyme is obtained by the attenuation
of the expression of gene encoding said enzyme.

Attenuation of genes may be achieved by means and methods known to the man skilled
in the art. Generally, attenuation of gene expression may be achieved by:

- Mutating the coding region or the promoter region or,

- Deleting of all or a part of the promoter region necessary for the gene
expression or,

- Deleting of all or a part of the coding region of the gene by homologous
recombination or,

- Inserting an external element into coding region or into promoter region or,

- Expressing the gene under control of a weak promoter or an inducible
promoter.

The man skilled in the art knows a variety of promoters which exhibit different strength
and which promoter to use for a weak or an inducible genetic expression.

The term "activity" of an enzyme is used interchangeably with the term "function" and
designates, in the context of the invention, the reaction that is catalyzed by the enzyme.
The man skilled in the art knows how to measure the enzymatic activity of said enzyme.

The terms "attenuated activity” or "reduced activity" of an enzyme mean either a
reduced specific catalytic activity of the protein obtained by mutation in the aminoacids
sequence and/or decreased concentrations of the protein in the cell obtained by mutation of
the nucleotidic sequence or by deletion of the coding region of the gene.

The terms "enhanced activity" or "increased activity'Of an enzyme designate either an
increased specific catalytic activity of the enzyme, and/or an increased quantity/availability
of the enzyme in the cell, obtained for example by overexpressing the gene encoding the
enzyme.

The terms "increased expression", "enhanced expression" or "overexpression" and
grammatical equivalents thereof, are used interchangeably in the text and have a similar
meaning. These terms mean that the expression of a gene or the production of an enzyme is
increased compared to the non modified microorganism leading to an increase in the
intracellular concentration of a ribonucleic acid, a protein or an enzyme compared to the
non modified microorganism. The man skilled in the art knows different means and
methods to measure ribonucleic acid concentration or protein concentration in the cell
including for instance use of Reverse Transcription Polymerase Chain Reaction (RT-PCR)
and Real-time Polymerase Chain Reaction (qPCR) to determine ribonucleic acid
concentration and use of specific antibody to determine concentration of specific protein.

Increase production of an enzyme is obtained by increasing expression of the gene
encoding said enzyme.
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To increase the expression of a gene, the man skilled in the art knows different
techniques such as:

- Increasing the number of copies of the gene in the microorganism. The gene is
encoded chromosomally or extrachromosomally. When the gene is located on the
chromosome, several copies of the gene can be introduced on the chromosome by methods
of recombination, known by the expert in the field (including gene replacement). When the
gene is located extra-chromosomally, it may be carried by different types of plasmids that
differ with respect to their origin of replication and thus their copy number in the cell.
These plasmids are present in the microorganism in | to 5 copies, or about 20 copies, or up
to 500 copies, depending on the nature of the plasmid: low copy number plasmids with
tight replication (e.g for E. coli pSCIOl, RK2), low copy number plasmids (e.g for E. coli
pACYC, pRSFIOIO) or high copy number plasmids (e.g for E. coli pSK bluescript II).

- Using a promoter leading to a high level of expression of the gene. The man
skilled in the art knows which promoters are the most convenient, for example promoters
Ftre, Ftac, Viae, or the lambda promoter ¢/ are widely used. These promoters can be
“inducible" by a particular compound or by specific external condition like temperature or
light. These promoters may be homologous or heterologous.

- Attenuating the activity or the expression of a transcription repressor, specific
or non-specific of the gene.

- Using elements stabilizing the corresponding messenger RNA (Carrier and
Keasling, 1999) or elements stabilizing the protein (e.g., GST tags, GE Healthcare).

The terms "encoding" or "coding" refer to the process by which a polynucleotide,
through the mechanisms of transcription and translation, produces an amino-acid sequence.
The gene(s) encoding the enzyme(s) can be exogenous or endogenous.

The terms "feed-back sensitivity" or "feed-back inhibition" refer to a cellular
mechanism control in which an or several enzymes that catalyse the production of a
particular substance in the cell are inhibited or less active when that substance has
accumulated to a certain level. So the terms "reduced feed-back sensitivity" or "reduced
feed-back inhibition" mean that the activity of such a mechanism is decreased or
suppressed compared to a non modified microorganism. The man skilled in the art knows
how to modify the enzyme to obtain this result. Such modifications have been described in
the patent application WO2005/1 11202 or in the patent US7.61 1,873.

In a first aspect of the invention, a recombinant microorganism is optimised for the
fermentative production of methionine and/or its derivatives by enhancing the cobalamin-
dependent methionine synthase activity and by enhancing the methionine efflux in said
microorganism. Preferably, the recombinant microorganism is chosen among

Enterobacteriaceae  or  Corynebacteriaceae. More preferably, the recombinant
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microorganism of the invention is chosen among Escherichia coli or Corynebacterium
glutamicum.

As described above, cobalamin-dependent methionine synthase activity is mediated by
MetH enzyme. This enzyme needs a reactivation system for having a sustained activity.
This system is encoded by two genes, fldA and fpr in E. coli and by respectively gene
chosen among fdxC, fdxD or fdxA and among fprAl, fprA2, fprA3 or fldRl in C.
glutamicum. In this application, the terms "MetH and its reactivation system" or "metH,
fldA, fpr" relate to the cobalamin-dependent methionine synthase and its reactivation
system both in E. coli and in C. glutamicum or their encoding genes both from E. coli and
from C. glutamicum. Thus, enhancement of cobalamin-dependent methionine synthase
activity is preferably carried out by overexpression of metH gene and also of its
reactivation system encoded byfldA andfpr genes.

In one embodiment of the invention, the cobalamin-dependent methionine synthase
activity is enhanced by overexpressing (enhancing their expression) genes metH, fldA, fpr
from E. coli or their homologous genes from C. glutamicum. Preferably, these genes are
overexpressed under a promoter different from their wild-type promoter.

More preferably, the genes metH, fldA or fpr or their homologous genes from C.
glutamicum are overexpressed chromosomally, i.e. these genes are overexpressed from the
chromosome. One or several supplementary copies of each gene are introduced on the
chromosome of the microorganism. They are integrated at different loci selected from the
list disclosed in the patent application WO201 1/073122, and whose deletions do not have
impact on methionine production. The wild-type copy of the coding sequence of each gene
is conserved, but their promoter region may be replaced by articial promoter and/or
Ribosome Binding Site (RBS).

In a specific embodiment of the invention:

- wild-type metH gene is conserved with replacement of its natural promoter and RBS,
and two additional copies are introduced on the chromosome, and

- wild-type fldA and fpr genes and their promoter regions are conserved, and one
additional copy of each gene is introduced on the chromosome.

Additional copies of the introduced genes are expressed under control of artificial
promoter and RBS.

In amino-acid producer microorganisms, methionine is excreted by a specific etflux
transporter. Notably, in E. coli, this transporter is called YgaZH and is encoded by the
vgaZ and ygaH genes whereas in C. glutamicum, it is named BrnFE and is encoded by the
bmF and brnE genes. Functional homologues of this methionine efflux system have been
identified in several other microorganisms. In the invention, recombinant microorganism
overexpresses vgaZH genes from E. coli or brunFE genes from C. glutamicum.

Alternatively, the recombinant microorganism of the invention may overexpress functional
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homologues of YgaZH or of BraFE transporters. YgaZ and YgaH homologous protein are

presented respectively in Table 1 and Table 2.

Table 1: YgaZ homologous proteins

Acession
Number

Name

Organism

YP_001455539. 1
NC_009792. 1.
ABV15103. 1

hypothetical protein CKO_04031 [Citrobacter koseri
ATCC BAA-895]

Citrobacter koseri

WP_0051 22932. 1
EIQ78635. 1

membrane protein [Shigella flexneri]

Shigella flexneri

YP_007877063. 1
AGJ8951 1.1
WP _015585890. 1
YP_008107733. 1
AGN85393. 1
WP_020454909. 1

hypothetical protein RORB6_241 55 [Raoultella
omithinolytica B6]

membrane protein [Enterobacter sp. R4-368]

Raoultella ornithinolytica

Enterobacter sp.

W P_004959353. 1

membrane protein [Serratia odorifera]

EFE95945. 1 Serratia odorifera
YP_003884334. 1 | amino acid transporter [Dickeya dadantii 3937] [ B
ADM99777. 1 Erwinia chrysanthemi (strain 3937) Dickeya dadantii

YP_006647984. 1
AFR04731 .1

amino acid transporter
[Pectobacterium carotovorum subsp. carotovorum
PCC21]

Pectobacterium

carotovorum subsp.

Carotovorum

YP_001007412.1

putative amino acid transporter

Yersinia enterocolitica

CAL 13268. 1 [Yersinia enterocolitica subsp. enterocolitica 8081] | subsp. Enterocolitica
hypothetical protein plu 1279 [ :

gzgs%%s?%{)ﬂ [Photorhabdus luminescens subsp. laumondi Photorhabdus luminescens

’ TT01 ] | subsp. Laumondii

\F/EVHPME;);S:T?SO. 1| membrane protein [Hafnia alvei] Hafnia alvei

WP 016157304. 1| inner membrane protein YgaZ [Citrobacter sp. )

EOQ28426. 1 KTE32] Citrobacter sp. KTE32
membrane protein [Citrobacter youngae] '

\IIEVF%{J%%GOTT g1 putative azaleucine resistance protein AzIC

[Citrobacter youngae ATCC 29220]

YP_0051 98838. 1

Citrobacter youngae

putative branched-chain amino acid permease
(azaleucine resistance)

Rahnella aquatilis
AEXB0R06. [Rahnella aquatilis CIP 78.65 = ATCC 33071] 2
g_%ggg;& 11644'1 membrane protein [Brenneria sp. EniD3 12] Brenneria sp.
YP_0034691 14.1 | amino acid transporter [Xenorhabdus bovienii SS- | -
CBJ82350. 1 2004] Xenorhabdus bovienii

WP_000841919.1

membrane protein [Shigella flexneri]

Shigella flexneri

WP_000445647. 1

membrane protein [Shigella dysenieriae]

Shigella dysenteriae

WP_000445645. 1

membrane protein [Shigella flexneri]

| Shigella flexneri

EFP71467.1

az|C family protein [Shigella dysenteriae 1617]

WP_005063865. 1

membrane protein [Shigella flexneri]

| Shigella dysenteriae

Shigella flexneri
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Shigella dysenteriae

WP_005031 133.1

membrane protein [Shigella dysenteriae]

Shigella dysenteriae

WP_004993748. 1

membrane protein [Shigella boydii]

Shigella boydii

WP_0050991 51.1

membrane protein [Shigella flexneri]

Shigella flexneri

hypothetical protein SF2709 [Shigella flexneri 2a

NP_708495. 1 str. 301] Shigella flexneri

:Ig—‘é%’f;;?‘; 11 hypothetical protein SBO_2835 [Shigella boydi Shicells bovdi
i i i igella i

ABB67356 — i

WP_0051 19769. 1

branched-chain amino acid permease [Shigella
flexneri]

Shigella flexneri

WP_00382597 1.1| membrane protein [Citrobacter sp. 30_2] Citrobacter sp.
inner membrane protein YgaZ [Citrobacter sp. ]

WP_0161541 56.1 KTE1 51] Citrobacter sp.

WP_003839672. 1| hypothetical protein [Citrobacter freundii] Citrobacter freundii
inner membrane protein YgaZ [Citrobacter sp.

WP_01615087 1.1 KTE30] Citrobacter sp.

WP_0 1907753 1.1 | membrane protein [Citrobacter freundii] Citrobacter freundii

WP_003037292. 1| membrane protein [Citrobacter sp. L17] Citrobacter sp.

WP_009652545. 1| membrane protein [Klebsiella sp. OBRC7] Klebsiella sp.

WP_004853480. 1

membrane protein [Klebsiella oxytoca)

Klebsiella oxytoca

YP_0050 16079.1

AzIC family protein [Klebsiella oxytoca KCTC 1686]

Klebsiella oxytoca

WP_004866792. 1

membrane protein [Klebsiella oxytoca]

Klebsiella oxytoca

WP_01 7459327. 1

membrane protein [Enterobacter cloacae]

Enterobacter cloacae

WP_004205700. 1

Az|C family protein [Klebsiella pneumoniae]

Klebsiella pnetumoniae

CDA02044. 1

az|C family protein [Klebsiella varicola CAG:634]

| Klebsiella variicola

WP_004123979.1

membrane protein [Klebsiella oxytoca]

Klebsiella oxytoca

WP_0041 32932 1
WP_01 790061 6.1

az|C family protein [Klebsiella oxytoca]

membrane protein [Klebsiella pneumoniae]

Klebsiella oxytoca

Klebsiella pneumoniae

YP_002236980. 1

Az|C family protein [Klebsiella pneumoniae 342]

Klebsiella pneumoniae

YP_005228384. 1

putative amino acid transport protein
[Klebsiella pneumoniae subsp. pneumoniae
HS 11286)

Klebsiella pneumoniae

subsp. Pneumoniae

YP_00 1336647. 1

putative amino acid transport protein
[Klebsiella pneumoniae subsp. pneumoniae MGH
78578]

Klebsiella pneumoniae

subsp. Pneumoniae

WP 016947585.1

membrane protein [Klebsiella pneumoniae]

YP_005956056. 1

Klebsiella pneumoniae

putative amino acid transport protein [Klebsiella
pneumoniae KCTC 2242]

WP_020803754. 1

Klebsiella pneumoniae

inner membrane protein YgaZ [Klebsiella

pneumoniae)

WP 016161678.1

Klebsiella pneumoniae

inner membrane protein YgaZ [Klebsiella sp.

| Klebsiella sp.
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WP_004174723.1 | membrane protein [Klebsiella pneumoniag] Klebsiella pneumoniae
WP_004114705.1 | membrane protein [Klebsiella oxytoca] Klebsielfa oxytoca
YP_007990259.1 |ygaZ [Klebsiella pneumoniag] Klebsiella pneumoniae
WP_004104780.1 | membrane protein [Klebsiella oxytoca) Klehsieila oxytoca

WP _007370573.1 | membrane protein [Kosakonia radicincitans] Kosakonia radicincitans
WP_007370573.1 | membrane protein [Kosakonia radicincitans] Kosakonia radicincitans

NP_668256.1

hypothetical protein y0925 [Yersinia pestis KIM10+] | Yersinia pesiis

WP_005119769.1

branched-chain amino acid permease [Shigella

flexneri] Shigella flexneri

LIV-E family branched chain aming acid exporter Yersinia

YP_004297214 1

YP_069400.1 large subunit ’

- [Ygrsirlia pseudotuberculosis IP 32953] PRelahIcE e IoHa
WP 017893772.1 | membrane protein [Serratia sp. S4] Serratia sp.
YP_001479963.1 | AzIC family protein [Serratia proteamaculans 568] | Serratia profeamaculans
WP_005189088.1 | membrane protein [Yersinia intermedial | Yersinia intermedia

pulative amino acid transporter

2 = : Yersinia enterocolitica
[Yersinia enterocolitica subsp. palearctica

subsp. FPalearciica

105.5R(N)]
WP_018081387.1 | membrane protein [Yersinia enteracolitica) Yersinia enterocolitica
WP 004392936.1 | membrane protein [Yersinia kristensenii] Yersinia kristensenii
WP_016929851.1 | membrane protein [Serratia marcescens] Serratia marcescens
|\WP_019845222.1 | membrane protein [Dickeya zeae] Dickeya zeae
YP_003334823.1 | AzIC family protein [Dickeya dadantii Ech586] Dickeya dadantii
Vb, totaadyiy | Sonsewe ippathetical protelinBhotonmbeus Photorhabdus asymbiotica
asymbiotical
WP_016941678.1 | membrane protein [Dickeya zeae] Dickeya zeae
WP_005274999.1 | membrane protein [Yersinia bercovieri] Yersinia bercovieri
CAC44347 1 YgaZ protein [Enwinia chrysanthemi] Erwinia chrysanthemi
WP_004704053.1 | membrane protein [Yersinia aldovae] Yersinia aidovae
YP_003003219.1 | AzIC family protein [Dickeya zeae Ech1581] Dickeya zeae
WP_004707388.1 | membrane protein [Yersinia frederiksenii] Yersinia frederiksenii
membrane protein [Enterobacleriaceae bacterium | Enferobacteriaceae
b 9 2 54 FAA? [ bacterium
YP 0082318121 ;n_i%ng:lza;‘a ne protein [Serratia liquefaciens ATCC Serratia liquefaciens
amino acid transporter [Pectobacterium Pectobacterium
i atrosepticum SC%HOd;] atrosepticum
WP_019455591 1 | membrane protein [Serratia marcescens] | Serratia marcescens

YP_007407667.1

putative amino acid transporter YgaZ [Serratia

QSE32983$111 ' marcescens WW4] Serratia marcescens
WP _004716726.1 | membrane protein [Yersinia rohdei] | Yersinia rohdei
. ; - Pectobacteriim
YP_003018879.1 ?E[!)CS:F?g%&?é?&r:n[?gﬁbade”um carotovorum carotovortnm subsp.
Carotovorum
WP_004873538.1 | membrane protein [Yersinia mollarelii] | Yersinia mofiareti
WP _005975645.1 | membrane protein [Pectobacterium wasabiac] Pectobacterium wasabiae
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Pectobacterium wasablae

YP_002986523.1

AzIC family protein [Dickeya dadantii Ech703)

Dickeya dadantii

YP_007345875.1
AGB83690.1

YP_004211503.1

putative branched-chain amino acid permease
(azaleucine resistance)
[Serratia marcescens FGI94]

AzIC family protein [Rahnella sp. Y96.02]

Serratia marcescens

[ Rahnelia sp.

YP_005400523.1

AzIC family protein [Rahnella aquatilis HX2]

Rahnella aquatilis

WP_010305354.1

membrane protein [Pectobacterium carotovorum]

Pectobacterium
carotovortm

WP_010848732.1

conserved hypothetical protein [Xenorhabdus
nematophila]

Xenarhabdus nematophila

YP_003711585.1

hypothetical protein XNC1_1315 [Xenorhabdus

Xenorhabdus nematophila

KPNIH18]

CBJ8g380.1 nematophila ATCC 16061]

XENOQ,%?%%O$1 8.1 E&;{;{;{}hetiml protein A225 4537 [Klebsiella oxytoca Kiebsiella oxytoca
EHTO8520.1 :gl_igrz gg-,imbrane protein YgaZ [Klebsiella oxytoca Klebsieila oxytoca
EKP29343.1 AzIC family protein [Klebsiella oxytoca Mb5all Klebsieila oxytoca
EJK15416.1 fﬁlfégﬂzlf;mﬁﬂguanﬁfntifeniﬂﬁ: p?r;)rtltzg moniae A BE A ETRE R

subsp. Pneumoniae

YP_006500218.1

hypothetical protein A225 4537 [Klebsiella oxytoca
E718]

Klebsielfa oxytoca

YP_002920871.1

putative amino acid transport protein
[Klebsiella pneumoniae subsp. pneumoniae NTUH-
K2044]

Klebsiella pneumoniae
subsp. Pneumoniae

YP_003437997 .1
YP_003280827 1

AzIC family protein [Klebsiella variicola At-22]

AzIC family protein [Pectobacterium wasabiae
WPP163]

[ Klebsiella variicola

Pectobacterium wasabiae

WP_010305354.1

membrane protein [Pectobacterium carotovorum]

Pectobacterium
carolovorum

YP_404404.1 hypothetical protein SDY_2877 [Shigella —_— p—
ABB62913.1 dysenteriae Sd197] Sl
YP_311671.1. , . . _ _

NG 007384.1. gysgitg]etlcal protein SSON_2826 [Shigella sonnei Shigaliasonnsh
AAZB9436.1

Table 2: YgaH _homologous_proteins

Acession

Number Name Organism
139?0511%54‘5?4& 1 Ré‘[f%oéheéfil_agrg]tem CKO 04032 [Citrobacter koseri Citrobiacter koseri
e e |
ngggs?’??(’]'r’{]]% ! L-valine exporter [Raoultella omithinolytica B6] Raoultella ornithinolytica

YP_008107734. 1
WP_02045491 0.1
AGNB539%4. 1

branched-chain amino acid ABC transporter
permease [Enterobacter sp. R4-368]

Enterobacter sp.
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branched-chain amino acid ABC transporter Sopratia oaBRTERE

EFE95944.1 permease [Serratia odorifera)
YP_003884335.1 | hypothetical protein Dda3937_00895 [Dickeya ; .
ADM99778.1 dadantii 3937] D Re kil

; hypolhetical protein PCC21_033290 Pectobacterium
X::ﬁ%a?gg? el [Pectobacterium carotovorum subsp. carotovorum | carcfovortin subsp.

) PCC21] | carotovortim
YP_001007413.1 | hypothetical protein YE3239 [Yersinia enterocolitica | Yersinia enferocofitica
CAL13269.1 subsp. enterocolitica 8081] subsp. enterocolitica
NP_928589.1 hypothetical protein plu1278 [Photorhabdus Photorhabdus luminescens
CAE13572.1 luminescens subsp. laumondii TTO1] subsp. faumondii
WP_004847362.1 | branched-chain amino acid ABC transporter 5 ;
EHM42582.1 permease [Hafnia alvei] hetniaalvel
WP_016154157 1
EOQQ28427 1 L-valine exporter [Citrebacter sp. KTE32] Citrobacter sp.
EQQ47452.1
WP_006667198.1 | branched-chain amino acid ABC transporter :

EFE06903.1 permease [Citrobacler youngae] e e e
YP_005198837.1 | Branched-chain amino acid transport protein AzID Rahnella aquatilis

AEX50697 .1

[Rahnella aquatilis CIP 78.65 = ATCC 33071]

WP_009111643.1

branched-chain amino acid ABC transporter Brenneria sp. EniD312

EHD20335.1. permease [Brenneria sp. EniD312)

é';jgggg?g{l Lo transporter [Xenorhabdus bovienii $5-2004] Xenorhabdus bovienii
NP_708496.1 L-valine exporter [Shigella flexneri 2a str. 301] Shigella flexneri
YP_409183.1. . . . -

NG:DO7613.’1. ;?)nzsze;’r]ved hypothetical protein [Shigella boydii Shigelia boydii
ABBB7355.1.

WP_000119765.1

branched-chain amino acid ABC transporter

permease [Shigella flexneri] SHyERERCKEN

WP_003825869.1

WP_003037287 1

| permease [Citrobacter sp. 30_2]

branched-chain amino acid ABC transporter Citrobacter sp.

branched-chain amino acid ABC transporter Citrobacter freundii

permease [Citrobacter freundii]

WP 0030372971

branched-chain amino acid ABC transporter

permease [Citrobacter freundii] Citrobacter freundii

EKU35015

liv-e family branched chain amino acid small

subunit [Citrobacter sp. L17] L

WP_009652550.1

branched-chain amino acid ABC transporter

permease [Klehsiella sp. OBRC7] Hislsibla 3p

WP_004853462.1

branched-chain amino acid ABC transporter

permease [Klebsiella oxytocal blebsiphe pytaca

YP_005016080.1

ﬁggaé]lve L-valine exporter [Klebsiella oxytoca KCTC Kiebsiella oxyfoca

WP_017459326.1

branched-chain amino acid ABC transporter

Enterobacter cloacae
permease [Enterobacter cloacae]

WP_004205689.1

L-valine exporter [Klebsiella pneumaniae] Klebsiella pneumoniae

WP_004123982.1

branched-chain amino acid ABC transporter

permease [Klebsiella oxytocal Kigbsielia oxyloca

WP_004132928.1

L-valine exporter [Klebsiella oxytoca) Klebsiella oxytoca

YP_002236979.1

hypothetical protein KPK_1115 [Klebsiella

pneumoniag 342] Klebsiella pnetimoniae
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hypothetical protein KPHS 40850 [Klebsiella
pneumoniae subsp. pneumaoniae H311286]

Klebsieila pneumoniae
subsp. Pneumoniae

YP_001336648.1

hypothetical protein KPN_03012 [Klebsiella
pneumoniae subsp. pneumoniae MGH 78578]

Klebsiella pneumoniae
subsp. Pneumoniae

YP_005956057.1.
NC_017540.1.

pulative L-valine exporter [Klebsiella pneumoniae
KCTC 2242]

Klebsiella pnetimoniae

WP_020803764.1 |

| hypothetical protein [Klebsiella pneumoniae]

Kiebsiella pneumoniae

WP_004114708.1

branched-chain amino acid ABC transporter
permease [Klebsiella oxytocal]

Klebsiella oxytoca

WP 004104783.1

branched-chain amino acid ABC transporter
permease [Klebsiella oxytocal

Klebsiella oxytoca

WP_007370572.1
EJI92176.1

branched-chain amino acid transport family protein
[Kosakonia radicincitans]

Kosakonia radicincitans

EJI93105.1

branched-chain amino acid transport family protein
[Enterobacter radicincitans DSM 16656]

Enterobacter radicincitans

NP_668255.1

hypothetical protein y0924 [Yersinia pestis KIM10+] |

Yersinia peslis

YP_069399.1

hypothetical protein YPTB0858 [Yersinia
pseudetuberculosis IP 32953)

Yersinia
pseudoiuberculosis

YP_001479964 .1

hypothetical protein Spro_3740 [Serratia
proteamaculans 568)

Serratia profeamactlans

WP_005189085.1

branched-chain amino acid ABC transporter
permease [Yersinia intermedial

Yersinia infermedia

YP_004297213.1

hypothetical protein YE105_C1014 [Yersinia
enteracolitica subsp. palearctica 105.5R(r)]

| Yersinia enterocolitica

subsp. Palearctica

WP_019081388.1

branched-chain amino acid ABC transporter
permease [Yersinia enterocolitica)

Yersinia enterocolitica

WP_004392937 1

branched-chain amino acid ABC transporter
permease [Yersinia kristensenii]

Yersinia kristensenii

WP_016929852.1

branched-chain amino acid ABC transporter
permease [Serratia marcescens)

Serratia marcescens

WP_0198845221.1

branched-chain amino acid ABC transporter
permease [Dickeya zeae]

Dickeya zeae

YP_003334824 1

hypothetical protein Dd586_3285 [Dickeya dadantii
Ech586]

Dickeya dadantii

YP_003042012.1.
NC_012962.1.

conserved hypothetical protein [Photorhabdus
asymbiotical

Pholorhabdus asymbiofica

WP_016941677 |

branched-chain amino acid ABC transporter
permease [Dickeya zeae]

Dickeya zeae

WP 005275000.1

branched-chain amino acid ABC transporter
permease [Yersinia bercovieri]

Yersinia bercovieri

CAC44348.1

YgaH protein [Erwinia chrysanthemi]

Erwinia chrysanthemi

WP_004704054 .1

YP_003003218.1

branched-chain amino acid ABC transporter
permease [Yersinia aldovag]

hypothetical protein Dd1591_0860 [Dickeya zeae
Ech1591]

Yersinia aldovae

Dickeya zeae Ech1591

WP_004707387.1

WP_008812527 .1

branched-chain amino acid ABC transporter
permease [Yersinia frederiksenii]
branched-chain amino acid ABC transporter
permease [Enterobacteriaceae bacterium

9 _2_B4FAA]

Yersinia frederiksenii

Enterobacteriaceae

bacterium

YP_008231813.1

branched-chain amino acid ABC transporter

permease [Serratia liquefaciens ATCC 27592]

Serratia liguefaciens
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hypothetical protein ECA3510 [Pectabacterium
atrosepticum SCRI1043]

PCT/EP2014/068539

Pectobacterium
atrosepticum

WP_019455592.1

branched-chain amino acid ABC transporter
permease [Serratia marcescens]

Serratia marcescens

YP_007407668.1

putative amino acid transporter YgaH [Serratia
marcescens Wyw4]

Serratia marcescens

WP_004716724 1

branched-chain amino acid ABC transporter
permease [Yersinia rohdei]

Yersinia rohdef

YP_003018830.1.
NC_012917.1.

hypothetical protein PC1_3328 [Pectobacterium
carotovorum subsp. carotovorum PC1]

Pectobacterium
carofovortin subsp.
Carotovorum

WP 0048735391

branched-chain amino acid ABC transporter
permease [Yersinia mollaretii]

Yersinia mollaretii

WP_005975643.1

branched-chain amino acid ABC transporter
permease [Pectobacterium wasabiae|]

Pectobacterium wasabiae

YP_003260828.1

YP_002986522.1

hypothetical protein Pecwa_3484 [Peclobacterium
wasabiae WPP163]

hypothetical protein DA703 0892 [Dickeya dadantii [

Ech703]

Pectobacterium wasabiae

Dickeya dadantii

YP_007345876.1

YP_004211502.1

Branched-chain amino acid transport protein (AzID)
[Serratia marcescens FG194]

branched-chain amino acid transport [Rahnella sp.
Y9602]

Serratia marcescens

Rahnelfa sp.

YP_005400522.1
NC_017047.1.

putative L-valine exporter [Rahnella aquatilis HX2)

Rahneila aguatilis

WP_010305358.1

branched-chain amino acid ABC transporter
permease [Pectobacterium carotovorum]

Pectobacterium
carotovorum

YP_003711584.1.

hypothetical protein XNC1_1314 [Xenorhabdus

Xenorhabdus nemalophiia

NC 0142281, nematophila ATCG 19061]
YP_006500219.1 | branched-chain amino acid transport [Klebsiella .
AFN29790.1 oxytoca E718] tebeiele-agiass
hypothetical protein HMPREFS9690_03780 ;
EHTO06521.1 [Klebsiella oxytoca 10-5246] Kiebsiella oxytoca
EKP28342.1. L-valine exporter [Klebsiella oxytoca Mbal] Klebsiella oxytoca
EJK15417.1 putative L-valine exporter [Klebsiella pneumaniae | Klebsiella pneumoniae

subsp. pneumoniae KPNIH18)

subsp. Pneumoniae

YP_006500219.1

branched-chain amino acid transport [Klebsiella
oxytoca E718]

Klebsieila oxytoca

BAHGE4805.1.

YP_003437996.1

hypothetical protein KP1_4275 [Klebsiella
pneumoniae subsp. pneumoniag NTUH-K2044]-
ygaH

hypothetical protein Kvar_1056 [Klehsiella variicola [

Al-22]

Kiebsiella pnetimoniae
subsp. Pneumoniae

Klebsiella variicola

YP_003260828.1

hypothetical protein Pecwa_3484 [Pectobacterium
wasabiae WPP163]

WP_010282658.1

branched-chain amino acid ABC transporter
permease [Peclobaclerium carolovorum]

Pectobacterium wasabiae

Pectobacterium
carotovorum

YP_404405.1.
NC_007606.1.
ABBG2914.1.

hypothetical protein SDY_2878 [Shigella
dysenteriae 8d197]

Shigella dysenteriae

WP_000119748.1

branched-chain amino acid ABC transporter
permease [Shigella dysenleriag]

Shigefia dysenteriae

YP_311672.1
AAZB9437 1

hypothetical protein SSON_2827 [Shigella sonnei
Ss046]

Shigelia sonnei
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WP_0051 50562. 1| putative membrane protein [Shigella sonnei] | Shigella sonnei

branched-chain amino acid ABC transporter Shigella boydii

VDO TR permease [Shigella boydii]

branched-chain amino acid ABC transpaorter

WE_DO242701. permease [Yersinia pestis]

Yersinia pestis

branched-chain amino acid ABC transporter

permease [gamma proteobacterium WG36] gamma proteobacterium

WP_0 1749 1438.1

branched-chain amino acid transport family protein,
partial [Yersinia pestis]

WP_0023661 38.1 Yersinia pestis

With accession number disclosed in the tables for each homolog the man skilled in the art
is able to obtain the amino acid sequence and its nuceotidic coding sequence on NCBI
databases for instance.

From the amino acid sequence or nucleotidic sequence, it is a routine task for the man
skilled in the art to obtain genes encoding these homologues. It can be done either by
artificial synthesis of the gene coding the protein of interest from its amino acid sequence
or by PCR amplification of the coding region of interest from the corresponding genomic
DNA. In the context of the invention, these genes are called "vgaZ or ygaH homologous
genes". The sequences of these ygaZH homologous genes may be adjusted to the codon
bias of the host microorganism.

In a specific embodiment of the invention, the recombinant microorganism overexpresses
the genes ygaZ and ygaH from E. coli coding the proteins whose sequences are
respectively disclosed in SEQ ID NO: 1 and SEQ ID NO: 2 or brnF and brnE from C.
glutamicum or their homologous genes. Preferably, ygaZ and ygaH homologous genes are
composed by the gene pair originating from the same organism and composed by the
homologous gene of ygaZ and the homologous gene of ygald. However mismatch pair of
an ygaZ homologous gene from a first organism and an ygaH homologous gene from a
second organism could be used. Preferably, the genes ygaZH, brnFE or their homologous
genes are overexpressed.

YegaZH homologous genes are chosen among genes encoding the YgaZ and YgaH
homologues disclosed respectively in table 1 and in table 2. Preferably, ygaZH
homologous genes are chosen among genes encoding YgaZH homologues from
Citrobacter species, Shigella species, Raoultella species, Enterobacter species, Yersinia
species and Photorhabdus species. More preferably ygaZH homologous genes originate
from Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica, Enterobacter sp.,
Yersinia enterocelitica, Photorhabdus luminescens, Citrobacter youngae or Citrobacter
Jreundii. Most preferably, ygaZH homologous genes originate from Citrobacter koseri,
Citrobacteryoungae, Citrobacterfreundii or Enterobacter sp..

Therefore, ygaZH homologous genes are preferably chosen among genes coding the pair of
YgaZ homolog and YgaH homolog defined respectively by: SEQ ID NO: 3 and SEQ ID
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NO: 4 from Citrobacter koseri, SEQ 1D NO: 5 and SEQ ID NO: 6 from Shigella flexneri,
SEQ ID NO: 7 and SEQ ID NO: 8 from Raoultella ornithinolytica, SEQ ID NO: 9 and
SEQ ID NO: 10 from Enterobacter sp. (R4-368), SEQ ID NO: 11 or 12 and SEQ ID NO:
13 or 14 from Yersinia enterocolitica subsp. enterocolitica, SEQ ID NO: 15 and SEQ ID
NO: 16 from Photorhabdus luminescens subsp. laumondii, SEQ ID NO: 17 and SEQ ID
NO: 18 from Citrobacter youngae, SEQ ID NO: 19 and SEQ ID NO: 20 from Citrobacter
Sfreundii.
In a preferred embodiment of the invention, these genes ygaZH or brnFE or homologous
genes originating from Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica,
Enterobacter sp., Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter youngae
or Citrobacter freundii are overexpressed under the control of an inducible promoter. The
man skilled in the art knows such inducible promoters. For instance, promoters like LPR or
AP may be used to overexpress ygaZH genes or brnFE genes or yeaZH homologous genes
originating from Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica,
Enterobacter sp., Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter youngae
or Citrobacter freundii in the recombinant microorganism of the invention.
It is another object of the invention to identify vgaZH homologous genes and to
overexpress said genes in amino-acid producer microorganism, alone or in combination

with other genetic modifications as disclosed below.

Optimisation of methionine biosynthesis pathway

The recombinant microorganism according to the invention is modified for improving
the production of methionine. Genes involved in methionine production are well known in
the art, and comprise genes involved in the methionine specific biosynthesis pathway as
well as genes involved in precursor-providing pathways and genes involved in methionine
consuming pathways.

Efficient production of methionine requires the optimisation of the methionine specific
pathway and several precursor-providing pathways. Methionine producing strains have
already been described, in particular in patent applications WO2005/1 11202,
WO02007/077041 and W0O2009/043803. These applications are incorporated as reference
into this application.

Except otherwise stated, all the genes mentioned below concerning optimisation of
methionine biosynthesis pathway are referring to those from E. coli.

In a specific embodiment of the invention, the recombinant microorganism is modified
as described below: the expression of at least one gene chosen among ptsG, pye, pniAB,
cvsP, cysll, cvsW, cvsA, cysM, cysd, cysl, evsH, gevl, gevH, gevP, Ipd, serA, serB, serC,
cysE, meiF, metA, metA *allele encoding for an enzyme with reduced feed-back sensitivity
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to S-adenosylmethionine and/or methionine, thrA, and thrA * allele encoding for an enzyme
with reduced feed-back inhibition to threonine is increased.

e pisG encodes the PTS enzyme IICBS* as described in patent application
WO2013/001055,

- pyc encodes a pyruvate carboxylase as described in patent application
WO20 13/00 1055. In a preferred embodiment, the pyc gene is heterologous and is chosen

from pyc genes from Rhizobium etli, Bacillus subtilis, Lactococcus lactis, Pseudomonas

fluorescens or Corymb acterium species,

= pntAB  encode subunits of a membrane-bound transhydrogenase, such as
described in patent application WO2012/055798,

* cysP encodes a periplasmic sulphate binding protein, as described in
WO2007/077041 and in WO2009/043803,

* cysU encodes a component of sulphate ABC transporter, as described in
WO2007/077041 and in WO2009/043803,

- cysW encodes a membrane bound sulphate transport protein, as described in
WO2007/077041 and in WO2009/043803,

* cysA encodes a sulphate permease, as described in WO2007/077041 and in
WO02009/043803,

* cysM encodes an O-acetyl serine sulfhydralase, as described in WO2007/077041
and in WO2009/043803,

* cysl and cys/ encode respectively the alpha and beta subunits of a sulfite
reductase as described in WO2007/077041 and in WO2009/043803. Preferably cys!/ and
cysJ are overexpressed together,

* cysH encodes an adenylylsulfate reductase, as described in WO2007/077041 and
in W02009/043803.

Increasing CI metabolism is also a modification that leads to improved methionine
production. It relates to the increase of the activity of at least one enzyme involved in the
CI metabolism chosen among GevTHP, Lpd, MetF or MetH. In a preferred embodiment of
the invention, the one carbon metabolism is increased by enhancing the expression and/or
the activity of at least one of the following:

* gevl, gevH, gevP, and Ipd, coding for the glycine cleavage complex, as described
in patent application WO 2007/077041. The glycine-cleavage complex (GCV) is a
multienzyme complex that catalyzes the oxidation of glycine, yielding carbon dioxide,
ammonia, methylene-THF and a reduced pyridine nucleotide. The GCV complex consists
of four protein components, the glycine dehydrogenase said P-protein (GevP), the lipoyl-
GevH-protein said H-protein (GevH), the aminomethyltransterase said T-protein (GevT),
and the dihydrolipoamide dehydrogenase said L-protein (GevL or Lpd). P-protein
catalyzes the pyridoxal phosphate-dependent liberation of C02 from glycine, leaving a
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methylamine moiety. The methylamine moiety is transferred to the lipoic acid group of the
H-protein, which is bound to the P-protein prior to decarboxylation of glycine. The T-
protein catalyzes the release of NH3 from the methylamine group and transfers the
remaining CI unit to THF, forming methylene-THF. The L protein then oxidizes the lipoic
acid component of the H-protein and transfers the electrons to NAD*, forming NADH;

* MetF encoding a methylenetetrahydro folate reductase, as described in patent
application WO2007/07704.

The overexpression of at least one of the following genes involved in serine
biosynthesis also reduces the production of the by-product isoleucine:
serA  which encodes a phosphoglycerate dehydrogenase, as described in
WO2007/077041 and in WO2009/043803,

* serB which encodes a phosphoserine phosphatase, as described in
WO02007/077041 and in WO2009/043803,

* serC which encodes a phosphoserine aminotransferase, as described in
WO2007/077041 and in WO2009/043803.

The overexpression of the following genes has already been shown to improve the
production of methionine:

* cysE encodes a serine acyltransferase; its overexpression allows an increase in
methionine production, as described in WO2007/077041;

- metA encodes a homoserine succinyltransferase. The allele metA* codes for an
enzyme with reduced feed-back sensitivity to S-adenosylmethionine and/or methionine.
Preferentially, the allele metA* described in the patent application WO2005/1 11202 is
used;

* thrA encodes an aspartokinase /homoserine dehydrogenase; the rhrA *allele codes
for an enzyme with reduced feed-back inhibition to threonine, as described in
WO2005/1 11202.

In a specific embodiment of the invention, at least one of said genes is under control of an
inducible promoter. In a preferred embodiment of the invention, at least one of these genes
is under the control of a temperature inducible promoter. Preferably, the expression of at
least one of the genes: thrA, cysE, metA, is under the control of an inducible promoter,
directly or indirectly. More preferably, the genes thrA, cysE and metA are under control of
an inducible promoter, directly or indirectly. In a preferred embodiment of the invention,
expression of thrA gene is under direct control of an inducible promoter and expression of
cysE gene is under polar effect of inducible expression of thrA gene. In another preferred
embodiment of the invention, expression of thrA gene is under direct control of an
inducible promoter and expressions of cysE and metA genes are under polar effect of

inducible expression of thrA gene.
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In a most preferred embodiment, the temperature inducible promoter belongs to the
family of Py promoters. A methionine producing strain having genes under control of
inducible promoters is described in patent application WO201 1/073122.

In another specific embodiment of the invention, the microorganism has been further
modified, and the expression of at least one of the following genes is attenuated: metJ,
PYKA, pykF, purlU, ybdL, yncA, metE, dgsA, metN, metl, metQ or udhA.

* The gene metJ codes for the repressor protein Met] (GenBank 1790373),
responsible for the down-regulation of the methionine regulon as was suggested in patent
application JP2000/1 57267,

The genes pykA and pykF code for the enzymes 'pyruvate kinase'. The
attenuation of the expression of at least one or both of the pyruvate kinases decreases the
consumption of phosphoenol pyruvate (PEP). Increased availability of PEP can increase
the production of oxaloacetate, an important precursor of aspartate, which in turn is a
precursor of methionine, as described in WO2007/077041 and in W0O2009/043803,

- purlU codes for a formyltetrahydrofolate deformylase, an enzyme that catalyzes
the formyl-THF deformylase reaction. The attenuation of the deformylase activity
increases the production of methyl-THF that is required for methylation of homocysteine.
Loss of CI metabolites by deformylation leads to an increased production of homocysteine
that cannot be transformed into methionine. Homocysteine can then be a substrate for the
enzyme cystathionine gamma synthase (MetB) that can catalyze the reaction between O-
succinylhomoserine and homocysteine resulting in the production of homolanthionine, as
described in WO2007/077041 and in WO2009/043803,

* ybdL encodes an aminotransferase as described in patent application
WO20 12/090021,

yncA  encodes a N-acyltransferase, as described in patent application
WO20 10/020681,

« metE encodes a cobalamin-independent methionine synthase, as described in
patent application PCT/IB2012/001336,

* dgsA, better known as Mlc, encodes a transcriptional dual regulator that controls
the expression of genes encoding enzymes of the phosphotransferase (PTS) and
phosphoenolpyruvate (PEP) systems as described in patent application WO2013/001055,

 metN, metl, metQ, encode a methionine uptake system,

= wdhA encodes soluble pyridine nucleotide transhydrogenase, as described in
patent application WO2012/055798.

In a more preferred embodiment of the invention, the fermentative production of
methionine and/or its derivatives by a recombinant microorganism, wherein the methionine

import is attenuated and the methionine efflux is enhanced, from glucose as a main carbon
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source, may be achieved through a combination of the above discussed modifications in

said microorganism, for example:

.

the expression of the gene metJ is attenuated and the expression of a metA *
allele encoding for an enzyme with reduced feed-back sensitivity to S-
adenosylmethionine and/or methionine (MetA *) is enhanced;

the expression of the gene met/ is attenuated; the expression of a metA* allele
encoding for an enzyme with reduced feed-back sensitivity to S-
adenosylmethionine and/or methionine (MetA *) is enhanced; and the expression
of a thrA *allele encoding for an enzyme with reduced feed-back inhibition to
threonine (thrA # is enhanced;

the expression of the gene met/ is attenuated: the expression of a metA* allele
encoding for an enzyme with reduced feed-back sensitivity to S-
adenosylmethionine and/or methionine (MetA*) is enhanced; the expression of
a thrA* allele encoding for an enzyme with reduced feed-back inhibition to
threonine (thrA #) is enhanced; and the expression of the gene cysE is enhanced;
the expression of the gene met/ is attenuated; the expression of a metA™ allele
encoding for an enzyme with reduced feed-back sensitivity to S-
adenosylmethionine and/or methionine (MetA*) is enhanced; the expression of
a thrA* allele encoding for an enzyme with reduced feed-back inhibition to
threonine (thrA # is enhanced; the expression of the gene cysE is enhanced; and
the expression of the genes metF is enhanced.

In a particular aspect of the invention, the recombinant microorganism comprises the

following genetic modifications:

« the genes metH, and fldA and fpr from E. coli or their homologous genes
from C glutamicum are overexpressed,

» the genes ygaZ and ygaH from E. coli or the genes brnf” and brnE from C.
glutamicum or their homologous genes originating from Citrobacter koseri,
Shigella flexneri, Raoultella ornithinolytica, Enterobacter sp., Yersinia
enterocolitica, Photorhabdus  luminescens, Citrobacter youngae or
Citrobacterfreundii are overexpressed,

» the expression of the genes metA* cysPUWAM, cysJIH, gcvTHP, metF,
serA, serB, serC, cysE, thrA * ptsG and pyc are enhanced, and

» the expression of genes met), pykA, pykF, purll, metE, dgsA and yncA are

attenuated.

In a particular embodiment of the invention, the microorganism to be modified is from the

bacterial family Enterobacteriaceae or Corynebacteriaceae.
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Preferentially, the microorganism to be modified is Escherichia coli or Corynebacterium

glutamicum.

Culture conditions

In a second aspect of the invention, a method is optimised for the fermentative
production of methionine and/or its derivatives. It comprises the followings steps:

- Culturing a recombinant microorganism wherein the cobalamin-dependent methionine
synthase activity and the methionine efflux are enhanced by overexpressing
respectively the genes meiH, and optionally the genesfldA andfpr genes from E. coli
or their homologous genes from C. glutamicum and the genes ygaZH from E. coli or
the genes brnFE from C. glutamicum or their homologous genes in an appropriate
culture medium comprising a fermentable source of carbon and a source of sulphur,
and,

- Recovering methionine and/or its derivatives from the culture medium.

Those skilled in the art are able to define the culture conditions for the microorganisms
according to the invention. In particular the bacteria are fermented at a temperature
between 20°C and 55°C, preferentially between 25°C and 40°C, and more specifically
about 30°C for C. glutamicum and about 37°C for E. coli.

For E. coli, the culture medium can be of identical or similar composition to an M9
medium (Anderson, 1946), an M63 medium (Miller, 1992); or a medium such as defined
by Schaefer er al, (1999).

For c. glutamicum, the culture medium can be of identical or similar composition to
BMCG medium (Liebl er al, 1989) or to a medium such as described by Riedel ef al.,
(2001).

In the method of the invention, the ygaZH homologous genes which are overexpressed
in the recombinant microorganism are preferably chosen among the group consisting in
homologous genes from Citrobacter species, Shigella species, Raoultella species,
Enterobacter species, Yersinia species and Photorhabdus species, and more preferably
originate  from  Citrobacter koseri, Shigella flexneri, Raoultella  ornithinolytica,
Enterobacter sp., Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter youngae
or Citrobacterfreundii.

In a specific embodiment of the method, the recombinant microorganism comprises the
following genetic modifications:

a. overexpression of the genes metH, andfldA andjfpr from E. coli, or their
homologous genes trom C. glutamicum and
b. overexpression of the genes vgaZH from E. coli, or branFE from C.

glutamicum or their homologous genes.
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In this specific embodiment of the invention, said ygaZH homologous genes are
preferably chosen among the group consisting in homologous genes from Citrobacter
species, Shigella species, Raoultella species, Enterobacter species, Yersinia species and
Photorhabdus species, and more preferably chosen among the groups consisting in
homologous genes from Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica,
Enterobacter sp., Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter youngae
or Citrobacterfreundii.

In the method of the invention, the ygaZH homologous genes which are overexpressed in
the recombinant microorganism are most preferably originating from Citrobacter koseri,
Citrobacter youngae, Citrobacterfreundii or Enterobacter sp..

In some embodiment of the invention, the growth of the recombinant microorganism is
subjected to a limitation or starvation / deficiency for one or several inorganic substrate, in
particular phosphate and/or potassium, in the culture medium. It refers to condition under
which growth of the microorganisms is governed by the quantity of an inorganic chemical
supplied that still permits weak growth. Such limitation in microorganism growth has been
described in the patent application W02009/043372. In a preferred embodiment of the
invention, the culture is subjected to phosphate limitation.

The action of "recovering methionine and/or its derivatives from the culture medium"
designates the action of recovering L-methionine and/or one of its derivatives, in particular
N-acetyl methionine (NAM) and S-adenosyl methionine (SAM) and all other derivatives
that may be useful such as hydroxy-methionine (or methionine hydroxy analogue or
MHA). The methods for the recovery and purification of the produced compounds are well
known to those skilled in the art (see in particular WO2005/007862, W0O2005/059155).
Preferably, the step of recovering methionine and/or its derivatives comprises a step of
concentration of methionine and/or its derivatives in the fermentation broth.

The amount of product in the fermentation medium can be determined using a number
of methods known in the art, for example, high performance liquid chromatography
(HPLC) or gas chromatography (GC). For example the quantity of methionine obtained in
the medium is measured by HPLC after OPA/Fmoc derivatization using L-methionine
(Fluka, Ref 64319) as a standard. The amount of NAM is determinated using
refractometric HPLC using NAM (Sigma, Ref 01310) as a standard.

EXAMPLES

The following experiments demonstrate how overexpression of genes encoding for the L-
methionine excretion system together with the overexpression of genes encoding for the
B12-dependent methionine synthase and its reactivation system in microorganisms such as

E. coli and C. glutamicum improved methionine production.
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In the examples given below, methods well known in the art were used to construct E. coli
and C. glutamicum strains containing replicating vectors and/or various chromosomal
insertions, deletions, and substitutions using homologous recombination well described by
Datsenko & Wanner, (2000) for E.coli and in patent WO2007012078 for C. glutamicum.
In the same manner, the use of plasmids or vectors to express or overexpress one or several
genes in a recombinant microorganisms are well known by the man skilled in the art.

Examples of suitable E.coli expression vectors include pTrc, pACYC184n pBR322,
pUC18, pUC19, pKC30, pRep4, pHSI, pHS2, pPLc236 etc. ..

Examples of suitable €. glutamicum and E.coli shutfle vectors are ¢. g.
pClik5aMCS (W02005059093) or can be found in Eikmanns er al, (1991).

Examples for suitable vectors to manipulate Corynebacteria can be found in the
handbook of Corynebacteria edited by Eggeling and Bott in 2005.

PROTOCOLS

Several protocols have been used to construct methionine producing strains described in
the following examples.

Protocol 1 (Chromosomal modifications by homologous recombination, selection of
recombinants and antibiotic cassette excision) and protocol 2 (Transduction of phage PI)

used in this invention have been fully described in patent application WO20 13/00 1055.

Protocol 3: Construction of recombinant plasmids

Recombinant DNA technology is well described and known by the man skilled in the art.

Briefly, the DNA fragments are PCR amplified using oligonucleotides (the person skilled
in the art will is able to design) and MGI1655 genomic DNA as matrix. The DNA
fragments and selected plasmid are digested with compatible restriction enzymes, ligated
and then transformed in competent cells. Transformants are analysed and recombinant

plasmids of interest are verified by DNA sequencing.

Table 3: Sequences cited in the following examples

| SEQ ID N® Sequence 5' - 3’
[~ AACACTGCAAAATCCTGCTATTTGATTTGTATGAGTGATA
21 AGTGTAACGCCGAATAATCGTCGTTGGCGAATTTTACGAC
TCTGACAGGAGGTGGCAATG
GAGAAAGTAAACGTAACATGATGACGACAATTCTGACGA
) TTCATGTTCCTTCAACGCCGGGGCGCGCATGGAATATGCT
GGTGGCACTTCAGGCAGGAAA
TGAGGAATAGACAATGTTAGTTAGTAAAAGCAACGGATT
23 TAACGCTAGCGCAGTTTTGGGTAGTGGAAGTTATAATGAA
AATAAATCTTCTAAACACATG
TGCGCTAAAAGAAATGAATAGAACCTTTTCGATAATATAA
24 GAAAAAGTGATTTTCATGTTGGTTTACTTAAGCCAAGTAG
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TACGCGTAGTGTTATTTTAG
AAATTATTCTTGTATCTITGTTATAATATGGGAAAGTGCA

25 ACCAT
[ CGTTAATCAGCAGGTTAGCCAGCCACAAAAAGCCATTGA
26 GAAAATTATTGATTTTACATGGGATTATTATATTGCTAAT

CCTTGGTTTTTAAAAATTGTG
TCATCTACCGCGCACGAATAAAACTGCCATCCGGCTGGCG
27 GGTGAACAGGACCTGTTGATTATTCCCCGTATCAATGGTT
AAGCCCGTCACCACGCCGCT

EXAMPLE 1: Overproduction of the cobalamin-dependent methionine synthase or
Overproduction of a L-methionine secretion system in a L-methionine overproducer

E.coli recombinant strain - Strain 1 and Construction of strains 2,3.4, 5 and 6

Strain 1| - Reference strain

Methionine producing strain 17 described in patent application WO20 13/00 1055 (which is
incorporated as reference into this application) was renamed strain 1 in this present
application. For reminder this strain overexpressed metH owing artificial promoter and
ribosome binding site integrated in front of metH gene at its endogenous locus (for details
see as patent application WO2007/077041). This strain contains also the mutation in metl
gene disclosed in patent application WO2013/190343.

Construction of strain 5 - Overproduction of the cobalamin-dependent methionine

synthase, overexpression of metH, fldA and fpr

The E.coli gene encoding the cobalamin-dependent methionine synthase, merH and genes
fldA and fpr encoding for the reactivation system of MetH, were all overexpressed in
genetic background of strain 1.

Before using strain 1, the antibiotic cassette was removed from AdgsA modification using
the Flp recombinase as described by Datsenko & Wanner, 2000 (according to Protocol 1).
The kanamycin sensible transformants were selected and the absence of antibiotic cassette
at AdgsA locus was verified by a PCR analysis with appropriate oligonucleotides. The
strain retained was designated strain 2.

To overexpress metH, this gene, operatively linked to the same promoter and ribosome
binding site as described in patent application WO02007/077041 was integrated on the
chromosome at two different loci ybeM and ypjC (selected from the list disclosed in the
patent application WO201 1/073122 and whose deletion do not have impact on methionine
production).

To strongly overexpress metH, the homologous recombination strategy described by
Datsenko & Wanner, 2000 (according to Protocol 1) was used. For both chromosomal
integrations, a fragment carrying metH gene linked to its artificial promoter and a

resistance marker both flanked by DNA sequences homologous to the targeted integration
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locus ybeM or ypjC was PCR amplified by the overlapping PCR technique (overlapping
oligonucleotides). The sequences for recombination into ybeM and ypjC are referred as
SEQ ID N° 21 and 22, and SEQ ID N° 23 and 24 (listed in table 3), for ybeM and ypjC
respectively. The PCR products "AybeM::metH::Km" and "AypjC::metH::Cm" obtained
were then introduced by electroporation into the strain MG1655 metA*™\\ (pKD46),
separately. The antibiotic resistant transformants were selected and the insertion of the
metH gene with the resistance cassette at the targeted locus was verified by a PCR analysis
with appropriate oligonucleotides. The strains retained were designated MG1655 metA™®\\
AybeM::metH::Km  and MGI1655 metA™\\  AypjC::metH::Cm.  Finally, the
AybeM: :metH: :Km and AypjC::metH::Cm chromosomal integrations were transferred by
P1 phage transduction successively (according to Protocol 2) from the MG1655 metA™*\\
AybeM: :metH: :Km and MG1655 metA™\ AypjC::metH to strain 2. Chloramphenicol or
kanamycin resistant transductants were selected and the presence of AybeM::metH: :Km
and AypjC::metH::Cm chromosomal integrations were verified by a PCR analysis with
appropriate oligonucleotides. The strain retained was called strain 3.

The antibiotic cassettes were removed from chromosomal integrations made at ybeM and
ypjC loci into strain 3 using the Flp recombinase as described by Datsenko & Wanner,
2000 (according to Protocol 1). The kanamycin and chloramphenicol sensible
transformants were selected and the absence of antibiotic cassette at both loci was verified
by a PCR analysis with appropriate oligonucleotides. The strain retained was designated
strain 4.

To overexpress fldA and fpr, these genes, were operatively linked to artificial promoters
and to artificial ribosome binding site and were integrated onto the chromosome at the ytfA
locus (same selection criteria as ybeM and ypjC loci, see above). The artificial promoters
were constructed with SED ID N° 25 forfldA and as described for the overexpression of
cysPUWAM operon in patent application W02009/043803 forfpr. The artificial ribosome
binding sites are the same as described to overexpress pisG gene in strain 17 disclosed in
patent application WO20 13/00 1055.

To add copies of fldA and fpr overexpression onto the chromosome, the homologous
recombination strategy described by Datsenko & Wanner, 2000 (according to Protocol 1)
was used. A fragment carrying fldA andjfpr genes, with their respective promoters, and a
resistance marker, both flanked by DNA sequence homologous to the integration locus
vifA was PCR amplified by overlapping PCR technique (overlapping oligonucleotides).
The sequences for recombination into the y#fA locus are referred as SEQ ID N° 26 and 27
(listed in table 3). The PCR product "AyifA::fldA-fpr: :Km" obtained was then introduced
by electroporation into the MG1655 metA®™\\ (pKD46) strain. The antibiotic resistant
transformants were then selected and the insertion of the fldA-fpr genes with the resistance

cassette at the yifA locus was verified by a PCR analysis with appropriate oligonucleotides.
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The strain retained was designated MG1655 mefA™\ \ AytfA::fldA-fpr::Km. Finally, the
AvtfA: fldA-fpr: :Km chromosomal integration was transferred by PI phage transduction
(according to Protocol 2) from the MG1655 metd ™\ \ AytfA: :fldA-fpr::Km to strain 4.
Kanamycin resistant transductants were selected and the presence of Ay#fA: :fldA-fpr: :Km
chromosomal integration was verified by a PCR analysis with appropriate

oligonucleotides. The strain retained was called strain 5.

Construction _of strain 6 -  Overproduction of a IL-methionine secretion system,

overexpression ofveaZH

The E.coli genes ygaZH encoding the exporter of methionine were overexpressed in strain
1. They were cloned on the moderate plasmid copy number pCL1920 (Lerner & Inouye,
1990) with the use of the natural promoter of ygaZ This plasmid was named pME1247.
Finally, the plasmid pME1247 was transformed into strain 1, giving the strain 6.

EXAMPLE 2: Overproduction of the cobalamin-dependent methionine synthase and
overproduction of a L-methionine secretion system in a L-methionine overproducer
E.coli strain - Construction of strain 7

The E.coli genes ygaZH encoding the exporter of methionine, were overexpressed in strain

5. The plasmid pME1247 was transformed into strain 5, giving rise to strain 7.

EXAMPLE 3: Overproduction of the cobalamin-dependent methionine synthase or
its reactivation system or overproduction of a L-methionine secretion system in a L-
methionine overproducer C. glutamicum recombinant strain - Construction of strains
AtoF

The C. glutamicum strain ATCC 13032 horn* ask® metH (designated strain A in the
following) is described in patent WO2007/0 12078.

In that strain A, horn* and ask* correspond to feedback resistant alleles of homoserine
dehydrogenase encoding the protein Hsdh S393F and of aspartate kinase encoding the
protein Ask T3 111 also called LysC T3 111, respectively.

This strain A is subsequently mutagenized with N-Methyl-N'-nitroguanidine as described
in patent WO2007/012078. Clones that show a methionine titer that is at least twice that in
strain A are isolated. One such clone, used in further experiments, is named strain B, This
strain B is a €. glutamicum L-methionine producer.

Then, the C. glutamicum strain B is modified as described in patents WO2007/0 12078 and
WO2004/050694 to obtain the strain C including hsk* metYmetA metF DimchR.

The mutated allele hsk* encoding the homoserine kinase Hsk T190A is overexpressed as

well as merY encoding the O-acetylhomoserine sulthydrylase, metA encoding the
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homoserine acetyl-transferase. metF encoding the homocysteine methylase and mcbR gene
is deleted.

In order to increase the cobalamin-dependent methionine synthase activity in C.
glutamicum L-methionine producer strain C, metHcg (metH gene from C. glutamicum) is
overexpressed together withfprAl gene encoding a ferredoxin reductase working as MetH
reoxidation protein. These modifications are performed according the description of patent
WO2009/ 144270. The resulting strain is called strain D.

Another way to increase the cobalamin-dependent methionine synthase activity in C.
glutamicum L-methionine producer strain C, is to overexpress metHEc (metH gene from E.
coli) together withfldA andfpr genes from E. coli encoding the flavodoxins involved into
the reactivation of MetH enzyme. This is achieved according to the description of patent
WO02009/ 144270. The resulting strain is called strain E.

In order to increase the L-methionine excretion system specific of C. glutamicum in strain
C, the brnFE operon is overexpressed from the E. coli-C. glutamicum shuttle expression
vector pEC-XT99A (EP 1085094). The plasmid was constructed in E. coli from PCR-
generated fragments by using C. glutamicum ATCC 13032 DNA as a template. The
plasmid was constructed as described by Trotschel ef a/, (2005) in pEC-XT99A, and the

resulting plasmid pCBIl is subsequently transformed into strain C giving rise to strain F.

EXAMPLE 4: Combined overproduction of the cobalamin-dependent methionine
synthase with the overproduction of a L-methionine secretion system in a C.
glutamicum L-methionine overproducer strain - Construction of strains G and H

In order to combine the overproduction of MetHco, FprAl or MetH ¢, FldA, Fpr in C.
glutamicum with the overproduction of the specific L-methionine excretion system BrnFE,
the plasmid pCBl described above is introduced by electroporation into strains D and E
giving rise to strains G and H respectively.

Strain G carries only genes belonging to C. glutamicum whereas strain H carries the
cobalamin-dependent methionine synthase and its reactivation system from E. coli.

The exporter is in all cases BrnFE.

EXAMPLE 5: Production of L-methionine by fermentation in bio-reactor with E.coli
strains

Strains described in previous examples were tested under production conditions in
2.5 L reactors (Pierre Guerin) using a fedbatch strategy.

Briefly, an 24 hours culture grown in 10 mL LB medium with 2.5 g.L'* glucose was
used to inoculate a 24 hours preculture in minimal medium (Bla). These incubations were
carried out in 500 mL baffled flasks containing 50 mL of minimal medium (Bla) in a
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second one at a temperature of 34°C.

A third preculture step was carried out in bio-reactors (Sixfors) filled with 200 mL
of minimal medium (Bib) inoculated to a biomass concentration of 1.2 g.L-! with 5 mL
concentrated preculture. The preculture temperature was maintained constant at 34°C and
the pH was automatically adjusted to a value of 6.8 using a 10 % NH,OH solution. The
dissolved oxygen concentration was continuously adjusted to a value of 30 % of the partial
air pressure saturation with air supply and /or agitation. After glucose exhaustion from the
batch medium, the fedbatch was started with an initial flow rate of 0.7 mL.h™', before

increasing exponentially for 26 hours with a growth rate of 0.13 h™* in order to obtain a

final cellular concentration of about 20 g.L"'.

PCT/EP2014/068539

Table 4: Preculture batch mineral medium composition (Bla and Bib)

Biipanil Bla Blb
Concentration (g.L.") | Coneentration (g.L")
Zn(CH.COO), 2H.0 0.0130 0.0130
CuCl; 2H-0 0.0015 0.0015
Mn€Cl, 4H.0O 0.0150 0.0150
CoCl.6H.0O 0.0025 0.0025
H:BO; 0.0030 0.0030
Na,MoCy. 2H,0 0.0025 0.0025
Fe(lll) citrate HyO 0.1064 0.10064
CDTA 0.0084 0.0084
MgS0,. 7HO 1.00 1.00
CaCl; 2H,0O 0.08 0.08
Cirie acid 1.70 1.70
KH:PO. 4.56 4.56
K,HPO, 3H.0 2.53 2,53
(NH3), HPO, L.11 L1
(NH,)-80, 4.90 4.90
(NH,4):5,05 1.00 1.00
Thiamine 0.0] 0.01
Vitamin 312 0.01 0,01
Glucose 30.00 5.00
MOPS 30.00 0.00
NH,;(OH 284 Adjusted topH 6.8 Adjusted topH 6.8
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Table 5: Preculture fedbatch mineral medium composition  (Fl)

Compound Concentration (g.L")
Zn(CH:COO):. H0 0.0104
CuCls2H.0 0.00]2
MnCL.4H:0 0.0120
oCl.6H-0 0.0020
H;BO, 0.0024
Na-Mo();.2H-0 0.0020
Fe(Ill) citrale HyO 0.0524
EDTA 0.0067
MgSO), 5,00
(NH.): S0, 8.32
Ni; 504 8.95
(NH.3:5.0, 24.80
Thiaming 0.01
CGilucose 500.00
Vitamin B12 0.01
NH,OH 2%% Adjusted topH 6.8

Subsequently, 2.5 L fermentors (Pierre Guerin) were filled with 600 or 620 mL of
minimal medium (B2) and were inoculated to a biomass concentration of32 gL' with a
preculture  volume ranging between 80 to 100 mL.

Cell growth is controlled by phosphate, that is why the final phosphate
concentration in batch medium B2 was adjusted to a value comprised between 0 to 20 mM,
by addition of different concentrations of KH,PO,, K,HPO , and t:NH 4),HPO . In the same
manner, the final phosphate concentration of F2 medium was adjusted to a value comprise
between 5 to 30 mM, by addition of different concentrations of KH,PO,, K,HPO , and
(NH 4),HPO ,. Thiosulfate concentration in fedbatch medium can be adjusted in order to

prevent a starvation of this compound during the culture.

Table 6:Culture batch mineral medium composition (B2)

| Compound Concentration (g.L') |
| Zn(CH ;COO) ,.2H;0 0.0130
CuCl ,2H,0 0.0015
MnCl ,.4H ;0 0.0150
CoCl , 6H.,0 0.0025
H3BO3 0.0030
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Nuy Mo, 27H,0 0.0023
Fe(1ll) citrate H-0 0.1064
LDTA 0.0084
MgS0),.7TH-0 1.00
CaClh.2H:0 0.08
Citric acid 1.70
(NHi 8.0 7.74
Thiamine 0.01
Vimin B12 0.01
Biotin 0.10
Glucose 10
NH.OH 28% Adjusied o pH 6.8
1PTC 0,0047

Table 7: Culture fedbatch medium composition (F2)

The culture temperature was maintained constant at 37 °C and pH was maintained
to the working value (6.8) by automatic addition of NH,OH solutions (10 % and 28 %).
The initial agitation rate was set at 200 RPM during the batch phase and was increased up

to 1000 RPM during the fedbatch phase. The initial airflow rate was set at 40 NL.h™* during

Compound Concentration (g.L™)
Zn(CHCOO)2.2H0 0.0104
CuCl:.2H;0 0.0012
MnCl,.4H,O 0.0120
ColCl.6H:0 0.0020
HiBO; 0.0024
NaaMo(x.2H0 0.0020
FeIlT) citrawe HyO 0.0524
EDTA 0.0067
MgS0O, 3.00
(NH.)-S,0; 60.00
Thiamine 0.01
Vitamin 312 0.01
Biotin 0.10
Glucose 500
1PTG 0,0047
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the batch phase and was augmented to 100 NL.h™' at the beginning of the fedbatch phase.
The dissolved oxygen concentration was maintained at values between 20 and 40%,
preferentially 30% saturation by increasing the agitation.

IPTG was added in batch and fedbatch media when it was necessary at a final
concentration of 20 puM. When it was needed, antibiotics were added at a concentration of
50 mg.L'* for spectinomycin, 30 mg.L for chloramphenicol, 50 mg.mL™* for kanamycin
and 100 mg.L"' for ampicillin.

When the cell mass reached a concentration close to 5 gL', the fedbatch was
started with an initial flow rate of 5 mL.h"'. Feeding solution was injected with a sigmoid
profile with an increasing flow rate that reached 24 mL.h'' after 25 hours. The precise

p2
1 T—24E
where Q(t) is the feeding flow rate in mL.h™' with pi = 1.80, p2 = 224, p3 = 0.27, p4 =
6.50. This flow rate was increased from 10 to 50 %, preferentially between 20 and 30 %

feeding conditions were calculated by the equation: Q(r) = pl+

throughout the entire culture.

After 25 hours fedbatch, feeding solution pump was stopped and culture was
finalized after glucose exhaustion.

Extracellular amino acids were quantified by HPLC after OPA/Fmoc derivatization
and other relevant metabolites were analyzed using HPLC with refractometric detection
(organic acids and glucose) and GC-MS after silylation.

Impact of the combination of metH, fldA, fpr overexpression and ygaZH overexpression in

E. coli was tested. The results are presented in Table 8.

Table 8: Maximal and final methionine yields and homolanthionine concentrations

produced in fedbatch cultures by the different strains. The performances of the strains of

interest, strains 5, 6 and 7 are compared to the reference strain 1 and were cultivated in
same conditions. The symbol ~ indicates that there is no difference between the strains, the
symbol + indicates an increase between 1 to 5 %, the symbol ++ indicates an increase
between 5 to 10 % and the symbol +++ indicates an increase greater than 10%. For the

definition of methionine/glucose yield see below.

Strain Strain 1 . Strain 6 Strain 5 Strain 7

Number of repetitions n=4 ii=1 =1 n=2
Max methionine yield reference ~ ++ +++
Final methionine yield reference ~ ~ ++
Homolanthionine (mM)
Concentration at the final point 14.8 We 36 23
MetH Specific activity

230 230 1500 ND

(mUL/mg of protein)
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These results show that in E. celi, the overexpression oivgaZH genes only is of no
benefit to the production of methionine (strain 6). The overexexpression of the cobalamin-
dependent methionine synthase system in E. coli (strain 5) leads to an improved production
of methionine. Surprisingly, we observe that the combination of overexpression of the
genes ygaZH and the cobalamin-dependent methionine synthase system has a synergistic
effect on the methionine production leading to an unexpected increased production of
methionine. Moreover this combination has also a favourable impact on the

homolanthionine production leading to a methionine with better purity.

Determination of methionine/glucose yield (Y )

The reactor volume was calculated by adding to the initial volume the amount of
solutions added to regulate the pH and to feed the culture and by subtracting the volume
used for sampling and lost by evaporation.

The fedbatch volume was followed continuously by weighing the feeding stock.
The amount of injected glucose was then calculated on the basis of the injected weight, the
density of the solution and the glucose concentration determined by the method of Brix

([Glucose]). The methionine yield was expressed as followed:

_ Methionine, * vy - Methionine™ ¢ vg < 100

met

Consumed gl cos e,
With Methionineo and Methionine, respectively the initial and final methionine

concentrations and Voand \.f't the initial and the instant t volumes.

The consumed glucose was calculated as follows:

il s = Sed weight, - fed u-‘eighr.__
4

density fed solution

Injected Glucose, = fed volume, * [Glucose]

Consumed glucose, = [Glucose]o * Vo + Injected Glucose - [Glucose]y, jawai * V, With
[Glucose]o, [Glucose], [Glucose], i respectively the initial, the fed and the residual

glucose concentrations.

Cobalamin-dependent methionine synthase activity assay

The cobalamin-dependent methionine activity assay is an adaptation of the assay described
by Drummond ef al., in 1995.

The Cobalamin-dependent methionine synthase activity was assayed by measuring the
product tetrahydro folate (H4folate) concentration with a spectrophotometer at a

wavelength of 350 nm and at a constant temperature of 37°C.
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The reaction mixture was carried out in 80 mM potassium phosphate pH7.2, 20 mM DTT,
15 uM S-adenosylmethionine (SAM), 0.6 mM (6R,S)-5-Methyl-5,6,7,8-tetrahydrofolic

acid, 40uM Hydroxocobalamin, O.ImM Zinc chloride and 8pg of crude extract in a final
volume of 8001 The reaction mixture was incubated for 10 min at 37°C before to start the
reaction by the addition ofthe substrate homocysteine at a final concentration of 0.8 mM.
After 5 min at 37°C, 200 pi of acidic derivatization solution (4M HC1 in 60% formic acid)
was added to quench the turnover bringing the volume to Iml, and the tubes are heated at
80°C for 10 min. This step is necessary to stabilize the enzymatic product of the reaction,
the tetrahydro folate which is not stable in acid. The heat leads to the formation of the
methenyltetrahydro folate which absorbs light at 350 nm, while residual substrate 5-
methyltetrahydro folate does not contribute to the absorbance at 350 nm. The reaction blank

contained all components of the reaction mixture except the substrate homocysteine.

Quantification of the FldA and Fpr proteins levels

In order to quantify the two proteins, antibodies were generated against the flavodoxin-1
(fldA) and the flavodoxin reductase (fpr) (Antibodies from rabbit, Eurogentec) and used in
Western blot experiments. Western blot detection was carried out using goat anti-rabbit
AP. The proteins levels of FIdA and Fpr on stained blots were quantified with a
commercially available imaging

system (Epson Expression 1680 professional) and

compared in the different strains described in this patent.

EXAMPLE 6: Production of L-methionine by fermentation with C. glutamicum
strains

Strains are cultivated in flask in the same conditions as described in patent
application W02009/ 144270.

Table 9: Methionine titers produced by C. glutamicum strains D, E, F, G and H

compared to reference strain C. The symbol ~ indicates that there is no difference between

the strains, the symbol + indicates an increase between 1to 3 %, the symbol ++ indicates

an increase greater than 3%.

Strain Strain C | Strain F | Strain D | Strain E | Strain G | Strain H
Number of

repetitions n=10 n=2 =2 n=2 n=2 =2
Methionine Titer

% comparedtothe | reference ~ + ~ ++ +
strain
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Similarly to E. celi, in C. glutamicum, the combination of overexpression of the genes
brnFE and the cobalamin-dependent methionine synthase system (from E. coli - strain H
and from C. glutamicum - strain G) has a synergistic effect on the methionine production

leading to an unexpected increased production of methionine.

EXAMPLE 7: Overproduction of the cobalamin-dependent methionine synthase and
overproduction of homologous L-methionine secretion systems in an E.coli strain

overproducer of L-methionine - Construction of strains 8 to 17

The ygaZH homologous genes trom Citrobacter species, Raoultella species, Shigella
species, Enterobacter species, Yersinia species and Photorhabdus species were
overexpressed in genetic background of strain 5.

Before using strain 5, the antibiotic cassette of the chromosomal integration made at yifA
locus was removed using the Flp recombinase as described by Datsenko & Wanner, 2000
(according to Protocol 1). The kanamycin sensible transformants were selected and the
absence of antibiotic cassette at yffA locus was verified by a PCR analysis with appropriate

oligonucleotides. The resulting strain was named strain 8.

Construction of strain 9 - Overproduction of the endogenous L-methionine secretion

system, overexpression ofvgaZH from E. coli

To compare the effect of the overexpression ofygaZH from E. coli and overexpression of
vgaZH homologues in the same genetic background, the plasmid pME1247 carrying
vgaZH from E. coli was transformed into strain 8, giving rise to strain 9.

Construction of strains 10 to 17 - Overproduction of homologous L-methionine secretion

systems, overexpression ofygaZH from genus and species listed in table 10

To overexpress the ygaZH homologous genes listed in table 10, each couple of genes was
cloned on the moderate copy number plasmid pCL1920 (Lerner & Inouye, 1990) with the
use of the natural promoter and natural ribosome binding site of E. coli ygaZ gene as
previously described for E. coli ygaZH genes, As specified in table 11, the ygaZH
homologue genes were either amplified from genomic DNA of the corresponding strain or
chemically synthesized, with or without optimizing the codon usage to E. celi (as proposed
by GeneArt® Gene Synthesis service with GeneOptimizer® software - Lifetechnologies).
The amplified DNA fragments comprising the ygaZH homologous genes are disclosed in
SEQ ID indicated in the Table 11. The resulting plasmids were named as mentioned in
table 11. Finally each plasmid was transformed into strain 8, giving the strains 10 to 17, as

mentioned in table 11.
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Table 10: YgaZH homologue proteins
ygaZ ygaH
Acession Acession
Organism Number Name Number Name
ng& ti:etloal hypothetical
TE 0014999991 \oreo o YP_001455540.1 | Protein
Citrobacter koseri |NC_009792.1. e S ter ABV15104.1 CKO_04032
ABVY15103.1 : ’ [Citrobacter koseri
RCSEHIATCE ATCC BAA-895]
BAA-895]
branched-chain
membrane amino acid ABC
WP 0051228321 ; , WP 005122930.1
Shigeila flexneri EI078635 1 protem_[Shlgella EIQ78634 1 transporter
flexneri] permease
[Shigella flexneri]
hypothetical
protein -
Raoultelia e 70031 | RORBG_24155 | YP_007877062.1 [LR‘;?J:;; S
ornithinolytica : [Raoultella AGJBI510.1

WP_015585890.1

ornithinolytica
Ba]

arnithinolytica BB)

Enferobacter sp.

YP_008107733.1
AGN85383.1
WP_020454809.1

membrane
protein
|[Enterobacter sp.
R4-368]

YP_008107734.1
WP_020454910.1
AGN85394.1

hranched-chain
amino acid ABC
fransporter
permease
[Enterobacter sp.
R4-368]

Yersinia
enterocolifica
subsp.
Enterocolitica

Pholorhabdus
luminescens
subsp. Laumondii

EKA28834.1
YWA314-01718

NP_928590.1
CAE13573.1

putative amino
acid transporter
[Yersinia
enterocaolitica
subsp.
enterocolitica
WA-314]
hypothetical
protein plu1279
[Photorhabdus
luminescens
subsp. laumondii

EKA28833.1 ou
YWA314-01713

NP_928589.1
CAE13572.1

hypothetical
protein YE3239
[Yersinia
enterocolitica
subsp.
Enterocolitica WA-
314)

hypothetical

protein plu1278
[Photorhabdus
luminescens
subsp. laumondii

TTO1] TTO1]
membrane
protein
gngqb:‘:]ter bra_nchedfchain
. putal‘ive amino acid ABC
Citrobacter WP_006687199.1 & el WP_0066G87196.1 | transporter
yotngae EFE06904.1 N EFE06903.1 permease
: [Citrobacter
protein AzIC
[Citrabacter ysungae]
youngae ATCC
29220] . _ -
hranched-chain
hypothetical amino acid ABC
Citrobacter protein transporter
freundii W 0012 [Citrobacter WiF R permease
freundii] [Citrohacter
freundii]
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Table 11: Plasmids and strains carrying ygaZH homologue genes

Microorganism Chemicz_‘al Cod_on_ us;_age SEQID N° Plasmid Strain name
synthesis optimisation name
S no no 28 PME1277 Strain 10
Shigella flexneri yes no 29 pME1274 Strain 11
Raoultelfa .
omithinolytica yes yes 30 pME1275 Strain 12
Enterobacter sp. yes yes 31 pME1283 Strain 13
Yersinia
enterocolifica .
subsp. no na 3z pME1287 Strain 14
Enterocolitica
FPhotorhabdus
fuminescens .
subsp. no no 33 PME1281 Strain 15
Laumondii
Citrobacter o ]
youngae yes yes 34 pME1311 Strain 16
Citrobacter )
froundii yes yes . 35 pME1307 Strain 17

EXAMPLE 8: Production of L-methionine by fermentation in flask experiments

Recombinant L-methionine producers overeproducing the cobalamin dependant
methionine synthase MetH as well as different L-methionine secretion systems from
various microorganisms (homologous to YgaZH from E.coli) were evaluated in small

Erlenmeyer flasks.

Production strains were evaluated in small Erlenmeyer flasks. A 5.5 mL preculture was
grown at 30°C for 21 hours in a mixed medium (10 % LB medium (Sigma 25 %) with 2.5
gL glucose and 90 % minimal medium PCI). It was used to inoculate a 50 mL culture to
an OD o of 0.2 in medium PCIL. Spectinomycin was added at a concentration of 50 mg.L™!
and gentamycin at 10 mg.L™* when it was necessary. The temperature of the cultures was
37°C. When the culture had reached an ODgo of 5 to 7, extracellular amino acids were
quantified by HPLC after OPA/Fmoc derivatization and other relevant metabolites were
analyzed using HPLC with refractometric detection (organic acids and glucose) and GC-
MS after silylation.
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Table 12: Minimal medium composition (PCI)

Table 13: Methionine yield (Ymet) in g methionine / % g of glucose produced in flask
culture by the strains of interest carrying overexpressions ofygaZH homologues genes as

well as metH,fldA andfpr genes. For the precise definition of methionine/glucose yield see

PCT/EP2014/068539

Compound Conc:r:_r;:;liun
e,
ZnSO,. 7H.0 01,0040
CuCl..2H,0 0.0020
MnSO.H.O 0,0200
CoCls.6H,0 01,0080
H;BO; 0.0010
Na-Mol);.2H-0) 0.0004
MgS0,.TH,O 1.00
Citric agid 6.00
CaCly,2H,0 0,04
K:HPQO); 8.00
Na,HPO), 2.00
(NH;)-HPC), 8.00
NH.CI 0,13
NaOH 4M Adjusted o pH 6.8
FeSO: 7H,O 0,04
Thiamine 0.01
Glucose 20.00
Ammonium thiosulfate S.6l
Vitamin 312 0,01
MOPS 20.00
PTG 0.0048

o

below. "n" indicates the number of repeats.

Strain Vo

S{t{_ilgf 16.0

St.mu}nc): '(l%cr}h) 16.2

Strain l?n rz(;) koserr) 18.4

Strain 11 (Sﬂexﬁfm 16.6

Strain 12 (R ENO_"%{"M”Q Iytica) 16.2
(n=2
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Strain 13 (Enterobacter sp.) 18.8

n=2) :

Strain 14 (Y. enterocolitica

subsp. Enterocolitica) 16.3

(n=2)

Strain 15 (P. fuminescens

subsp. Laumondii) 16.1

(n=2)

Strain 16 (C. youngae) 18.1

(n=2) )

Strain 17 (C. freundii)
(n=2)

18.4

As can be seen i table 13, overexpression of ygaZH homologous genes from
various microorganisms in the L-methionine producer overexpressing metH, fldA, fpr
genes, leads to equivalent or better performances than those obtained with strain 9 which
overexpresses ygaZH from E.coli. The homologous L-methionine secretion systems from
other microorganisms than E. coli can replace the endogenous proteins of the bacterium.
The homologous proteins YgaZH from Citrobacter Koseri (strain 10, Ymet=19,6g/g),
Citrobacter youngae (strain 16, Ymet=19,6g/2), Citrobacter freundii (strain 17,
Ymet=19.6g/g) and Enterobacter sp. (Strain 13, Ymet=194g/g) showed the best L-
methionine yields of production compared to strain 9 (Ymet=18.7g/g).

The methionine yield was expressed as followed:

¥ methionine (g) 100
" consummed glucose (g)
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CLAIMS

A recombinant microorganism optimised for the fermentative production of
methionine and/or its derivatives, wherein in said recombinant microorganism, the
expression of merfl from E. coli, and optionally the expression of the genes fldA
andfpr from E. coli or their homologous genes from C. glutamicum are enhanced
and the genes ygaZH from E. coli, or the genes brnFE from C. glutamicum or their

homologous genes are overexpressed.

The recombinant microorganism of claim 1, wherein said genes metH, fldA andfpr

or their homologous genes from C. glutamicum are overexpressed chromosomally.

The recombinant microorganism of anyone of claims 1 or 2, wherein said ygaZH
homologous genes are chosen among the group consisting in homologous genes
from Citrobacter species, Shigella species, Raoultella species, Enterobacter

species, Yersinia species and Photorhabdus species.

The recombinant microorganism of claim 3, wherein ygaZH homologous genes
originate from Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica,
Enterobacter sp., Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter
voungae or Citrobacterfreundii.

The recombinant microorganism of claim 1to 4, wherein said ygaZH or brnFE or

homologous genes are expressed under control of inducible promoter.

The recombinant microorganism of anyone of claims 1to 5, wherein the expression
of at least one of the following genes is also increased: pisG, pyc, pniAB, cysP,
cysll, cysW, cysA, cysM, cvsl, cysl, cysH, gevI, gevH, gevP, Ipd, serA, serB, serC,
cysE, metF, metA, metA * allele encoding for an enzyme with reduced feed-back
sensitivity to S-adenosylmethionine and/or methionine, thrA, or a thrA* allele
encoding for an enzyme with reduced feed-back inhibition to threonine.

The recombinant microorganism of claim 6, wherein at least one of said genes is

under the control of an inducible promoter.

The recombinant microorganism of anyone of claims 1 to 7, wherein the expression
of at least one of the following genes is also attenuated: metJ, pykA, pykF, purlU,
vbdL, yncA, metE, dgsA, metN, metl, metQ or udhA.
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9. The recombinant microorganism of anyone of claims 1 to 8, wherein:

a.

C.

said genes metH, and fldA and fpr or their homologous genes from C.
glutamicum are overexpressed,

said genes ygaZ and ygafl or the genes brnF and brnE or their homologous
genes originate from Citrobacter koseri, Shigella flexneri, Raoultella
ornithinolytica, Enterobacter sp., Yersinia enterocolitica, Photorhabdus
luminescens,  Citrobacter youngae or Citrobacter freundii  are
overexpressed,

the expression of the genes metA*, cysPUWAM, cysJIH, gcvTHP, metF,
serA, serB, serC, cysE, thrA * ptsG and pyc are enhanced; and

the expression of the genes metd, pykA, pykF, purll, dgsA, metE and yncA

are attenuated.

10. A method for optimizing the fermentative production of methionine and/or its

derivatives comprising the steps of:

a.

b.

culturing a recombinant microorganism wherein in said microorganism, the
expression of metH from E.coli, and optionally the expression of the genes
JIdA andfpr from E. coli or their homologous genes from C. glutamicum are
enhanced and the genes ygaZH from E. coli, or braFE from C. glutamicum
or their homologous genes are overexpressed, in an appropriate culture
medium comprising a fermentable source of carbon and a source of sulphur,
and

recovering methionine and/or its derivatives from the culture medium.

11. The method of claim 10, wherein said ygaZH homologous genes are chosen among

the group consisting in homologous genes from Citrobacter species, Shigella

species, Raoultella species, Enterobacter species, VYersinia species and

Photorhabdus species.

12. The method of claim 11, wherein said ygaZH homologous genes originate from

Citrobacter koseri, Shigella flexneri, Raoultella ornithinolytica, Enterobacter sp.,

Yersinia enterocolitica, Photorhabdus luminescens, Citrobacter youngae or

Citrobacterfreundii.

13. The method of anyone of claims 10 to 12 wherein growth of the recombinant

microorganism is subjected to limitation or deficiency for one or several inorganic

substrate(s), in particular phosphate and/or potassium, in the culture medium.
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14. The method of anyone of claims 10 to 13, wherein the step of recovering
methionine and/or its derivatives comprises a step of concentration of methionine
and/or its derivatives in the fermentation broth.

15. The recombinant microorganism of anyone of claims 1 to 9 or the method of
anyone of claims 10 to 14, wherein said recombinant microorganism is chosen
among Enterobacteriaceae or Corynebacieriaceae, preferably among Escherichia

coli or Corymb acterium glutamicum.
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1
METHIONINE RECOVERY PROCESSES

RELATEIR APPLICATIONS

This application claims the benefit of LS. Provisional
PatentApplication Ser. No, 607485 564, filed Jul. 8, 2003, and
U.S. Provisional Patent Application Ser. No. 60/485,565,
filed Jul. 8. 2003,

FIELD OF THE INVENTION

lhe present invention relates o an improved method of
producing a methionine preparation.

BACKGROUND OF THE INVENTION

Methionine s a sullur-containing amino acid which is
essential in the nuirition alFanimals, and is ofien used as a [eed
additive 1o animals including poultry, pigs, cows, tish, equine
species and even companion animals like dogs and cats. His-
torically, the methionine used for animal nutritiom has been
the racemic mixture of 13 and 1. methionine. Methionine is
unusuval in that most animals can utilize both the D and L
forms of the amine acid. For all other essential amino acids,
only the L form of the amino acid has nutritive value, Some
specific animal studics have been compleled which show
henelits [or feeding |-methionine as oppesed (o the racemic
mixture. Faster absorption and better utilization in the muscle
has been shown for some species under some selected feeding
conditions. There are some specilic applications outside of
animal nuirition where the use of [ -methionine is prelemed
For example. |-methionine has known uses in human medi-
cine and in the pharmaceutical indusuy. It is usetul as o
lipotropic agent and for the treatment of liver disease in ani-
mals. |-mcthionine and  |.-me
required for manulacturing therapeutic peptides. which are
synthesived from single amino acids. Unfortunalely, the pro-
duction of the single isomer, L-methionine, is much more
difficultand expensive as compared to producing the racemic
mixture. Therelore. it would be very beneficial wo establish a
relatively inexpensive, industrial process [or (he production
of L-methionine for human healtheare which also could be
nsed for ammal nuttion.

Several methods have been available for the production of
|-methionine. For example. there is a process lor the produc-
tien ol |.-methionine by optically resolving DI -methionine
prepared by a svithetic method (Pokorny et al., 1970, Phy-
tochemistry 3:2175). Commercial production of L-methion-
ine using acylase catalyzed cloavage ol N-acelyl-1),]-
methionine is well known (see. for example. UL, Pal. No
4,827,029 and LS. Pat. No. 6.656,710). These processes are
fairly complex and therefore add siguificant additional cost in
separating L-methionine from the meemic mixture. Pro-
cesses bused on selective erystallization are also known (see
U8, Pal. No. 6,673.942), It is
thicnine by hydrolyzing proteins. Additionally, it is known to
produce L-methionine by a microbiological process {e.g.,
fermentation).

“There has been much published regarding the development
of bacterial and yeast sirains (or L-methionine production. It
is well known that L-methionine svithesis is tightly regulated
in microarganisms. Consequently, the productivity of these
microorganisms has been low with respeet o mothionine
production. Kase and  Nokayama isolated  Corvmeform
mutants capable of producing 2 g methionine/liter (Agr Biol,
Chen., 39(1), 153-160, 1475). Gomes and coworkers have
also vsed classical mutagenesis techniques fo isolate

o

oy

b

hionine  derivalives  are s

also known o produce 1.-me- 3

o

5

2
methionine analog resistant mutants of Coryaebacterium
{ilim. Production of methionine by their isolate was shown
Lo be much mproved over the wild (ype starting strain. but
much below commereial titres (ypically seen [or other amine
acids like lysine which is produced by fermentation. Com-
mercial lvsine fermentations typically reach titres approach-
ing 100 ¢ Tysine/iter (see UK. Pal. No. 5,268,293,

More recently. il has boen reported by Moeckel, ot al. in
LIS, patentapplication No. 2002/01 10874 that [-methionine
production can be improved dramatically through the ampli-
fication of key genes in the methionine pathway. The expres-
sion of native Cereneform metA and metY genes was
improved through the use ol a specially constructed plasmid
systemn. Shake fask fermentations of this strain reached a
final methionine cancentration of 16.0 grams of wethionine/
liter (2/L). Modification of other genes in the pathway in
combination with the improvements in metA and metY
should result in strains with even higher productivities. Using
larger commercial fermentation svstems which can support
higher cell densities, these highly productive methionine-
producing strains should be capable of producing methionine
al high Litre. Development ol high methionine producing
straing ol /. eodi s also being investigated. (See JP2000-
139471 and 157267).

Because of the low solubility of methionine vader normal
fermentation conditions. ils separation [rom whele cells and
other fermentation broth component is a major issue which
needs to be solved 10 be able to produce L-methionine eco-
nomically, Typically, a neutral pH s preferred for the produc-
tion of L-amino acids. For example, U.S. Pat. No. 3,729,381
teaches that a newtral pll s preferred to obtain high vield of
[ -methionine by fermentation (e.g.. claim 3, and column 3,
lines 28-31). U.S, Par. No. 5,840,551 also teaches a method of
producing L-amino acids by fermentation vsing neutral pH
(e.o., see Example 1). The preferred fermentation tempera-
ture [or organisms like Corvnebacteria and £, cofi is in the
range ol 30-37° C, Because of T -methionine’s Tow solubility,
both soluble and insoluble methionine fractions would exist
in the broth, An effective separations process is needed 1o
produce purified [.-methionine [rom [ermentation broth.

SUMMARY OF THE INVENTION

The present invention provides methods for recovering
purified | .-meihionine from fermentation kroih. The puri fica-
lion strategies rely on methods lor nereasing the solubility of
an L-methionine preparation, so that the it can subsegquently
be separated from whole cells and other fermentation broth
solids. The | -methionine which has been solubilized can then
beselectively erystallized to separate it from the more soluble
compenenis in (he fermentation broth. Methionine solubility
is manipulated 10 make a purified methionine end product
which can be dried and granulated tor use in the animal feed
seclor.

I he methods of the present invention. which include meth-
ods comprising adjusting the pH of the methionine to an
acidic or basic pH, and/or increasing the temperature of the
methionine preparation to at least 40° are useful for
increasing ihe recovery of [-methionine. [-methionine has
limited agqueous selubility, resulting in loss ol signillcant
amounts as insoluble material from high methionine titre
termentation broths. The presant invention provides simple,
cost-ellective methods formaximizing the recovery of -me-
thiomine in making a methionine preparation [rom a fermen-
tation broth.

In one aspect, the invention provides a method of increas-
ing the solubility of a methionine preparation comprising
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adding an acidor a base into the methionine preparation. [fan
acid is added, sullurie acid, hydrochloric acid, phosphoric
acid, nitric acid or 2-hydroxy-4-(methylihio butanoic acid
can be used. In one embodiment, adding (he acid deer
the pH of the methionine preparation to between pH 1.5-3
Alternatively, ammonium hydroxide, sodivm hydroxide or
potassium hydroxide can be used as the base in the method. In
ome embodiment, adding (he base inereases the pll ol the
methionine preparation o & pll 8.5 or dhove.

Ihe method according W this aspeel can [urther comprise
increasing the remperature 10 at least 40° C. The temperature
can be further increased toatleast 30° C, tvpically at least 60°
C. or preferably at least 70° C.

15C5

In another aspect, the invention provides a method of
increasing (he solubility ol 2 methienine preparation com-

prising increy
to at least 40° C. The temperature can also be increased to at
least 50° C., typically at least 60° C. In one embodimenr, the
temperatore is increased to at least 70° C.

“The method according Lo this aspect can [urther comprise
adding an acid or base 1o the methionine preparation. |'he acid
can be sulfuric acid, hydrochloric acid, phosphoric acid, nitric
acid or 2-hvdroxy-4-{methylthio)butanoic acid. In one
embodiment, adding the acid decreases the pH of the
methionine preparation o between pl 1 1.5-3, The base can be
ammenium  hydrexide. sodium hydroxide or potassium
hvdroxide. In one embodiment, adding the base increases the
pH of the methionine preparation to a pH above pH 8.5

ing (emperature ol the methionine preparation

In another aspeet of this imvention, a methed of making a3

methionine preparation is provided. comprising the lollowing
sleps:
(a) culturing a methionine-producing microorganism in a
fermentation medium to vield a fermentation broth;

(b) solubiliving methionine in the fermentation broth by -

addition of an acid w lower the pl 1o 3.5 or below. ora
base fo raise the plTie 8.5 or above;

i¢) removing insoluble material from the fermentation

broth to yvield a ¢lanfied broth;

() erystallizing methionine from the clarificd broth; and,

(&) isvlating the methionine erystals Lo produce a methion-

ing preparation.

Agcording 1o one embodiment, the temperature of the ter-
mentation broth can be raised o further increase the solubility
of methionie prier lo removal el the insoluble material. In
ome embodiment. the lemperature is raised o at least 407 C. In
another embodiment, the temperature is raised to at least 50°
C. Ina preferred embodiment, the temperature is raised to ar
least 60° C. Inamost preferred embodiment, the emperature
is raised (o at least 707 €7,

II'an acid is added. sulfuric acid, hydrochloric acid. phos-
phoric acid, nitrie acid or 2-hvdroxy-4-(methyithio jbutancic
acid can be uvsed. Alternatively, amumoniuvm hydroxide,
sodium hydroxide or poiassium hydroxide can be used as the
base in the method.

The inscluble material can be removed from the fermenta-
tion broth by filtration or centrifugation. Upon removal of
insoluble material, the clarified broth can optionally be con-
cantrated. Onee remaoved of ingoluble material. the methion-
ine in (he clarified broth can be erystallized by reducing the
temperature to below 10° C., preferably ator below 4° C., and
bw adjusting the pH 10 between pH 5.5 and 6. The methionine
preparation can be dricd and optionally granulated lor use.

In still another aspect. the invention provides [bra method
ol making a methienine preparation comprising:

{a) culturing a methionine-producing microorganism in o

fermentation medivm to yield a fermentation broth;

4

{b) solubilizing metlionine in the fermentation broth by
raising the emperature of the broth 1o al least 407 €
(¢) removing inseluble malerial lrom the [ermentation
broth o yield a methionine-cnriched clarified broth;
{d) crystallizing methionine thom the clarified broth; and.
{e) isalating the methionine crystals to produce a methion-

ine preparation.
In one embodiment. the temperature ol broth 13 raised o at

 least 307 . Inanother embodiment, the wemperature is raised
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"o at least 60° C. In still another embodiment, the temperature

is raised 10 at least 70° C.

To turther solubilize methionine, the method ¢an turther
comprise raising the pH of'the broth to at least 8.5, or lowering
the plT 1o 3.5 or below. The pl T can be lowered by addition of
anacid. In one embaodiment, the acid can be selected [rom the
group consisting ol 2-hydroxy-4-{methylthio)bulanoic acid,
hydrochloric acid, sulfuric acid, phosphoric acid and pitric
acid. Alternatively, the pH can be raised 10 at least 8.5 by
addition of a base. The base can be selected from the group
consisting of ammoenium hydroxide, sodium hydroxide and
polassium hydroxide.

I he clarified broth produced in this aspect can be further
dried to yield a dried methionine preparation.

In another aspect, the wvention provides for a method of
making a methionine preparation comprising:

(a) culturing 2 methicnine-producing microorganism in a

lermentation medium 1o produce a fermentation broth:

(b) separating, methionine-enriched insoluble material
from the fermentation broth;

(¢} solubilizing methionine from the methionine-enriched
msoluble material by addition of an acid (o lower the pl |
10 3.5 or below, or a base Lo raise the pl 1 o 8.5 or above
Lo produce a methionine-cnriched broth:

(d) removing inscluble material to vield a methionine-
enriched clarified broth:

(e) optionally combining the methionine-enriched clarified
brath [rom step d with the soluble methionine fraction
Irom step b: and,

(¢) erystalliving mothionine [rom the methionine-cnriched
fractions; and,

(1) isolating the methionine crystals 10 produce a methion-
ihe preparation.

The inseluble material can be collected by centrilugation
or (Hratien. Onee collected. the insoluble material can he
resuspended in solution before addition of an acid or base.
According 10 one embodiment, the temperature can be raised
lo at least 407 €. in order to Turther inerease the selubility of
methionine. n anotherembodiment. the lemperature is raised
lo al Teast 50° €. In a prefared embodiment. the temperature
is raised to at least 60° C. Ina most preferred embodiment, the
temperature is raised to at least 70° C.

[T an acid is added, sulluric acid, hydrochloric acid. phos-
phoric acid, nitric acid or 2-hydroxy-4-{methylthiobutanoic
acid can be used. Ahernatively, ammonivm hvdrexide,
sodium hydroxide or potassium hvdroxide can be used as the
hase in the method.

Once the methionine has been solubilized. the remaiming
insoluble material can be removed by (Hlration or centriluga-
tion. Upaon removal of insoluble material, the clarified broth
can he concentrated. Once removed of insoluble material.
methionine can be purifled from the elarificd broth by crys-
tallization. Crystallization can be performed by reducing the
lemperature o below 10° C.. preferably ator below 4 Cland
by acljusting the pH to between pH 5.5 and 6. The methionine
preparation can be dried and optionally granulated for vse,
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In still another aspect, the invention provides a method of
making @ methionine preparation comprising the Tollowing
sleps:

a) culturing a methionine-producing microorganis:
fermentation medium, wherein the pH of the fermenta-
ton medivm is adjusted to an acidic pH or basic pH;

b) oblaining a methionine-containing lermentation broth
from the culluring; and

<) concentrating the methionine-containing fermentation
broth to procuce a methionine preparation.

The pH can be adjusied to between pH 1.5 and pH 3. In a
particular cmbodiment. the pllis adjusted by adding sulluric
acid, hydrochlorie acid. phosphoric acid. nitric acid or 2-hy-
droxy-4-(methylthio)butanoic acid. Alternatively, the pH can
be adjusted 0 8.3 or above. Ammonium hydroxide, sodium
hydroxide or potassium hydroxide can be added 1o adjust (he
plL

The method accerding 1o this aspeet can further comprise
adding 2-hvdroxy-4-)methylthio)butancic acid 10 the fer-
mentation medium and/or to the fermentation broth.

Ihe [ermentation broth can be lurther dried to oblam an
animal [eed additive in the desived powder or granule lorm.
The methionine preparation can alsa be further dried 1o obtain
a dried methionine preparation.

In one embodiment, the pH of the methionine preparation
is adjusted o between pl17.3-12 belore drying. Allematively.
the pl 1 ol the methionine preparation is adjusted o pl1 9-11
betore drying. Ammonium stripping and recrystallization can
additionally be performed in this method

The pl ol the methionine preparation can additionally be
adjusted w0 between pll 2.5-7 before drying. In another
embodiment. the pl Lol themethionine preparation is adjusled
10 pH 4-7 betore drving. In vetanother embodiment, the pH of
the methionine preparation is adjusted 10 between pH 5-7
helore drying.
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In another aspeet. the invention provides a method ol mak-

ing a methionine preparaiion comprising the following steps:
a) eulturing a methionine-producing microorsanism in &
fermentation medium, wherein the pH of the fermenta-
tion medium is adjusted:
b) obtaining a methionine-containing lermentation broth
from the culturing: and
¢} removing biomass from the methionine-containing ter-
mentation broth to produce a methionine preparation.
Ihe pl | can be adjusted te between pll 1.3 and plT13. Ina
particular emboediment. the pll is adjusted by adding sulluric
acid, hydrochloric acid, phosphoric acid, nitric acid or 2-hy-
droxy-4-{methylthio)butancic acid. Alternatively, the pH can
he adjusted o between pl L 8 and pl | 10, Ammoenium hydrox-

ide, sadium hydroxide ar polassium hydroxide can be added

1o adjust the pl 1.

The method according to this aspect can turther comprise
adding 2-hvdroxy-4-methyhliobutanoe acid to the fermenta-
tion medium and/or o the lermentation broth.

In yel another embodiment. the method [urther comprises

drving the fermentation broth to obtain an animal feed addi-
tive i the desired powder or granule form. The methionine
preparation can be further dried to obtain a dried methionine
preparation.

lhe pll ol the methionine preparation can be [urther
adjusted 1o between pH 7.5-12 before drving, In one embaodi-
ment, the pH of the methionine preparation is adjusted to
hetween pl 1 9-11 belore drying. In another embodiment, the
methed further comprises ammenium siripping and erystal-
lization before drying.

Alternatively, the pH of the methionine preparation can be
adjusted 1o pH between 2.5-7 before drving. In one embodi-
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ment, the pH of the methionine preparation is adjusted to
hetween pll 4-7 belore drying. In another embodiment. the
pll of (he methionine preparation is adjusted to between pll
5-7 before drying.

In another aspect, the invention provides a method of mak-
ing a methionine preparation comprising the following steps:

a) culturing a methionime-producing microorgamism in a
lermentation medium;

1) obtaining a methionine-containing, fermentation broth
from the culturing, wherein the pH of the fermentation
broth is adjusted; and

¢) concentrating the methionine-containing [ermentation
broth to produce a methionine preparation,

The pH can be adjusted 10 betweenpH 1.3 and pH3 Ina
particular embodiment, the pH is adjusted by adding sulturic
acid. hydrochloric acid, phosphoric acid, nitric acid or 2-hy-
droxy-4-(methylthioybutaneic acid. Allernatively. the pllean
be adjusted to between pl 8 and pI T 10, Ammenium hydrox-
ide, sodivm hydroxide or potassium hvdroxide can be added
to adjust the pH.

2-hydroxy-4-(methylthio)butanoic acid can be added 10
the fermentation medium and‘or w the fermentation broth.

In vet another embodiment, the method forther comprises
drving the fermentation broth 1o obtain an animal feed addi-
tive in the desired powder or granule form. The methionine
preparation can be [urther dried to obiain a dricd methionine
preparalion.

The pH of the methionine preparation can be adjusted to
between pH 7.5-12 before drying. In one embodiment, the pH
ol the methionine preparation is adjusted o between pl 19-11
belore d

In 5till another cmbodiment, the method [urther comprises
ammoninm stripping and erystallization before drying.

Alternatively, the pH of the methionine preparation can he
adjusted o between pl 1 2.5-7 before drying. In one embadi-
ment, the pll ol the methionine preparation is adjusied to
between pll 4-7 belore drying. In another embodiment. the
pH of the methionine preparation is adjusted to berween pH
5-7 before drying.

In yel another aspeet. the invention provides a method of
making a methionine preparation comprising the following
steps:

a) culmifng, @ methionine-producing microorpanism in a

fermentation medium,

) oblaining a methionine-containing, lermentation broth
lrom the culuring, wherein the pll ol the lermentation
broth is adjusted; and

¢) removing from the methionine-containing fermentation
broth to produce a methionine proparation.

In ane embodiment. the method further comprises adding
2-hydroxy-4-(methylthiojbutanoic acid (o the fermentation
medivm, Alernatively, 2-hvdroxy-4-(methylihio )butanoic
acid can be added to the fermentation broth.

In eme embodiment. the pll s adjusted (o between pl1 1.3
and pll 3. The pll can be adjusted by adding sul furic acid,
hydrochlare acid, phosphoric acid, nitrdic acid or 2-hydroxy-
4-imerhylthio)butanoic acid.

In another embodiment, the pH is adjusted 1o between pH
S and pll 10, The pIT can he adjusied by adding ammonium
hydroxide, sodium hydrexide or potassium hydroxide.

In vet another aspect, the invention provides for a method
of producing a feed additive, comprising:

(a) culluring a methienine-producing microorganism in a
[ermentation medium o produce a lermentation broth;
and,

{b) drying the fermentation broth to obtain an animal feed
additive in the desired powder or granule form

]
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The methionine preparation can be turther dried 10 obtain o
dried methionine preparation.

Ihe pll ol the methionine preparation can be adjusted (o
hetween pl17.5-12 belore drying. In one embodiment. the pll
afthe methionine preparation is adjusted to between pH 9-11
before drying. The method can further comprise amumonium
stripping and crystallization before dryving.

Allernatively. the pll ol the methionine preparation can be
adjusted W between pll 2.5-7 belore drying. In one embodi-
menl. the pll of the methionine preparation s adjusted (o
between pH 4-7 before dryving. In another embodiment, the
pH of the methionine preparation is adjusted to between pH
5-7 before drying,

In another aspeet. the invention provides an acidified fer-
mentation broth cemprising methionine. The acidified fer-
mentatiom broth has a plTol 1o 5. typically a pl Lol between
1 o 4. In ancther embodiment, the acidified fermentation
broth has a pH of 1 to 3. 1o a particular embodiment, the
acidified fermentation broth has apHof 1.5 to 3. The aciditied
lermentation broth can further comprise 2-hydroxy-4-(meth-
ylthioybutanoic acid.

BRIEF DESCRIPTION OF DRAWINGS

IPIG 1 s a table showing the solubility of various amino
acids.

DETAILED DESCRIPTION OF THE INVENTION

DIEFINTTIONS

“The term “amine acid preparation” refers (o a proparation
of L 'unino acids including L-asparagine, L-threonine,
L-serine, L-plutamate, L —nlwme L-alanine, L-cyst
| ~valing, I,-muhmmnu, | -isolencine. 1 -leucine. [ -Lyrosine.
| -phenylalanine. [ -histidine, |-lysine. | -tryplophan and
| -arginine. and the salts thereol (such as methionine hydro-
chlaride or methionine sulfate). An“amine acid preparation”,
according 10 the present invention, can be made by any known
metheds in the art and as deseribed herein, preferably by
lermentation of an aminoe acid producing microorganism. An
“amino acid preparation” of the present invention can be in
any liquid or dry forms known in the art, and it can be a
purified amine acid or the salt thereof (i.e., at least 95% by
weight), or il can contain less than 95% by weight of amino
acid or the salt thereol. but alse contain other compoenents
(e.g,, culture broth, and/or whole bacteria cells) in addiion to
the amino acid. An “amino acid preparation”, according 1o the
present invenlion. can also conlain lwo or more amino acids
and the salts thereol. Prelerably. the “amine acid preparation”™
is in & form that can be used as an animal leed supplement.

The term “methionine preparation” refers to anamino acid
preparation containing a methionine. A “methionine prepa-
ration” cun be propared by any known methods in the arl and

as deseribed herein, prelerably by lfermentation ol amethion-

ine-producing microorganism. A “methionine preparation”™
of the present nvention can be in any liquid or dry forms
lknown in the art, and it can be a purified methionine or the salt
thereal (i.c. at least 93% methionine by weight). or it can
conlain less than 95% by weight o methionine or the sall
thereof, but also contain other components (e.2., culture
broth, andior whaole hacteria cells) in addition te methionine.
A “methionine preparation™, according 1o the present inven-
tion, can also contain methionine and one or more other
aminag acids and their salts thercol Prelerably, the “methion-
ine preparation” is in aform that can be vsed as an animal teed
supplement
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The term “purified amino acid preparation”, as vsed herein,
relers 1o one form of the amine acid preparation as deline
herein above which has an amino acid content (% per weight)
alat least 90%. for example. Y2, 94%. 96%, 98%, or 100%,
The term “dried amino acid preparation”™, as vsed herein,
refers to one torm of the amino acid preparation as defined
herein above which has a water content (Y per weight) ol at
maost 1%, e, 8%, 6%, 4%, 2%. 1% or (%,
The term “purified methionine preparation”,

as wvsed

5 herein, refers to one form of the methionine preparation as

define hereln above which has a methionine content (% per
weight) of at least 90%, lor example. 92%, 4%, 96%. 98%,
ar 100%,

The term “dried methionine preparation”, as used herein,
refers to one form of the methionine preparation as defined
hercin above which has a water content (% per weighty ol less
than 109, c.g., 8%. 6%. 4%, 2%, 1% or 0%,

The werm “selubility™. as used hercin, relers 1o the solid?
ligquid solubility, 1.e.. the ability or tendency of an amino acid
to blend vniformly with a liquid, e.g., water. Solids vary from
0-100% in 1m,1rdcg,m, of solubility in liquids. depending on
the chemical nature of the substances: (o the extent that they
are soluble, they lose their crystalline form and become
molecularly orionically dispersed in the solvent to form a e
solution. The “solubility of @ merhionine preparation” and

“solubility ol methionine in a4 methionine preparation”™. as
used herein. refer o the agueous solubility of methienine,
@2, inwater, expressed as g/L. For example, DL-methionine
has a water solubility of 33.81 o/L at 25° €. according o
Merck Index, 129 Lidition. 1996,

I'he term “increasing the solubility™ refers to the increase
ol aguenus seluble amine acid concentration by pll adjust-
ment as compared 10 the concentration of aqueous soluble
meth]onme heio e ﬂchmtmg the temperature and'or pH
" in salubility when the solubility ol an
st 20% greater (c.g., 219, 25%. 300, 40%,
50%, (()[3 b ’?[]‘N- 8O%. 90%, 100%, 200%, 300%, 400%,
500% greater, or more, than its solubility at pH 7.0 at the same
temperature. For example, if a methionine preparation has a
waler soluble methionine concentration of33.81 /T a1 257 C
atpl1 7.0, 1L is said that there is an inerease in the solubility of
such methionine preparation if, by adjustng the pH and/or
temperature, the methionine preparation has a water soluble
methionine concentration of at least 40.57 o/L, e.g.. at least
4733 ¢/1,50.72 54.10 g/, 57.4 , 6086 g/l 6424
&L 67.62 g1 101,43 g/l 135.24 g/l 16905 ¢/1. or more.
The water soluble concentration of amino acid can be mea-
sured by any methods for solubility determination known in
the art, c.g., as deseribed in Daniels ¢ al. 1970, Experimental
Physical Chemistry, 7% ed., New York: McGraw-1 i1 Halp-
om. A M. and Reeves, 11 1. 1988, xperimental Physical
Chemistry, A laboratory Textbook, Scott Foreman and Com-
pany; Showmaker et al., 1981, Experiments in Physical
Chemistry, 4% ed., New York: McGras-11i11.

Ihe term “base™. as used herein, refers o any substance
which can alter the pH of a solution from a neutral pH of 7.0
to a basic pH (ie., 7.1 o 14). Typically, a base is a substance
ofa large class of compounds with one or more of the follow-
ing propertics: bitter taste. slippery leeling in selution. ability
Lo wrn Hmus blue and o cause other indicalers (o luke on
characteristic colors, ability to react with (nevtralize) acids 1o
torm salts. Included are bath hydroxides and oxides of met-
als. Water-seluble hydroxides such as sodium. potassium, and
ammonium  hydroxide  undergoe ionivation o prmluc £
hydraxyl ien {OHT) in considerable concentration, and il is
this ion that cavses the previously mentioned properties com-
mon 10 bases. Such a base is strong or weak according 1o the
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fraction of the meolecules that breaks down (ionizes) into
positive ion and hydroxyT ion in the solution. Base sirength in
solution is expressed by pl L Commen strong bases (alkalis)
sodium and potassium hydroxides, ammonium hydrox-
ide, etc. These are caustic and corrosive to skin, eves. and
mucous membranes. The pH range of basic solutions is from
70 e 14, Modern chemical erminology delines bases in a
hroader manner. A Lowry-Bronsted base in any moelecular or
1onic substance that can combine with a proton (hydrogen
ion) 10 form a new compound. A Lewis base is any substance
that provides a pair of electrons for a covalent bond with a
Lewis acid. lxamples ol such bases are hydroxyl lon and
mest anions, melal oxides, and compounds o oxygen. nitre-
gen, and sulfurwith non-bonded electron pairs (such as water,
ammenia, and hydrogen sulfide).

i

“The term “acid™. as used herein, relers o any substance
which can alter the pll ol

solution [rom a neutral pll ol 7.0
o an acidic pl | 6.910 1), Typically, an acid is a substance
ofa large class of chemical substances whose water solutions
have one or more of the following properties: sour taste.
ability 1o make litmus dye turn red and (o cause other indica-
Lor dyes Lo change Lo characteristic colors. ability Lo react with
and dissolve certain metals to form salts, and ability to react
with bases or alkalis to form salts. All acids contain hydrogen
Inwater, ionization or splitting of the molecule occurs so that
some or most ol this hydrogen forms 11,07 jons (hydronium
ioms). usually writen more simply as [17 (hydrogen ion).
Acids are referred 10 as strong or weak according to the
concentration of H ion that results from ionization. Hvdro-
chloric, nitrie, and sulfuric are strong or highly ionized acid:
aceticacid (C11;C001 I and carbonic acid (1 1LCOL) arewee
acids. Tenth normal hydrochloric acid is 100 imes as acid
(pH 1) as tenth normal acetic acid (pH 3). The pH range ot
acids istrom 6.9 10 1. The hydroxy analog of methionine (e.2..

2-hydroxy-4-(methylihio)butancic acid is an “acid” under the

definition ol the present imvention.

Ihe present invention is hased on the unexpected discovery
that the solubility of a methionine preparation can be
inecreased by adjusting the pH during the preparation process
1o o hasic or acidic pl 1. "The present inveniion is also based on
the discovery that solubility of methionine in a lermentation
broth can be dramatically increased by increasing the tem-
perature 10 at least 40° C.

The present invention can be used in cambination with any
known method ol producing methionine preparation, ¢.g..
high purity methionine or lermentation broth containing
methionine. The presentinvention can be used for methionine
preparation by fermentation, for example, as described in
LS. Pat. Nos. 3.729.381, 5.840.551, 6.379.934: 5.431,933:
5.6
acids prepared moan organic synthelic-chemical method: or
by chemico-enzymatic processes as described in LS. Dat,
No. 5,215.897; Japanese Patent Publication Nos, 22380/66,
2274{79. 18867/82, lapancsce Palenl Application Kokai

(L aid-Open) No. 140890/84). the entirety ol cach is hereby

incarporated by reference.

A preferred method of produeing a methionine prepara-
tion, according 1o the present invention, is by fermentation of
a methionine-producing microorganism. It should he under-
stood. however, the pll adjustment as taught in the present
invention can readily be applied to other methods of prepar-
ing a methionine preparation, e.g., by chemical synthesis and
protein hydrolysis. so long as the pllas adjusted does not
inferfere wilh the production of methionine by such method.
In addition, the pl1 adjustment as taught in the present inven-
tion can also be used to increase the solubility of other amino
acid preparation, in particular, for other amine acid with low

22,7100 5.840,358: or by aplical resolution ol DI -amino

10

solubility problems, e.g., leucine, isoleucine, serine, glutamic
acid. asparlic acid, some aromalic ring-conlaining amine
acids such as ryplophan. Lyrosine. phenylalanine. other sul-
[ur-containing amine acids such as cysteine,

The present invention provides a method of making, a
methionine preparation by fermentation of a methionine-pro-
ducing microorganism. The adjustiment of pH can occur at
any slep ol the pre ol making such a methionine prepa-

ralion so long as it does not inlerlere with the [ermentation
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process and the production ol methionine by the methionine-
producing microorganism, Likewise, the increase intempera-
ture can occur a1 any stage of the process, so long as itdoes not
imterfere with the fermentation process and the production of
methionine by the methionine-producing micreorganism.

In ome embadiment. the method ofmaking such a methion-
ine preparation comprises a) culiuring a methionine-produc-
ing microorganisii in a fermentation medivm, where the pH
of the fermentation medivm is adjusted to an acidic or basic
pH: b) obtaining a imethionine-containing fermentation broth
from said (he culturing: and ¢) concentrating the methionine-
conlaining fermentation broth Lo produce a methionine prepa-
ration.

In another embodiment, the method of maling a methion-
ine preparation comprises a) culturing a methionine-produc-
ing microorganism in a fermentation medium; b) oblaining a
methionine-containing lermentation broth [rom said the cul-
turing, where the pH of the fermentation broth is adjusted to
an acidic or basic pH; and ¢) concentrating said the methion-
ine-containing lermentation broth w produce a methionine
preparation.

In addition lo adjusting the pl 1 to an acidic or basic pl | in
the aforementioned embodiments, the solubility of methion-
ine can be further increased by increasing the temperature of
the lermentation medium or [ermentation broth o at least 400
[

In yel another embodiment, (the method ol making such a
methionine preparation comprises a) culturing @ methionine-
producing microorpanism in a fermentation medium: b)
increasing the lemperature of the fermentation medium o at
least 407 C.: ¢) oblaining a methionine-containing lermenta-
tion broth from the culmring: and d) concentrating the
methionine-containing fermentation broth 10 produce a
methionine preparation.

In addition 10 providing the primary means ol s

cparaling

the methionine [rom the wholecells, lowering orraising pl L in
combination with temperature will aid in inactivating the

cells. Whole cell inactivation is usvally performed in con-
moving the eells [rom the broth. The inacti-
el cells can be used as an animal eed supplement, or are
disposed ol in waste treatment operations.
Microorganism

Any microorganism can be effectively used in this inven-
lion on the sole condition that it should be able w produce an
amine acid. c.g.. methionine. The microorganisms o which
the present invention relates can prepare amino acids from
glucose, suerose, lactose, fructose, maltose, molasses, starch,
cellulose or from glveerol, ethanol, and other carbohydrates.

Ixamples ol usclul methionine  producing  bacteria
include. but are not limited Lo, those described in LS. patent
application Nos. 2003/0,092,026A1; 2003/0,059,903A1;
2003/0.054,503A1; 2003/0,045 BO3A1; 2002/0,142.405A1;
2002/0.1 1087841 2002/0, 1108 T7AL; 2002/40,102.664A
2002/0.049 305A1: 2002:0,048,793A1; 2002:0,028.490A1;
and LS, Pat. Nos. 6.379.934181: 6,040,160; 3,219.543;
3.729.381; 3,756,916, 3.139.386, each of the patents and
patent applications is hereby incorporated i its entirety.

Vi
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Muost of the useful bacteria for the present invention are
classificd as Corvnebacterium, Brevibacterivm, Avthrobacter
or Microbacterium. All ol the genera are found within the
class Schizomyceles. Brevibacterizom is a genus within the
family Brevibacteriaceae, order Eubacteriales and is pener-
ally characterized by: short, unbranching rods; generally non-
motile: type of motility of molile species is peritrichous or
uneerlaing sometimes chromogenic, with non-water soluble
reddish, reddish orange, yellow or brown pigments; may or
may not reduce aitrates: glucose broth usvally becomes acid;
lactose not fermented; proteclyiic action varies with the spe-
cles: acrobic and facultatively anacrobic: rarely microacro-
philic. Corenebacreriumi is a genus within the lamily Coryne-
bacteriacene, order Euvbacteriales. and is  generally
characterized by: straight to slightly curved rods with irregu-
Tarly stained segments. somelimes granules; requently show
club=shaped swellings; snapping division produces angular
and palisade (picket-lence) arangements olcells: non-motile
with exceprions among the plant pathogens; Gram-positive,
but sometimes voung cells and sometimes old cells losing the
slaim casily: granules mvariably (Gram-positive; generally
quile gerobic, bul microacrophilic or even anacrobic specics
aceur; catalase-pasitive; may or may not liquety pelating may
or may not produce nitrites from nitrates: may or many 0ot
terment sugars, but seldom, it ever. is o high acidity produced;
many species oxidize glueose completely o CO, and 110
without producing visible gas. Arthrobacier 18 a genus within
the family Corvnebacteriacene, order BEubacteriales, and is
generally characterized by: in voung, cultures the cells appear
as rods which may vary in size and shape rom straight o
hent. curved, swollen or club-shaped orms; snapping divi-
sion may show angular cell arrangement: short [ilament lor-
marion with rudimentary budding may oceur, especially in
richer liquid media; Gram-negative or Gram-variable, coc-
coid cells are characteristically observed in cullures and are
Grram-negative 1o Gram-positive: larger coccoid cells which
give tise loone or more rod-shaped cells on fresh transler also
aceur; generally non-motile; growth on solid media sott or
viscous; growth on liquid media generally not profuse: most
species Hauely gelatin: Tille or no acid rom carbohydrates:
nitrites generally produced from nitrates; indole not pro-
duced: agrobic; mostspecies show little orno growthat 37° C.
Microbacierium is a genvs withiu the family Corvoebacteri-
aceae, order Bubacteriales and is characterized by: small rods
with roundel ends: vary in length [rom 0.5 10 30 microns:
non-metile: granulations demonstrable with methylene blue
stain; Gram-positive; goad surface growth on media supple-
mented with milk or yeast extract, acid procuction weal with
principally . (+)-actic acid produced [rom lermented carbo-
hydrates; catalase-positive optimum temperature, 32° €.

Specilic non-limiting suitable strains of the genus Corype-
bacterivm, in particular of the species Corvaebacterium
whiamicum (C. glutamicym), are in particular the known
sirains as lollow

Corvnebacterium gluzamicun A1 CC21608

Corynebacterivm glivemicum ATCC13032

Corynebacterium acetogluamicwm ATCCL5806

Corynebacterivm aceloacidophilum ATCCI3870

Cormebacterium melassecofa NTCC1T63

Cormebacteriim thermoaminogenes LRM 13P-1539

Brevibacterium flaviem ATCC 14067

Brevibacterium lectofermentim ATCC 13869 and

Brevibacterium divaricatum XICC14020

or L-amino acid-producing mutants or straing prepared

therelrom.

Microorganisms of the tamily Enterobacteriaceae selected
from the genera Escherichia. Erwinie, Providencia and Ser-
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ratic ay also be used for the production of anino acids, e.g.
methionine. aceording (o the present invention.

Specilie useflul non-limiting, suilable strains ol the genus
fischerichia. in particular those ol the specics foscherichia
coii include for example:

Escherickia coli TF427

Iischerichia coli TIASTS

Fsoherichia coli KY 10933

Escherichia coli VNIlgenetika MG442

Escherichia coli VNIIgenetika M1

Escherichia coli VNIlgenetika 472123

Ioscherichia cofi BK1IM 3-3996

Fscherickia coli kal 13

Escherichia colif KCCM-10132

Specific non-limiting suitable stmins o f'the genus Serradic.
in particular of the specics Serraria marcescens include lor
oxample:

Serratia marcescens 1INr21
Serratia marcescens TLrl56

Serratia marcescens T2000

The methods of mulagenesis, selection and mulant choice
have been used o Improve (he microerganisms (or the pro-
duction of amino acids, Forexample, strains that are resistant
to antimetabolites such as, for example, the lysine analogues
of S-{2-aminoethyl)-cysieine or which are avxotrophic for
significant regulalory amino acids. and produce |.-amino
acids, are oblained in this way.

Mutant strains of corvneform glutamic acid-producing
bacteria represented by Corvacbacterium ghiamicum which
exhibit lanee o analogues of methionine (lor example;
a-methylmethionine. ethionine. norleucine, N-acetylnorleu-
cine.  IrifluoromethyThomoeysteine,  2-amine-5-heptenoic
acids,  Z-amino-d-hexenoic  acid,  seleno-methionine,
methionine sultoximine, methoxinine, 1-aminocyelopentane
carboxylic acid. cle.), are also excellent producers ol | -me-
thionine {e.g., as described in U8, Pat. No. 3.729.381, hereby
incorporated by relerence in ils entirciy). Resistance Lo ana-
logues of methionine can be determined by checking, it the
mutant can grow in g mediom containing 500 ne/ml of an
analogue though the concentration varies depending upon the
microorganisms and the analogues. 1L can be generally stated
that the following L-glutamic acid-producing microorgan-
isms are preferred in connection with the process of the
present invention: Brevibaclerivm ghiamigemem, Brevibac-
teriime lactoferinentnum,  Brevibacterium saccharolvficum.
Brevibacterium thiogenitalls, Brevibacteriume sp.. Corvne-
bacterium sp., Corviebacterivm callunac, Corvachacterivm
aceioacidophifum, Corvachacterium glutamicum, Corvie-
hacterivm  melassecola,  Microbacteriumplavion,  var.
@lutamicum. Arthrobacter sp. A particularly prelerred mulant
strain ol Corvnebacterion ghatamicum has been deposiled
with the American Tvpe Culture Collection, Rockville, Md.,
and has been accorded accession number ATCC 21608,

Reeombinant 1INA technigues can be used Tor strain-im-
provement for the production of amino acids (e, sce LS
Pat. No. 4,278,765, hereby incorporated by reference in its
enrirery). Reference is made 10 standard textbooks of molecu-
lar biology that contain definitions and methods and means
lor carrying oul basic recombinant PNA technigues. encom-
passed by the present invention. Sce. for example. Manlatls et
al., Molecular Cloning: A Laboratory Manuval, Cold Spring
Harbor Laboratory, New York (1982) and Sambrook et al.,
Molecular Cloning: A Laboratory Manual. Cold Spring [lar-
bor Laboratory. New York (1989), hereby incorporated by
relerenee in their entirety.

For example, L-amino acid producing, strains of Corvie-
bacterium ghidamicum can be improved by transtormation of
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individual amino acid biosvnthetic genes, Review articles
aboul this topic can be lound. inter alia. in Kinoshila
(“CGlulamic Acid Bacteria™, in: Biology of Industrial Micro-
organisms. Demain and Sclomon (1ids.), Benjamin Cume-
mings. London, UK, 1985, 115-142), Hilliger {BioTec 2.
40-44 (1991)). Bpgeling (Amino Acids 6, 261-272 (1994)),
Jetten and Sinskey (Critical Reviews in Biotechnology 15.
73-103 (1995)) and Sham et al. (Annuals ol the New York
Academy ol Seience 782, 2339 (1996)), incorporated by
reference in their entirety.

For methionine production, genes encoding methionine
biosyarhertic pathway can be transtormed into desived bacte-
rae.g,.. Corvnebacierium giuiamicum. Such genes are known
in the arl. [or example. as described in U8, patent applica-
Liens 2003:0,002.026 A1 (metl); 20020, 110,878A1 (me1V):
2002:0,1T0,877AT (metll); 2002/0,102,664A1 (metR and
metZ):  2002/0,042305A1  (metF); 200270,048,793A1
(metH), each of the patent applications is hereby incorporated
in its entiretry.

o increase the production of methionine [rom recombi-
nant bacteria, the copy number ol the corresponding gene can
be increased or the promoter and regulation region or the
ribosome bonding site, which are located upstream of the
coding sequence, can be mutated. Expression cassettes,
which are mcorporated upstream of the coding sequence.
operale in the same way.

It is also possible to increase expression during the course
of fermentative methionine production with indvcible pro-
moters. lxpre
prolonging ihe liletime of m-RNA. Furthermore, enzyme
aclivity can also be amplified by inhibiting degradation of the
enzyme protein. The genes or gene constructs can either be
present in plasmids with ditferent copy numbers or be inte-

grated and amplified in the chromoseme. Allernalively, overs 3

expression ol the genes concerned can also be achieved by
modifying the compuosition of the media and management of
the culture.

Instructions for these procedures can be found by a person
skilled in (he art in, inter alia, Martin et al. (Bio/ Technology 3.
1372146 (1987)), in Guerrero el al. (Gene 138, 35-41 (1994)).
Tsuchiya and Morinaga (Bio Technolopy 6, 428-430 (1988),
in Eikmanas et al. (Gene 102, 93-98 (1991)). in European
Patent EP-B 0 472 869, in 11.S. Pat. No. 4,601,803, in
Schwarzer and Puhler (Bio/ Technology 9, 84-87 (1991), in
Reinscheid el al. fApplicd and Invironmental Microbiology
60, 126-132 (1994)), in LaBarre et al. (Journal of Bacteriol-
ogy 175, 1001-1007 (1993)), in Patent Application WO
96/15246. in Malumbres etal. (Gene 134, 15-24 (1993)), in

Japunese Patent JP-A-10-220891. in Jensen and [Tammer

(Biotechnology and Bioengineering 58, 191-195 (1998)), in
Malkrides (Microbiological Reviews 60:512-538 (1996)) and
in well-known textbooks relating to genetics and molecular
biology, cach olwhich s hereby incorporated by relerence in
its entirety.

In an preferred embodiment, L-methionine is produced by
culruring in a nutrdent medim an L-methionine-producing
certain type mutant strain of corvnetorm glutamic acid pro-
ducing  bacleria  represented by Coremebacteriiom
ghutaraicm. accumulating | -methionine in the culture liguor
and recovering L-methionine therefrom,

Fermentation

Culturing and lermentation ol the suitable amine acid pro-
ducing bacieria can be perlormed according o any method
known in the art, ez, as deseribed in LS. patent application
Nos. 2003/0,092,026A1; 2002/0.142.405A1; 1S, Par. No.
3,546,071, hereby incorporated by reference in their entirety,

iom s also improved by measures aimed al 3
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The culture medinm1o be used must meet the requirelments
ol the particular strains in @ suitable manner. Deseriptions off
culture media [or various microorganisms are contained in
the handbook “Manual of Methods [orCGeneral Bacteriology™
of the American Society for Bacteriology (Washington D.C .,
USA, 1981).

I he culture medium employed in the present mvention can
be cither synthetie or natural, so long as the medium properly
contains a carbon source, a nitrogen source, iNorganic com-

5 pounds and small amounts of additional nutrients necessary

tor the specitic microorganism used. Other than the above,
there are no special restrictions attached o other essentials of
the medium composilion.

The following substances can be vsed individually, oras a
mixture, as the source of carbon:

() sugars and carbohydrales, such as ¢
lactose, fructose. mallose, molass
Tose,

{b) oils and fats, such as, soy oil. suntlower oil, grovndnut
oil and coconur fat,

(¢) Taity acids, such as palmitic acid, slearic acid and
lineleic acid,

(d) alcohols, such as glyeerol and ethanol, and

(e} organic acids, such as acetic acid. pyruvic acid, fumaric
acid, lactic acid.

The following substances can be used indi

mixlure. as the source of nitragen:

(a) Orpanic nitrogen-containing compounds, such as pep-
tones, veast exiract, meat extract, malt extract, corn
steep liquoer, soya bean flour and urea, or

(b) inorganic compounds, such as ammonium sullale,
ammenium chloride, ammonium phosphate. ammo-
nium carbonate and amumonium nitrate,

The following sources can be used individually, or as a

mixlure. as the source of phesphorus:

Phosphoric acid. potassium dihydrogen phosphate ordipo-
tassium  hydrogen phosphate or the corresponding
sodium-containing salts.

The culture medium must turthermore comprise salis of
metals. such ay magnesium sullate or iron sulfate, which arc
necessary [or growth.

Essential growth substances, such as amino acids and vita-
mius, ¢an be emploved in addition to the above-mentioned
substances. Suitable precursors can moreover be added to the
culture medium. “The starting substances mentioned can be
added to the culture in the [orm ol asingle bateh, orcan'be fed
in during the culture in a svitable manner.

Acid compounds, such as an inorganic acid, e.g., hydro-
chloric acid. hydrobromic acid. sulluric acid, phosphoric
acid, hydrogen bromide, ele. or an organic acid, c.g., formic
acelic acid, propionic acid, richloroacelic acid. trilluo-
roacetic acid, ete., can be added into the fermentation medivm
inasuitable manoer, e.g.., either manually or mechanically, 1o
control the pll of the cullure. and (o increase solubility off
methionine in the [ermentation medium.

Antifoams, such as, for example, fatty acid polyglyeol
esters, can be employed to control the development of foam.
Suitable substances having a selective action. such as, for
example. antibioties. can be added 10 the medium 1o maintain
the stability of plasmids il recombinant bacleria stains arc
used. To maintain aerobic conditions, oxvgen or oxygen-
containing gas mixmees, such as air, are introduced into the
culture. I'he temperature ol the culture is usually between 207
CLie 437 Coand prelerably between 23 Co 400 C. Cultur-
ing is continued until a maximum ol the desired product has
formed. This target is usually reached within 10 hours to 160
hours.

. glucose, sucrose,
starch and cellu-

ually. oras 4

422



US 8,338,141 B2

15

In one embodiment, the microorganism is grown in a seed
medium prior 10 heing used for ineculation of the cullure
medium, The seed medium s incubated under laverable
growth conditions [or a period of time sullicient o develop a
svitable organism population, typically for about 24 hours
The seed medivm is then wsed to inoculate the culture
medium, Fermentation is then carried out until a considerable
amount 0l [ -methionine iy produced and accumulated in the
resultant medium, usvally 1 to § days, After the completion of
culturing, the L-methionine is readily recovered from the
medium by separating the medium from the cells and sub-
Jecting the el free medium o an ion exchange resin treat-
menl or the like.
Post Fermentation

The fermentation broth prepared in this manner, in particu-
Tar containing methionine. is then [urther processed. Depend-
ing on requirements. all or some of the biomass can be
removed [rom the lfermentation broth by separation methods,
The removal of biomass may be particularly important to
malke a cell free preparation for animal feed when certain host
(c.g.. 2. eafi) is used. lxamples ol such separation methods
are cenlriflugation. [iltration, decanting or 2 combination
thereof. Alternatively, the biomass can be left completely in
the fermentation broth. This broth can optionally be thick-
ened or concentrated by known methods. Examples of such
thickening or concentrating methods include conventional
metheds such as evaporation, reverse osmosis. or by nanolil-
tration. Examples of instruments that can be used in evapo-
ration processes include methods a rotary evaporator, thin

[ilm evaporator, and [alling [llm cvaporator. This thickened or 3

concentrated fermentation broth can then be worked up
Ixamples ol methods used (o work up the thickened or com-
centrated fermentation broth include freeze drving, spray
drving. spray granulation or by other processes. Optionallv.

the lermentation broth can be worked up to yield a prelerably

Iree-lowing, linely divided powder.

In an aliemativeembodiment. the siarting poind [or making
a methionine preparation can be the insoluble material col-
lected from the fermentation broth. Because of the inherently
Tow solubility ol methionine in aqueous solutions. a great
propertion ol the methionine produced by the microorganism
often exists in the insoluble state. Therefore, collection of
insoluble material following fermentation by filtration or cen-
trifugation can serve as the starting point for making the
methienine preparation.

lo increase recovery of methioning in the insoluble phase.
the pH of the fermentation broth can be adjusted 1o further
reduce its solubility. The temperature of the fermentation
broth may additionally be reduced. lor example. w less than
200 C., typically less than 107 €
42 (. Using inseluble material as the starting point for making
a methionine preparation is especially advantageous in situ-
ations where larpe volumes of fermentation broth is pro-
cessed: due o the abundance ol nseluble methionine. col-
lecting the insoluble material serv
enrichment step. The collected insoluble material may be
resuspended in water or a solution. The choice of solution
depends on the ideal conditions for ensuring that the micro-
organism remains relatively  intact. Vaclors e consider
include osmeolarity. the presence ol monovalent and divalent
cations to maintain integrity of the cell wall, and the absence
of compounds with detersent-like properties, which ¢an dis-
rupl the cell membrane and release the intracellular comtents
of (the microorganism. In addition, it is preferable that the
solution net possess strong pl [ bullering capacity that may
interfere with altering the pH to increase the solubility of
methionine.

Tess than 69 CL or less than

as o significant
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To selubilize methionine, either from a fermentation broth
or msoluble material resuspended in solution. the lempera-
ture ol the selution can be mereased 1o at least 40° €. w
inerease the solubility ol methionine within the lermentation
broth. In one embodiment, the temperature of the fermenta-
tion broth is raised to at least 50° C. In another embodiment,
the temperature of the fermentation broth is raised to at least
607 C. In yet another embodiment. the emperature of the
fermentation broth is raised (o al least 70° C.

11t s desirable 10 remove the biomass, some or all ol the
biomass can be removed from the fermentation broth by
separation methods such as filtration or centrifugation. The
biomass is preferably removed while the temperature is
increased  (Le. when the solubility of methionine is
inereased) Lo reduce the loss ol insoluble methionine during
this siep

Alternatively, or in addition to inereasing the temperature
of the fermentation broth, an acid compound can be added
into the termentation broth in a suitable manner, e.g., either
manually or mechanically, at the end of the ermentation. but
belore the eptional removal of the biomass, an acid com-
pound can be added into the fermentation broth in a suitable
manner, e.g., either manvally or mechanically, 1o control the
pH of the broth and to increase the solubility of methionine
within the broih,

Inoneembodiment. apl Lol 4.0 orbelow is achieved [or the
fermentation broth to increase the solubility of methionine. In
another embodiment, a pH of 3.5 or below is achieved for the
fermentation broth (o inercase the solubility ol methionine. In
another embaodiment, a pl 1 ol 3.0 or below 1
fermentation broth to increase the selubility of methionine.

As previously stated, the adjusunent of pH 1o an acidic pH
can be performed in combination with increasing the tem-
perature of the lermentation broth (o at least 40° C. For
example. (he pll ol the lermentation broth can be adjusted 1o
an acidic plT ol 3.0, and the wemperature of the fermentation
broth increased to 50° C. pH can be measured with or without
the removal of any biomass according to the present nven-
liem.

Ihe solubility of methionine in an acidified such fermen-
tation medivm or fermentation broth (25° C.) is at least 40.57
/L, for example, ar least 47.33 o/L, 50.72 o/L, 54.10 gL,
5748 gL, 60.86 oL, 64.24 /L, 67.62 ¢/, 101.43 L,
135.24 gfl.. 169.05 or more.

Optionally, the acidilicd broth {Le., the broth with an acidic
pH) can be used for further purification of methionine by ion
exchange methods known in the art, e.g.. as described in
skman et al. (1938, Analytical Chemistry, 30: 1190), LS.
n i ns  2002/0.110.877A1 and  2003/0,045,
753A1. each ol which is hereby incorporaled by relerence in
its entirety.

When ion exchange is used, the acidified broth is passed
over 4 cationic ion column o separate the methionine rom
the other broth constituent (e.g.. the biom: ‘I'he bound
methionine is then eluted from the column with ammonium
hydroxide {or any other base). The ammonia can then be
stripped from methionine to make methionine free base to
make a purificd methionine preparation.

Altermatively, the acid compound can be added afier the
removal of biomass, but before thickening or concentrating
This is vsetul it the methionine solubility at the end of the
lermentation is below the solubility at a neutral pll.

In some embodiments ol the invention, it is preferred 1o
adjust the pll ol the broth back 10 plT 2.5-7. preferably. pll
3.5-7, more preferably, 5-7, before drving to make the prepa-
ration more suitable for animal feeding,

hicved lor the

423



US 8,338,141 B2

17

As an alternative to adding an acid compound, basic com-
pounds, such as sodium hydroxide, polassium hydroxide.
ammoenia or agueous ammoenia. ammonium hydrochloride.
ammonium sulaie can be added inte the fermentation broth
ina snitable manner. e.g., either manually or wechanically, at
the end ofthe fermentation, butbefore the optional removal of
the biomass, 1o control the pll ol the broth and to increase the
solubility of methionine. In one embodiment. the pllof the
broth is increased to at least 8.5, In another embodiment, the
pH is increased 1o at least 9.0. Invet another embodimenr, the
pHis increased toatleast 9.5 Instill another embodiment, the
pllis increased to at least 10,0, Similar 1o the embodiments
involving acid addition, the adjustment of pll o a basic pll
can be performed in combination with increasing the rem-
perature of the fermentation broth © at least 40° C. For
example, the pll ol the [ermentation broth can be adjusted o
a basic pll ol 8.5, and the emperature of the fermentation
broth inereased to 70° C.

Alternatively, the base can be added after the removal of
biomass, but betore thickening or concentrating,. This is use-
[ul i the methionine solubility at the end of the fermentation
is below the solubility at a neutral pll.

Tn one embodiment, @ lgquid sodivm methionate or ammo-
nium methionare produet is obtained.

Once the insoluble material {cowaining whole cells) is
removed [rom the methionine preparation, additional sieps ol
methienine purification can be perfermed. The methionine
preparation can be decolorized using absorbents such as acti-
vated carbon, for example the Darco KB and KB-B activated

carbon (American Norit Co. Bulord, Ga.). The absorbent can 3

simply bemixed wiith the methionine preparation al a range ol
aboul 1-15 g/l o methionine preparation and stimred, with
oprional heating to berween 40° C. and 70° C., for 1 to 24 hrs.
The activated carbon can then be removed by simple filtra-
lion.

In another embodiment, a purified methionine preparation
that is essentially coll free is obtained by laking the ammeo-
nium methienate salt solution which s at high pH 1o strip oft’
the ammonia, The methionate solution can then be concen-
trated and crystallized 1o effectively produce a purilied
methionine preparation, for example, as deseribed for a
chemically-produced anuneninm methionate solition in U.S.
Pat. No. 6.417.395 (the entirety of which is hereby incorpo-
rated by reference). Prior to crystallization, the methionine
preparation can be [urther concentrated. as described above.
in order increase recovery. Crystallization of methionine can
alsa be achieved by a number of means, for example by
addition of aluminum salts of arganic acids as is deseribed in
LL8, Pal. No. 5,463,120, by addition of alcohols, phenols or

ketones as described in Japanese Patent published under JP

68-024890, or by addition of anionic or non-ionic surface
active agents, as disclosed in Japanese atent published vnder
IP 71-019610. The three patents mentioned above are hereby
incorporated in their entirety by relerence. Cryslallization of

methionine can also be achieved by adjusting the pll of the 3

methionine preparation to pH 5.74, the iscelectric point of
methionine, and reducing the temperature to below 10° C
tvpically less than orequal to 4° C. and permitting the crvstals
1o form [or at Teast 3 hrs. typically ovemight. Mcthionine
crystals can be collected, lor example, by filation or cen-
trifugation directly from the chilled solution, oratter allowing
the solution to warm 10 roo temperature.

13oth the collected erystals and the remaining solution can
he analyxed for purity ol methionine. Purity can be ana
by any number o means (o determine the methionine content
of the crystal and the solution, including HPLC, It a signifi-
cant amount of methionine remains in solution {in the mother
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liquor), then crvstallization can be repeated. If needed, the
cryslals can be redissolved. and erystallization repeated in
order Lo inercase purily.

Ihe Iree-Nowing, linely divided powder can be converled
by suitable compacting or granulating processes, e.2.. as
deseribed in U.S. patent application Nos, 2003/0,092,026A1
and 2003/0.059,903A1, the entirety of each is hereby incor-
porated by relerenee. Preferably, the powder can be comverled
i soarse-grained. readily [ree-llowing, storable and

largely dust-free product. During granulation or compaction,

it is advantageous 1o emplov conventional organic or inor-
ganie auxiliary substances or carrders. Examples of such
organic or inorganic auxiliary substances or carriers include
starch, gelatin, cellulose derivalives or similar substances.
lurther, these substinees can be used as binders. gelling
ls processing
Further examples of these substances include silicas, silicates
ar stearates.

Alternatively, the product can be absorbed onto an organic
or inorganic carrier substamee that is known and conventional
in feedstulls processing. xamples ol such organic or inor-
ganic carrier substances include silicas, silicates. grils, bruns,
meals, starches, sugars or others. Further, the produet simul-
taneously or subsequently mixed and:or stabilized with con-
ventional (hick

FFinally, the product can be brought inte a state in which it
is stable 1o digestion by animal stomachs, in particular (the
stomach of ruminants, by coating processes, 1.e. coating.
Examples of such conventional coating processes include
those that use film-forming agents. Bxamples of film-forming
agents include metal carbonaies, s , silicales, alginates,
slearales, starches, gums and cellulose eihers.

I the biomass (1.c.. insoluble material) is separated [rom
methionine during the preparation, further inorganic solids
which can be oprionally added during the fermentation can be
optionally removed. In addition, organic substances can be
aptionally formed andior added and are optionally present in
solutiom in the [ermentation brath.

Ixamples ol the above-mentioned organic substlances
include organic by-praducts. Organic by-products can be
optionally produced, in addition to the L-methionine, and can
be optionally discharged by the microorpanisms emploved in
the fermentation. |'xamples ol organic by-products include
[ ~amino acids chosen from the group consisting of' | -valine,
L-threonine, L-zlanine or L-tryptophan. Further examples of
organic by-products include vitamins chosen from the group
consisting ol vitamin 131 (thiamine). vitamin 132 (ribollavin),
vitamin B8 {pantothenic acid ), vitamin B6 (pyridoxine).
min 1312 {eyanocobalamin). nicotinic acidmicolinamide and
vitamin E (tocopherol). Even further examples of organic
by-products inclide organie acids. Examples of organie acids
are those thal contain ome (o threecarboxy] groups. Ixamples
ol organic acids conlaining one o three carboxyl groups
include acetic acid, lactic acid, citric acid, malic acid and‘or
fumaric acid. Finally, Examples of organic by-products
include sugars. Examples of sugars include such trehalose.
These compounds are optionally desired il they imprave the
nutritional value ol the product.

Purified organic substances, including methionine (e.g., L.
D, or XL methionine) or methionine esters or the hydroxy
analog of methionine (e.g.. 2-hydroxy-4-(methylthio)bu-
lanoic acid, provided by Novus Intemational. 86 1Louis. Mo,
USA) can also be added into the Termentation medium or
hroth, e.g.. doring a suitable process step {e.g.. into the fer-
mentation medium or the fermentation broth, or concentrated

agents or thickeners in [oodstulls or [eedstul!

s and/or binders.

(ila-
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fermentation broth, or the drv methionine preparation). The
additien ol such material increases the methionine comtent off
the methionine preparation.

Such organic substances can be in many Torms. xamples
of such forms include concentrate and/or pure substance in
solid andfor lguid form. These organic substances mentioned
can optionally be added individually or as mixtures 1o the
resulling or concentrated fermentation broth. or also option-
ally during the drying or granulation process. 1L is likewise
possible 1o optionally add an organic substance or a mixture
of several organic substances to the fermentation broth and
also to add further organic substances or a mixture of several
arganic substances during a later process step. Examples of
such as later siep can include a gramulation step.

In ene aspeet of the mvention, (he biomass can be separaled
Iram methionine w the extent of up 10 70%. prelerably up (o
80%, preferably up to 90%, preferably vp to 93%. and par-
ticularly preferably up 10 100%,

In another aspect of the invention. less than 209 of the
hiomass. preferably less than 13%, preferably Tess than 10%,
prelerably less than 3%, particularly preferably no biomass is
separated from methionine.

The methionine preparation made in the present invention
can be used as a feed additive for animal nutrition. Alterna-
tively. the Termentation broth obta
methienine-producing microorganism can be used as a [eed
additive.

The L-methionine content of the animal feed additive is
conventionally 1% per weight to 80% per weight, preferably
2% per weight 10 80% per weiglr, particularly preferably 4%
per weight to 0% per weight, and very particularly prefor-
ably 8% per welght 1o 80% per weight. based on the dry
weightof (he animal leed additive. Conlents ol 1% per weight
10 60% per welght, 2% per weight to 60% per weight, 4% per
weight 10 60% per weight, 6% per weight to 60% per weigh,
1% per weight 10 40% per weight, 2% per weight to 40% per
ight or 4% per weight (o 40% per weight are likewise
possible. The ranges for content of the animal leed additive
mclude all specilic values and subranges therebetween, such
2.4,6,8,10, 15,20, 25, 30, 35, 40, 45. 50, 55, 60, 65, 70, and
T5% per weight. The water content of the feed additive is
conventionally up to 5% per weight, preferably up to 4% per
weight, and particularly prelerably less than 2% per weight,

An animal Leed additive according 1o the present invention
can comprise 1% per weight 1o 80% per weight |-methion-
ine, D-methionine, D, L-methionine. or a mixture thereof
with 1 to 40% per weight of a second amino acid, eg.
L-lysine, D-lysine or D.L-lvsine, or several second amino
acids. based on the dry weight of the animal Teedstulls addi-
tive, The ranges for eontent of 1 -methionine. D-methionine.
D.L-methionine, or a mixture thereof with the second amino
acid in the animal feedstoffs additive include all specific
valves and subranges therebetween, such 2, 4, 6, 8, 10, 13,20,
25,30.35,40. 45,50, 5560, 65, 70_ and 75%, por weight. The
ranges [or content of the second amino acid, c.g.. 1.-lysi
D-lysine or 13, L-lysine in the mixiure with [-methioni
D-methionne, D.L-methionine in the animal feedstutls addi-
tive inelude all specific valies and subranges therebetween,
such 2. 4, 6, 8, 10, 10 15, 20, 25, 30, and 33% per weight,
Drying

It is one object of the present invention to provide a dried
methienine preparation. The present method of making a
methionine preparation thus can further comprise a dryving
step as described herein above,

od alier culturing a

20

Practice of certain specitic embodiments of the invention is
illustrated by the [ollowing representative examples.

LEXAMPLIS

3
Example 1
Culturing Methionine Producing Microorganisms in
Fermentation Medium
10

Methionine producing  bacteria  Corvnebacterivm
gluramicum  AICC21608, oblained rom American Type
Culture Collection, was aseplically added 10 5 ml. ofutrient
broth (DIFCO) and allowed to grow for 24 hours at 30° C.

15 under vigorous shaking, After the 24 hour incubation. the
culture was vsed to seed 100 ml of nutrient broth (DIFCO)
and allowed o grow [or an additional 18 hours 21307 C. under
vigorous shaking. Aliquots el the bacteria were then trans-
ferred to nutrient agar plates and the plates placed in an

20 incubator for 24 hours, The plates were examined for growth
and were relrigerated untl [urther use.

Colomies Trom agar plates were aseptically translerred inte
250 ml. [lasks containing 30 ml of nutrient broth {(DIFCC)
and allowed to grow at 30° C. After 24 hours of growth, these

23 microorganisms were used as seed culture in a 3-L fermenter
conlaining grow th media consisting ol 30 /1. glucose. 50 g/l
soy protein hydrolyaate, 1 /1. K IIPO,. 45 g1 (NILLSO,,
400 mg/L Mg80,.7H,0, 10 mg/L MnSO,4H,0, 0.2 mg/L
thiamin HCI and 0.05 mg/L biotin. Fermentation was earried

30 our ar 31° C. under vigorous agitation and good aeration. pH
was maintained al 7.45 d g [ermentation by addition of
ammonium hydroxide (NTLOTT). The organisms grow quile
well under these conditions with a rypical optical density (as
measured as OD,,) in the range of 25 to 30 after only 24

3% hours. Fermentation batehes were terminated onee the initial
glucose charge was consumed. The residual [-methionine
produced during these fermentations was supplemented with
additional L-methionine as described in the Examples below.

an lixample 2
Increased Recovery of L-Methionine at Basic pH

The fermentation broth produced by prowing Corvnebac-
a5 terium ghuamicum  A1CC 21608, scussed in Bxample
1, was supplemented with [-methionine w0 give a [mal
methionine concentration o 75.2 ¢/ inthe slurry, The result-
ing shirry consists of soluble and insoluble L-methionine,
microbial cells and constituents of fermentation media. The
soopll ol the slurry was measured o he 5540 A well-mixed
sample of this slurry was drawn. and solids removed [rom (he
sample by centritigation followed by filteation. The concen-
tration of methionine in the filtrate of the slurry was deter-
mined by 1IPLC to be 38 ¢1.. giving a concentration ol

55 soluble methionine in a typical lermentation broth.

Tor the remaining slurry, a 30% solution of sodium hydrox-
ide (NaOH) was added at a level corresponding 1o 1 equiva-
lent weight of L-methionine, rising its pH to 936, From a
well-mixed sample ol this slurry, selids were removed as

60 belore by centrilugation and [iltration. Seluble methionine
concentration in the filtrate was 78 o/L. The difterence with
the concentration in a typical fermentation broth represents
an inerease insolubility ol methionine inthe slurry due to the
addition o NaOIll. Na()IT conceniration was  urther

65 inercased in the slurry 1o 2 equivalent welght ol [-methion-
ine, which raised the pH to 10.22. At this stage the solubility
of methionine in the solution was unchanged. The pH of the
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slurry was radsed to 12,53 by increasing the concentration of
Na(Il w 2.5 equivalent weight L-methicnine. This did net
[urther merease the solubility ol 1 -methionine. Al this point.
the whole cells were separated [rom the methionine and ler-
mentaticn solubles by centritigation

Tothe cell free broth containing the solubilized L-methion-
ine, sulfuric acid (D6% wiw ) was added and its pH lowered to
3.95, the isoclectrie point o T-methionine. At this pllL the
methionine moleeule docs not have any charge. and results in
the lormatiom of moethionine erystals, The slurry was then
stored overnight a1 4° C. to allow for precipitation of the
crystals, The slury was then cewmrrifuged to colleet the
methionine crvstals. The concentration of methionine
remaining in the supernatani was [ound o be 33 g1 The
collected eryslals were dried inoa lyophilizer. The overall
recovery of methionine using this ol the process was 73'%.

Bxample 3
Increascd Recovery ol 1-Methioning at 13asic pl1

Methionine was added 1o the fermentation broth at a con-
centration of 56 ¢/L. In addition to soluble methionine, the
slurry had insoluble methionine, microbial cells and compo-
nents ol fermentation media, 50% NaOIT was added (o the
slwry al a coneentration equal (e 0.5 ¢q. weightl of methion-
ine. The pl ol the slury alter addition of NaOl 1 was 8.92 and
the solible methionine concentration in it was 58 /L. Addi-

tional NaOH was added 1o the shurry to 1 eq weight of L-me- #

thiomine. raising the plT ol the slurry 10 938, A sumple ol the
slurry was removed and [iltered as previously described. The
concentration o methienine in the flirate was found o be 56
/L. No additional methionine was solubilized by increasing

the concentration of NaOH 10 1.5, 2 and 2.5 eq wt of methion- 3

ine. The pll of the slury was 982, 10,47 and 12.23 alter
addition of NaOIT of 1.5, 2 and 2.5 ¢q wi ol methionine.
respectively.

Tixample 4

Increased Recovery ol 1-Methionine at Ilovaled
Temperamres

Methionine was added (o Termenation broth al a concen-
tratiom o 77 g/l . The slumy was then heated (o 70° C.owithout
pH adjustment. Tlis slurry was then filtered through a 0.45
micron filter in a heated filtration unit to remove the whole
cells and other insoluble fermentation broth components. The
Nlirate was collected and analy zed lor methioni
centration el'methionine i the (lirate was 74.6 g1, Thus, by
raising the temperature of L-methionine contzining fermen-
tation broth from 22° C. w 70° C. increased the solubility of
methionine from 38 ¢/1. 0 74.6 g/l.. The (ilirate was subsc-

quently cooled lo erystallize the [ree methionine. The

methionine crystals were freere-dried (o remove residual
moisture,

Tixample 5
Inereased Recovery of L-Methionine at Acidic pH

The following examples demeonstrate the use ol an aeid o
increase the solubility of methionine.

Aslurry containing 75 il ofmethionine was prepared by
supplementing the fermentation broth produced with L-me-
thionine as previously described.

> The com-

22

Concentrated sulturie acid (H,S80,, 96% wiw) was added
ina conceniration equal 1o 1 equivalent weight ol methionine
Lo the slurry, lowering the pl ol the slurry (0 2.49. Methionine
concentration was measured [rom a sample aller contriluga-
tion and filtration as previously described. The concentration
ofsoluble methionine inereased to 75 o/L. Further addition of
H,SO, at 1.5 and 2 equivalents did not cavse additional
imerease in the solubility of methionine in (he Termentaiion

 broth. The pll ol the slurry was 1.93 al L3 eq 1 1L,SO, and 1.68

[
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a2 eq 11,80,

AtpH of 1.68, cells trom the slurried fermenter broth were
sepacatecd. first by cewrrifugation followed by filtration
through a 0.45 micron filter. The pH of the filtrate was then
raised 1o 5.75, (he isoclectric point ol methionine by addition
ol 30% NaOl 1. resulting in [ormation ol [-methionine crys-
lals. The shury was placed in a relvigerator at 4° C, Jor 18
hours to allow for additional erystallization of methionine
The crystals were then removed by centrifogation and filtea-

; tionand further dried on alvophilizer. The dried crystals were

harvested [rom thelyophiliver. The concentration ol methion-
ine remaining in the supemnatant (mother liquor) was 47.2
gfl .. To recover additional methionime, the mother liquor was
then placed in the refrigerator overnight. Crystals were col-
lected by centrifigation a1 4° C. by using a pre-chilled cen-
triluge. As a result ol lower temperature. additional |-me-
thionine was crystallived and recovered.

Example 6
Increased Recovery of [ -Methionine at Acidic pl1

L-methionine was added to fermentation broth at a final
concentration of 55 ¢ L-methionine per liter of the broth {55
o/L) asdetermined by HPLC. H,80, (96% w/w) at a concen-
trationol 1 equivalent weight ol methionine was added to this
slurry, deereasing the plTolthe broth 1o 2.39. The selubility of
methionine in the broth at this pH was found to be 55 g/L, by
measuring a sample which was centrifuged and filtered 1o
remove inseluble material as previously deseribed. Adding
more 11,80, o the broth at 1.5 and 2 times the equivalent
weight to | -methionine further lowered the plTol the broth o
2.09 and 1.74 respectively, but did not resulr in further recov-
ery of methionine.

IFor oplimal recovery of methionine, solids from the acidi-
fied slurry above were removed by centrilugation and (iliea-
tion and the pH of the recovered filtrate was raised to 5.6 using
NaOH. Cooling the shirry 1o 4° C. for 18 hours resulted in
tormation of crystals in the solution. The concentration of
methionine remaining in the supematant {mother liquor) was
39.5 giliter. This solution was placed again in the relrigerator
at 4° C. for 18 hours o allow for formation of additional
methionine crystals. Crystals formed after 18 hours at 4° C
were [iltered and dried in a Tyophilizer.

OTHER EMBODIMENTS

The foregoing examples demonstrate experiments per-
formed and contemplated by the present imveniors in making
and carrying oul (he invention. I is believed that these
examples include a disclosure of techniques which serve to
both apprise the art of the practice of the invention and to
demonstrate its uselulness. 10will be appreciated by those of
skill im the art that the tlechnigues and embodiments disclosed
hercin are preferred embodiments only that in general numer-
ous equivalent methods and techuiques mav be emploved 1o
aclieve the same result.
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All of the references identified hereinabove, are hereby
expressly incorporated herein by relerence 1o the extent that
they deseribe. set forth, provide a b [or or enable compo-
sitions and/or methods which may be Important (e the prac-
tice of ane or more embodiments of the present inventions.

The invention claimed is:

1. A method of making a methionine preparation compris-
mg:

{a) culturing a methionine-preducing microorganism in a

fermentation medivm to yield a fermentation broth;

{12} solubilizing methionine in said fermentation broth by
raising the pl18.5 or above. or lowering the plTo 3.5 or
below:

{c) removing insoluble malerial from said lermentation
broth to vield a ¢larified broth:

(d) crystallizing methionine from said clarified broth: and,

() isolating the methionine eryvstals o produce a methion-
ine preparation.

2. The methed of claim 1, wherein said base is selecled
from the group consisting of sodivm hydroxide, potassium
hvdroxide and ammonium hvdroxide.

3. The method of elaim 1. wherein temperature of said
lermentation broth is increased o at Teast 407 €, prior o
removal of said insoluble material.

4. The method of claun 1, wherem temperature of said
methionine-enriched broth to at least 40° C.

5. A methoed of making a methionine preparation compris-
ing:

{a) culturing a methionine-producing microorpanism in a

termentation medium to yield a fermentation broth;

(b solubilizing methionine in said fermentation broth by
raising the lemperature al the broth (o at least 40° O

{¢) remeving insoluble material from said lermentation
broth to vield & methionine-enriched clarified broth;

id) erystallizing methionine from said ¢larfied broth; and,

() isolating the methionine eryvstals 1o produce a methion-
ine preparation.
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6. 'The method of claim 5, wherein said solubilizing turther
comprises raising the pl1 8.5 ar above. or lowering the pll o
3.5 or helow.,

7. The method of clain 5, wherein a methionine prepara-
tion 13 made by drying said clarified broth.

8. A method of making a methionine preparation compris-
ing:

{(a) culturing & methionine-producing microorganism in a

fermentation medium 1o produce a fermentation broth;

(b) collecting methionine-enriched  insoluble material
[rem said [ermentation brath;

{¢) solubilizing methionine from said methionine-enriched
insoluble material by addition of an acid to lower the pH
10 3.5 ar below, or a base 1o raise the pl T o 8.5 or ubove
1o produce a methionine-enriched broth:

(d) crystallizing methionine from said methionine-en-
riched broth; and,

(¢) iselating the methionine erysials o produce ¢
ine preparation.

9. A method of making a methionine preparation compris-

ing:

(&) culturing 2 methionine-producing microorganism in a
lermentation medium;

(b} obtaining a methionine-containing fermentation broth
from said culturing, wherein the pH of said fermentation
broth is adjusted 10 an acidic pH or basic pIl; and

(¢) concentraling said methionine-conlaining [ermentation
brath and eptionally drying o produce a methionine
preparation.

10, A method of making a methionine preparation com-

prising:

(a) culluring 2 methionine-produ
lermentation medium;

(b) obtaining a methionine-containing fermentation broth
from said culturing, wherein the pH of said fermentation

methion-

g MICTOOTZANISM in

() removing [rom said methionine-containing, lermenta-
tion broth 1o produce a methionine preparation.
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