- %
cnn - y University of Pennsylvania

Libraries ,_
 UNIVERSITY of PENNSYLVANIA ScholarlyCOmmonS

Department of Chemical & Biomolecular

Senior Design Reports (CBE) Engineering

4-19-2022

Cellular Agriculture

Christina Kim
University of Pennsylvania

Amanda Kishun
University of Pennsylvania

Fahmida Lubna
University of Pennsylvania

Follow this and additional works at: https://repository.upenn.edu/cbe_sdr

b Part of the Biochemical and Biomolecular Engineering Commons

Kim, Christina; Kishun, Amanda; and Lubna, Fahmida, "Cellular Agriculture" (2022). Senior Design Reports
(CBE). 142.
https://repository.upenn.edu/cbe_sdr/142

This paper is posted at ScholarlyCommons. https://repository.upenn.edu/cbe_sdr/142
For more information, please contact repository@pobox.upenn.edu.


https://repository.upenn.edu/
https://repository.upenn.edu/cbe_sdr
https://repository.upenn.edu/cbe
https://repository.upenn.edu/cbe
https://repository.upenn.edu/cbe_sdr?utm_source=repository.upenn.edu%2Fcbe_sdr%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/241?utm_source=repository.upenn.edu%2Fcbe_sdr%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/cbe_sdr/142?utm_source=repository.upenn.edu%2Fcbe_sdr%2F142&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/cbe_sdr/142
mailto:repository@pobox.upenn.edu

Cellular Agriculture

Abstract

Cellular agriculture is a field of biotechnology focused on the production of animal products using cells
grown in vitro . Traditional meat production consumes vast amounts of water, arable land, and feed crops,
as well as driving deforestation, emitting large amounts of greenhouse gases, and creating large potential
reservoirs for zoonotic diseases. As the global demand for meat increases, continuing to scale up the
industry for slaughtered meat could have disastrous consequences for the environment. Growing cells in
bioreactors creates the potential to drastically decrease land requirements, feed requirements, and other
environmental impacts. For example, hindgut fermentation of feed, the main source of methane
emissions from cattle farming, can be eliminated entirely by supplying the cells with pure glucose.

This report proposes a process to produce 35 million pounds per year of a cultured ground beef product.
The process starts with a starter colony of bovine muscle satellite cells, which are proliferated,
differentiated to bovine muscle fiber, and then dewetted, mixed with plant-based fat, and extruded to the
final product. Bubble column bioreactors are used for the seed train, final proliferation, and differentiation
steps in order to adequately oxygenate large process volumes without threatening cell viability. The
process shows profitability at a price of $100 per pound of product. The plant has a return on investment
of 217%, an investor's rate of return of 223%, and a cumulative net present value of about $2 billion over
the plant’s lifespan.
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Abstract

Cellular agriculture is a field of biotechnology focused on the production of animal products
using cells grown in vitro. Traditional meat production consumes vast amounts of water, arable
land, and feed crops, as well as driving deforestation, emitting large amounts of greenhouse
gases, and creating large potential reservoirs for zoonotic diseases. As the global demand for
meat increases, continuing to scale up the industry for slaughtered meat could have disastrous
consequences for the environment. Growing cells in bioreactors creates the potential to
drastically decrease land requirements, feed requirements, and other environmental impacts. For
example, hindgut fermentation of feed, the main source of methane emissions from cattle
farming, can be eliminated entirely by supplying the cells with pure glucose.

This report proposes a process to produce 35 million pounds per year of a cultured ground beef
product. The process starts with a starter colony of bovine muscle satellite cells, which are
proliferated, differentiated to bovine muscle fiber, and then dewetted, mixed with plant-based fat,
and extruded to the final product. Bubble column bioreactors are used for the seed train, final
proliferation, and differentiation steps in order to adequately oxygenate large process volumes
without threatening cell viability. The process shows profitability at a price of $100 per pound of
product. The plant has a return on investment of 217%, an investor’s rate of return of 223%, and
a cumulative net present value of about $2 billion over the plant’s lifespan.



10

List of Tables and Figures

Table/Figure Description
Figure 1.1 Objective time-chart
Table 3.1 Summary of notable competitors in the cultured meat space
Figure 6.1 Process flow diagram
Table 6.1 Batch bioreactor charge requirements for cell proliferation/differentiation
Table 6.2 Continuous feed bioreactor requirements for cell proliferation/differentiation
Table 6.3 Yearly requirements for cell proliferation/differentiation
Table 6.4 Yearly requirements for overall process
Figure 6.2 Bioreactor Gantt chart
Figure 7.1 PFD: upstream process units
Figure 7.2 PFD: sterile air supply
Figure 7.3 PFD: cooling tower and chiller network
Figure 7.4 PFD: downstream process units
Table 9.1 Bioreactor cooling jacket fluid requirements
Table 9.2 Cooling water pump energy requirements
Table 9.3 Air compressor energy requirements
Table 9.4 Cold room energy requirements
Table 9.5 Overall energy balance
Table 10.1 General economic information: overall process
Table 10.2 Manufacturing process chronology
Table 10.3 Equipment cost estimates
Table 11.1 Total bare module cost summary
Table 11.2 Assumptions used for total permanent investment calculation
Table 11.3 Investment summary
Table 12.1 Raw material costs
Table 12.2 Byproduct costs




11

Table 12.3 Utility costs

Table 12.4 Factors in total fixed cost calculation

Table 12.5 Fixed cost summary

Table 12.6 Factors in variable cost calculation

Table 12.7 Variable cost summary

Table 12.8 Assumptions in working capital calculation

Table 12.9 Total capital investment summary

Table 13.1 Cash flow summary

Figure 13.1 Annual cash flows.

Table 13.2 Return on investment in the third year of production
Table 13.3 Sensitivity analysis on IRR with varying price and variable cost




12



13

Section 1: Introduction and Objective

a. Project Motivation
Meat is the staple protein source in most humans’ diets and, given the rise in the human
population, current methods of meat production may no longer be able to scale with future
demand. The environmental impacts of increasing meat production are also potentially
devastating: livestock is responsible for 14.5% of global greenhouse gas emissions, with 44% of
those emissions being methane (Gerber et al., 2013). Globally, 77% of agricultural land is being
used for meat and dairy livestock, while only supplying 18% of calories produced (Ritchie,

2019). Beef production alone is responsible for 41% of deforestation each year (Ritchie, 2021).

The growing field of cellular agriculture, a field of biotechnology focused on the
production of animal cells in vitro, offers potential for a sustainable alternative. Growing isolated
tissue rather than an entire animal substantially reduces the resource requirements and air, soil,
and water pollution for meat production. Furthermore, industrial cultured meat production would
also decrease the chances of foodborne illnesses, and decrease antibiotic resistance in humans as

in vitro meat does not require antibiotics.

As opposed to plant-based meat alternatives, cultured meat contains real animal tissue
like muscle and fat. Therefore, with the proper structure, cultured meat products can look, feel,
and taste identical to their traditional counterparts - but without the need to raise and slaughter a
living, thinking animal. Slaughter-free, eco-friendly meat products can appeal to some

vegetarians as well as meat-eaters, converging different customer bases together.

The basic production method for cultured meat involves three steps: proliferation,

differentiation, and processing. First, a starter colony of stem cells is grown on microcarriers
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through a series of reactors of increasing size, allowing the cells to divide and proliferate. Next,
the growth medium (the nutrient broth in which the cells grow) is adjusted to induce the stem
cells to stop dividing and instead differentiate into the desired tissues. Finally, the differentiated
cells are dewetted and processed into the final product. Here, it was decided to culture beef

muscle fiber, mix it with plant-based fat, and extrude it to produce cultured ground beef.

b. Project Goals
The goal of this project is to develop a plant design for manufacturing a cultured meat
product for human consumption. Due to the lack of existing regulations on cultured meat
products in the United States, the authors have decided to focus on adhering to the standards set
forth by the United States Department of Agriculture and Food and Drug Administration

regarding slaughtered meat.

To provide a viable alternative to current slaughter meat production, the manufacturing
goal from the project statement is to produce 35 million pounds of cultured meat product per

year using an aerobic upstream process and a primarily plant-based growth medium.

c¢. Time Chart

The timeline for meeting set deadlines in completing the project is outlined below. In late
December and early January, the team met with project author Dr. Jeffrey Cohen and project
advisor Dr. Bomyi Lim to discuss the current literature and make early design decisions such as
product type (e.g. pork vs beef, sausage vs burger) and current technologies regarding lab-grown
meat. The month of February was used to design and produce a process flow diagram including
the upstream and downstream process units. Early March was dedicated to report writing and

delivering a presentation to the department indicating the team’s progress since the start of the
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semester. The remainder of March was used to document the utilities and raw materials needed
to meet production goals. April’s deliverables focused on economic analysis and finalizing the

report to meet the project deadline.

November December January February March April
1 8 15 22 29|6 13 20 27|3 10 17 24 31| 7 14 21 287 14 21 28| 4 11 18 25
Preliminary Process Synthesis 11/1/2021
Literature Search 11/1/2021
Preliminary PFD 1/2/2022
Rough Material Balance 1/16/2022
Rough Energy Balance 2/1/2022
Finalize Process 1/21/2022
Equipment Design 1/10/2022 _
Seed Bioreactors 2/5/2022
Final Proliferation Reactors 2/12/2022
Differentiation Reactors 2/19/2022
Separation Process Units 2/26/2022
Packaging Unit Operations 3/2/2022
Economic Analysis 3/16/2022 -
Equipment Costs 3/16/2022
Utility Costs 4/10/2022
Raw Material Costs 4/5/2022
Sterilization Costs 4/7/2022
Capital Investment 4/3/2022
Project Deliverables 2/26/2022 _
Intermediate Presentation 3/1/2022
Formal Written Report 3/2/2022
Final Presentation 4/19/2022

Figure 1.1: Objective time-chart. This image outlines the deliverables and how the team
achieved the project deadlines.

d. Project Deliverables
The project deliverables include an intermediate presentation, final written report, and
final presentation. The scope of this project involves the creation of a plant design for the
industrial manufacture of 35 million pounds of a cultured beef product with a primarily
plant-based growth medium. Bovine muscle satellite cells (BMSc) were the cell line chosen for
this project after a literature search on lab-grown meat products. The group also considered

chicken and porcine cell lines but dismissed them due to the lack of research on their growth
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kinetics. Current research offers the most information on the proliferation and differentiation of

bovine cell lines, specifically BMSc.

With that in mind, a full process flow diagram is included to outline the many steps
required for the production process from upstream manufacturing to downstream manufacturing
and various utilities along the way. The report further details the equipment specifications and
costs associated with each of the operations to match the needs of the BMSc line. To provide an
in-depth understanding of the economics of the process, the location is specified to be in the
Midwest: Illinois. The plant location was influenced by the accessibility of required materials in
the area; namely, Illinois is one of the United States’ top producers of corn and soy (Grant,
2022), which are required in large quantities to feed the cells. The raw material costs, total
capital investment, and profitability analysis are also taken into account to recommend a product

price in order to deliver a return on investment.

Apart from the scientific and financial considerations explored in this report, there are
also environmental, ethical, and regulatory standards to be considered. Beef generally has one of
the highest environmental impacts compared to other meats and the report offers a comparison of
the costs associated with in vivo and in vitro production. The purpose of the report is to provide a
conclusive analysis of the process to take laboratory-scale production into industrial manufacture

of an in vitro cultured beef product.
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Section 2: Market Analysis

The Food and Agriculture Organization (FAO) of the United Nations projected that
annual global demand for meat would reach 455 million metric tons or 1 trillion pounds by 2050,
representing a 76% increase since 2005 (Silva, 2018). As of 2020, current global meat
production is 328 million metric tons, or 724 billion pounds per year (Shahbandeh, 2022). With
the projected future demand for meat far exceeding the current supply, an alternative production

method is critical.

Not only does the rise of cellular agriculture provide a solution to meat supply and
demand, but it also represents a new market. The cultured meat market was valued at $1.64
million in 2021, estimated to reach $2.79 billion by 2030 (Allied Analytics, 2021), thereby
indicating the robust growth that the industry is expected to undergo. In the past ten years alone,
the costs associated with producing cultured meat products have substantially decreased. For
example, the first cultured meat burger manufactured in 2013 cost $332,000 in research funds to
produce (Kelland, 2013), whereas a cultured chicken nugget cost a mere $50 to fabricate in 2019
(Shanker, 2019). Given the rapid growth of cellular agriculture exhibited in the past few years,
production costs would likely decrease as the manufacturing processes become more robust and

scaled up.
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Section 3: Competitive Analysis

As of the writing of this report, there are no cultured meat products approved for sale in
the United States. However, in 2019 the US Department of Agriculture’s Food Safety &
Inspection Service (USDA FSIS) and the Food and Drug Administration (FDA) announced an
agreement on how to jointly regulate cultured meat (US FDA, 2020). Under this joint
framework, the FDA will oversee cell proliferation and differentiation before transferring
oversight to the FSIS; the FSIS will oversee downstream processing from cell harvest to final
product packaging and labeling (USDA Press, 2021). This agreement paves the way for cultured

meat companies to seek approval to operate in the United States in the near future.

In other regions, there are several companies that are beginning to bring their products to
consumers (see Table 3.1 for a summary). The most notable, Eat Just’s GOOD Meat, has
received approval in Singapore for cultured chicken nuggets and was the first to sell a cultured
meat product to consumers in December 2020 (Gilchrist, 2021). Currently, there are no direct
competitors to this project’s specific product, cultured beef, on the market, but two of the most
prominent companies in that space are Israel-based Aleph Farms and Netherlands-based Mosa
Meat. Aleph Farms, founded in 2017, announced the world’s first cultured steak in 2018
(Ashkenazi, 2021) and in February 2022 unveiled a 65,000 m? pilot facility they plan to use to
continue scaling up their steak production process (Aleph Farms, 2022). Mosa Meat, founded in
2016 by the researchers who demonstrated the first cultured burger in 2013, was approved in
March 2022 to allow the public to begin sampling their cultured burger in controlled settings in

the Netherlands (De Lorenzo, 2022).
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Table 3.1. Summary of notable competitors in the cultured meat space.

Company . Year .
Name Location Founded Main Product Latest Progress
Eat Just United States 2011 Chicken Approved for sale in Singapore (Dec. 2020)
Aleph 5 .
Farms Israel 2017 Beef Steak 65,000 m” pilot facility (Feb. 2022)
Mosa Meat | Netherlands 2016 Beef Burgers Approved for tastings in the Netherlands

(Mar. 2022)
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Section 4: Customer Requirements

The final product is for human consumption and therefore must comply with the
regulatory requirements for meat for human consumption set forth by the United States
Department of Agriculture (USDA) and the Food and Drug Administration (FDA). The final
product is ground beef with 80% protein content provided by bovine muscle cells and 20% fat
content from hydrogenated vegetable oil. The decision to focus on guidelines set forth by the
United States government is associated with the lack of existing regulatory standards for a

cultured beef product.

The USDA’s Food Safety and Inspection Service (FSIS) is responsible for inspecting all
meat products that are to be shipped and sold across state borders (USDA FSIS, 2016b) under
the Federal Meat Inspection Act. While many states have their own governing bodies for meat
sold within their own borders, this project focuses on a nationwide product that would fall under
the federal government’s jurisdiction. Given that the product is ground beef to be sold to a
distributor responsible for packaging and form, this product does not need to be graded

according to federal regulations.

Nevertheless, the product must still be inspected to ensure that it is sanitary, safe for
human consumption, and correctly packaged. The process outlined in this report falls under the
first subchapter of the Federal Meat Inspection Act: Inspection Requirements; Adulteration &
Misbranding, (USDA FSIS, 2016a). Due to the non-slaughter nature of a cultured beef product,
the amendments and sections that apply to this project regard sanitation and labeling of the
product alone. Sections 607-609 of the Code calls for the proper labeling, marking, and

containment of the product by which this process will abide in that an inspector will supervise
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during the day and night to guarantee adherence to sanitary guidelines (Federal Meat Inspection

Act, 1906).

Though the product is primarily cultured beef, the addition of hydrogenated vegetable oil
as a fat component requires that the product follow FDA guidelines under the Compliance Policy
Guideline Sec 565.100, FDA Jurisdiction Over Meat and Poultry Products. To prevent multiple
government agencies from re-inspecting the same product, the FDA can use their jurisdiction
under the Federal Food, Drug, and Cosmetic Act to inspect rather than the USDA’s FSIS.
However, the nature of the product indicates that the USDA will have the final say in
determining whether the product is safe for human consumption, (US Office of Regulatory

Affairs, 2018).
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Section 5: Preliminary Process synthesis

The novelty of cellular agriculture presents a challenge in that many of the existing
processes focus on lab-scale production which needs to be scaled up to meet the stated
manufacturing goals. Any existing large-scale processes are kept private as industry secrets,
thereby increasing the difficulty of the project. The team utilized current lab-scale methods in the
early upstream processes and scaled up using standard industry practices for adherent cells,
which require attaching to a surface to grow optimally. This surface was provided by
microcarriers, small beads used in cell culture in order to give cells something to adhere to while
also increasing surface area for mass and energy exchange with the cell culture medium.
Fortunately, many of the downstream processing units follow industry standards for the
processing and storage of the finished product. The challenges presented throughout the project

are highlighted below.

The first challenge in which the group was presented was to determine the type of
cultured meat product to produce. After reviewing the available research, it was noted that
cultured beef is the meat product on which most lab-scale in vifro meat projects were focused on.
Due to the availability of this data and research, the team chose to industrialize current lab-scale
technologies for cultured ground beef. Another reason for this choice is that it allows for a
thorough comparison between in vitro and in vivo methods to produce one of the most

environmentally costly meat products: beef.

The bovine muscle satellite cell (BMSc) line was decided upon as they can only be
differentiated into a limited number of tissue types, depending on the medium used for

differentiation (Williams et al., 2012), reducing the potential for non-desired tissue types in the
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final product. This process focuses on the differentiation of these satellite cells into muscle cells
to create a protein-rich cell product. In the final steps of downstream processing, hydrogenated

vegetable oil is used as a fat source to develop a protein to fat ratio of 80:20.

a. Scale-up of Lab-scale Processes to Industrial-scale

When scaling laboratory technology to industrial size process equipment, factors such as
enthalpy of growth, sterility, and separation processes become more important. While cell
growth times remain stable between the two processes, the amount of heat produced on the
industrial scale becomes much more problematic. Therefore, the addition of cooling jackets to
production bioreactors was a necessary step in preventing cell death due to overheating. The
enthalpy change associated with growth kinetics must be considered differently between the two
cases as an ice bath is not a suitable means for keeping internal process temperature consistent at
36.5°C when reactors are hundreds of thousands of liters large. As a result of such reactor sizes,

maintaining sterility proves difficult.

If reactor temperatures rise or fall beyond the optimal growth temperatures, cell death can
complicate sterility between batches. The goal of the proliferation and differentiation phases of
the process is to keep the cells alive until the downstream dewatering step. The purpose of this
goal is to guarantee the longest possible shelf life of the product once ready for sale. Not only is
sterility important in increasing the longevity of the cultured beef, but also to satisfy the
aforementioned USDA guidelines on sanitary production. This challenge differs in production
scale from lab-scale as the majority of laboratory equipment is single-use and/or can be
disassembled for cleaning and sterilization, and therefore does not require the clean-in-place

necessary at industrial scale to prevent cross-contamination between batches.
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Another aspect that influences sterility and cell death is the oxygen uptake rate of the
cells and determining the mass transfer coefficient (k;a) for optimal oxygen transfer rate. At
insufficient dissolved oxygen concentrations, hypoxia may result in significant cell death
compromising the entire batch. At excessive oxygen concentrations, the volumetric mass transfer
ratio becomes significantly smaller thereby decreasing the efficiency of the sparge oxygen
delivery. As opposed to laboratory scale, where shaking can provide sufficient aeration, the
industrialization of these processes includes the addition of gas sparges in all bioreactors. These

considerations are taken into account and further explained in Section 7: Process Synthesis.

The determination of a fed-batch approach to meet manufacturing goals differs from
current research in that many experiments regarding cultured meat are conducted in a batch
modality. As a result of the cell requiring microcarriers to grow, it was concluded that a
continuous approach would not be optimal or even feasible. The inclusion of microcarriers and
differing requirements at the proliferation and differentiation stages would complicate a
continuous model. Therefore, a fed-batch approach would allow varying growth media
compositions to optimize growth and limit any sterility concerns between batches. Increased
cleaning and clear delineations between batches would minimize the sterility concerns and

maximize outputs in line with current regulations.

b. Plant-Based Growth Media
This project also involved developing a primarily plant-based growth medium. However,
traditional growth media require a significant amount of fetal bovine serum (FBS), a byproduct
of cattle slaughter. FBS contains nutrients, hormones, and other growth factors critical for cell
growth, mimicking the complex native environment surrounding mammalian cells (van der Valk

et al., 2010). BMSc proliferation medium typically contains up to 20% FBS (Khasawneh et al.,
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2019), while differentiation medium uses 2% FBS or similar animal products such as horse
serum (Xu et al., 2018). Reducing the use of FBS provides us with an opportunity to differentiate

the product from prior work.

The base for the plant-based medium was based on cell glucose and glutamine
requirements as cell energy and growth requirements are based on these metrics. To obtain these
requirements, a cell culture medium containing both corn grain hydrolysate and soybean

hydrolysate was used to match the glucose and amino acid profiles needed for optimal growth.

Not only are these components necessary for cellular respiration, but also for the
generation of more cells. As a result, the hydrocarbon source for glucose chosen was corn grain
hydrolysate due to its high reducing sugar content, (Huang et al., 2017). The amino acid source
for glutamine, which proves to be the cells’ limiting amino acid (Quang & Zakardas, 1989), is
soybean hydrolysate due to its high protein content. Combining the two plant hydrolysates

satisfies upstream plant-based growth media requirements.

The use of FBS complicates the goal of an entirely slaughter-free meat alternative.
However, this process sought to minimize the use of FBS wherever possible. Based on recent
research, the FBS requirement of this proliferation medium can be reduced to 10% by weight,
and it was determined that FBS could be eliminated entirely from the differentiation medium
(Will et al., 2015). While additives differ between proliferation and differentiation media, the
plant-based growth media primarily featured the corn grain and soybean hydrolysates as the

main nutrient source for the cells.

Initially, the team planned to introduce a hammer mill and enzymatic hydrolysis unit for

both the corn grain and soybean to minimize the costs associated with the raw materials for this
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plant. The location of the plant in Illinois, where corn grain and soybean production are among
the highest in the nation, indicated that allocating for hydrolysates would lower the total capital
investment required. However, ultimately allocating on-site processing of raw corn and soy

proved beyond the scope of the project.

c. Separation of Media and Microcarriers from Cell Slurry

Due to the adherent nature of the BMSc line, the use of microcarriers are critical in
meeting the optimal growth density in the bioreactors to meet manufacturing goals. Current
research shows that Cytodex I microcarriers are the best option for BMSc growth (Luining,
2015). Cytodex I microcarriers are composed of dextran, which provides a nontoxic supportive
structure for the cells to proliferate and differentiate on during the upstream process. However,
its inclusion in the final product would compromise the taste and texture of the cultured beef
product. Therefore, its exclusion in the downstream processing steps is necessary. This section
discusses the various methods explored in research to remove the cells from the beads and how

this process intends on separating them.

Trypsin and EDTA are two industry-known chemicals that can remove cells from the
surface of a microcarrier. The costs associated with trypsin, an enzyme known to dislodge
adherent cells from the surface of the microcarriers, were far too high to consider and would not
solve the problem of ridding the cell solution from the microcarrier waste. Also, trypsin may
increase cell loss on the surface of a microcarrier as it is quite ineffective when compared to
EDTA (Rourou et al., 2013). While adding EDTA to a cell slurry decreased cell loss, the
concentration of EDTA increases cell death as EDTA is a known cytotoxic chemical (Luining,

2015).
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Microcarriers also complicate the downstream separation steps. Not only would the
downstream processing units need to include a solid-liquid separation device, but also a
solid-solid separation unit. Solid-solid separation devices are much more difficult to design,
especially if the desired solid is significantly smaller than the solid it is to be separated from. In
this case, a simple deadend filtration device would not be sufficient due to the small size
difference between the cells and the microcarriers. Therefore, additional separation units would
be necessary to achieve the desired product. The affinity of the cells to the microcarriers further

complicates the issue.

However, there is an alternative to releasing the cells from the microcarriers: dissolving
the microcarrier beads entirely. Dextranase is known to be capable of dissolving dextran
microcarriers while preserving cell viability (Lindskog et al., 1987), and was thus selected as the
dissolving agent. Although dissolving the microcarriers meant that they could not be recycled for
future batches, it minimized cell losses as there would be no surface for the cells to re-adhere to
and removed the problem of having to design a solid-solid separation device. By introducing
dextranase to break down the microcarrier before the solid-liquid separation device, the
assumption can be made that none of the dextran microcarriers would remain to be removed in
the vacuum rotary drum to separate the waste metabolites and unspent media from the cell slurry.
As a result, a solid-solid separation device would no longer be required. Note that it may be
possible to improve the economics of this project if an effective solid-solid separation device

were to be implemented as it would allow for the recycling of beads and reduce raw materials.



Section 6: Process Flow Diagram and Material Balance

a. Process Flow Diagram
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Figure 6.1. Process flow diagram. The upstream and downstream processes for cultured beef. Stream
numbers are included in Section 9.
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b. Material Balances

The material balances for a fed-batch system as proposed by this project are outlined in
the following tables. The fed-batch system proposed by this process utilizes two important
features of a batch and continuous process. The charge requirements are added to the bioreactor
at the start of each batch. The continuous feeds are added throughout the process time that each
batch spends in each bioreactor. As a result, the following tables are designated according to
bioreactor charge requirements, continuous feeds throughout the process, and the overall annual

requirement of each raw material to produce 35 million pounds of ground beef product per year.

Table 6.1 indicates the amount of each substance needed to attain an optimal growth
density of 60 million cells per mL and maintain this density throughout the differentiation stage
of the process. The bioreactors are named according to the process flow diagram shown
previously, but there is a distinction between final proliferation reactor (FPR) 1 at full harvest
and half harvest. This difference denotes when the contents of the entire reactor are sent to
differentiation reactor (DR) 1 and when only half of its contents are sent to DR 2, DR 3, or DR 4
as they operate at half the capacity of DR 1. While the exact same proliferation reactor is used,
half of it is harvested three times, each time allowing the contents to double again between
harvests, until the fourth and final harvest takes the full contents of the FPR and sends it to DR 1.
The purpose of the multiple harvests is to maximize the amount of product that can be produced
from one batch, as proliferation is extremely time-intensive, taking 31 days from the beginning

of the seed train to the first half harvest.

Note that insulin, linoleic acid, and dexamethasone are not included in the proliferation

stages of the process. The addition of insulin, linoleic acid, and dexamethasone, along with the
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cessation of adding FBS, induces the stem cells to begin differentiating (Will et al., 2015). This
serum-free differentiation medium was taken from a review in which various serum-free media
are explored and compared to the performance of cells in FBS-containing media (Will et al.,
2015). In addition, Cytodex I microcarriers are not included in the differentiation stages, as cell

division halts during differentiation, and thus additional microcarriers no longer need to be

added.

Table 6.1: Batch bioreactor charge requirements for cell proliferation/differentiation

Hs:l)Z:l;:Zte I({:;:o?yrszitne FBS Insulin Li:gilgic Dexamethasone | Cytodex 1
(Ibs/batch] | [Ibs/batch] [Ibs/batch] | [Ibs/batch] (Ibs/batch] [Ibs/batch] | [Ibs/batch]
SR 1 0.002 0.001 0.0004 - - - 1.6
SR 2 0.05 0.03 0.009 - - - 40
SR 3 0.37 0.23 0.07 - - - 700
(FuFul;I:rvlest) 44 28 8.0 - - - 88,000
(H: i I:rvlest) 44 14 6.5 - - - 44,000
DR 1 44 28 - 0.22 0.47 0.19 -
DR 2 22 14 - 0.11 0.24 0.09 -
DR 3 22 14 - 0.11 0.24 0.09 -
DR 4 22 14 - 0.11 0.24 0.09 -

Batch requirements differ from the continuous feed supplied to the reactors in that it
provides the necessary reactor initial concentrations to induce an optimal growth environment.
Therefore, Table 6.2 summarizes the necessary additions that need to be made to ensure that this
growth environment is kept stable. The important factors include glucose, glutamine, and water
such that optimal growth can occur. Only process water, soybean hydrolysate, and corn grain
hydrolysate are added continuously. These are the three main components that the cells need to

undergo cellular respiration and grow under specified conditions. As a result of the generous
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charge amounts of growth regulators such as FBS and Cytodex I microcarriers, and
differentiation inducers such as insulin, linoleic acid, and dexamethasone, the cells grow and
differentiate in their bioreactors in the presence of all the necessary components. While it would
be possible to charge the vessels with all necessary media from the start, it would not allow for
control of the optimal growth density. By not controlling the chosen cell density, the cells may

overpopulate the bioreactors leading to possible cell exhaustion and death.

Table 6.2: Continuous feed bioreactor requirements for cell proliferation/differentiation

Process Water Soybean Hydrolysate | Corn Grain Hydrolysate
[Ibs/hr] [Ibs/hr] [1bs/hr]
SR 1 0.003 0.004 0.003
SR 2 0.07 0.10 0.07
SR 3 0.54 1.98 1.3
o e 39 150 99
s 20 76 50
DR 1 140 52 4
DR 2 69 26 2
DR 3 69 26 2
DR 4 69 26 2

A fed-batch system in which components are added to each bioreactor for varying
amounts of time results in a complex equation for determining the yearly requirements for each
material in the production of a lab-grown meat product. Table 6.3 briefly summarizes these
calculations in which each requirement is determined. The charge amount is first added to the
product of the material flow rate and time spent in the reactor per batch. Then, this sum is
multiplied by the number of batches produced per year. The major components of the material

balance are the process and cooling water, soybean hydrolysate, corn grain hydrolysate,



32

microcarriers, air, and cooling water as their requirements are well into the millions of pounds
per year. Also, the starter cells, FBS, linoleic acid, insulin, and dexamethasone are necessary for

adequate growth and differentiation as previously noted.

Table 6.3: Yearly requirements for cell proliferation/differentiation

Component Annual Requirement Units
Process Water 6.4 million lbs
Starter Cells 8.3 Ibs
Soybean Hydrolysate 110 million lbs
Corn Grain Hydrolysate 75 million lbs
Microcarriers 8.6 million lbs
Air 940 million lbs
FBS 1.1 thousand lbs
Linoleic Acid 46 Ibs
Insulin 21 lbs
Dexamethasone 18 Ibs

While Table 6.3 outlines the total yearly requirement of the upstream processes alone,
Table 6.4 focuses on the total annual requirements for all raw materials and cooling water
utilities that enter and exit the overall process. The necessary additions here include the amount
of dextranase, hydrogenated vegetable oil, and cooling water to produce 35 million pounds of

cultured beef product.

The amount of process water added to the bioreactors is less than the amount lost as a
result of the supernatant purge of 10% to prevent ammonia produced during growth and
differentiation from accumulating in the system. This idea continues for any of the added growth
supplements such as soybean and corn grain hydrolysates, FBS, linoleic acids, insulin, and

dexamethasone. The evaporated process water is included in the annual waste leaving in the air
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stream as it results from the dry air traveling through the bioreactors and becoming saturated.
The cooling process also evaporates water in the cooling tower and chiller which are also

included in the exiting air for the process.

Due to the use of the hydrolysates in energy production and cell mass production, there is
no clear way to distinguish how the cells are using them thereby resulting in a whole-process
mass balance that does not close. Using these hydrolysates, the process is able to grow 28 million
pounds of cells from 8.3 pounds of starter BMSc and supplement it with 7 million pounds of
hydrogenated vegetable oil to achieve the desired fat to protein ratio. It should also be noted that
the microcarriers and dextranase enter and leave the process in the same amount as they are tools
used to achieve growth and therefore, not part of the final product. As a result, 35 million pounds

of an in vitro beef product are formed per year.



34

Table 6.4: Yearly requirements for overall process

Component Annual Intake Annual Waste Units

Process Water 6.4 9.1 million lbs

Starter Cells 8.3 - lbs
Soybean Hydrolysate 110 11 million Ibs
Corn Grain Hydrolysate 75 7.5 million lbs
Microcarriers 8.6 8.6 million lbs
Air 94 140 million lbs
Nitrogen 72 72 million lbs
Oxygen 22 9.6 million lbs
Carbon Dioxide - 17 million lbs
Water Vapor - 35 million Ibs

FBS 1.1 0.11 thousand 1bs

Linoleic Acid 46 4.6 lbs

Insulin 21 4.6 lbs

Dexamethasone 18 1.8 lbs
Dextranase 8.6 8.6 million lbs
Hydrogenated Vegetable Oil 7 - million lbs
Cooling Water 29 - million Ibs
Cultured Beef Product - 35 million lbs

c. Timeline of Key Steps in the Process and Batch Scheduling

The biggest obstacle in batch scheduling was in ensuring efficient usage of the
bioreactors. In order to meet the production goal of 35 million pounds per year of the final
product, 28 million pounds per year of bovine muscle cells must be produced. With two final
proliferation reactors, each with a working volume of 225 m* and harvested 4 times (see Section
7 for more detail), each batch produces approximately 739,000 pounds of cells; the process is
able to produce about 39 batches per year, for 28.6 million pounds of cells produced (thus

leaving 2% excess in case of quality control issues).
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In order to meet the required number of batches, the seed and final proliferation
bioreactors run concurrently. The three seed train bioreactors are run such that the first step takes
the longest (7.14 days), followed by the second (7.08 days), and then the third (6.35 days). This
ensures that seed train steps do not finish earlier than those that come after them; while excess
downtime is undesirable, it is vital to keep cells moving between reactors, where they have
adequate oxygen and nutrients, rather than creating a need for storage that may compromise cell
viability.

The slowest step by far is the initial growth in the final proliferation reactors, at 10.5
days. While the length of time is undesirable in terms of batch efficiency, the delay does allow us
to have both of the final proliferation reactors share the same set of seed and differentiation
reactors. Offsetting the start time of each final proliferation reactor by approximately 8 days
allows for this reduction in total bioreactors needed, as well as staggers the timing for when cells
arrive at downstream processing. See Figure 6.1 for a Gantt chart demonstrating the full

schedule.



36

Stage Reactor | Time in Days (Not to Scale)
S G G - Gamms
g
Seed 2 ‘ 7.1 days 7.1 days
i)
g R IR
Seed 3 ‘ 6.4 days 6.4 days 6.4 days
s el
g
5 8
S |
[}
Q Final Proliferation 2 10.5 days
|
§  EECTITTES
8
i
g ‘ \
g Differentiation 2 3d 3d
| ;
Differentiation 1 3d 3d
|

Figure 6.2. Bioreactor Gantt chart. For the final proliferation reactors, the unlabeled boxes
following each 10.5-day proliferation indicate the subsequent 3 doublings as the final
proliferation reactors are harvested and the cells sent to differentiation. The gaps between time
blocks represent cleaning (see “Clean-in-Place” in Section 7) and other routine maintenance.
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Section 7: Process Synthesis

a. Process Summary

The cultured meat process can be broadly divided into two categories: upstream and
downstream processing. The upstream component of the manufacturing plant focuses on the
cultivation of the cells to be used as the protein component whereas the downstream component
involves the dewatering, mixing, extrusion, and storage of the finished product.

However, each of the process units involved in the entire manufacturing process must
also be maintained under certain conditions and cleaned thoroughly. Due to the heat generation
associated with cell growth, an intricate cooling system is needed for the process to maintain
ideal growth conditions. As previously mentioned, the industrialization of a laboratory process
brings about concerns of sterility, necessitating the inclusion of a clean-in-place (CIP) procedure
for all process units which come into contact with the cell product.

The upstream process, oxygen transfer, cooling jacket network, downstream process, and

clean-in-place process are outlined in the following subsections.
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b. Upstream Process
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Figure 7.1. PFD: upstream process units. Upstream process units and the associated streams
for proliferation and differentiation. The network of sterile air supplies is also included.

Upstream processing refers to the proliferation and differentiation of the cells, producing
a mixture of growth medium and cells attached to microcarriers that is sent to downstream
processing. For this process, bovine muscle satellite cells (BMSc) were used due to a greater
amount of information available about them in the literature. This cell line is adherent, meaning
it must be grown attached to a solid substrate; Cytodex 1 was selected, small dextran beads that
have been shown to best encourage BMSc growth (Luining, 2015). Following 31 days of
proliferation (see Figure 6.1), the BMSc must then be differentiated to muscle fiber final product
formation. This step is accomplished by serum starvation (the depletion of nutrients from fetal
bovine serum that occurs as the cells divide) and the addition of small concentrations of
dexamethasone, linoleic acid, and insulin (Will et al., 2015). After 72 hours (Will et al., 2015),
the BMS cells will have finished differentiating to muscle fiber and are ready to be sent to
downstream processing.

For the bioreactors, bubble columns are chosen rather than the more traditional stirred

tanks currently used in most industrial cell culture. In its simplest form, a bubble column reactor
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consists of a tall, thin cylinder with a gas sparger on the bottom and a vent on top. Gas bubbles
traveling up from the sparger keep the medium circulating and provide oxygen to the entire tank.
This reactor type was chosen in order to adequately oxygenate the largest reactors; mammalian
cells have a relatively large oxygen requirement as opposed to the bacteria and yeast primarily
grown in fermenters of this size scale. If a stirred tank had been chosen, the amount of stirring
required to uniformly oxygenate the cell growth medium would have placed the cells at risk of
injury or death from shear stress. Bubble column reactors also have the advantage of being
relatively simple to design and build. With the number of bioreactors required for the plant, this
simplicity helps us save on construction costs and reduces possible points of failure in the design
(eg, a mechanical agitator).

Due to the large size of the final proliferation reactors, 300 m®, a three-step seed train is
required in order to expand the starting cells to a concentration high enough to inoculate the
largest reactors. The first step, inoculating the first seed reactor, begins with an allocated, on-site
cell culture lab. It is assumed that there is steady access to high volumes of concentrated, frozen
cell starter such that each batch begins with 150 mL of starter at a concentration of 65 million
cells/mL, as described in a recent article in the Journal of Chemical Technology &
Biotechnology (Wong et al., 2021). The full seed train consists of a series of 3 seed reactors of
0.01, 0.33, and 2.49 m® volumes, leading up to the cells being sent to one of two final
proliferation reactors of 300 m® volume.

Each final proliferation reactor is harvested four times - thrice taking half the total culture
volume before allowing the cells to double again, and for the fourth and final harvest draining
the reactor entirely, in a method adapted from Guan et al. (2021). Each harvest is sent to a

differentiation reactor, so that four total are required: three of 150 m?, and one of 300 m? volume.
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Due to the slow doubling time of the cell line, 36.6 hours (Simsa et al, 2019), the two final
proliferation reactors can be scheduled offset from one another such that the same set of seed and

differentiation reactors can be used for both (see Figure 6.1 for a bioreactor scheduling chart).

c. Oxygen Transfer
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Figure 7.2. PFD: sterile air supply. Sterile Air Supply for Aerobic Bioreaction.

The upstream process includes aerobic bioreaction which uses oxygen to convert sugar
molecules to hydrocarbons for cell growth. To maintain proper growth conditions, a minimum
amount of oxygen should be present depending on the cell population in the reactor (i.e. more
oxygen is required at higher cell density). The oxygen requirement also depends on the oxygen
transfer rate (OTR) and the oxygen uptake rate (OUR). OTR refers to the absorption of oxygen
from gas bubbles to liquid while OUR is defined as the consumption of oxygen from liquid to
the cell. The OTR that is supplied by the sparger gas must equal the OUR at a steady-state to

maintain a dissolved concentration of oxygen in the liquid. A key concept to consider is the
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liquid boundary layer formed around the air bubbles which limits the OTR into the bioreactor
media. If oxygen is not properly transferred to the media from the air, it can not be consumed by
the cells as needed so it is crucial to obtain a mass transfer coefficient (k;a) for a given air
supply. It is also important to determine the pressure difference between dissolved oxygen in air
and media which acts as a driving force for OTR. This process uses a 10% dissolved oxygen
setpoint and a solubility of 0.03 grams of oxygen per kg of water (Engineering Toolbox, 2008) to
create an OTR driving force. As shown in Figure 7.2, the process is set to supply sterile air with
21% saturated oxygen to all the bioreactors. However, the flow rate of air supplied to the reactors
vary depending on the oxygen demand which is determined by a combination of equations
discussed in Appendix C.

To summarize the method, the specific OUR of mammalian cells, 0.20 pmol O,/cell/hr
(Goudar et al., 2011), and the peak viable cell density, 60 million cells/mL (Mizukami et al.,
2013), in each bioreactor is used to obtain the OUR (mmol O,/L/hr). Equating OUR to OTR and
using Fick’s first law of diffusion, the k;a requirement is determined. Then, a correlation
between k;a and gas superficial velocity in a bubble column reactor is used to obtain the sparge
gas rate that would meet the oxygen demand (Zednikova et al., 2018).

The gas bubbles need to overcome the pressure difference to reach the top of the reactor
with the help of compressors. Three compressors are used to pressurize the air for three different
supply networks. The first compressor (Comp 1) supplies air to the seed train reactors (SR1,
SR2, and SR3). Note that streams S33’ and S35’ include restriction orifices to reduce the
pressure since sparge gas rates for SR1 and SR2 are significantly lower than SR3 (see Table 9.3).

The second compressor (Comp 2) supplies air to both the final proliferation reactors (FPR 1, 2)
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and the full-sized differentiation reactor (DR1). Lastly, the third compressor (Comp 3) supplies

sterile air to the three half-sized differentiation reactors (DR 2, 3, 4).

During the aerobic bioreaction, carbon dioxide is created as a byproduct in a 1:1 mole

ratio with oxygen. Therefore, generated carbon dioxide, unreacted inert nitrogen, and the

remaining oxygen leave the reactor through the vent as depicted in Figure 7.2.

d. Cooling Jacket Network
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Figure 7.3. Cooling Tower and Chiller Network. The diagram includes streams supplying
chilled water at 22°C (blue) to all the bioreactors and warm water at 26.5°C (red) back to the

chiller.
Throughout the entire proliferation and differentiation process, metabolic activities in the

bubble column reactors generate heat that, left unchecked, will hinder cell growth and viability
(Guan & Kemp, 1999). It is crucial to remove the additional heat generated from cell growth and

maintain the content inside the reactors at a constant temperature of 36.5°C to keep the cells
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viable (“Cell Culture Environment,” n.d.). To do so, a cooling tower is installed onsite to supply
cold water to all the bioreactors through annular cooling jackets. Heat transfer is typically more
efficient in mechanically agitated reactors due to a thinner boundary layer on the reactor surface
as a result of higher process fluid velocity (Mahir et al., 2021). However, the optimal cell growth
condition for this process demands the use of bubble column reactors which have lower heat
transfer.

The addition of cooling jackets around each reactor will help the heat transfer process by
introducing a temperature difference. The annular cooling vessels will be made up of 304
stainless steel, which has a thermal conductivity of 16.2 W/m*K (Azo Materials, 2005). The
relatively high thermal conductivity and proper jacket thickness will provide sufficient surface
area for proper heat transfer. A thorough energy balance on the cooling jacket is further
discussed in Section 9.

Figure 7.3 shows the overall cooling jacket network for the plant. Depicted in blue lines,
chilled water at 22°C is supplied to each bioreactor. The cooling jackets remain in contact with
the walls of each reactor, allowing heat transfer to occur from process volume to the jacket. The
heat generated from cell growth is transferred to the cooling water, raising its temperature to
26.5°C. The red lines depict the warm water that carries the generated heat from the bioreactors
back to the chiller.

For most of the year, a cooling tower alone is adequate to provide cooling water for the
plant. However, the temperature of Illinois in the summer necessitates a chiller onsite. Over the
last decade, the highest temperature experienced in Illinois ranged from 34°C to 41°C, which is
significantly higher than the cooling water temperature that is required for the process. A chiller

can take the water from the cooling tower and bring it down to the desired temperature before
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reaching the bioreactor cooling jackets. It should be noted that the cooling jacket network may be

modified to include heat exchangers that can heat the water in winter if necessary.

e. Downstream Process
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Figure 7.4. PFD: downstream process units. Downstream process units and their associated waste and
feed streams which includes the product of the upstream process units and follows the process through to
the production of the final product: ground beef.

Downstream processing refers to the separation, dewatering, and packaging steps of
cultured meat production. Following the differentiation bioreactors, the first step is a disk stack
centrifuge to dewater and remove the bulk of the liquid medium resulting in a concentrated cell
slurry containing microcarriers. A disk stack centrifuge was chosen as the ideal separation unit in
that it allowed for a sufficient amount of growth media to be removed. It also clarified the media
such that it could be sterilized and reused for subsequent batches so long that sufficient nutrients
were added.

Next, the cell suspension enters a stirred-tank reactor (STR) to allow for the addition of
dextranase. This step is required to dissolve the microcarriers and release the adherent cells for
further cell separation from the suspension. The STR plays an important role in the dissolution of

the microcarriers as it allows for the dextranase to homogenize within the solution and minimize
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any gradients that may occur. This homogenization is critical to reducing the amount of
dextranase needed to disintegrate all microcarriers present in the cell mixture.

Dextranase is an expensive enzyme whose function is to dissolve the dextran beads
without harming the cells. The decision to place the dewatering step before the dissolution of the
microcarriers stems from this cost. To be effective in dissolving the dextran beads, the amount of
dextran added needs to be in a 1:1 ratio with the weight of microcarriers. Dewatering the slurry
before its addition was necessary to ensure that the water content of the exit stream leaving the
differentiation reactors was limited. Therefore, less dextranase would need to be added to the
stirred-tank reactor that followed. The stirred tank helps to homogenize the mixture of cells,
microcarriers, and dextranase to fully dissolve the dextran beads and dislodge the cells thereby
solving two problems at once.

The final separation step is a rotary drum vacuum dryer with minimized heat to prevent
cell death and produce a cake-like consistency of cells. The inclusion of this step is to remove
any excess media and process water to ensure a texture of the product that is analogous to
slaughter meat. The specification of the rotary drum to be a vacuum is to physically separate any
remaining liquid from the cell product without the potential for shearing the cells. This
specification also prevents cell death as a result of excessive temperatures common to other types
of drum dryers. As a result of this step, the cells are now a dry, dense protein.

Maintaining sterility and cleanliness according to FDA and USDA guidelines, all
successive steps in the downstream process are completed in a cold room to prevent spoilage and
prepare the product for sale and transport. While the meat can be stored at 0°F for three to four

months, the cold room is kept at a temperature of 10°F. This temperature would be sufficient to
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finish processing and store the product for 3 days onsite. This decision would allow distributers
to determine how to package and market the product according to their own standards.

To prepare the final product, the cells are mixed with hydrogenated vegetable oil to
achieve an 80% protein to 20% fat content by weight. To achieve the desired ratio, hydrogenated
vegetable oil is fed to the mixer in a 1:4 ratio to cell product following its exit from the rotary
drum vacuum dryer. As a result, a total of 7 million pounds of hydrogenated vegetable oil is
added to the 28 million pounds of cells produced to achieve a total mass product for sale of 35
million pounds. The mixture is given a ground beef consistency in a twin shell tumbler to ensure
that the product is homogenous.

Following the mixer, the aggregate feeds into three extruders operating in parallel to one
another. The inclusion of six screw extruders to the process diagram allows for downstream
processing while the others are being cleaned between batches.

Finally, the product is stored in two identical storage vessels in which each will contain a
three-day supply of product due to the meat product’s relatively short shelf life. A three-day
storage supply of product is optimal as each batch of cells are produced three days within one

another as a result of the batch scheduling system described in Section 6.

f- Clean-In-Place (CIP)

In order to maintain sterility, each process unit that touches the product undergoes a
clean-in-place (CIP) cycle following each batch. For all units, the CIP cycle begins with a
greywater wash, followed by a 2% NaOH caustic wash, and finally a virgin hot water wash, as
advised by the industrial consultants. 100% of the virgin hot water is reused as greywater, while
90% of the caustic wash is reused for the next batch. The remaining 10% of the used caustic

wash is neutralized using sulfuric acid before disposal.
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The final step is sterilization. For the seed, proliferation, differentiation, and stirred tank
reactors, sterilization is accomplished using 15 psig saturated steam, bringing the interior surface
to 121°C for 15 minutes. For the remaining downstream process units - the rotary drum dryer,
centrifuges, extruders, and storage tanks - sterilization is accomplished using a 0.2% peracetic
acid (PAA) solution. For each piece of equipment, the flow rate of cleaning liquid and cycle time
for each cleaner was determined using the specifications for commercially available CIP
equipment (Alfa Laval, n.d.). A full table for the amounts of steam, hot water, and chemicals
required is provided in Appendix D.

To mix the cleaning chemicals, NaOH is purchased as dry powder and mixed with pure
water at a ratio of 2 grams NaOH to 100 grams of water. PAA is purchased as a 15% solution and

diluted with pure water to form a 0.2% solution.
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Section 8a: Equipment List and Unit Descriptions

a. Seed Reactors (SR)

The seed train system serves to proliferate a small number of starter cells to a number
sufficient to inoculate the 300 m® final proliferation reactors. Each seed reactor (SR) is
constructed with 304 stainless steel with an attached cooling jacket to counter the enthalpy
associated with growing the cells. SR 1 serves to proliferate 9.75 billion cells to 250 billion cells
in a 0.013 m® bubble column reactor within 7.14 days. SR 2 grows this amount of cells to 6.25
trillion cells in a larger bubble column with a volume of 0.33 m® in 7.08 days. Finally, SR 3
achieves a final cell count of 112 trillion cells within 6.4 days in a 2.5 m® bubble column reactor.
After achieving the desired cell concentration of 60 million cells per mL, the cells move on to the

final proliferation reactors.

b. Final Proliferation Reactors (FPR)

The two final proliferation reactors act on an offset parallel schedule, fed by the same set
of 3 seed reactors (see Figure 6.1 for a Gantt chart). These reactors are also identical in size and
function in that they are both 300 m*® volume bubble column 304 stainless steel reactors and are
equipped with a cooling jacket for the reasons aforementioned. 304 stainless steel was chosen on
the advice of the industrial consultants in order to balance bioreactor manufacturing costs with
the ability to maintain a sterile cell growth environment. The proliferation reactors are intended
to grow the cells to a peak viable cell density (VCD) of 60 million cells per mL and achieve a
final cell count of 112 trillion cells. Upon reaching peak VCD, half of the contents of the reactor

are sent to a half-size differentiation reactor (DR) before the remaining contents are allowed to
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double. This is repeated until 3 half-size DRs have been filled and the FPR is filled a final time

before being sent to a full-size DR to complete the upstream process.

c. Differentiation Reactors (DR)

There are two sizes of bubble column reactors used for optimizing the differentiation
process. All four of the differentiation reactors are built using 304 stainless steel and a cooling
jacket to absorb any heat released by the cells during respiration. DR 1 is the largest bioreactor at
300 m® for the final harvest of cells produced in the full proliferation reactors. DR 2, DR 3, and
DR 4 are equivalent in size at 150 m® and are designed to differentiate only half of the contents

of the final proliferation reactors.

d. Compressors (Comp)

Though there are only three compressors responsible for supplying air to all nine reactors
at once, the compressors each supply air to 3 reactors depending on the reactor sizes. The three
seed reactors receive their gas sparge from the air compressed by Comp 1. As a result, the work
required is a mere 1.9 horsepower in comparison to Comp 2 and Comp 3. Comp 2 supplies air to
all of the full-sized reactors (FPR 1, FPR 2, and DR 1) resulting in a network requirement of 660
horsepower to deliver the air at the required pressure needed to overcome the pressure within
each column. Comp 3 supplies air to the remaining half-sized differentiation reactors requiring a

total input of 330 horsepower.

e. Cooling Tower and Chiller
The addition of the cooling tower in the process flow sheet allows us to reuse the cooling
water being supplied to the jackets insulating each of the reactors. The inlet temperature of the

water entering the cooling jackets is 22.0°C and returns to the tower at 26.5°C to be cooled to
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22.0°C once again. Through the process of evaporative cooling in the tower, the utility water
attains the desired temperature and only a fraction of additional cooling is purchased.

Due to the low ambient air temperatures in Illinois year-round, it was determined that a
chiller would only need to be in use during the summer months of June, July, and August to

achieve the desired temperature in the cooling water exiting the tower.

f- Pumps (P)

Pumps are required to circulate water in the bioreactor cooling jacket network. Six
cast-iron centrifugal pumps with a vertical split case and a flow rate range of 50-3500 gallons per
minute are used. Pumps P-101, P-105, and P-106 supply warm water at 26.5°C and a pressure
drop of 2 psig to the cooling tower, chiller, and chiller respectively. Pump P-102 supplies cold
water to the chiller at 22°C with a pressure drop of 19 psig. P-103 and P-104 supply cold water at
22°C to full-sized reactors at a pressure drop of 17 psig and to the half-sized reactors at a

pressure drop of 13 psig, respectively.

8. Disc Stack Centrifuges (DSC)
Two identical disc stack centrifuges operate in parallel to one another. When one is in
operation, the other is set to be sanitized between batches such that the cell product is produced

as continuously as possible. These centrifuges are designed in 304 stainless steel to allow for
adequate cleaning in accordance with the clean-in-place procedure. Its 250 m’ size allows for the

separation of the solid and liquid phases of the 225 m? entering from the upstream process.
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h. Stirred Tank Reactor (STR)

The 304 stainless steel stirred tank reactor operates to evenly distribute the added
dextranase to the process and ensure that no dextran microcarriers remain in the final product.
Due to the decreased volume of the cell precipitate coming out of the DSC, the STR is only a
fraction of the initial volume of cell slurry entering the downstream process at 75 m?. This
reactor also has a cooling jacket to ensure that the cells are provided adequate cooling and
prevent cell death and resulting contamination. Clean-in-place and steam sterilization procedures

are maintained between batches.

i. Vacuum Rotary Drum Dryer (Rotary Drum)

The vacuum rotary drum dryer serves to dewater the cell slurry and form a cake-like
consistency with the cells using a pressure difference. The dryer operates at 36.5°C and 0 psia to
achieve the vacuum effect. The cells will adhere to the drum and excess water will be removed
during its rotation to be later mixed with the hydrogenated vegetable oil and extruded. The dryer
has an effective area of 4.65 m? and is constructed using 304 stainless steel such that cleaning

procedures can be performed.

Jj.  Mixer
The mixer has a volume of 5.66 m® and is constructed of 304 stainless steel to be cleaned
and sterilized between batch scheduling. It propels a final product into the extruders with a
formulation of 80% cell concentrate and 20% hydrogenated vegetable oil. The cake-like
consistency that exits the rotary drum is now completed with the oil to give a texture akin to

traditional ground beef.
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k. Screw Extruders (Ext)
The six identical screw extruders are included for completeness, but only three are in
operation at a time. This design is such that the three extruders out of operation can be cleaned
and sterilized while the others are extruding product to ensure continuous production. They are

designed to extrude 4,000 1b/hr and operate in the cold room at 10°F and atmospheric pressure.

l. Storage Tanks
Two storage tanks, equal in size, material, and construction, are used to contain the
product in its final form for 3 days in the cold room. As a result, they are operating at 10°F and
atmospheric pressure. The identical vessels are 416 m® and composed of 304 stainless steel and

follow the clean-in-place procedure outlined in Section 7.



Section 8b: Equipment Specification Sheets

a. Seed Reactors
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Seed Bioreactor 1

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure (psig)

Design Data:

Height (m)

Diameter (m)

Volume (m?)

Thickness (mm)

Pressure Rating (psig)

Gas Sparge Rate (m*/hr)

Material of Construction
Utilities:

Item

PFD Identifier

No. Required

Proliferate starter cells to desired density
Fed-Batch

Cooling Jacket

Bubble Column Reactor
SR 1
1

36.5

0.68

0.16

0.013

80

30

0.87

304 Stainless Steel

Seed Bioreactor 2

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure (psig)

Design Data:

Height (m)

Diameter (m)

Volume (m?)

Thickness (mm)

Pressure Rating (psig)

Gas Sparge Rate (m*/hr)

Material of Construction
Utilities:

Item

PFD Identifier

No. Required

Proliferate cells to desired density
Fed-Batch

Cooling Jacket

Bubble Column Reactor
SR 2
1

36.5

1.9

0.47

0.33

80

40

7.4

304 Stainless Steel
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Seed Bioreactor 3

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure (psig)

Design Data:

Height (m)

Diameter (m)

Volume (m?)

Thickness (mm)

Pressure Rating (psig)

Gas Sparge Rate (m*/hr)

Material of Construction
Utilities:

Item

PFD Identifier

No. Required

Proliferate cells to desired density

Fed-Batch

Cooling Jacket

Bubble Column Reactor
SR 3
1

36.5

0.93

3.7

2.5

80

50

28

304 Stainless Steel

b. Final Proliferation Reactors

Final
Proliferation
Reactor

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure (psig)

Design Data:

Height (m)

Diameter (m)

Volume (m?)

Thickness (mm)

Pressure Rating (psig)

Gas Sparge Rate (m*/hr)

Material of Construction
Utilities:

Item
PFD Identifier
No. Required

Proliferate cells to desired density
Fed-Batch

Cooling Jacket

Bubble Column Reactor
FPR 1/FPR 2
2

36.5

18

4.6

300

80

140

686

304 Stainless Steel




c. Differentiation Reactors
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Differentiation
Reactor

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure (psig)

Design Data:

Height (m)

Diameter (m)

Volume (m?)

Thickness (mm)
Pressure Rating (psig)
Gas Sparge Rate (m*/hr)
Material of Construction

Item

PFD Identifier

No. Required

Proliferate cells to desired density
Fed-Batch

Bubble Column Reactor
DR 1
1

36.5

18

4.6

300

80

140

686

304 Stainless Steel

Utilities: Cooling Jacket
Differentiation
Item Bubble Column Reactor
Reactor PFD Identifier DR 2/DR 3/DR 4
No. Required 3
Function: Proliferate cells to desired density
Operation: Fed-Batch
Operating Conditions:
Temperature (°C) 36.5
Pressure (psig) 0
Design Data:
Height (m) 14
Diameter (m) 3.6
Volume (m?) 150
Thickness (mm) 80
Pressure Rating (psig) 80
Gas Sparge Rate (m’/hr) 432

Material of Construction
Utilities:

Cooling Jacket

304 Stainless Steel




d. Compressors
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Compressor
Ttem Compressor
PFD Identifier Comp 1
No. Required l
Function: Compress air to desired pressure
Operation: Continuous
Streams: S32 S327
Inlet/Outlet Inlet Outlet
Pressure (psig) 0 27.3
Mass Flow (Ib/hr) 98 98
Molar Flow (Ibmol/hr) 34 34
Mole Fraction
Nitrogen 0.79 0.79
Oxygen 0.21 0.21
Volumetric Flow 102 36.4
(1113/ hr)
Design Data:
Net Work (kWh) 1.4
Notes: Provides gas sparge to SR 1, SR 2, SR 3
Compressor
Item Compressor
PFD Identifier Comp 2
No. Required 1
Function: Compress air to desired pressure
Operation: Continuous
Streams: S39 S39°
Inlet/Outlet Inlet Outlet
Pressure (psig) 0 373
Mass Flow (1b/hr) 5,545 5,545
Molar Flow (Ibmol/hr) 191.5 191.5
Mole Fraction
Nitrogen 0.79 0.79
Oxygen 0.21 0.21
Volumetric Flow 52,271 2,060
(1113/ hr)
Design Data:
Net Work (kWh) 491
Notes: Provides gas sparge to PFR 1, PFR 2, DR 1
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Compressor

Function:
Operation:
Streams:
Inlet/Outlet
Pressure (psig)
Mass Flow (Ib/hr)
Molar Flow (Ibmol/hr)
Mole Fraction
Nitrogen
Oxygen
Volumetric Flow
(1113/ hr)
Design Data:
Net Work (kWh)

Notes:

Item

PFD Identifier
No. Required

Compress air to desired pressure

Continuous

S46
Inlet

3,494
121

0.79
0.21
26,116

Provides gas sparge to DR 2, DR 3, DR 4

Compressor
Comp 3
1

S46°
Outlet
296
3,494
121

0.79

0.21
1,297

246




e. Cooling Tower and Chiller
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Cooling Tower

Function:
Operation:
Streams:
Inlet/Outlet
Temperature (°C)
Pressure (psig)
Mass flow (Ib/sec)
Design Data:
Height (m)
Diameter (m)
Volume (m?)
Thickness (mm)
Pressure Rating (psig)
Evaporation Rate (Ib/sec)
Material of Construction
Utilities:
Notes:

Item
PFD Identifier
No. Required

Deliver cold water for cooling jacket

Continuous

Cooling Jacket

S75
Inlet
26.5
14.7

408

S54
Inlet
25
14.7
411

Cooling Tower
Cooling Tower
l

S76 S55
Outlet Outlet
26.5 22
14.7 34.1
411 408

18

4.6

300

80

432

3

Carbon Steel

Cooling tower receives hot water at 26.5°C from the bioreactors
through the chiller at a rate of 408 1b/s, but water evaporated at 3
Ib/s, releasing the heat transferred from the overall cell growth
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Chiller
Item Chiller
PFD Identifier Chiller
No. Required 1
Function: Stabilize cooling water inlet temperature to 22°C
n extreme weather
Operation: Continuous
Streams: S56 S73/883 S57/862 S74
Inlet/Outlet Inlet Inlet Outlet Outlet
Temperature (°C) 22 26.5 22 22
Pressure (psig) 14.7 14.7 17.1 17.1
Mass flow (Ib/sec) 408 408 408 408
Design Data:
Cooling Capacity (tons) 3,490
Chiller Size (tons) 4,190
Net Work (kWh) 12,200
Material of Construction Carbon Steel
Utilities: Cooling Jacket
Notes: Additional water 1s added to account for the
evaporation rate during the summer months
f- Pumps
Pump
Item Pump
PFD Identifier P-101
No. Required |
Function: Deliver warm water from the chiller to the cooling tower
Operation: Continuous
Operating Conditions:
Temperature (°C) 26.5
Pressure drop (psig) 2.4
Pump head (m) 1.7
Efficiency 0.9
Streams: S74 S75
Inlet/Outlet Inlet Outlet
Pressure (psig) 17.1 14.7
Capacity (Ib/sec) 408 408
Design Data:
Net Work (kWh) 0.03
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Pump
Item Pump
PFD Identifier P-103
No. Required l
Function: Deliver cold water to full-sized bioreactors
Operation: Continuous
Operating Conditions:
Temperature (°C) 22
Pressure drop (psig) 17.1
Pump head (m) 25.8
Efficiency 0.9
Streams: S57 S58-61
Inlet/Outlet Inlet Outlet
Pressure (psig) 17.1 34.1
Capacity (Ib/sec) 274 274
Design Data:
Net Work (kWh) 0.35
Notes: Supplies cold water at 22°C to FPR 1, FPR 2, DR 1, and STR
Pump
Item Pump
PFD Identifier P-102
No. Required l
Function: Deliver cold water from cooling tower to chiller
Operation: Continuous
Operating Conditions:
Temperature (°C) 22
Pressure drop (psig) 19.5
Pump head (m) 13.7
Efficiency 0.9
Streams: S55 S56
Inlet/Outlet Inlet Outlet
Pressure (psig) 34.1 14.7
Capacity (Ib/sec) 408 408
Design Data:
Net Work (kWh) 0.28
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Pump
Item Pump
PFD Identifier P-104
No. Required l
Function: Deliver cold water to seed train and half-sized bioreactors
Operation: Continuous
Operating Conditions:
Temperature (°C) 22
Pressure drop (psig) 13.1
Pump head (m) 20.1
Efficiency 0.9
Streams: S62 S63-68
Inlet/Outlet Inlet Outlet
Pressure (psig) 17.1 30.1
Mass flow (Ib/sec) 133 133
Design Data:
Net Work (kWh) 0.13
Notes: Supplies cold water at 22°C from the chiller to seed train,
DR 2, DR 3, and DR 4
Pump
Item Pump
PFD Identifier P-105
No. Required 1
Function: Deliver hot water from full-sized bioreactors
Operation: Continuous
Operating Conditions:
Temperature (°C) 26.5
Pressure drop (psig) 2.4
Pump head (m) 154
Efficiency 0.9
Streams: S69-72 S73
Inlet/Outlet Inlet Outlet
Pressure (psig) 17.1 14.7
Capacity (Ib/sec) 272 272
Design Data:
Net Work (kWh) 0.21
Notes: Supplies hot water at 26.5°C from FPR 1, FPR 2, DR 1,

and STR to the chiller
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Pump

Function:

Operation:

Operating Conditions:
Temperature (°C)
Pressure drop (psig)
Pump head (m)
Efficiency

Streams:

Inlet/Outlet
Pressure (psig)
Capacity (Ib/sec)

Design Data:

Net Work (kWh)

Notes:

Item
PFD Identifier
No. Required

Deliver hot water from half-sized bioreactor and seed train

Continuous

S77-82
Inlet
17.1

132

Supplies hot water at 26.5°C from DR 2, DR 3, DR 4 and

seed trains to the chiller

Pump
P-106

26.5
2.4
12.6
0.9
S83
Outlet
14.7
132

0.08
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g. Disc Stack Centrifuges

Disc Stack . .
Item Disc Stack Centrifuge
Centrifuge PFD Identifier DSC 1/DSC 2
No. Required 2
Function: Remove the majority of growth media from cell slurry
Operation: Continuous
Streams: S30/S30° S101/S102 S84/S85
Inlet/Outlet Inlet Outlet Outlet
Temperature (°C) 36.5 36.5 36.5
Pressure (psig) 0 0 0
Mass Flow (Ib/hr) 498,515 371,250 127,265
Volumetric Flow 225 169 56
(m3/hr)
Design Data:
Volume (m?) 250
Net Work (kWh) 67
Material of Construction 304 Stainless Steel
Notes: Supernatant is recycled and treated while 10% is

purged due to [NHs]




h. Stirred Tank Reactor
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Stirred Tank
Item Stirred Tank
Reactor PFD Identifier Reactor
No. Required STR
1
Function: Distribute Dextranase within cell slurry to dissolve
Cytodex I microcarriers
Operation: Batch
Streams: S99° S84/S85 S86
Inlet/Outlet Inlet Inlet Outlet
Temperature (°C) 36.5 36.5 36.5
Pressure (psig) 0 0 0
Design Data:
Height (m) 2.9
Diameter (m) 11.5
Volume (m?) 75
Thickness (mm) 80
Pressure Rating (psig) 80
Net Work (kWh) 1.08

Material of Construction
Utilities: Cooling Jacket

304 Stainless Steel
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i. Vacuum Rotary Drum

Vacuum Rotary

Item Vacuum Rotary Drum Dryer
Drum Dl‘yer PFD Identifier Rotary Drum
No. Required 1
Function: Dewater cell slurry to form a cake-like consistency using a
pressure difference
Operation: Batch
Streams: S&86 S87 S103
Inlet/Outlet Inlet Outlet Outlet
Temperature (°C) 36.5 36.5 36.5
Pressure (psig) 0 0 0
Design Data:
Effective Area (m?) 4.65
Net Work (kWh) 5.22
Pressure (psig) -14.7
Material of Construction 304 Stainless Steel
Notes: Purpose of using a pressure difference instead of heat is to

prevent cell death
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Jj.  Mixer

Mixer
Item Twin Shell Tumbler
PFD Identifier Mixer
No. Required 1

Function: Propels final product into storage vessels with a
ground meat consistency
Continuous

Operation:

Streams: S87’ S100 S88-S103
Inlet/Outlet Inlet Inlet Outlet
Temperature (°F) 10 10 10
Pressure (psig) 0 0 0
Mass flow (Ib/hr) 8,545 2,137 10,682
Mass Fraction

Dehydrated 1 0 0.80
Cell Mixture
Hydrogenated 0 1 0.20
Vegetable Oil
Volumetric Flow 3.76 1.06
(m?/hr)

Design Data:

Volume (m?) 5.66
Net Work (kWh) 18

Material of Construction
Notes:

Steam-sterilized and cleaned-in-place between
batches

304 Stainless Steel
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k. Screw Extruders

Screw Extruder

Item Screw Extruder
PFD Identifier Ext1/Ext2/Ext3/Ext4/Ext5/Ext6
No. Required 6
Function: Propels final product into storage vessels with a
ground meat consistency
Operation: Continuous
Streams: S88-93 S88°-593°
Inlet/Outlet Inlet Outlet
Temperature (°F) 10 10
Pressure (psig) 0 0
Design Data:
Flow Rate (lb/hr) 4,000
Net Work (kWh) 110
Material of Construction 304 Stainless Steel
Notes: Three operate while the other set is cleaned such that

product can continuously be extruded

l. Storage Tanks

Storage Tank

Item Tank
PFD Identifier Storage Tank 1/2
No. Required 2
Function: Contain product for transport
Operating Conditions:
Temperature (°F) 10
Pressure (psig) 0
Design Data:
Height (m) 8.3
Diameter (m) 8
Volume (m?) 416
Pressure Rating (psig) 0-30
Material of Construction 304 Stainless Steel
Notes: Stores finished product for 3 days in cold

room while awaiting shipment
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Section 9: Energy Balance and Utility Requirement

a. Cooling Water and Chilling

To maintain the bioreactor process temperature at 36.5°C, chilled water at 22°C is
circulated through the cooling jackets around each bioreactor at varying flow rates depending on
the reactor size. The temperature difference between the jacket and the reactor content drives the
rate of heat transfer, while the flow rate controls the amount of heat that is transferred.

The specific heat of bioreaction for CHO cells was used to model the enthalpy of cell
growth for bovine muscle satellite cells (BMSc). According to research on CHO cell growth, a
comparison between consumption of glucose and glutamine with respect to oxygen uptake rate
provides a heat flux range of 20 to 25 picoWatts per cell (Guan & Kemp, 1999). A smaller heat
flux resulted in better metabolic activities which led to the selection of 20 picoWatts/cell as the
specific heat of bioreaction of BMSc. Given the peak viable cell density (VCD) and the volume
of each bioreactor, the total number of cells was obtained. The product of the total cell
population and the specific heat of reaction provided the amount of heat generated from each
bioreactor at maximum VCD. The cooling jacket was then specified to remove the heat
generated to maintain a constant process temperature.

The overall heat transfer coefficient was approximated to be about 227 watts/m*/K based
on the typical range of 150-500 watts/m*/K for liquid-free convection with steam jackets around
a stirred tank. While bubble column reactors have free convection of liquid, their main source of
agitation comes from air bubbles passing through the column instead of a stirrer. So, the chosen
heat transfer coefficient was smaller than 500 watts/m*/K. In addition, an aspect ratio of 3:1
between the process height and diameter was used to size each bioreactor and determine the

surface area that would be in contact with the cooling jacket. A minimum difference of 10°C was
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maintained between the process temperature (Tp) and the cooling jacket outlet temperature (T,,)

to ensure adequate heat transfer. Using this constraint, the coolant flow rate was interactively

changed until the coolant outlet temperature converged to the desired value. The calculated

values for cooling jacket size and energy requirements are shown in Table 9.1.

Table 9.1. Bioreactor cooling jacket fluid requirements

Seed Seed Seed Half Size | Full Size
Reaction 1 | Reaction2 | Reaction 3 | BCR (3x) | BCR (4x)
Viable Cell Density, VCD [millions cells/mL] 25 25 60 60 60
Specific heat of bioreaction [picoWatts/cell] 20 20 20 20 20
Total cells 2.50E+11 | 6.30E+12 1.10E+14 | 6.80E+15 | 1.40E+16
Heat generated, qpyqc.c [Watts] 5 125 2,244 135,000 270,000
Reactor diameter, d [m] 0.16 0.47 0.93 3.63 4.57
Bioreactor process height, h, [m] 0.49 1.42 2.75 10.9 13.7
Bioreactor aspect ratio 3 3 3 3 3
Bioreactor process Volume, Ve [n13] 0.01 0.25 1.87 112.5 225
Cooling jacket area, Acs [m’] 0.27 2.27 8.72 134 213
Heat transfer coefficient, Uoverat [Watts/m /K] 227 227 227 227 227
Coolant inlet temperature , T ; [°C] 22 22 22 22 22
Coolant outlet temperature , T, [°C] 26.5 26.5 26.5 26.5 26.5
Process temperature, T,, [°C] 36.5 36.5 36.5 36.5 36.5
Log mean temperature difference, AT, [°C] -12.1 -12.1 -12.1 -12.1 -12.1
Coolant flow rate, Q ; [L/min] 23 19.9 76.4 1176 1868

In addition to the coolant flow rate, an approximate power requirement was also obtained

using an estimate for an industrial cooling tower, operating in crossflow with propeller fans (SPX

Cooling, 2016). The cooling tower from SPX Cooling Technologies requires 20,000 kWh

propeller fan energy to cool 400 tons of water from 35°C to 30°C if constantly operated at full

capacity for 1200 hours. The cooling tower for this process can store 1.3 million pounds or 650
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US tons of water and need to cool it from 26.5°C to 22°C. Although the amount of water varies
for both tower designs, the change in temperature is approximately the same which allows for a
rough estimate of the energy requirement for this cooling tower. The energy balance in Table 9.5
uses the energy consumption of 20,000 kW for the cooling tower.

For the chiller energy requirement, an outline provided by the Cary Company was used to
estimate the ideal chiller size and cooling capacity (Cary Company, n.d.). The chiller is assumed
to operate primarily in summer for about 122 days when the atmospheric temperature of Illinois
is higher than 25°C. Over the last decade, the maximum temperature in Illinois ranged from 34 to
41°C (Current Results, 2021) so an average of 38°C was used for chiller energy calculation.
Based on the outline, the chiller would need 12,200 kWh to chill water from 38°C to 22°C at a
rate of 408 pounds per second as included in Table 9.5.

For the scope of this project, it was encouraged to use an estimated energy requirement
for the cooling tower and the chiller rather than designing all the units. However, note that the
amount of cooling water, size of the unit, material used, etc. would significantly influence the
power requirement to run.. Therefore, a rigorous calculation of energy consumption on the
cooling tower and chiller based on fans, motors, operating capacity, and operation time should be

considered in the future.

b. Pump Requirements
Table 9.2 includes the energy consumption required for each pump to supply cooling
water to the respective bioreactors. The cast-iron centrifugal pumps are assumed to operate at a
90% efficiency with varying capacity or mass flowrate and pressure drop. The pump head was
calculated using equation 14.2 from Seider et al. and the power input was determined using a

shaft power calculation formula (Alluri, 2018).
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The cooling tower height was assumed to be similar to the full-sized bubble column
reactors, resulting in a 34.1 psig hydraulic pressure of water leaving the tower. P-102 brings that
water pressure down to 14.7 psig before it enters the chiller. P104 supplies water at a lower
pressure of 30.1 psig to the half-sized bioreactors due to their smaller process height. An
approximated distance of 300 ft was used for the pipe network connecting the chiller and the
bubble column reactors to the cooling tower. The pressure drop across the 300 ft horizontal pipe
was estimated for a circular glavanized steel pipe with 6 inch diameter and 0.004 inch surface
roughness. The estimated pressure drop of 2.4 psig gave an inlet pressure of 17.1 psig for the
remaining pumps except P-102. The hot water from the bioreactors is collected at the top of the
process height from full and half-sized bubble column reactors and sent to P-105 and P-106,
respectively, at 17.1 psig. The pressure is then reduced to 14.7 psig before entering the chiller.
The power input was determined to be the product of flowrate, pump head, water density,

gravitational constant divided by the percent efficiency.

Table 9.2. Cooling water pump energy requirements

Temp |Static head, | Inlet pressure | Outlet pressure | Pressure | Mass flowrate | Pump Power

(°C) dh [m] [psig] [psig] head, H [m] [Ib/s] Input [Watts]
P101 (chiller to cooler) 26.5 0.0 17.1 14.7 1.7 408 33
P102 (cooler to chiller) 22.0 0.0 34.1 14.7 13.7 408 276
P103 (chiller to all full - cold) | 22.0 13.7 17.1 341 25.8 274 349
P104 (chiller to all half - cold) [ 22.0 10.9 17.1 30.1 20.1 133 132
P105 (all full to chiller - hot) 26.5 13.7 17.1 14.7 15.4 272 206
P106 (all half to chiller - hot) 26.5 10.9 17.1 14.7 12.5 132 82

c. Compressor Requirements
The compressors supply sterile air filtered from the plant's external environment to each

bioreactor for aerobic cell growth. The energy requirement for each compressor was based on the
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volumetric flow rate of air and the outlet pressure requirement of air supply to reach the top of

the bioreactor height. The second compressor (Comp 2 on Figure 6.1) requires about 491 kWh

to supply air to the full-sided bubble column reactors while comp 3 needs 246 kWh. Note that

the energy requirements for air supply to seed reactor 1 and 2 were significantly low due to small

sizes and were not included in the overall energy balance in Table 9.5.

Table 9.3. Air compressor energy requirements

Compressor 1 Compressor 2 | Compressor 3
Seed Seed Seed FPR1,FPR2, | DR2,DR 3,
Reactor 1 | Reactor 2 | Reactor 3 DR 1 DR 4
Sparge gas rate [L/min] 14 123 469 11434 7203
Total mass (cell & liquid) [Kg] 10.1 250 15,895 1,912,500 056,250
Total reactor volume [m’] 0.01 0.33 2.49 300 150
Total density in bioreactor [Kg/m’] 750 750 6,390 6,360 6,380
Gravitational constant [m/s’] 9.81 9.81 9.81 9.81 9.81
Bioreactor process height, h, [m] 0.49 1.42 2.78 13.7 10.9
P2 -P1 [Pa] 3.590 10.400 174.000 858.000 681.000
Outlet pressure, P2 [Pa] 105,000 112,000 275,000 058.000 782,000
Work required [KWh] 0 0.02 1.42 491 246

d. Cold Room Refrigeration

In order to prevent product spoilage, all process steps downstream of the vacuum rotary

drum are carried out in a cold room. A cold room temperature of 10°F (-12°C) was selected to

keep the product cold without rendering it too hard to work with. Assuming a 15 x 10 x 10 meter

(50x30x30 ft) cold room insulated using polystyrene, an online calculator from the industrial

refrigeration company Alfa LU-VE was used to calculate the power requirements to maintain the

desired cold room temperature 24 hours per day (Alfa LU-VE, n.d.). Approximately 48 kW are

required for cooling, giving a specific cooling capacity of 32 W/m® (see Table 9.4 for a full
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summary of cooling requirements). A full summary of the cold room specifications is listed in

Appendix E.

Table 9.4. Cold room energy requirements

Cooling Requirement kW

Transmission Losses 12.6

Ventilation Losses 59

Other Heat Sources 3.1

Cooling Down 26.5

Total Required Cooling Capacity 48.1

e. Overall Energy Balance Summary

Table 9.5 summarizes the overall energy consumption for the process along with the list
of units and their quantity. The downstream process units consist of a disc stack centrifuge,
stirred tank reactor, vacuum rotary drum dryer, mixer, and screw extruders each with their own
energy requirements. The disc stack centrifuge energy requirement was based off of Alfa Laval’s
CH 900 industrial disc stack separation device at 67 kWh (“Alfa Laval CH 900,” n.d.). The
STR’s energy usage of 1.08 kWh was modeled from an online source utilizing the vessel size and
speed of agitation. Similarly, the rotary drum and mixer power requirements were formulated
upon the effective area and volume to be 5.22 kWh and 18 kWh, respectively. Lastly, the screw
extruders’ energy consumption proved to be 110 kWh each following a commercially available

product model (IDAH, n.d.).
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Energy Balance
Energy (kWh) Number of Units

Cooling Tower - 20,000 1
Chiller - 12,200 1
Pump (P101) 0.03 - 1
Pump (P102) 0.28 - 1
Pump (P103) 0.35 - 1
Pump (P104) 0.13 - 1
Pump (P105) 0.21 - 1
Pump (P106) 0.08 - 1
Total enerev required for pumps 1.08 -
Compressor 1 1.42 - 1
Compressor 2 491 - 1
Compressor 3 246 - 1
Total enerev required for compressors 738 -
Disc Stack Centrifuges - 67 2
STR - 1.08 1
Vacuum Rotary Drum - 5.22 1
Mixer - 0.75 1
Screw Extruder - 110 3
Cold Room - 2.850 1
Total enerev required for the process 36,259

Total energv added to the process 36,259 -

f- Wastewater Treatment

One of the biggest concerns in this process is the amount of water required - the cell

medium is generally 5% cells by volume, which with the amount of cells produced per year

creates a yearly water demand of millions of pounds. Therefore, it is highly desirable to be able

to treat and recycle process water such that 90% can be reused after each batch, and the

remaining 10% purged. Towards that end, it was decided to allocate a wastewater treatment plant
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onsite so that after each batch, the supernatant from the disk stack centrifuges can be sent to
treatment and recycled.

After separating the used growth medium from the harvested cells, the biggest concern
for wastewater treatment is ammonia removal. Ammonia is a byproduct of cell growth that is
cytotoxic at high concentration; purging part of the recycle stream prevents its accumulation in
the system. Ammonia is also highly water soluble, requiring involved separation processes such
as reverse 0smosis or treatment in bioreactors with nitrogen-removing microbes. Therefore, the
allocated wastewater treatment plant is specified to employ primary (physical screening),
secondary (biological treatment), and tertiary (specialized treatments like reverse osmosis)

treatments (Seider et al., 2017).
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Section 10: Economic Analysis

a. General Information on the Process Economics

An economic analysis of the cultured ground beef manufacturing process was conducted
using the Profitability Analysis 4.0 spreadsheet provided in section 17.8 of Seider et al., created
by Brian K. Downey (2008). The spreadsheet provides estimates and rigorous profitability
measures based on process specifications. In the following sections, the total capital investment,
production cost, cash flow, profitability, and specifications for this process will be discussed.

The cellular agriculture process located in Illinois will yield 35 million lbs of ground beef
from a manufacturing facility that would operate for 300 days a year as shown in Table 10.1.
The product will be priced at $100 per pound of ground beef to generate profit and continue the
manufacturing process. Although slaughtered ground beef price is significantly lower at $5 per
pound (US Bureau of Labor Statistics, 2022), it is reasonably comparative to the price of current
cultured meat products. According to a 2021 techno-economic analysis by the Good Food
Institute (GFI), the current production price of cultured meat ranges from $70 to $10,000 per
pound (Vergeer et al., 2021; Fassler, 2021), which is projected to reach $2.50 per pound by 2030
with large-scale production. Therefore, a set price of $100 per pound is a good starting price for
the cultured ground beef. However, the ultimate goal for this process would be to lower the
production cost by optimization and to provide a selling price that is competitive with

slaughtered ground beef.
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Table 10.1: General economic information: overall process
General Information

Process Title: Cellular Agriculture
Product: Ground Beef
Plant Site Location: lllinois
Site Factor: 1.15
Operating Hours per Year: 7200
Operating Days Per Year: 300
Operating Factor: 0.8219

Product Information
This Process will Yield

4,861 |b of Ground Beef per hour
116,667 Ib of Ground Beef per day
35,000,000 Ib of Ground Beef per year

Price $100.00 /lb

Table 10.2 documents an estimated chronological cycle of this process. Upon completion
of plant design by 2023 and construction by 2024, production would begin in 2025 and continue
for the next 14 years. A large portion of the total permanent investment (60%) would be
distributed for construction and the remaining amount would be distributed throughout the first
three years of production. (Further discussion of the total permanent investment is included in
Section 11.) The manufacturing plant is set to start at 80% of the design capacity by the first year
of production and take 2 years to reach 100% production capacity. A 5-year Modified
Accelerated Cost Recovery System (MACRS) is selected for this process along with a 4%

inflation rate for the product price.
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Table 10.2. Manufacturing process chronology

Chronology
Distribution of Production Depreciation Product Price
Year Action Permanent Investment Capacity 5 year MACRS

2023 Design 0.0%

2024 Construction 60% 0.0%

2025 Production 20% 80.0% 20.00% $100.00
2026 Production 15% 90.0% 32.00% $103.71
2027 Production 5% 100.0% 19.20% $107.56
2028 Production 100.0% 11.52% $111.85
2029 Production 100.0% 11.52% $115.69
2030 Production 100.0% 5.76% $119.98
2031 Production 100.0% $124 43
2032 Production 100.0% $129.06
2033 Production 100.0% $133.83
2034 Production 100.0% $138.80
2035 Production 100.0% $143.95
2036 Production 100.0% $149.29
2037 Production 100.0% $154.83
2038 Production 100.0% $160.57
2039 Production 100.0% $166.53

b. Equipment Cost Summary

Table 10.3 lists the total cost of each piece of equipment that needs to be fabricated or
purchased. It also includes the quantity that is associated with the price and the estimated bare
module factor (Fgy) for each piece of equipment. The Fgy was obtained from table 16.11 in
Seider, et al. for certain equipment. However, for the storage tank, Fgy was not available in the
table so an estimate of 1.1 for a spherical, fixed roof storage tank was used based on published
values (Higgins et al., 2017). In addition, commercially available bubble column reactor sizes
ranged mainly from 0.01 m’® to 20 m* which was not sufficient to reach the production goal. The
manufacturing plant requires 0.01 m® to 300 m* bioreactors which would occasionally undergo
high-pressure steam sterilization. Therefore, the bubble column reactors were considered as

onsite fabricated pressure vessels for cost estimation.




Table 10.3: Equipment cost estimates

79

B N Type Bttt Purchase | Bare Module | Bare Module
Cost Factor Cost
Bub}:’izgsrlsmn E:Ef;ifi 7 $6,704,000 42 $27,887,000
Seed Reactors E:Ef;it:i 3 $82,000 42 $343,000
Rotary Drum Vacuum Fabﬁcated 1 $207.000 3 §481,000
Dryer Equipment
Centrifugal Pumps  |[Process Machinery 6 $104,000 33 $343,200
Compressors Process Machinery 3 $1,014,000 2.1 $2,129,000
Mixer Process Machinery 1 $78,000 2.0 $156,000
Storage Tank Storage 2 $234,000 1.1 $258,000
HEPA Filter Other Equipment 3 $3,585 2.32 $8,317
Submicron Filter Other Equipment 3 $720 2.32 $1,670
Extruder Other Equipment 6 $1,194,000 1.4 $1,383,000
Disc Stack Centrifuge | Other Equipment 2 $1,975,000 2.0 $4,010,000
Cold Room Other Equipment 1 $33,300 3.21 $107,000
Wastewater Treatment | Other Equipment 1 $1,115,000 3.21 $3,579,150
Total $40.686.338

The four main types of equipment that drove up the investment cost are the bubble

column reactors, compressors, and disc stack centrifuges. The purchase cost for each full-size

(300 m?) bubble column reactor was approximately $1,200,000 and a half-size column was about

$600,000. With an Fg), of 4.2, the total bare module cost of 4 full-size and 3 half-size columns

contribute $28 million to the investment. The cost may be reduced by decreasing the column size

or the number of columns required for this process. However, this would only be possible

through modification of the cell line and/or other cell growth conditions, which is discussed in

Section 14.
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The bare module cost of the cold room was estimated by surveying the manufacturing
cost of industrial cold room storage. A typical above-ground cold room storage unit costs
$33,300 to build, including HVAC system, insulation, power supply and backup (Allied
Buildings, n.d.). This estimated fabrication cost along with the bare module factor of 3.21 from
the profitability analysis spreadsheet provided a total bare module cost of $107,000 to build a
cold room onsite. In order to maintain the product at 10°F, refrigeration costs come out to $2 per
ton ($0.001/1b) of material stored as listed in Table 12.4 below (Seider et al., 2017).

The cost associated with the wastewater treatment was estimated using a purchase cost
equation for a tertiary wastewater treatment plant (Seider et al., 2017). (See Section 9 for a more
complete discussion on wastewater treatment requirements.) In order to process 25 gallons per
minute as the process requires, the bare module cost of the waste treatment plant was calculated

at approximately $3.6 million.
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Section 11: Total Permanent Investigation or Total Fixed Capital

The individual equipment cost listed in Table 10.2 is used as input in the profitability
spreadsheet to obtain the total bare module cost of about $40,700,000. Each piece of equipment
was categorized based on the description provided in Seider, et al. The bubble column reactors,
the seed reactors, and the rotary drum were characterized as “fabricated equipment” due to their
customized size requirement for large-scale production. The fabricated machinery requires
process machinery such as pumps, compressors, and mixers which could be supplied from
vendors given the standard size. The storage tanks were categorized as storage and the remaining
pieces of equipment were lumped together as “other equipment.” Although a strong effort was
made to determine the proper equipment size and quotes from vendors, the equipment
categorization is still subject to change based on new information. Table 11.1 lists the total cost

of each equipment type along with the total bare module cost.

Table 11.1. Total bare module cost summary

Total Bare Module Costs:

Fabricated Equipment 5 28,711,000
Process Machinery 5 2,628,923
Spares 5 -
Storage 5 258,000
Other Equipment 5 9,089,138
Catalysts 5 -
Computers, Software, Etc. 5

Total Bare Module Costs: $ 40,687,061
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Once the total bare module cost was calculated, it could be used to obtain the total
permanent investment for the process using the factors listed in Table 11.2. The percentage of
each factor specified in the table below was obtained from the profitability analysis spreadsheet
and Seider et al.

Table 11.2. Assumptions used for total permanent investment calculation

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: 50
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
Costof Plant Start-Up: 10.00% of Total Depreciable Capital

After allocating 5% of the total bare module cost to site preparation and 5% to service
facilities, the direct permanent investment (DPI) for this process was calculated to be about
$44,800,000 as shown in Table 11.3. 18% of the DPI was allocated to cover contingencies and
contractor fees and the total depreciable capital (TDC) was found to be $52,800,000. The TDC is
crucial as it accounts for a portion of maintenance costs due to equipment usage, tax, and
insurance. A 2% land cost and a 10% plant start-up cost of TDC are then added to give an
unadjusted total permanent investment (TPI) of $59,100,000. Since the plant is located in
[llinois, an investment site factor of 1.15 (Seider et al., 2017) was used to adjust the TPI and get

a final TPI of $68,000,000 for the manufacturing process.
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Table 11.3. Investment summary

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

28,711,000
2,628,923

258,000
9,089,138

oY oh Oh LD Ch Wh W

Total Bare Module Costs: $ 40,687,061

Direct Permanent Investment

Cost of Site Preparations: 5 2,034,353
Cost of Service Facilities: 5 2,034,353
Allocated Costs for utility plants and related facilities: 5 -

Direct Permanent Investment $ 44,755,767

Total Depreciable Capital

Cost of Contingencies & Contractor Fees 5 8,056,038

Total Depreciable Capital $ 52,811,805
Total Permanent Investment

Cost of Land: 5 1,056,236
Cost of Royalties: 5 -
Cost of Plant Start-Up: 5 5,281 180

Total Permanent Investment - Unadjusted 5 59,149 221
Site Factor 1.15
Total Permanent Investment $ 68,021,604

Section 12: Cost of Manufacturing

a. Raw Material Cost
The cost of each raw material required to run the manufacturing process is included in
Table 12.1 below. It also includes the required ratio of raw material to ground beef on a pound

per pound basis. The product of the ratio and the cost of each raw material was calculated and
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totaled over all the material to obtain a total weighted raw material cost of $68 per pound of
ground beef.

Table 12.1. Raw material costs

Raw Materials
Raw Material: Unit: Required Ratio: Cost of Raw Material:
1 Bovine muscle satellite cell  Ib 0.80 Ib per Ib of Ground Beef $ 0.09 perlb
2 Corn grain hydrolysate Ib 2.1 Ib per Ib of Ground Beef $ 9.7 perlb
3 Soybean hydrolysate Ib 3.1 Ib per Ib of Ground Beef $ 23 perlb
4 Microcarriers Ib 0.25 Ib per Ib of Ground Beef $ 129 perlb
5 FBS Ib 0.000030 Ib per Ib of Ground Beef $ 435 perlb
6 Linoleic acid Ib 0.0000013 Ib per Ib of Ground Beef § 0.001 perlb
7 Insulin Ib 0.00000061 Ib per Ib of Ground Beef § 947,000 perlb
8 Dexamethasone b 0.00000051 Ib per Ib of Ground Beef § 213,000 perlb
9 Dextranase Ib 0.25 Ib per b of Ground Beef $ 23 perlb
10 Hydrogenated vegetable ail b 0.20 Ib per Ib of Ground Beef $ 8.2 perlb
Total Weighted Average: $67.8 per |b of Ground Beef

b. Byproduct Cost
Carbon dioxide is generated from aerobic cell growth in each bioreactor and is
considered the only byproduct of this process, as shown in Table 12.2. Based on the current
design, generated CO, would be vented out of the system into the atmosphere. In the future, this
CO, could potentially be captured in order to monetize the byproduct and reduce carbon
footprint.

Table 12.2. Byproduct costs

Byproducts
Byproduct: Unit: Ratio to Product Byproduct Selling Price
1 Carbon dioxide Ib 0.30 Ib per Ib of Ground Beef $ - perlb
Total Weighted Average: $ - perlb of Ground Beef

c. Utility Cost
The cost along with the required ratio of each utility to ground beef is summarized in

Table 12.3. The high-pressure steam, hot water, NaOH, H,SO, and PAA are required for the
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clean-in-place (CIP) process to sterilize each unit that comes into direct contact with the product.
The cost of water in Illinois (Gregory et al., 2017) was used to estimate the cost per pound of
water supply. An overall energy requirement from Table 9.4 was used to calculate the required
ratio of electricity per pound of ground beef and the estimated cost of electricity in Illinois was
used (Electricity Local, n.d.). The utility cost per pound for the wastewater treatment and the
refrigeration at 10°F were obtained from Table 17.1 in Seider et al. Note that hot water and
refrigeration utility costs are shown as zero but the exact values are $0.0002 and $0.001 per 1b

respectively.

Table 12.3. Utility costs

Utilities
Utility: Unit: Required Ratio Utility Cost
1 High Pressure Steam Ib 0.01 Ib per b of Ground Beef $ 0.01 perlb
2 Hot water Ib 0.09 Ib per Ib of Ground Beef $ 0.00 perlb
3 Process Water Ib 0.18 Ib per Ib of Ground Beef $ 0.09 perlb
4 Cooling Water Ib 0.84 Ib per Ib of Ground Beef § 0.09 perlb
5 Electricity kWh 6 kWh per Ib of Ground Beef $ 0.06 perkWh
6 Refrigeration Ib per day 1 Ib per day per Ib of Ground Beef $§ 0.00 per Ib per day
7 Waste water treatment Ib 24 b per Ib of Ground Beef $ 0.2 perlb
8 NaOH (dry powder) Ib 0.0001 Ib per b of Ground Beef $ 23 perlb
9 96% H2S04 Ib 0.0000002 Ib per Ib of Ground Beef $ 16.8 perlb
10 15% PAA Ib 0.0004 Ib per Ib of Ground Beef $ 2.3 perlb
Total Weighted Average: $1 per Ib of Ground Beef
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d. Fixed Cost Summary
Besides the raw material and utility costs, there is a fixed cost to run the manufacturing
facility. The fixed cost depends on several factors such as cost of labor, maintenance, operation
overhead, property tax, depletion, etc. Table 12.4 includes all the factors and the assumptions —

obtained from the profitability spreadsheet — used to calculate the total fixed cost.

Table 12.4. Factors in total fixed cost calculation

Fixed Costs
Operations
Operators per Shift: 1 (assuming 5 shifts)
Direct Wages and Benefits: $40 Joperator 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:  $60,000.00 per year, for each Operator per Shift
Control Laboratory:  $65,000.00 per year, for each Operator per Shift

Maintenance
Wages and Benefits: 4.50% of Total Depreciable Capital

Salaries and Benefits: 25.00% of Maintenance Wages and Benefits
Materials and Services:  100.00% of Maintenance Wages and Benefits
Maintenance Overhead: 5.00% 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 Cperations Wages and Benefits

Property Taxes and Insurance
Property Taxes and Insurance: 2.00% of Total Depreciable Capital

Straight Line Depreciation
Direct Plant: 8.00% of Total Depreciable Capital, less # times the Allocated Costs
for Utility Plants and Related Facilities

Allocated Pl 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses
Rental Fees (Office and Laboratory Space): $0
Licensing Fees: $0
Miscellaneous: 50

Depletion Allowance
Annual Depletion Allowance: $0
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Table 12.5 includes the summary of the cost associated with each factor and yields a total

fixed cost of $8,440,000 for this process.

Table 12.5. Fixed cost summary

QOperations

Maintenance

Direct Wages and Benefits

Direct Salaries and Benefits
Operating Supplies and Services
Technical Assistance to Manufacturing
Caontrol Labaratory

Total Operations
Wages and Benefils
Salaries and Benefits
Materials and Services

Maintenance Overhead

Total Maintenance

QOperating Overhead

General Plant Overhead:
Mechanical Department Services:
Employee Relations Department:
Business Services:

Total Operating Overhead

Property Taxes and Insurance

Property Taxes and Insurance:

Other Annual Expenses

Rental Fees (Office and Laboratory Space):

Licensing Fees:
Miscellaneous:

Total Other Annual Expenses

Total Fixed Costs

$ 416,000
§ 62,400
$ 24,960
$ 300,000
§ 325,000
$ 1,128,360
$ 2,376 531
$ 594,133
$ 2,376 531
$ 118,827
$ 5,466,022
§ 244,884
$ 82778
$ 203,495
§ 255,231
$ 786,387
$ 1,056,236
% -

% -

% -

$

$ 8,437,004
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e. Variable Cost Summary
While the fixed cost for the manufacturing process remains constant over the production
years, the cost of raw materials, utilities, and general expenses vary with the production rate of
the plant. These expenses are referred to as the variable cost which is calculated using factors
and assumptions listed in Table 12.6 and the values summarized in Table 12.7. The total variable
cost for this process was calculated to be $3 billion, almost $2 billion of which comes from the
annual raw material cost.

Table 12.6. Factors in variable cost calculation

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

Table 12.7. Variable cost summary

Variable Cost Summary
Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses: $ 105,000,000
Direct Research: $ 168,000,000
Allocated Research: $ 17,500,000
Administrative Expense: $ 70,000,000
Management Incentive Compensation: $ 43,750,000
Total General Expenses $ 404,250,000
Raw Materials $67.774571 per Ib of Ground Beef $2,372,110,001
Byproducts $0.000000 per Ib of Ground Beef $0
Utilities $0.801049 per b of Ground Beef $28,036,708
Total Variable Costs $ 2,804,396,709
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The total capital investment is estimated using the working capital calculation described

in section 17.3 by Seider et al. The working capital included funds, in addition to the fixed

capital and the startup funds, needed for the plant to run properly until payment is received from

the customer. Subtracting the accounts payable from the sum of cash reserves, accounts

receivable, and inventory yields the working capital. Table 12.8 includes the assumed period for

each factor that is needed to calculate the working capital and Table 12.9 summarizes the total

capital investment of $190 million for this process.

Table 12.8. Assumptions in working capital calculation

Total Capital Investment

$ 189,180,626

Accounts Receivable o 30 Days
Cash Reserves (excluding Raw Materials) o 30 Days
Accounts Payable = 30 Days
Ground Beef Inventory = 4 Days
Raw Materials = 2 Days
Table 12.9. Total capital investment summary
Working Capital
2024 2025 2026
Accounts Receivable $230136986 $ 28767123 $§ 28767123
Cash Reserves $ 2398272 § 299784 § 299,784
Accounts Payable $(157,817.866) $ (19.727,233) $ (19,727 233)
Ground Beef Inventory $ 30684932 $ 383616 § 3835616
Raw Materials $ 10398290 § 129978 § 1299786
Total $115,800614 $ 14475077 §$ 14,475,077
Present Value at 15% $ 100,696,186 $ 10945238 § 9517598




Section 13: Profitability Analysis

a. Cash Flow

90

The cash flow for this process with MACRS depreciation for a 5-year class life, calculated over an estimated life of 17 years

including design (2023) and construction (2024) is summarized in Table 13.1. It is also graphically represented in Figure 13.1. The

cash flow is an important financial factor in understanding the profitability of the proposed manufacturing process. It is generally

referred to as the net passage of money going into and out of the company, with all of the costs as negative and after-tax profit and

depreciation as positive. Negative values in the table are enclosed with parentheses. For this process, there is no net earning during the

design and construction period. From 2025 to 2039, there are production and sales that would lead to a net positive cash flow for the

company and make the process profitable.

Table 13.1. Cash flow summary

Percentage of  Product Unit
Year Design Capacity Price Sales Capital Costs Working Capital
2023 0% - - -
2024 0% - (40,613,000) (115,800,600
2025 80% $100.00 2,800,000,000 (13,604,300) (14.475,100)
2026 90% $103.71 3,266,865,000 (10,203,200) (14,475,100)
2027 100% $107 56 3,764 517 400 - -
2028 100% $111.55 3,504.181,000 -
2028 100% 511569 4,049.026,100
2030 100% $119.98 4,199,245 000
2031 100% $124.43 4355 037,000
2032 100% $129.05 4,516,608 900
2033 100% $133.83 4 GE4.175,100
2084 100% $138.80 4.857.958,000
2035 100% $143.95 5,038,188,200
2036 100% $149.29 5,225,105,000
2037 100% $154.83 5,418,956,400
2038 100% $160.57 5,619,999,700 - -
2038 100% $166.53 5,828,501,700 - 144,750,800

Cash Flow Summary

Var Costs

(2,243 517 400)
(2,617 595,800)
(3,015,342,900)
(3,128,249,300)
(3,244,307 300)
(3,354,671,100)
(3,489,500, 400)
(3.,618,960,900)
(3.753,224,300)
(3,892.469,000)
4,036,879,600)
(4,185 847 800)
(4,341,972 400)
(4,503,059,600)
(4,670,123, 100)

Fixed Costs

(8,437,000)
(8,750,000)

(8,074,600)

(9,411,300)

(8,760,500)
(10,122,600)
(10,498,100)
(10,887,600)
(11,291,500)
(11,710,500)
(12,144,900)
(12,595,500)
(13,062,800)
(13,547,400)
(14,050,000)

Depreciation

(10,562,400)
(16,899,800)
(10,139,900)
(6,083,200)
(6.083,800)
(3.042,000)

Depletion
Allowance

Taxible Income

537,483,300
623,619,400
728,960,000
760,436,500
788,874 400
821,409,400
855,038,500
886,760,400
919,659,200
953,778,600
989,163,700
1,025.861,700
1,063.921,200
1,103,392,700
1,144,328,500

Taxes
(198,868,800}
(230,739,200
(269,715,200)
(281,361,500}
(291,883 500)
(303,921 ,500)
(316,364,200)
(328,101,300)
(340,273,900
(352,898,100)
(365,990,600)
(379,568.800)
(393,650.800)
(408,255,300)
(423,401.600)

Net Earnings

338,614,500
392,880,200
459,244 800
478,075,000
496,990 800
517 487 800
538,674,200
558,659,000
579,385,300
600,880,500
623,173,200
646,292,900
670,270,300
695,137 400
720,827,000

Cash Flow

(156,613.600)
321,097 400
385,101,700
469384 700
85 158 900
503,074,800
520 529,800
538 674,200
558 659,000
579,385,300
500,880,500
623,173,200
646,292,900
670,270,300
505,137,400
865 677,700

Cumulative Net Present
Value at 1%

(136.185,700)
106,610,100
359,820,700
628,192,900
869,402,600

1,085.885,700
1,282 582 200
1,458 675,700
1.617.481,500
1,760.696,700
1,889.851,900
2,006,327 400
2,111,368,000
2,206,096,500
2,291,525,000
2,384.035,500
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Figure 13.1. Annual cash flows.

b. Return on Investment and Sensitivity Analysis

To obtain the net present value (NPV) of this project, each cash flow in Table 13.1 was
discounted to its present value using a 15% interest rate. The capital investment costs could be
recovered and the plant would have an NPV of $107,000,000 within the first year of production.
Over the 17-year lifetime of the plant, it would generate a cumulative NPV of $2 billion. In
addition, the return on investment (ROI) in the third year of production would be almost 217%,
meaning the net earning would be nearly twice the total capital investment as shown in Table
13.2.

Table 13.2. Return on investment in the third year of production

The Internal Rate of Return (IRR) for this project is 223 21%

The Net Present Value (NPV) of this project in 2023 is $2,384,035,500

ROI Analysis (Third Production Year)

Annual Sales 3,764,5617,435
Annual Costs (3,025,417,588)
Depreciation (5,441,728)
Income Tax (271,453,504)
Net Earnings 462,204,615
Total Capital Investment 212,772,372

ROI 217.23%
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The internal rate of return (IRR) was calculated to be 223%; it is the interest rate that would give an NPV of zero. Usually, the
profitability of alternative processes is compared using these values such that the largest IRR and the smallest NPV are desired. Table
13.3 includes a sensitivity analysis that calculates IRR based on deviations in the initial product price and the variable cost. Even at the
current variable cost of $2.8 billion, the product price could be decreased to $90/1b of ground beef and still maintain a positive IRR of
130%. This analysis is important in evaluating the profit margin for a competitive product price. As discussed in section 10, the lowest
price for cultured meat product based on GFI’s techno-economic analysis is $70 per pound. To compete in the same market, the
ground beef price of $100 per pound must decrease. For example, with a reduced price of $50 per pound, there must be a 40%
decrease in the variable cost (new variable cost of $1.7 billion) to maintain a minimum positive IRR of 72%. Since raw material
contributes to the largest share of variable cost, optimization of raw material usage may bring the cost down.

Table 13.3. Sensitivity analysis on IRR with varying price and variable cost

Variable Costs
$1,402 198,355 §1,682,638,025 $1,963,077,696 $22435617367 $2523,957,038 $2,804,396,709 $3,084,836,380 $3,365,276,051 $3,645715,722 $3,926,155,393 $4,206,595,064
$50.00 405 94% 72.69% Negative IRR ~ Negative IRR ~ Negative IRR~ Negative IRR Negative IRR~ Negaltive IRR  Negative IRR Negative IRR ~ Negative IRR
$60.00 b3b. 4% 317.56% 101.69% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR.
$70.00 597 17% 436.16% 275.49% 115.82% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
g $80 00 633 23% 505 63% 378.13% 250 87% 124 17% -14.08% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
S $90.00 656.69% 561.22% 445.60% 340.07% 234.70% 129.68% 24.35% Negative IRR ~ Negative IRR  Negative IRR~ Negative IRR
s $§100.00 673.60% 583.44% 493.30% 403.21% 313.18% 223.21% 133.58% 44 13% Negative IRR Negative IRR ~ Negative IRR
E $110.00 686.03% 607.41% 528.80% 450.22% 371.66% 293.16% 214.75% 136.50% 58.46% Negative IRR ~ Negative IRR
e $120 .00 695 64% £25.94% 556.25% 486 57% 416 .91% 347 28% 277 69% 208.17% 138.76% 69 51% 7.22%
$130.00 703.29% 640.69% 578.10% 515.52% 452 95% 390.39% 327.86% 265.36% 202.92% 140.66% 78.31%
$140.00 709.53% 652.72% 595.92% 539.12% 462.33% 425.55% 368.78% 312.04% 265.32% 198.64% 142.02%
$150.00 714.71% 662.71% 610.71% 558.72% 506.74% 454.76% 402.79% 350.83% 298.89% 246.97% 195.08%
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Section 14: Other Important Considerations

a. Environmental Comparisons

Water pollution in traditional farming methods for cultivating beef results from nitrogen
and phosphorous runoff from farmlands into freshwater sources and the use of freshwater in
hydrating cattle. Potential water pollution in the case of cellular agriculture occurs after the cells
and media are centrifuged when process water is purged to remove any of the created ammonia.
In both cases, the effects of meat production negatively affects the surrounding water supply.
This section serves to compare the effects of both production methods to determine which results
in less water pollution in the Midwest.

Blue water usage refers to water that is used for animals drinking on a farm as well as
crop irrigation. This usage is estimated to be 112 L per kg of carcass weight in the Midwestern
region of the United States. The use of blue water for these purposes results in excreted waste in
animals which pollutes water systems via runoff. It is estimated that 24.3 grams of nitrogen
pollution is produced per kilogram of carcass weight of cattle and 0.38 milligrams of phosphorus
is polluted per kilogram of carcass weight. For 35 million pounds of cattle meat to be produced,
1.8 billion liters of blue water is required which results in 390 million pounds of nitrogen and
6,000 pounds of phosphorus entering the waterways as a pollutant (Rotz et al., 2019).

Due to the recycle of process water, only 10% of the annual requirement is purged and
emitted as waste. Therefore, of the 91 million pounds of sterile process water required
throughout all the bioreactors, only 9.1 million pounds of water is purged yearly as waste due to
its ammonia content. This equates to nearly 4.1 million liters of water, and even if the same
percentage of ammonia was produced from this usage, only 905,000 pounds of nitrogen is

released as waste. When considering the amount of water evaporated in the bioreactors, 6.4
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million pounds, then the total blue water requirement is a mere 2.9 million liters. Despite initial
concerns of the water consumption of the process, it is clear that cellular agriculture results in
decreased water pollution.

Another form of pollution in which cattle farming plays a serious role is air pollution.
Traditional cattle farming results in the formation of greenhouse gases (GHG) such as methane
and carbon dioxide (CO,). Methane production results from the hindgut fermentation that occurs
within cattle when eating plants, but this is not produced within the cell culture process, where
cells are fed pure glucose, and therefore not included in the analysis. Carbon dioxide, however, is
produced in both processes as a result of cellular respiration.

20.6 kilograms of carbon dioxide is produced for each kilogram of carcass weight
produced in traditional farming (Rotz et al., 2019). Therefore, to traditional prepare 35 million
pounds of carcass weight, then 330 million pounds of CO, is emitted. To compare, only 17
million pounds of CO, is emitted as a result of the industrialized production of a cultured beef
product. To conclude, the environmental harms of producing a cultured beef product as opposed
to raising cattle for slaughter are significantly reduced. These reductions are most noticeable in
the water and air pollution metrics previously mentioned. It is also important to note that there is
no soil pollution as a result of this process whereas there is clear soil pollution from farming

agriculture due to waste produced by animals on farmlands.

b. Monetary Considerations
The fossil energy consumption of traditional beef cattle production in the midwest US is
about 49MJ per kg of carcass weight (CW) (Rotz et al., 2018). The fossil fuel includes fuel,
natural gas and electricity required for cattle production. Although it is not directly comparable

to the electricity usage for the cultured ground beef plant as carcass weight includes the weight
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of bones, viscera, and other non-meat tissue, it conceptualizes the vast energy requirement for
cattle production. It takes approximately 31.5 kWh to produce one pound of traditional beef
(Save on Energy, 2019); in contrast, the ground beef product from this process requires about 7

kWh per pound, accounting for electricity and refrigeration energy requirements.

c. Ethical Considerations

The largest ethical concern for the process is the reliance on animal slaughter for two
things: fetal bovine serum, and initial harvesting of bovine muscle satellite cells. The proposed
process, while minimizing FBS wherever possible, does not manage to eliminate it entirely.
However, research is continuing in that direction; for example, a recent preprint proposed a
serum-free proliferation medium, “Beefy9,” which yielded a doubling time of 39 hours, only
slightly more than the 36.6 hours in the current process (Stout et al., 2021). The process also
assumes access to a biolab with cryogenically frozen cell starters ready to go at any time.
Currently, such a cell bank would require periodic slaughter of cattle in order to harvest more
BMSc, as natural cell lines cannot divide indefinitely. Future research into immortalizing cell
lines for cultured meat production is needed before slaughter can be eliminated from the creation

of starter cell colonies.



96

d. Plant Location
The largest motivating factor in selecting the location of the plant was ready access to
raw materials. In order to feed the cells, the process consumes hundreds of millions of pounds of
corn grain and soybean hydrolysates per year. Illinois is the United States’ top producer of soy
and number 2 producer of corn (Grant, 2022), making it an attractive location for the plant.
Being in the northern part of the Midwest, Illinois also has the advantage of relatively mild
springs and summers, reducing the amount of energy needed to cool/chill the water for the

cooling jacket network.



97
Section 15: Conclusion & Recommendations

Traditional beef production methods are among some of the worst environmentally costly
meat production methods currently available. The current FDA- and USDA-approved
alternatives are plant-based and do not appeal to all meat-eating consumers. The field of cellular
agriculture fills this market gap with a promise to culture meat products in vitro and minimize
animal slaughter. Though this project hoped to eliminate the need altogether, slaughter is still
required for the use of FBS to attain a viable growth density during the proliferation stages of the
upstream process, and for the initial harvesting of BMSc. The utilization of reduced FBS in
proliferation only (and none in differentiation) minimizes the amount of animal harm produced
by this process and ultimately differentiates this process from other production methods.
Nevertheless, advancements in the cell doubling time, raw material cost reduction, and further
development of a suspension BMSc line can enhance the project’s feasibility by reducing costs

and time needed to produce 35 million pounds of meat.

The slow doubling time of 36.6 hours for BMSc line influences the number of batches
produced per year and the equipment sizes. For this process, the doubling time yields 39 batches
a year to produce 35 million pounds of ground beef using 300m’® proliferation bubble column
reactors and a combination of 300m’ and 150 m? differentiation bubble column reactors. Due to
the large size requirement, the bioreactors have to be fabricated on site, costing more that
prefabricated industrial bubble column reactors. For example, the estimated bare module cost of
a 300 m® bubble column was about $5 million whereas a 50 m?® prefabricated reactor costs
$40,000 (“Bubble Column Reactor,” n.d.). With a lower doubling time and the same production

goal, the equipment sizes can be reduced, potentially eliminating the necessity for custom,
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on-site fabrication. If equipment sizes are kept the same, a lower doubling time can provide more

batches per year resulting in more production per facility per year.

A lower doubling time can be achieved by directed evolution using a chemostat. Directed
evolution is a common method in cell engineering that mimics the process of natural selection
towards a desired trait (Wides & Milo, 2018). A chemostat can be used to modify the dilution
rate by changing the continuous flow rate of media added to the reactor. If the dilution rate
exceeds the maximum cell growth rate, cells will be washed out of the chemostat through the
volume that is continuously removed. For this project, it is hypothesized that a chemostat could
be used with high dilution rate to induce directed evolution on the BMSc line, such that cells
with a lower growth rate would be washed out and lead to a adapted cell line with a higher
growth rate and thus lower doubling time. Further research and experiments would be required to
evaluate the feasibility of this method. If the hypothesized experiment leads to a lower doubling
time for the BMSc cell lines, it would help reduce the overall cost of this process through smaller

equipment sizes.

Another consideration for cost reduction is in raw material cost. For the process, the final
raw material cost comes out to $68 per pound of ground beef, driven up largely by the high costs
of the corn grain and soybean hydrolysates. Although it may not be possible to reduce the
amount of hydrolysates without completely changing the cell line, it may be beneficial to
allocate the enzymatic hydrolysis and hammer milling equipment onsite. The allocation of these
process units on the site would decrease the costs associated with purchasing hydrolysates. As a
result, the costs associated with the raw materials are reduced when purchasing raw corn grain

and raw soybean. However, adding more process units would increase the capital and operation
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costs of the plant, so it would be worthwhile to complete a detailed economic analysis of the

processes to determine if the costs associated far outweigh the purchase cost of hydrolysates.

Although hydrolysates significantly increases the final product cost, microcarriers
(Cytodex 1) are the biggest culprit for the high cost as it is responsible for 47.5% of the raw
material cost per pound of product. There are two potential avenues to explore regarding the
reduction of these costs: use an alternative separation method to reuse and recycle microcarriers
to reduce the amount necessary per year or engineer a suspension cell line that does not require

microcarrier usage at all.

The former allows for the process to stay virtually unchanged in all aspects except to the
addition of the STR to dissolve the dextran Cytodex I microcarriers using dextranase. It is
recommended that future research considers different solid-solid separation methods to extract
the cells from the beads without causing cell death. This research would have the potential to
improve the process financial analysis in that there may not be such a large annual usage of
Cytodex I beads. As a result, the total amount of beads and thereby, total cost associated with
them, may be reduced with this addition. However, another alternative rids the process of

microcarriers altogether.

The latter method would allow for a microcarrier free environment where cells would
grow freely in suspension. This would not only eliminate dextranase and the cost assscoiated
with replacing dissolved Cytodex 1, but also simplify the process water recycling process.
However, it is challenging to evolve an adherent cell line to a suspension cell line due to the
different growth mechanisms. HEK293 is an example of human cell line that was genetically

engineered for suspension culture, but it involved an in-depth genome engineering process
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altering gene expressions that regulated cell adhesion (Malm et al., 2020). Genetically modifying
the BMSc in a similar manner would require prolonged research and development, but the

resulting improvements to the process may be worth the investment.

Overall, if cultured beef is to become truly competitive as an alternative to traditional
slaughter meat, many improvements are required to the existing process. The current available
cell line, directly animal-derived bovine muscle satellite cells, is nowhere near as optimized as
more traditional cell culture lines such as Chinese hamster ovary or HEK293. Advancements are
needed in immortalizing the cell line to eliminate the need for slaughter for BMSc harvest,
reducing the doubling time, and potentially creating a bovine stem cell that can be easily cultured
in suspension. Further, completely eliminating slaughter from the cultured meat process requires
advancements in serum-free medium. Raw material costs also need to decrease in order to bring
down prices, especially with regards to the corn and soy hydrolysates that make up the bulk of
the cell medium. Cheaper alternatives, either in nutrient sourcing or in allocating corn and soy

processing, need to be sought in order to decrease these costs.

However, even with all of the challenges facing a potential cultured meat process
currently, the industry is still very new and quickly advancing. The current process, though
requiring a fairly expensive price point for the final product, provides a promising starting point

for cultured meat scaleup.
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Abbreviation Full Term
BCR | bubble column reactor
BMSc | bovine muscle satellite cell
CIP | clean-in-place
Comp | compressor
DR | differentiation reactor
DSC | disc stack centrifuge
EDTA | ethylenediaminetetraacetic acid
Ext | extruder
FBS | fetal bovine serum
FDA | Food and Drug Administration
FPR | final proliferation reactor
FSIS | Food Safety & Inspection Service
GFI | Good Food Institute
OTR | oxygen transfer rate
OUR | oxygen uptake rate
P | pump
PAA | peracetic acid
SR | seed reactor
STR | stirred tank reactor
USDA | United States Department of Agriculture
VCD | viable cell density
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Appendix C: Calculations

a. Material Balance

i.  Process Water and Evaporation of Process Water

Process Water [Seed 1 |Seed 2 ‘Seed 3 [Prol'rferat\on Differentiation 1 Differentiation 2
cross sectional area (m2) 2.06E-02 1.76E-01 6.73E-01 1.64E+01 1.03E+01 1.64E+01
fraction volume water 9.50E-01 9.50E-01 9.50E-01 9.50E-01 9.50E-01 9.50E-01
Process height (m) 4.86E-01 1.42E+00 2.78E+00 1.37E+01 1.09E+01 1.37E+01
volume water (m*3) 9.50E-03 2.38E-01 1.78E+00 2.14E+02 1.07E+02 2.14E+02
mass water needed (kg) 9.50E+00 2.38E+02 1.78E+03 2.14E+05 1.07E+05 2.14E+05
mass water (Ibs) 2.09E+01 5.24E+02 3.82E+03 4.71E+05 2.36E+05 4. 71E+05
# of reactors 1.00E+00 1.00E+00 1.00E+00 2.00E+00 3.00E+00 1.00E+00
total water (Ibs) 2.09E+01 5.24E+02 3.82E+03 8.43E+05 7.07E+05 4. 7T1E+05
8.11E+02 2.03E+04 1.52E+05 3.65E+07 2.TAE+07 1.83E+07
Evap. Process Water Seed 1 [Seed 2 [Seed 3 [Proliferation  [Differentiation 3 | Differentiation 1 |
cross sectional area (m2) 2.06E-02 1.76E-01 6.73E-01 1.64E+01 1.03E+01 1.64E+01
Vapor Pressure (atm) 6.01E-02 6.01E-02 6.01E-02 6.01E-02 6.01E-02 6.01E-02
Headspace Pressure (atm) 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Headspace height (m) 1.62E-01 4.73E-01 9.26E-01 4.57E+00 3.63E+00 4.57E+00
volume water (m*3) 2.00E-04 5.01E-03 3.75E-02 4.51E+00 2.25E+00 4.51E+00
mass water needed (kg) 2.00E-01 5.01E+00 3.75E+01 4.51E+03 2.25E+03 4.51E+03
mass water (Ibs) 4.42E-01 1.10E+01 8.26E+01 9.94E+03 4.97E+03 9.94E+03
# of reactors 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
total water (lbs) 4.42E-01 1.10E+01 8.26E+01 9.94E+03 4 97E+03 9.94E+03
water supply rate (lbs/hr) 2.58E-03 6.50E-02 5.42E-01 3.93E+01 6.90E+01 1.38E+02
corn supply rate (lbs/min) 6.19E-08 1.56E-06 1.30E-05 9.43E-04 1.66E-03 3.31E-03
3.42E+01 B8.55E+02 6.40E+03 7.7T0E+05 3.85E+05 7.70E+05

Ibs of process
water required in
2.36E+06 tanks per batch

Ibs of process
water required in
9.14E+07 tanks per year
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Total water supply
rate after evap

8.8BE+02 Ibs/min
6.39E+06 Ibs/yr
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ii Bioreactor Charge Requirements

Hydrolysate Charge [Seed 1 [Seed 2 [seed 3 [Proliferation  [Proliferation 2 [Proliferation 3 [P 4 [Differentiation 1/ [Dif ion 112 | Diffe 172]Dif ion 1
cells to be made 2 40F+11 600F+12 106E+14 133F416 672E+15 672415 672E415 672F+15 6 72F415 6 72E+15 1 34F+16
Amount of Soy (Ibs) 1.96E-03 491E-02 367E-01 4426401 4426401 442601 4426401 2.21E+01 2.21E+01 22101 4.42E+01
Amount of Corn (Ibs) 1.25€.03 313E-02 2 34E-01 282E+01 1.41E+01 1.41E+01 141E+01 141E+01 1.41E+01 1.41E+01 2.82E+01
Amount of FBS (Ibs) 3.57E-04 B.93E-03 6.68E-02 8.04E+00 6.47TE+00 6.4TE+00 6 47E+00

Amount of Insulin (Ibs) 1.10E-01 1.10E-01 1.10E-01 2 20E-01
Amount of Lineloic Acid (Ibs) 2.35E-01 2.35E-01 2.35E-01 4 7T1E-N
Amount of Dexamethasone (Ibs) 9.24E-02 9.24E-02 9.24E-02 1.85E-01
Amount of Cytodex 1 Beads 1.59E+00 3.96E+01 6.99E+02 881E+04 4.44E+04 4 44E+04 4 44E+04

iii.  Bioreactor Feed Requirements

Raw Materials [Seed 1 [Seed 2 |seed 3 [Proliferation  [Proliferation 2 |Proliferation 3 [Proliferation 4 [ Differentiation 172 |Differentiation 1/2 | Differentiation 1/2 ] Differentiation 1|
cells to be made 2 40E+11 6.00E+12 1.06E+14 133E+16 6.72E+15 B.72E+15 6.72E+15 6.72E+15 B6.72E+15 B.72E+15 1.34E+16

Yx/glu (E9 cells/E-3 mol) 413E-01 4.13E-01 413601 4.13E-01 413601 413E-01 4.13E-01

malu (E-15 moli(cell*hr) 6.02E+01 6 92E+01 8 .92E+01 6.026+01

Yx/gin (E9 cells/E-3 mol) 5.73E-01 5.73E-01 5.73E-01 5.73E-01 5.73E-01 5.73E-01 5.73E-01

a1 for mgin (E-15 moli(cell*hr) 3.20E+00 3.20E+00 3.20E+00 3.20E+00

a2 for mgin (E-3 molL) 2.10E+00 2 10E+00 2.10E+00 2.10E+00

glucose required (mmal) 582E+02 1.45E+04 2.56E+05 3.23E+07 1.63E+07 1.63E+07 1.63E+07

charge glucose (Ibs) 2 64E-03 661E-02 494€-01 595E+01 5.95E+01 5956+01 5956401 2.97E+01 29701 297E+01 5956401

maintenance glucose required (Ibs/hr) 1.33E-03 3.35E-02 6.64E-01 5.04E+01 2.53E+01 2.53E+01 2.53E+01 1.02E+00 1.02E+00 1.02E+00 2.05E+00

maintenance com grain hydrolysate requii 2.62E-03 6.60E-02 1.31E+00 9.93E+01 4.98E+01 4.98E+01 4.98E+01 2.02E+00 2.02E+00 2.02E+00 4.03E+00

overall glucose added after charge (Ibs) 2.28E-01 5.70E+00 1.01E+02 1.27E+04 6.40E+03 6.40E+03 6.40E+03 7.37E+01 7.37E+01 7.37E+01 1.47E+02

glutamine required (mmol) 4 19E+02 1.05E+04 1.85E+05 233E+07 1.1TE+07 117E+07 1.17E+07

charge glutamine (Ibs) 387E-04 967E-03 7.24E-02 871E+00 8.71E+00 8.71E+00 8.71E+00 4.356+00 435600 4356+00 8.71E+00

maintenance glutamine required (Ibs/hr) 7,.86E-04 1.98E-02 3.89E-01 2.96E+01 1.49E+01 1.49E+01 1.49E+01 6.13E+00 5.13E+00 5.13E+00 1.03E+01

maintenance soybean hydrolysate (Ibs/hr) 3.99E-03 1.00E-01 1.98E+00 1.50E+02 7.56E+01 7.56E+01 7.56E+01 2.60E+01 2.60E+01 2.60E+01 5.21E+01

overall glutamine added after charge (Ibs) 1.36E-01 3.36E+00 5.93E+01 7.48E+03 3.77E+03 3.77E+03 3.7TE+03 3.69E+02 3,69E+02 3.69E+02 7.386+02
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b. ki arequirement for Oxygen Transfer Rate and Sparge Gas Rate

To determine the mass transfer coefficient (k;a) for each bioreactor, the initial step is to
establish a relationship between oxygen transfer rate (OTR), k; a and the concentration of
dissolved oxygen in the liquid and gas phase. Modification of Fick’s first law of diffusion gives
the desired relation.

Fick’s First Law of Diffusion:

J = - Difmedia * ACi/AX (1)

Where, J = Diffusion flux
Di/media = Diffusion coefficient of species i in media

AC ; /AX = concentration gradient of species i

For flux of oxygen through the air bubble, equation 1 can be modified by replacing

J/AX with k; ag,meqia Such that AX is considered the boundary layer thickness around the

02/media

air bubble. With this modification, the updated equation yields

— * _ — * _ *
OTR = kLaOZ (COZ/gas oZ/liq) kLaOZ (P02/gas oZ/liq) HOZ/media (2)
where, P 02/gas and P 02/1iq  PrESSUTE of dissolved oxygen in the gas and liquid

H 02/media_ solubility of oxygen in media

On the other hand, oxygen uptake rate (OUR) is given by the specific oxygen uptake rate
(sOUR) of a cell and the peak viable cell density (VCD) at which the cells can grow without
complication.

OUR = sOUR * VCD 3)
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By equating OUR and OTR and isolating K, a, the desired equation for K; a requirement

is obtained as shown by equation 4.

sOUR*VCD

4

k.a 2=
LA02/media _ *
(POZ/gas PoZ/liq) HOZ/media

Once the K, a requirement is obtained for all the bioreactors, a correlation developed by

Zednikova et al is used to obtain the gas holdup (SG) in a bubble column based on required K; a.

The gas holdup then gives the superficial velocity of the sparge gas (ug) in the reactor. Using the
cross sectional area of the bioreactor and the calculated ug one can obtain the volumentrc sparge

gas rate to meet the OTR requirements.

Correlation Operating Conditions
ec = 0.7651%603 D =0.19m, uc = 20-200 mm/s
kra = 1.144u (;'943 1 m clear liquid height perforated plate
kpa = 1.?23£l§“m pure heterogeneous flow regime T = 25 °C, atmospheric pressure

Figure C.1. Correlations used to the sparge gas rate calculation (Zednikova et al. 2018)



Table C.1. Example Calculation for K; a Requirment and Sparge Gas Rate

Seed reactor 3 - KLa estimation

Values w/ 21 mol%

Inputs Units 02

VCD x 1076 cells/mL 60
Dissolved O2 set point % sauration O2 10
p_o2/liq mmHg 02 15.9
% O2 in sparge gas mol % O2 21
sOUR, qo2 pmol O2/cell/hr 0.2
OUR =OTR mmol O2/L/hr 12
H o02/media g 02/L/760 mmHg O2 0.033
H o2/media mmol O2/L/mmHg O2 0.001
02 KLa required 1/hr 61.6

For Seed - Gas sparge rate estimate for bubble column

Inputs Units Values (21% 02)

02 KLa required 1/hr 61.6
02 KLa required 1/sec 0.017
Vessel 1. D. m 0.162
Vessel cross sectional area m? 0.021
eps_g, Gas holdup vol gas/vol liq 0.052
Ug, Sparge gas superficial velocity m/s 0.012
Ug, Sparge gas superficial velocity m/min 0.697
Sparge gas rate standard L/min 14
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The carbon dioxide production for the process was calculated using mass balance and a
1:1 mole ratio between O, and CO, from the aerobic respiration equation. Table C.2 summarizes
the calculation for yearly CO, production rate.

Table C.2. Summary of Yearly CO, Production Rate

Total O2 added to process 16,613,511 Ib/yr

Total O2 consumed or CO2 produced 7,670 L/min
Total O2 consumed or CO2 produced 9,443,238 Ib/yr
Total NO2 in outlet 50,174 Ib/yr

Total O2 left in outlet 7,170,273 Ib/yr

c. Compressor Energy Requirement Calculation

Table C.3. Example Calculation for Work Required to Supply Air

Seed reactor 1 - Electric work required
Variable Values Unit
Density of Air at STP 1.2 kg/m?
Specific volume 0.8 m’/kg
Sparge gas rate 14.5 L/min
Sparge gas rate 0.0 m%/s
VCD 25000000.0 cells/mL
Density of cell 25.0 cells/m’
Reactor vol 0.014 m’
Working vol of bioreactor 0.010 m*
Total cells 0.3 cells
Mass of cells 3.16E-11 kg
Density of water 1000.0 kg/m’
Mass of water 10.1 kg




P2 -P1

Work required

Gravitational constant

Inlet Pressure, P1

Outlet pressure, P2

Total mass in bioreactor

Total density in bioreactor

Bioreactor process height

10.1 kg
750.0 kg/m?
9.8 m/s?
0.5 m
101325 Pa
3588 kg/m*s?

104913 Pa

0.9 J/s

d. CIP/SIP Calculation

Upstream

Diameter (m)
Seed 1 1.62E-01
Seed 2 4.73E-01
Seed 3 9.26E-01
FP/Full-size Diff 4.57E+00
Half-size Diff 3.83E+00

Saturated steam  hitos e

pressure (psig) 15
temp (F) 170
temp (K) 386
enthalpy (Btulb) 1137
enthalpy (Jikg) 284E+08
Gammadet Models

Vessel Size Flow Rate

250-1250 m3 £-31 m3/hr
500-30,000 L 2-8 m3hr
up t0 0.76 m 0.5-2 m3/hr

fiow rate (m3fhr)

Seed 1(.18m) 8 (interpolating)

Seed 2(47m) 14 (interp)
Seed 3(2500L) 24 (intemp)

FP(Full-size Diff (2 8
Half.size Diff (150 2

hot H20 galiyr

Seed 1 854.4081200
Seed2 1157 728882
Seed 3 4027.128898
FPIFull-size Diff 47117.3847
Half-size Diff 4T117.3847

Height (m)
B8.48E-01
1.20E+00
3.70E+00
1.83E+01
1.45E+01

Cycle Time
8-12 min
5-10 min

2-5 min

flow (ma/min)

0.013
0.023

0.04

0.13

0.13

2% NaOH gallyr
65.44081208
1157788883
402.7128898
4711.73847

4711.73847

Surface Area (m2) Volume (m3) Number Total Mass (kg)  Jto121C kgsteamto 121C  heatloss (J/s) kg steam for 15 min
3TIED1 ATIED4 1 2.96E+00 1.25E+05 474E-02 6.34E+03 2165400
3.47E+00 3A7ED3 1 2.53E+01 1.07E+08 4.05E-01 5.42E+04
1.21E+01 121E02 1 9.09E+01 4.10E+08 1.55E+00 2.07E+05
2.85E+02 295E-H 3 2.36E+03 0.98E+07 377E+D1 5.05E+08
1.88E+02 1.88E-M 3 1.49E+03 8.208+07 2.33E+01 3.18E+08 1.085+03
Batches per year 3372237402 boiler feed water: $2.00/1000 gal 50 psig steam:$13.20/1000 kg
sIP Steam per Year 114.542.15 | kglyr 1,541.96 $iyr
Hot Water 100.074.10 | galiyr 200.15| $iyr 83461802
Water for NaOH 10.00741 | galiyr 20.01| $iyr 23.461.80
CIP| need x10 at startup
NaOH (dry powder) 3,964.47 [$iyr 1,683.56
86% H2504. 58.15 | $iyr 3480
FPHull diffihalf diff 1 m3 = 260 gal
seed 3
seed 112
cycle time (min)  m h m CIP time (min/batch)
5 0.085 168 2.518854311 £54.4081208 15
5 0115 288 4453073012 1157798883 15 86% H2504: $37/kg
10 04 104 15.4830406 1 40271260898 30 NaOH: $5.15/kg
12 488 12188 181.2207104 47117.3847 36
12 488 12188 181.2207104 471173847 38
NaOH kglyr NaOH molfyr H2504 moliyr 98% H2504 kgiyr 96% H2504 $iyr
5033208622 02013583448 0.1006781724  0.01027756344  0.3802698472
8906148024 03562456400 0.1781229205 001818338147  D.6727851142
30.97789921 1.239115080 06195579843 0.06324654423 2340122138
362.4414208 14.40765683 7.248828416  0.7309845675 27.378428
362.4414208 14.40765683 7.248828416  0.7309845075 27.378420
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Total Steam per Batch (kg)

Ibiyr
Iniyr
Ibiyr
Iniyr

1.11E+03

2.00E+03

1.88E+02
1.81E+03
6.14E+03
4.00E+04
3142404



Downstream
kg Steam per Batch  steam Ibfbatch
STR 5.86E+02 1.29E+03
Saturated steam htip: W engineer
pressure (psig) 15
temp (F) 179
temp (K} 355
enthalpy (Btulh) 1137
enthalpy (Jkg) 2. 64E+06
GammaJet Models
Vessel Size Flow Rate Cycle Time
250-1250 m3 8-31 m3hr 8-12 min
500-30,000 L 2-8 m3hr 5-10 min
up to 0.7FB m 0.5-2 m3/hr 2-5min
19k-95k L 3.5-19 m3hr 8-20 min
flow rate (m3/hr) flow (m3/min)
6 extruders (100 m3) 4 0.0ET
2 DSC (225 m3) 8 013
2 tanks (400 m3/110k 10 017
STR (75m3) 3 0.05
ROV (2t & (interp) 0.01
mixer (30 m3) 1.5 0.025
hot H20 galfyr 2% NaOH galiyr
6 extruders (100 m3) 4B567.15039 4856 715039
2DSC (225 m3) 31411.5898 3141.15898
2 tanks (400 m3110k 41076.69426 4107 669436
5TR (75m3) 6040 690347 604 0690347
RDV (21t) 503.3908622 50.33908622
mixer (30 m3) 2516.954311 2516954311
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steam Ibiyr
4.99E+04
Batches per year 3872237402 boiler feed water: $2.00/1000 gal 50 psig stean:$13.20/1000 kg
EL Steam per Year 49,910.22 [ lnfyr 299 45 | Shyr
Hot Water 130,116 47 | galyr 26023 syr 1,085,171.36 lofyr
oo 11 2t startup Water for NaOH 13,0165 | galiyr 26.02| Sy 108,517.14 Ibfyr
cp) NaOH (dry powder) 2,201.97 [lofyr 24,948.33 | Syr
96% H2504 450 |loiyr 365.05 | Syr
water for PAA 1,071,084.13 | Ibtyr 25585 $iyr
15% PAA 1446895 | lafyr 32,962.54 | Syr
FPifull difffhalf diff 1 m3 =260 gal
seed 3 1 gal water = 5.34 Ib
seed 1/2
cycle time (min) m¥cleanenbatch liclh batch i Tyr CIP time (min/batch)
12 4.824 1254.24 186.7967323 48567.15039 36
12 312 811.2 120.8138069 31411.5898 36 96% H2504: $37/kg
12 408 1060.8 157987286 41076.69436 36 NaOH: §5.15/kg
12 06 156 2323342441 6040.650347 36 15% PAA- $13/gal
5 005 13 1.936118701 503.3808622 15
10 025 [ 9680523504 2516.954311 30
NaOH kglyr NaOH malfyr H2504 moliyr 96% H2S04 kghyr 96% H2S04 $iyr  0.2% PAA galiyr 15% PAA gallyr  15% PAA St
373.5034845 14.94373858 747186929 0.7827533234 28.22187296 48567.15039 8475620051 123026781
2416276139 9.665104554 4832552277 0493323045 18.25295266 314115898  418.8211974 795760275
315974572 12.63896288 6.315491439 0.6451147511 23.66924579 41076.69436  547.60892581 10406.0959
46 46684882 1.858673953 0.9293365764 005486961634 3.510183205 6040.650347 80.54253795 1530.308221
3.872237402 0.1548884961 0.07744474803  0.007905818028 0.292515267 503.2808622 B.711878163 127.5256851
19.36 118701 0.7744474803 0.3872237402  0.03952909014 1462576335 2516.954311 3355539081 B37.6284255



Appendix D: Full Clean-in-Place Specifications
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(each)

Virgin Hot Water 2% NaOH 15 psig Steam 0.2% Peracetic Acid
(gal/yr) (gal/yr) (Ib/yr) (gal/yr)
SR 1 650 65 190 -
SR 2 1,200 120 16,000 -
SR 3 4,000 400 6,100 -
FPR (IG:chzl;)DR ! 16,000 1,600 50,000 -
DR 2-4 (each) 16,000 1,600 31,000 -
STR 6,000 600 13,000 -
DSC 1&2 (each) 16,000 1,600 - 16,000
Rotary Drum 500 50 - 500
Mixer 6,200 620 - 6,200
Ext 1-6 (each) 8,100 810 - 8,100
Storage Tanks 21,000 2,100 . 21,000




Appendix E: Full Cold Room Refrigeration Specifications

Room temperature -12.00 °C

Temp. difference nside / outside room  37.00 °C

Ventilation loss factor Normal

Running time installation 24 Hrs/day
Length x Width x Height 15.00 x 10.00 x 10.00 m

Room volume 1500.00 m?

Insulation material Polystyrene

Thickness 150.00 mim

Floor insulation 0.00 mim

K-value insulation panel 0.23 Wim*K
Cooler fans 250,00/ 24 Watt / Hrs/day
Mlumination 15.00/24 Watt / Hrs/day
Persons 2/24 number / Hrs/day
Other heat sources 0.00/0 Watt / Hrs/day
Products Meat minced meat

Storage quantity 160000.00 kg

Stock shift 1500.00 kg

Entering temperature 36.50 °C

Cool down/congel. time 6 hr

Heat loads

Transmission losses 12640 Watt
Ventilation losses 5906 Watt

Other heat sources 3100 Watt

Cooling down/congel. 26516 Watt
Respiration 0 Watt

Subtotal 48162 Watt

With a running time per day of 24 hrs the total required cooling capacity is 48.2 kW

The specific capacity 18

321

W/m?
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Appendix F: Safety Data Sheets (SDS)

SAFETY DATA SHEET C’ MERCK ﬁm

Dexamethasone Solid Formulation

Version Rewision Date: SDS Number: Date of last issue: 04092021
26 D&27r2021 2533225-00009 Date of first issue: 02/23/2018

SECTION 1. IDENTIFICATION

Product namea . Dexamethasone Solid Formulation
OMher means of identiication : Mo data available

Manufacturer or supplier's details

Company name of supplier : Merck & Co., Inc
Address : 2000 Galloping Hill Road

Kenilworth - New Jarsay - U.S A 07033
Telaphona : B08-740-4000
Emergency lelephana : 1-908-423-6000
E-mail address . EHSDATASTEWARDNEmarck. com
Recommended use of the chemical and restrictions on use
Recommended use : Velerinary product
Resfrictions on use : Mol applicable

SECTION 2. HAZARDS IDENTIFICATION

GHS classification in accordance with the Hazardous Products Regulations
Reproductive loxicity : Category 1B

GHS label elements
Hazard piclograms

Signal Word . Danger
Hazard Statemants : H3G0D May damage the unborn child.
Precautionary Statements Pravantion:

P201 Obtain special instructions bafore usa.

P202 Do not handle until all safely precautions have been read
and undersiood.

P2B0 Wear protective glowes, prolective clothing, eye prolection
and face protection.

Response:

P308 + P313 IF exposad or concamed: Gel medical attention.
Storage:

P405 Store locked up.

Disposal:

P501 Dispose of contents and conlainer 1o an approved waste
disposal plant.
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SAFETY DATA SHEET C’ MERCK A"’“

Dexamethasone Solid Formulation

Varsion Revision Date: 505 Number: Date of lastissue: 04/09/2021
2B 082772021 2533225-00009 Date of first issue: 02/23/2018
Other hazards

Dust contact with the eyes can lead to mechanical irritation.
Contact with dusl can cause mechanical irritation or drying of the skin.
May form explosive dust-air mixiure during precessing, handling or othar means.

SECTION 3. COMPOSITION/INFORMATION ON INGREDIENTS

Substance ! Mixture o Mixture
Componants
Chamical namea Common CAS-No. Concantration (% wiw)
Nama/Synanym
Starch Sago starch 2005-25-8 »=30-<60"
Dexamethasona :Illzdala availa- [50-02-2 P
" Actual concantration or concenfration range is withheld as a trade secrel
SECTION 4. FIRST AID MEASURES
Ganeral advice : In the case of accident or if you feel urwell, seek madical

advice immediataly.
When symploms persist or in all cases of doubl seek medical

advice.

If inhaled . IFinhaled, remove to fresh air.
Get medical attention.

In casa of skin contact : In case of conlact, immediately flush skin with soap and plenty
of waler.

Remove contaminated clothing and shoes.
Gel medical attention.

Wash clothing before reusa.

Thoroughly clean shoes before reuse.

In casa of eya contact : IFin eyes, rinse wall with water.
Get medical attention if irritation develops and persists.
I swallowed o IF swallowead, DO NOT induce vomiling.

Get medical attention.
Rinsa mouth thoroughly with walar.

Muost impartant symploms : May damage the unbarn child.
and effects, both acule and Contact with dust can cause machanical irritation or drying of
delayed the skin.

Dust contact with the eyes can lead to mechanical irritation.
Protection of first-aiders o First Aid responders should pay attention to self-protection,

and use the recommended parsonal protective equipmeant
when the potantial for exposure axisls (see section 8).
Motes to physician : Treal symplomatically and supporivaly.

SECTION 5. FIRE-FIGHTING MEASURES

Suilable extinguishing media : Waler spray
Alcoholresistant feam
Carbon dioxide (CO2)
Diry chemical

Unsuitable exdinguishing : Mona known.

media

2113
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SAFETY DATA SHEET

€5 MERCK /3~

Dexamethasone Solid Formulation

Version Revision Date:

082712021

SDS Number:
2533225-00009

Date of last issue: 04/0W2021
Date of first issue: 02/23/2018

Specific hazards during fire
Tighting

Hazardous combustion prod-
ucls

Specific extinguishing meth-
ads

Special protective equipment
far fire-fighters

Avoid ganeraling dust; fine dust dispersed in air in sufficient
concenirations, and in the presence al an ignition source is a
polential dust explosion hazard.

Exposure o combustion products may be a hazard to health.

Carbon oxides

Usa exlinguishing measures thal are appropriate to local cir-
cumsiances and the surrounding environment.

Usa waler spray o cool unopened containers.

Remove undamaged conlainers from fire area if it is safe to do
50.

Evacuate area.
In the eveant of fire, wear seli-contained breathing apparatus.
Usa parsonal prolective equipment.

Personal precautions, protec- :

live equipment and amer-
gency proceduras

Environmental precautions

Methods and maberials for
containment and cleaning up

SECTION 6. ACCIDENTAL RELEASE MEASURES

Usa parsonal prolective equipment.
Follow safe handling advice (see section T) and persanal
protective equipment recommendalions (see section 8).

Awoid release to the anviranment.

Pravent furthar leakage or spillage if safe to do so0.
Relain and dispose of contaminated wash waler.

Local authorities should be advised if significant spillages
cannol be contained.

Sweep up or vacuum up spillage and collect in suitable
container for disposal.

Avoid disparsal of dust in the air (i.e., clearing dust surfaces
with comprassad air).

Dust deposits should not be allowed Lo accumulate on
surfaces, as these may form an explosive mixtura if they ara
raleasad inlo the almosphere in sufficient concentration.
Local or national regulations may apply 1o releases and
disposal of this material, as well as those malerials and ilems
amployed in the cleanup of releases. You will nead o
delermine which regulations are applicable.

Sections 13 and 15 of this 505 provide information regarding
ceriain local or national requiramants.

Technical measuras

LocalTolal ventilation

Advice on safe handling

SECTION 7. HANDLING AND STORAGE

Slalic electricity may accumulale and ignile suspanded dust
causing an axplosion.

Provide adequale precaulions, such as electrical grounding
and bonding, or iner almospheres.

If sufficient ventilation is unavailable, use with local exhaust
venlilation.

Do nat get on skin or clothing.

Do nat breathe dust.

Do not swallow.

3113
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SAFETY DATA SHEET C’ MERCK ﬁ""‘

Dexamethasone Solid Formulation

Version Revision Date: 505 Number: Date of last issua: 04/092021
2B 082772021 2533225-00009 Date of first issue: 02/23/2018

Avoid contact with ayes.
Handle in accordance with good industrial hygiene and safely
praclice, based on the results of the workplace axposure
assessment
Keap container lightly closed.
Minimize dusl generation and accumulation.
Keap containar closed when not in usa.
Keap away from heal and sources of ignition.
Take precautionary measures against slatic discharges.
Take care o prevent spills, waste and minimize releasa to the
anvironmant.
Conditions for safe storage :  Keap in properly labeled confainers.
Keap lighlly closed.
Slore in accordance with the particular national regulations.
Materials lo avoid ;Do not store with the following product types:
Strong oxidizing agents
Organic peroxides
Explosives
Gasas

SECTION B. EXPOSURE CONTROLS/PERSONAL PROTECTION

Ingrediants with workplace control paramaters

Componants CAS-No. Value typa Control parame- Basis
(Form of ters | Parmissible
axposura) concentration
Slarch 9005-25-8 TWA 10 mg/m® CA AB OEL
TWA (Total 10 mg/m?* CA BC OEL
dust)
TWA (raspir- | 3 mg'm* CA BC OEL
able dust
Traction)
TWAEV (fo- | 10 mg/m® CA QC OEL
lLal dust)
TWA 10 mg/m?* ACGIH
Dexamethasone 50-02-2 TWA 10 yg'm3 (OEB 3) | Internal
Further information: Skin
[ [ Wipe limit | 100 pg/100 cm® | Intermnal
Engineering measures : Al engineering controls should be implemanted by facility

design and operaled in accordance with GMP principles (o
protect products, workers, and the environmeant.
Containment technologies suitable for controlling com pounds
are required to contral al source and lo prevent migration of
the compound to uncontrolled areas (e.q., open-face
containment devices).

Minimize opan handling.

Personal protective equipment

Respiratory prolection ;I adequate local exhaust venlilation is not available or
axposure assessmant demonstrales exposures oulside the
recommended guidelines, use respiratory prolection.

Filter type : Particulates typa
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Version

SAFETY DATA SHEET

Revision Date:
08272021

SDS Number:
2533225-00009

€3 MERCK /3

Dexamethasone Solid Formulation

Date of last issue: 04/09/2021
Date of first issue: 02/23/2018

Hand protection
Material

Remarks
Eye protection

Skin and body protection

Hygiene measures

Chemical-resistant gloves

Consider double gloving.

Wear safety glasses with side shields or gogagles.

If the work environment or activity involves dusty conditions,
mists or asrosols, wear the appropriate goggles.

Wear a faceshield or other full face protection if there is a
potential for direct contact to the face with dusts, mists, or
aerosols.

Work uniform or laboratory coat.

Additional body garments should be used based upon the
task being performed (e.g., sleevelets, apron, gauntlets,
disposable suits) to avoid exposed skin surfaces.

Use appropriate degowning techniques to remove potentially
contaminated clothing.

If exposure to chemical is likely during typical use, provide
eye flushing systems and safety showers close to the
working place.

When using do not eat, drink or smoke.

Wash contaminated clothing before re-use.

The effective operation of a facility should include review of
engineering controls, proper personal protective equipment,
appropriate degowning and decontamination procedures,
industrial hygiene maonitoring, medical surveillance and the
use of administrative controls.

Appearance

Color

Odor

Odor Threshold

pH

Melting point/freezing point

Initial boiling point and beiling
range

Flash point
Evaporation rate

Flammability (solid, gas)

Flarmmmability (liquids)

Upper explosion limit / Upper

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES

powder

white

Mo data available
Mo data available
Mo data available
Mo data available

Mo data available

Mot applicable
Mot applicable

May form explosive dust-air mixture during processing,
handling or other means.

Mo data available

Mo data available

513
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SAFETY DATA SHEET

€5 MERCK [}~

Dexamethasone Solid Formulation

Date of last issue: 04/09/2021
Date of first issue: 02/23/2018

SDS Number:
2533225-00009

Version Revision Date:
26 08/27/2021

flammability limit
Lower explosion limit / Lower Mo data available
flammability limit

Vapor pressure Mot applicable

Relative vapor density Mot applicable

Relative density No data available

Density Mo data available
Solubility(ies)
Water solubility Mo data available
Partition coefficient: n-
octanoliwater
Autoignition temperature

Mot applicable
MNo data available
Decomposition temperature No data available

Viscosity

Viscosity, kinernatic Mot applicable

Explosive properties

Oxidizing properties
Molecular weight

Particle size

Mot explosive

The substance or mixture is not classified as oxidizing.
MNo data available

Mo data available

Reactivity
Chemical stability

Possibility of hazardous reac-

fions

Conditions to avoid

Incompatible materials
Hazardous decomposition
products

SECTION 10. STABILITY AND REACTIVITY

Mot classified as a reactivity hazard.

Stable under normal conditions.

May form explosive dust-air mixture during processing,
handling or other means.

Can react with strong oxidizing agents.

Heat, flames and sparks.

Avoid dust formation.

Oxidizing agenis

Mo hazardous decomposition products are known.

SECTION 11. TOXICOLOGICAL INFORMATION

Information on likely routes of exposure

Inhalation
Skin contact

6/13



SAFETY DATA SHEET

Dexamethasone Solid Formulation

€5 MERCK [~

Version Revision Date: SDS Number: Date of last issue: 04/09/2021
28 08272021 2533225-00009 Date of first issue: 02/23/2018
Ingestion
Eye contact
Acute toxicity
Mot classified based on available information.
Components:
Starch:
Acute oral toxicity ¢ LD50 (Rat): = 5,000 ma/kg
Acute dermal toxicity : LD50 (Rabbit): = 2,000 mglkg
Dexamethasone:
Acute oral toxicity :  LD50 (Rat): = 2,000 mg/kg

LD50 (Mouse): = 6,500 ma/kg

Acute toxicity (other routes of : LD50 (Rat): 14 mo/kg

administration) Application Route: Subcutaneous

Skin corrosion/irritation
Mot classified based on available information.

Components:

Dexamethasone:

Species :  Rabbit

Result : Mild skin irritation

Serious eye damage/feye irritation
Mot classified based on available information.

Components:

Starch:

Species :  Rabbit

Result : Mo eye iritation
Dexamethasone:

Species :  Rabbit

Result : Mild eye irritation

Respiratory or skin sensitization
Skin sensitization
Mot classified based on available information.

Respiratory sensitization
Mot classified based on available information.

Ti13
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SAFETY DATA SHEET 0 MERCK A"'*

Dexamethasone Solid Formulation

Wersion Revision Date: 5DS Number: Date of last issue: 04/09/2021
26 08/27/2021 2533225-00009 Date of first issue: 02/23/2018

Components:

Starch:

Test Type :  Maximization Test

Routes of exposure : Skin contact

Species :  Guinea pig

Result :  negative

Germ cell mutagenicity

Mot classified based on available information.

Components:

Starch:

Genotoxicity in vitro :  Test Type: Bacterial reverse mutation assay (AMES)

Result: negative

Dexamethasone:
Genotoxicity in vitro :  Test Type: Bacterial reverse mutation assay (AMES)
Result: negative
Test Type: in vitro test
Test system: mouse lymphoma cells
Result: negative
Genotoxicity in vivo ¢ Test Type: Micrenucleus test

Species: Mouse
Application Route: Oral
Result: negative

Carcinogenicity
Mot classified based on available information.

Reproductive toxicity
May damage the unborn child.

Components:

Dexamethasone:

Effects on fetal development : Test Type: Development
Species: Mouse
Application Route: Subcutaneous
Developmental Toxicity: LOAEL: 6 mg/kg body weight
Result: Specific developmental abnormalities., Cleft palate

Species: Rabbit

Application Route: Intramuscular

Developmental Toxicity: NOAEL: 0.025 mg'kg body weight
Result: Specific developmental abnormalities.

Species: Rabbit

Application Route: Intramuscular

Developmental Toxicity: LOAEL: >= 0.062 mg/kg body weight
Result: Specific developmental abnormalities.
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SAFETY DATA SHEET

€5 MERCK /3

Dexamethasone Solid Formulation

Version Revision Date: SDS Mumber: Date of last issue: 04/09/2021
26 oa27/2021 2533225-00009 Date of first issue: 02/23/2018
Species: Rat

Reproductive toxicity - As-
sessment

STOT-single exposure

Application Route: Subcutaneous
Developmental Toxicity: LOAEL: >= 0.02 mg/kg body weight
Result: Skeletal and visceral variations ., Retardations.

May damage the unborn child.

Mot classified based on available information.

STOT-repeated exposure

Not classified based on available information.

Components:

Dexamethasone:

Routes of exposure
Target Organs
Assessment

Repeated dose toxicity

Components:

Starch:

Species

NOAEL
Application Route
Exposure time
Method

Dexamethasone:
Species

NOAEL
Application Route
Exposure time
Target Organs
Remarks

Species

LOAEL
Application Route
Exposure time
Target Organs
Remarks

Species

LOAEL
Application Route
Exposure time
Target Organs
Remarks

Oral
Adrenal gland, Immune system, thymus gland
May cause damage to organs through prolonged or repeated

exposure.

Rat

== 2,000 mglkg

Skin contact

28 Days

OECD Test Guideline 410

Rat

0.0015 mg'kg

Oral

7d

Liver

Significant toxicity observed in festing

Rat

0.003 mg'kg

Oral

90 d

Blood, Adrenal gland, thymus gland
Significant toxicity observed in testing

Rat

0.125 mg'kg

Oral

6 Weeks

Adrenal gland

Significant toxicity observed in testing

9/13
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SAFETY DATA SHEET

€3 MERCK /3

Dexamethasone Solid Formulation

Repeated dose toxicity

Components:

Starch:

Species

NOAEL
Application Route
Exposure time
Method

Dexamethasone:
Species

NOAEL
Application Route
Exposure time
Target Organs
Remarks

Species

LOAEL
Application Route
Exposure time
Target Organs
Remarks

Species

LOAEL
Application Route
Exposure time
Target Organs
Remarks

Version Revision Date: SDS Number: Date of last issue: 04/09/2021
26 08/27/2021 2533225-00009 Date of first issue: 02/23/2018
Species: Rat
Application Route: Subcutaneous
Developmental Toxicity: LOAEL: >= 0.02 mg/kg body weight
Result: Skeletal and visceral variations ., Retardations.
Reproductive toxicity - As- May damage the unborn child.
sessment
STOT-single exposure
Mot classified based on available information.
STOT-repeated exposure
Mot classified based on available information.
Components:
Dexamethasone:
Routes of exposure Oral
Target Organs Adrenal gland, Immune system, thymus gland
Assessment May cause damage to organs through prolonged or repeated

exposure.

Rat

== 2 000 mg'kg

Skin contact

28 Days

OECD Test Guideline 410

Rat

0.0015 malkg

Oral

7d

Liver

Significant toxicity observed in testing

Rat

0.003 mg'kg

Oral

80 d

Blood, Adrenal gland, thymus gland
Significant toxicity observed in testing

Rat

0.125 mg'kg

Oral

6 Weeks

Adrenal gland

Significant toxicity observed in testing

9/13
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SAFETY DATA SHEET .:,. MERCK A"”"

Dexamethasone Solid Formulation

Version Revision Date: SDS Number: Date of last issue: 04/09/2021
2.6 oa/27r2021 2633225-00009 Date of first issue: 02/23/2018

Species : Rat

LOAEL . 0.4 mgfkg

Application Route : Qral

Exposure time : 3 Months

Target Organs : Immune system

Remarks :  Significant toxicity observed in testing

Species : Dog

LOAEL : 8 mglkg

Application Route : QOral

Exposure time : 3 Months

Target Organs : Immune system

Remarks 1 Significant toxicity observed in testing

Aspiration toxicity
Mot classified based on available information.

Experience with human exposure

Components:

Dexamethasone:

Ingestion ¢ Target Organs: Immune system
Target Organs: Adrenal gland
Target Organs: Bone
Symptoms: muscle weakness

SECTION 12. ECOLOGICAL INFORMATION

Ecotoxicity
Components:
Dexamethasone:
Toxicity to daphnia and other : ECS50 (Daphnia magna (Water flea)): > 56 mg/l
aquatic invertebrates Exposure time: 48 h
Method: OECD Test Guideline 202
Toxicity to algaefaquatic :  EC50 (Pseudokirchneriella subcapitata (green algae)): = 9.2
plants mg/l
Exposure time: 72 h
Method: OECD Test Guideline 201
NOEC (Pseudokirchneriella subcapitata (green algae)): 9.2
gl
Exposure time: 72 h
Method: OECD Test Guideline 201
Toxicity to fish (Chronic tox- : MNOEC (Pimephales promelas (fathead minnow)): 0.033 mg/l
icity) Exposure time: 32 d
Method: OECD Test Guideline 210
Toxicity to microorganisms : EC50: = 1,000 mgi

Exposure time: 3 h

10713
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SAFETY DATA SHEET €3 MERCK [3) =

Dexamethasone Solid Formulation

Version Revision Date: SDS Number: Date of last issue: 04/09/2021
26 08&/27/2021 2533225-00008 Date of first issue: 02/23/2018

Test Type: Respiration inhibition
Method: OECD Test Guideline 209

NOEC: 1,000 mg/

Exposure time: 3 h

Test Type: Respiration inhibition
Method: OECD Test Guideline 209

Persistence and degradability
Components:

Dexamethasone:

Biodegradability :  Result: Mot readily biodegradable.
Biodegradation: 50 %
Exposure time: 3.54 d
Method: OECD Test Guideline 314

Bioaccumulative potential

Components:

Dexamethasone:

Partition coefficient: n- : log Pow: 1.83
octanoliwater

Mobility in soil
No data available

Other adverse effects
Mo data available

SECTION 13. DISPOSAL CONSIDERATIONS

Disposal methods
Waste from residues :  Dispose of in accordance with local regulations.
Contaminated packaging :  Empty containers should be taken to an approved waste
handling site for recycling or disposal.
If not otherwise specified: Dispose of as unused product.

SECTION 14. TRANSPORT INFORMATION

International Regulations
UNRTDG
Not regulated as a dangerous good

IATA-DGR
Mot regulated as a dangerous good

IMDG-Code
Not regulated as a dangerous good

Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code
Mot applicable for preduct as supplied.
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SAFETY DATA SHEET ‘:’ MERCK A__

Dexamethasone Solid Formulation

Version Revision Date: SDS Number: Date of |last issue: 04/09/2021
26 0a272021 253322500009 Date of first issue: 02/23/2018

Domestic regulation

TDG
Met regulated as a dangerous good

Special precautions for user
Mot applicable

SECTION 15. REGULATORY INFORMATION

The ingredients of this product are reported in the following inventories:

AlCS ¢ nol delermined
DSL ¢ nol delermined
IECSC ¢ nol delermined

SECTION 16. OTHER INFORMATION

Full text of other abbreviation

ACGIH ¢ USA. ACGIH Threshold Limit Values (TLV)

CA AB OEL :  Canada. Alberta, Occupational Health and Safety Code (Lable
2 0EL)

CABC OEL :  Canada. British Columbia OEL

CAQC OEL : Québec. Regulation respecting occupational health and sale-

by, Schedule 1, Part 1: Permissible exposure values for alr-
borne contaminants

ACGIH | TWA ¢ B-hour, time-weighted average

CAAB OEL / TWaA . B-hour Occupational exposure lmit
CABC OEL/ TWaA ¢ B-hour time weighted average

CAQC OEL / TWAEY o Time-weighted average exposure value

AlC - Australian Inventory of Industrial Chemicals; ANTT - Mational Agency for Transport by
Land of Brazil; ASTM - American Society for the Testing of Materials, bw - Body weight; CMR -
Carcinogen, Mutagen or Reproductive Toxicant; DIN - Standard of the German Instilule for
Standardisation; DSL - Domestic Substances List (Canada); ECx - Concentration associated with
%% response; ELx - Loading rale associated with % response; EmS - Emergency Schedule;
ENCS - Existing and Mew Chemical Substances (Japan); ErCx - Concentration associated with
%% growth rate response; ERG - Emergency Response Guide; GHS - Globally Harmonized Sys-
tem; GLP - Good Laboratory Practice; |IARC - International Agency for Research on Cancer; IATA
- International Al Transport Association: |BC - Intemational Code for the Construction and
Equipment of Ships carrying Dangerous Chemicals in Bulk; 150 - Hall maximal inhibitory con-
cantration; ICAD - Imernaticnal Civil Aviation Organization; IECSC - Inventory of Existing Chermi-
cal Substances in China; IMDG - International Maritime Dangerous Goods, IMO - Internaticnal
Maritime Organization; ISHL - Industrial Safety and Health Law {Japan); ISO - International Or-
ganisation for Standardization; KEC| - Korea Existing Chemicals Inventory, LCS0 - Lethal Con-
cantration 1o 50 % of a test population; LDS0 - Lethal Dose to 50% of a test population (Median
Lethal Dose), MARPOL - International Convention for the Prevention of Pollution from Ships;
n.o.s. - Not Otherwise Specified; Nch - Chilean Norm; NO{AJEC - No Observed (Adverse) Efect
Concentration; NO{A)JEL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect
Loading Rate; NOM - Official Mexican Morm; NTP - National Toxicolegy Program; NZIoC - New
Zealand Inventory of Chemicals; OECD - Organization for Economic Co-operation and Develop-

12/13
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SAFETY DATA SHEET .,:' MERCK &__

Dexamethasone Solid Formulation

Version Revision Date: 305 Number: Date of last issue: 04/08/2021
26 oarzri2o21 2533235 00009 Date of first issue: 02/23/2018

mient; OPPTS - Office of Chemical Safety and Pollution Prevention; PBT - Persistent, Bioaccumu-
lative and Toxic substance; PICCS - Philippines Inventory of Chemicals and Chamical Substanc-
es; (Q)SAR - (Quantitative) Struclure Activity Relationship, REACH - Regulation (EC) Mo

1907/2006 of the European Parliament and of the Council concaming the Registration, Evaluation,

Autharisation and Restriction of Chemicals; SADT - Sell-Accelerating Decomposition Tempera-
ture; SDS - Safety Data Sheet; TCSI - Taiwan Chemical Substance Inventory; TDG - Transporta-
tion of Dangerous Goods;, TECI - Thailand Existing Chemicals Inventory; TSCA - Toxic Sub-
stances Control Act (United States); UN - United MNations; UNRTDG - United Nations Recom-
mendations on the Transport of Dangerous Goods; vPvB - Very Persistent and Very Bioaccumu-
lative; WHMIS - Workplace Hazardous Materials Information System

Sources of key dala used o :  Intermnal lechnical data, data frem raw malenal SDSs, OECD
compile the Material Safety aChem Poral search resulls and Eurcpean Chemicals Agen-
Data Sheet ¢y, htplecha europa. e/

Revision Date : 082772021

Date format o mmiddiyyyy

The information provided in this Safety Data Sheet is comect o the best of our knowledge,
information and beliel at the date of its publication. The information is designed only as a
guidance for safe handling, use, processing, slorage, transportation, disposal and release and
shall not be considered a warranty or quality specification of any type. The information provided
relates cnly 1o the specific material identified at the top of this SDS and may not be valid when the
SDS material s used in combination with any ather materials or in any process, unless specified
in the text. Material users should review the information and recommendations in the specific
context of their intended manner of handling, use, processing and slorage, including an
assessment of the appropriatenass of the SDS material in the user's end product, il applicable.

CAlZB
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SAFETY DATA SHEET Revision Date D4/a5/20ss

Print Date 04,/16,/2022

SECTION 1: Identification of the substance/mixture and of the company fundertaking
1.1 Product identifiers

Product name : Dextranase, from Chaetomium erraticum
Product Number : DO443
Brand . Sigma
CAS-No. : 9025-70-1

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses : Laboratory chemicals, Synthesis of substances

1.3 Details of the supplier of the safety data sheet

Company ¢ Sigma-Aldrich Inc.
3050 SPRUCE 5T
ST. LOUIS MO 63103
UNITED STATES

Telephone : +1 314 771-5765
Fax : +1 800 325-5052
1.4 Emergency telephone
Emergency Phone # : BO0-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24
Hours/day: 7 Days/week

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture
Mot a hazardous substance or mixture.
2.2 GHS Label elements, including precautionary statements
Mot a hazardous substance or mixture.
2.3 Hazards not otherwise classified (HNOC) or not coverad by GHS - none

SECTION 3: Composition/information on ingredients
3.1 Substances

SYNoNYms ¢ 1,6-a-D-Glucan &-glucanohydrolase
CAS-MNo. : 9025-70-1
EC-No. : 232-803-9

Sigma - D0443
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SECTION 4: First aid measures

4.1

4.2

4.3

Description of first-aid measures

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration.

In case of skin contact
Wash off with soap and plenty of water.

In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Mever give anything by mouth to an unconscious person. Rinse mouth with water.

Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in saction 11

Indication of any immediate medical attention and special treatment needed
Mo data available

SECTION 5: Firefighting measures

5.1

5.2

5.3

5.4

Extinguishing media

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxidea.

Special hazards arising from the substance or mixture
Mature of decomposition products not known.

Advice for firefighters
Wear self-contained breathing apparatus for firefighting if necessary.

Further information
Mo data available

SECTION 6: Accidental release measures

6.1

6.2

6.3

6.4

Personal precautions, protective equipment and emergency procedures
Avoid dust formation. Avoid breathing vapors, mist or gas.
For personal protection see section 8.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Sweep up and shovel. Keep in suitable, closed containers for disposal.

Reference to other sections
For disposal see section 13.

Sigrna - DO443
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SECTION 7: Handling and storage

7.1

7.2

7.3

Precautions for safe handling

Advice on protection against fire and explosion
Provide appropriate exhaust ventilation at places where dust is fermed.Normal measures
for preventive fire protection.

Hygiena measures
General industrial hygiene practice.
For precautions see section 2.2,

Conditions for safe storage, including any incompatibilities

Storage conditions
Keep container tightly closed in a dry and well-ventilated place.

Storage stability

Recommended storage temperature

2-8¢°C

Storage class

Storage class (TRGS 510): 13: Nen Combustible Solids

Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses ara stipulated

SECTION 8: Exposure controls/personal protection

8.1

8.2

Control parameters

Ingredients with workplace control parameters
Contains no substances with accupational exposure limit valuas,

Exposure controls

Appropriate engineering controls
General industrial hygiena practice.

Personal protective equipment

Eye/face protection
Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU).

Skin protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove
removal technique (without touching glove's outer surface) to avoid skin contact
with this preduct. Dispose of contaminated gloves after use in accordance with
applicable laws and good laboratory practices. Wash and dry hands.

Full contact

Material: Mitrile rubber

Minimum layer thickness: 0.11 mm

Break through time: 480 min

Material tested: Dermatril@ (KCL 740 / Aldrich 2677272, Size M)

Splash contact
Material: Nitrile rubber

Sigma - DO443
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Minimum layer thickness: 0.11 mm
Break through time: 480 min
Material tested : Dermatril® (KCL 740 / Aldrich Z&77272, Size M)

data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 B7300, e-mail
sales@kel.de, test method: EN374

if used in solution, or mixed with other substances, and under conditions which
differ from EN 374, contact the supplier of the EC approved gloves. This
recommendation is advisory only and must be evaluated by an industrial hygienist
and safety officer familiar with the specific situation of anticipated use by our
customers, It should not be construed as offering an approval for any specific use
seenario.

Body Protection

Choose body protection in relation to its type, to the concentration and amount of
dangerous substances, and to the specific work-place., The type of protective
equipment must be selected according to the concentration and amount of the
dangerous substance at the specific workplace.

Respiratory protection

Respiratory protection is not required. Where protection from nuisance levels of
dusts are desired, use type N95 (US) or type P1 (EN 143) dust masks. Use
respirators and components tested and approved under appropriate governmeant
standards such as NIOSH (US) or CEN (EU).

Control of environmental exposure
Do not let product enter drains.

SECTION 9: Physical and chemical properties
9.1 Information on basic physical and chemical properties

a) Appearance Form: liguid
b) Odor Mo data available
c) Odor Threshold Mo data available
d) pH Mo data available
e) Melting Mo data available
point/freezing point
) Inmitial boiling point Mo data available
and boiling range
g} Flash point (IMo data available
h) Ewvaporation rate Mo data available
i} Flammability (solid, MNo data available
gas)
1} Upper/lower Mo data available
flarmmability or
explosive limits
k) Vapor pressure Mo data available
Iy Vapor density Mo data available
m) Density Mo data available
Sigma - D0443
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9.2

Relative density Mo data available
n) Water solubility Mo data available

a) Partition coefficient: Mo data available
n-octanol/water

pl  Autoignition Mo data available

temperature

q) Decomposition Mo data available
temperature

r}  Viscosity Mo data available

5} Explosive proparties MNo data available
t) Oxidizing properties Mo data available

Other safety information
Mo data available

SECTION 10: Stahiﬁt\r and reactivity

10.1

10.2

10.3

10.4

10.5

10.6

Reactivity
Mo data available

Chemical stability
Stable under recommended storage conditions.

Possibility of hazardous reactions
Mo data available

Conditions te avoid
Mo data available

Incompatible materials
Strong exidizing agents

Hazardous decomposition products
In the event of fire: see section 5

SECTION 11: Toxicolegical information

11.1

Information on toxicological effects

Acute toxicity

Oral: No data available
Inhalation: Mo data available
Dermal: No data available
Mo data available

Skin corrosion/irritation
Mo data available

Serious eye damage/eye irritation
Mo data available

Sigrma - DO443

The life science business of Merck KGaA, Darmstadt, Germany
operates as MilliporeSigma in the US and Canada
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Respiratory or skin sensitization
Prolonged or repeated axposure may cause allergic reactions in certain sensitive
individuals.

Germ cell mutagenicity
Mo data available

Carcinogenicity

IARC: Mo ingredient of this product present at levels greater than or equal to 0.1% is
identified as probable, possible or confirmed human carcinogen by LARC.

ACGIH: Mo ingredient of this product present at levels greater than or equal to 0.1% is
identified as a carcinogen or potential carcinagen by ACGIH.

MNTP: MNa ingredient of this product present at levels greater than or equal to 0.1% is
identified as a known or anticipated carcinogan by NTP.

OSHA: MNa component of this product present at levels greater than or equal to 0.1% is
on OSHA's list of regulated carcinogens.

Reproductive toxicity
Mo data available
Mo data available

Specific target organ toxicity - single exposure
Mo data available

Specific target organ toxicity - repeated exposire
Mo data available

Aspiration hazard
Mo data available

11.2 Additional Information

To the bect of our knowledge, the chemical, physical, and toxicological properties have not
been tharcughly investigated.

SECTION 12: Ecological information

12.1 Toxicity
Mo data available

12.2 Persistence and degradability
Mo data available

12.3 Bisaccumulative potential
Mo data available

12.4 Mobility in soil
Mo data available

12.5 Results of PBT and vPvB assessment
PET/vPvB assessmant not available as chemical safety assessment not required/not
conducted

12.6 Endocrine disrupting properties
Mo data available

12.7 Other adverse effects
Mo data available

Sigrma - DO443
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SECTION 13: Disposal considerations
13.1 Waste treatment methods

Product
Offer surplus and non-recyclable solutions to a licensed disposal company.

Contaminated packaging
Dispose of as unused product.

SECTION 14: ‘T‘ranspnrt information
DOT (US)
Mot dangerous goods

IMDG
Mot dangerous goods

IATA
Mot dangerous goods

Further information
Mot classified as dangerous in the meaning of transport regulations.

SECTION 15: Regulatory information

SARA 302 Components
Mo chemicals in this material are subject to the reporting requirements of SARA Title III,
Section 302.

SARA 313 Components

This material does not contain any chemical components with known CAS numbers that
exceed the threshold {De Minimis) reporting levels established by SARA Title 111, Section
313,

SARA 311/312 Hazards
Mo SARA Hazards

Massachusetts Right To Know Components
Mo components are subject to the Massachusetts Right to Know Act.

Pennsylvania Right To Know Components
Dextranase CAS-No. Revision Date
9025-70-1

Mew Jersey Right To Know Components
Dextranase CAS-No. Revision Date
9025-70-1

California Prop. 65 Components

Sigrma - D0443
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This preduct does not contain any chemicals known to the State of California to cause
cancer, birth, or any other reproductive defects,

SECTION 16: Other information

Further information

Copyright 2020 Sigma-Aldrich Co. LLE. License granted to make unlimited paper copies
for internal use only.

The above information is believed to be correct but does not purport to be all inclusive
and shall be used only as a guide. The information in this document is based on the
present state of our knowledge and is applicable to the preduct with regard to
appropriate safety precautions. It does not represent any guarantae of the properties of
the product. Sigma-aldrich Corporation and its Affiliates shall not be held liable for any
damage resulting from handling or from contact with the above product. See

wiww . sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional
terms and conditions of sale.

The branding on the header and/or footer of this document may tempararily not visually
match the product purchased as we transition our branding. However, all of the
infarmation in the document regarding the product remains unchanged and matchas the
product ordered. For further information please contact misbranding@sial.com.

Version: 6.2 Revision Date: 04/15/2022 Print Date: 04/16/2022

Sigma - D0443
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/&I% SAFETY DATA SHEET

| 1. Identification of the substance/mixture and of the companylundertaking |

Identification of the substance/praparation

Product code 10438001

Product name ES Cell FBS

Fetal Bovine Serum, Qualified

CompanylUndertaking Idantification

Life Technologies

5791 WVAM ALLEN WAY
PO BOX 6482
CARLSBAD, CA 52008
+1 TG0 603 7200

24 hour Emergency Response (Transport):

INVITROGEN CORPORATION NEW ZEALAND LIMITED
18 - 24 BOTHA ROAD

PENROSE

AUCKLAMD 1008 PAR MEW ZEALAND

+111 64 3 578 3024

0800 B36 327

INVITROGEN AUSTRALLA PTY LIMITED

30-32 COMPARK CIRCUIT

MULGRAVE VIC 3170

Silver Tower-Baijing Office

Room 1711 Beijing Silver Tower

#2 DongSanHuan Morth Rd, Beijing 100027
P.R.China

Tel: +86-010-B446 1800 Fax: +86-010-6410 6617
Guangzhou Office

Room1010-1013 South Tower

Guangzhou World Trade Center Complex
371-3768 Huan5hi Dong Rd

Guangzhou 510005, China

Tel: +86-020-8760 9229 Holline: 80O 830 2001 Fax:
+B6-020-8775 OBET

BGE-536-0631
301-431-8585
Oulside of the LS. ++1-301-431-8585

For in vitro diagnostic use. CAUTION: Mot for human or animal therapeutic use.

2. Hazards identification

Australian MSDS Statement Classified as non-hazardous according 1o the criteria of Worksafe Australia.

GHS - Classification

Revision Date: F=Mar-2012
Product code 10433001

Page 1/6
Product name ES Cel FES
Falal Bovine Sarum, Cualified
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Signal word
not hazardous

Health hazard
not hazardous

Physical hazards
nol hazardous

E”[‘ﬁ&“ Union
i hazardous

ELU Specific Hazard Statements

R-phrasa(s)
Maone

S-phrase(s)
MNane

Principle Routes of Exposure/
Potential Health effects

Eyes May cause aye irmtation with susceplible persons.
Skin May cause skin irritation in susceptible parsons.
Inhalation May be harmiful by inhalation.
Ingestion May be harmiful if swallowed.
Specific effects
Carcinogenic effects none
Mutagenic effects none
Reproductive toxicity none
Sensitisation none
Target Organ Effects Mone undar normal use conditions

| 3. COMPOSITION/INFORMATION ON INGREDIENTS |

The product contains no substances which at their given concentration, are considered lo be hazardous to health. Wea
recommand handling all chemicals with caution.

Revision Date: 21-Mar.2012 Page 2/8
Product code 10833001 Product name ES Cell FES
Falal Bovine Ssarum, Cualified

www lifetechnologies com
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4. FIRST AID MEASURES

Skin contact Rinse with plenty of water. If symploms arise, call a physician.

Eye contact Rinse immediately with plenty of waler, also under the ayelids, for al least 15
minutes. If symploms persisl, call a physician.

Ingestion Newver giva anything by mouth to an unconscious parson. If symploms persist, call
a physician. Do not induce vomiting without madical advice.

Inhalation Move lo fresh air. If symploms persist, call a physician. If nol breathing, give
arfificial respiration.

Motes to physician Treal symplomatically.

| 5. FIRE-FIGHTING MEASURES

Suitable extinguishing media Water spray. Carbon dioxide (CO2). Foam. Dry chamical.

Special protective equipment for firefighters Wear salf-contained breathing apparatus and protective

suit.

| 6. ACCIDENTAL RELEASE MEASURES

Personal pracautions Usa parsonal protective equipment.
Methods for cleaning up Soak up with inert absorbant material.

Environmental precautions

Pravent further leakage or spillage if safe lo do so.

See Section 12 for additional information.

T. HANDLING AND STORAGE
Handling Avoid conlact with skin, eyes and dothing. Wear personal prolective equipmeant.
Storage Keap in a dry, cool and well-ventilated place.

| 8. Exposure controlsipersonal protection
Exposure limits

We are nol aware of any nalional exposure limit.

Engineering measures Ensura adequale vanlilalion, especially in confined areas.

Personal protective equipment

Respiratory protection In case of insufficient ventilation wear suitable respiratory egquipmeanl.

Hand protection Impervious glowves.

Eye protection Safety glasses wilh side-shields.

Skin and body protection Lighbweight prolective clothing.

Hygiene measuras Handla in accordance with good industrial hygiene and safety practice.
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Environmeéntal exposure
controls

Prevent product from entéring drains.

9. PHYSICAL AND CHEMICAL PROPERTIES

General Information

Farm

Appearance

Odour

Boiling Point/Range
Melting pointirange
Flash point

Autoignition temperature
oxidising properties
Water solubility

liquid

Mo informaltion available
Mo information available
°C No data available
"G No dala available
°C No data available
"G No data available
Mo information available
soluble

?F Mo data available
°F Mo data available
?F Mo data available
°F Mo data available

10. STABILITY AND REACTIVITY

Stability

Materials to avoid
Hazardous decomposition
products

polymerisation

Slable under normal conditions.

Mo dangerous reaction known under conditions of narmal usa.

Mone under normal usa.

Hazardous polymarisation does not occur.

11. Toxicological information

Acute toxicity

Mot hazardous

Principle Routes of Exposure/

Potential Health effects
Eyes
SkKin
Inhalation
Ingestion

Carcinogenic effects
Mutagenic effects
Reproductive toxicity
Sensitisation

Target Organ Effects

May cause ayea irmtation with susceplible persons.
May cause skin irrilation in suscaptible parsons.

May be harmful by inhalation.
May be harmful if swallowed.

mone.
mone.
none.
mone.

Mona under normal use conditions

| 12. ECOLOGICAL INFORMATION

Ecotoxicity effects Mo information available.

Mobility Mo informalion available.

Revision Date: H1-Mar- 2012 Paga 4/8
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Bicdegradation Inherenily bicdegradable.
Bisaccumulation Does not bicaccumulate.
| 13. DISPOSAL CONSIDERATIONS |

Dispose of in accordance with local regulations.

| 14. TRANSPORT INFORMATION |
IATA

Proper shipping namea Mol classified as dangerous in the meaning of transport regulations.

Hazard class Mona

Subsidiary Class Nona

Packing group Mona

UN-No MNane

15. Regulatory information |

International Inventories

International Inventories Complies

Industrial Safety and Health Law
This product complies with ISHL
Toxic Chemicals Control Law

JaEH‘I

Industrial Safety and Health Law
This product complies with ISHL

Korea
Complies
16. OTHER INFORMATION
Reason for Revision (M)5DS sections updated

Far in vitro diagnostic use. CAUTION: Not for human or animal therapeutic use.
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The above information was acquired by diligent search andfor investigation and the recommendations are based on
prudent application of professional judgment. The information shall not be taken as being all inclusive and is o be
used only as a guide. All materials and mixtures may present unkown hazards and should be used with caution.
Since the Company cannot control the actual methods, volumes, or conditions of use, the Company shall not be held
liable for any damages or losses resulting from the handling or from conlact with the product as dascribed herein.
THE INFORMATION IN THIS MSDS DOES NOT CONSTITUTE A WARRENTY, EXPRESSED OR IMPLIED,
INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PUPOSE.

End of Safety Data Sheat
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AGIR o1
Safety Data Sheet (SDS)

Ag Processing Inc O5HA HezCom Standand 26 CFF 1810.1200/g) and GHS Rev 03.
Issue date 04282015 Rewiewed on 0501/2018

Trade name: Shorfening, Fats or Oils

| " 1identification |
- Product identifier

- Trade name: Shortening, Fats or Oils

- CAS Number:
B8334-28-1

- Relevant identified uses of the substance or mixture and uses advised against
Ne further relevant information available.

- Details of the supplier of the safely data sheet
Ag Processing Inc
12700 West Dodge
Rd. Omaha, NE 68154
Phone: 402-486-7809
- Emergency ftelephone number: 402-496-6688

[ 2 Hazard(s) identification |

- Classification of the substance or mixfure
The substance is not classified according to the Globally Harmonized System (GHS).

- Label elements
- GHS label elements Non-Regulated Matenial
- Hazard pictograms Non-Regulated Material
- Signal word Non-Reguisted Matedal
- Hazard statements Non-Regulated Material
- Unknown acute toxicity:
100 parcent af the mixture consists of ingredient(s) of unknown toxicity.

- Classification system:
- NFPA ratings (scale 0 - 4)

- Hazardys) nof otherwise classified (HNOC): None known
'[ 3 Composition/information on ingredients |

- Chemical characterization: Substances
- CAS No. Description
68334-28-1 Partially Hydrogenated Vegelable Oil

| 4 First-aid measures

- Description of first aid measures
- General information: Mo special measures requirad.
- After inhalation: Supply fresh air; consultl doctor in casa of complaints.

{Conld. on page 2)



152

Al5r -
Safety Data Sheet (SDS)

Ag Processing Inc OSHA Heztom Standard 20 CFR 1910.1200(g) and GHS Rev 03.
Issue date 04282015 Reviewed on 05012018

Trade name: Shortening, Fats or Oils

- After skin confaci:
Wash with soap and water.
MNarmal first aid procedures for treating burms should be employed if skin comes in contact with hot ail.
Darmalitis could result from prolonged residence on skin of allergy sensitive individuals.
- After eye confact: Rinse opened eye for several minules under running water.
- After swallowing: If swallowed and symploms occur, consult a doclor.
- Information for doctor:
- Mast important symptoms and effects, both acute and delayed: No further relevant information available.
- Indication of any immediafe medical attention and special freatment needed
Mo further relevant information available.

| 5Fire-fighting measures

- Extinguishing media

- Suitable extinguishing agents:
C02, extinguishing powder or waler spray. Fight larger fires with water spray or alcohol resistant foam.

- For safety reasons unsuitable extinguishing agents: Waler with full jal

- Special hazards arising from the substance or mixture
Rags soaked in any solvent present a fire hazard and should always be stored in UL listed or Faclory Mutual
approved, covered containers. Improperly stored rags can create conditions that lead lo oxidation. Owidation
under cartain conditions can lead o spontaneous combustion.

- Adwvice for firefighters

- Profective equipment:
As in any fire, wear self-contained breathing apparalus pressure-demand (MIO5SH approved or equivalent),
and full protective gear to prevent contact with skin and eyes.

[ 6 Accidental release measures |

- Personal precautions, profective equipment and emergency procedures Product is slippery when spilled.
- Environmental precautions: Do nat allow o enler sewers/ surface or ground waler.

- Methods and material for confainment and cleaning up:
Absarb with liquid-binding material (ie. sand, dialomite, acid binders, universal binders, sawdust).
Dispose of the collected material according to regulations.
- Reference to other sections
Sea Section T for information on safe handling.
Sea Section 8 for information on personal protection equipment
Sea Section 13 for disposal informalion.

[ 7 Handling and storage |

- Handling:
- Precautions for safe handling Mo special measures requirad.
- Information about protection against explosions and fires: Mo special maasuras required.

- Conditions for safe storage, including any incompatibilities

- Storage:

- Requirements o be met by storerooms and recepiacles: Mo special requirements.
- Information about storage in one commaon storage facifity: Mol required.

- Further information about storage conditions: Mone.

- Specific end use(s) No further relavant information available.

{Conld. on page 3)



VAR -
Safety Data Sheet (SDS)

Ag Processing Inc O5HA HexCom Standard 20 CFR 1970.1200fg) and GHS Rev 03.
Issus date 04282015 Reviewsd on 0501/2018

Trade name: Shorfening, Fats or Oils

* 8 Exposure controls/personal protection |

- Additional information about design of technical systems: No further dala; see seclion 7.
- Control parameters
- Components with occupational exposure limits:

6B8334-28-1 Partially Hydrogenated Vegetable Oil (100%:)

Undear normal uses and conditions, edible oils and fals pose no health hazard. If aspirated as an oil mist tha
respiralory system may be affected. Oil mist is considered a nuisance particulate by the American
Conference of Governmental Industrial

Hygienists (ACGIH) who recommend a TLV of 10 ppm

- Additional information: The lisls that were wvalid during the creation of this SDS were used as basis.
- Exposure controls

- Personal protective equipment:

- General protective and hygienic measures:

Keap away from foodstuffs, beverages and feed.
Immediately remove all soiled and contaminaled clothing and wash bafore reuse.
Breathing equipment: Mol required.

- Pratection of hands: Mol required
- Material of gloves

The salection of tha suitable gloves does nol only depand on the material, bul also on further marks of quality
and varies from manufacturer to manufaciurer.

- Penetration time of glove material: Not applicable

{Conld. on page 4)

153



W Safety Data Sheet (SDS)

OSHA HarCom Standard 29 CFR 1910.1200yg) amd GHS Rev 03.

Ag Processing Inc
Issue date 04282015

Trade name: Shortening, Fats or Qils

Page 47

Reviewed on 05012018

'[9 Physical and chemical properties |
- Information on basic physical and chemical properties
- General Information
- Appearance:
Form: Solid or Liquid
Color: VWhite to Yellow
- Odar: Light vegetable il
- Odor threshold: Mot determined.
- pH-value: Mot determined.
- Change in condition
Melting point/Melting range: 3.2-130 °F (typical)
Bailing point/Boiling range: =300°C @ 0.05 mm Hg
=250°C @ 0.001 mm Hg
- Flash point: Mot applicable.
- Flammability (solid, gaseous): Mot applicable.
- Ignition temperature:
Decompaosition temperature: Mot determined.
- Auto igniting: Mot determined.
- Danger of explosion: Product does nol present an axplosion hazard.
- Explasion limits:
Lower: Mot determined.
Upper: Mot determined.
- Vapor pressure: Mot determined.
- Density @ 20 °C (68 *F): 0.638-0.921 glem® (5.825-T_6B6 Ibs/gal) (liquid)
- Relative density Mot determined.
- Vapor density Mot determined.
- Evaporation rate Mot dedermined.
- Solubility in ¢ Miscibility with
Water: Insolubla.
- Partition coefficient (n-octanoliwater): Mol determinad.
- Viscosity:
Dynamic: Mot determined.
Kinematic: Mot dedermined.
Organic solvents: 0.0 %
Solids content: 100.0 %
- Other information Mo further relevant informalion available.

[Caonbd. an page 5)
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AR o7
Safety Data Sheet (SDS)

Ag Processing Inc O5HA HezCom Standard 20 CFR 1810.1200g) and GHS Rev 03.
Issue date 04282015 Reviewsd on 0501/2018

Trade name: Shortening, Fats or Qils

{10 Stability and reactivity |

- Reactivity Mo further relevant information available.

- Chemical stability Stable under normal conditions.

- Thermal decamposition / conditions fo be avoided: Mo decompaosition if used according to specifications.
- Possibility of hazardous reactions Mo dangerous reactions known.

- Conditions fo avoid Mo further relevant information available.

- Incompatible materials: No further relevant information available.

- Hazardous decomposition products: Mo dangerous decomposition products known.

| "11 Toxicological information |

- Information on toxicological effects

- Acute foxicify:

- Primary irritant effect:

- on the skin: Ma irritating aeffect.

- on the eye: Mo irritating effect.

- Additional foxicological information:
When used and handled according to specificalions, the product doas not have any harmful effects according
o our experience and tha information provided to us.
The substance is not subject o classification.

- Carcinogenic categories
- IARC {international Agency for Research on Cancer] Subslance is not listad.
- NTP {National Toxicology Program)

Substance is nol listed.

- OSHA-Ca {Occupational Safety & Health Administration)
Substance is nol listed.

| 12 Ecological information |

- Toxicity

- Aquatic foxicity: Mo further relevant information available.

- Persistence and degradability Mo further relevant information availabla.
- Behavior in environmental systems:

- Bioaccumulative potential Mo further relevant information available.
- Mability in sail Mo further relevant information availabla.

- Additional ecological information:

- General nofes: Nat known o be hazardous to waler.

- Results of PBT and vPvB assessment

- PBT: Mol applicable.

- wiPwB: Mol applicable.

- Other adverse effects Mo further relevant information available.

[ 13 Disposal considerations |

- Waste treatment methods

- Recommendation:
Small quaniities can be disposed of with household waste.
Recyche or dispose with household trash.

[Contd. on page 6}
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AR st
Safety Data Sheet (SDS)

Ag Processing Inc OSHA HezCom Standard 20 CFF 1810.1200) and GHS Rev 03,
Issue date 04282015 Rewviewed on 05012018

Trade name: Shorfening, Fats or Oils

- Uncleaned packagings:
- Recommendation: Disposal must be made according 1o official regulations.

[ “14 Transport information |

- UN-Number
-DOT, ADN, IMDG, IATA Mon-Regulated Material
-ADR MNon-Regulated Material
Nat Regulated

- UN proper shipping name
-DOT, ADR, ADN, IMDG, IATA Mon-Regulated Material
- Transport hazard classfes)
-DOT, ADR, ADN, IMDG, IATA
- Class Non-Regulated Material
- Packing group
-DOT, ADR, IMDG, IATA Mon-Regulated Material
- Environmental hazards: Mot applicable.
- Special precautions for user Mot applicable.
- Transport in bulk according fo Annex Il of

MARPOLT3/TE and the IBC Code Mot applicable.

- UN “"Model Regulation”: -
| "15Regulatory information |
- Safety, health and environmental regulationsiegislation specific for the substance or mixture
- Bara
- Section 355 (extrernely hazardous substances):
Substance is nol listed.
- Section 313 (Specific toxic chemical listings):
Substance is not listed.
- TSCA (Toxic Substances Confrol Act):
Substance is listed.
- California Proposifion 65
- Chemicals known to cause cancer:
Substance is nol listed.

- Chemicals known to cause reproductive toxicity for females:
Substance is not listed.

- Chemicals known to cause reproductive toxicity for males:
Substance is nol listed.

- Chemicals known to cause developmental toxicity:
Substance is nol listed.

- Carcinogenic categories
- EPA {Environmental Protection Agency)
Substance is nol listed.
- TLV (Threshold Limit Value established by ACGIH)
Substance is nol listed.
{Conld. on page T)
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VGTE o
Safety Data Sheet (SDS)

Aﬂ Pfﬂfﬂssﬂ'_lg Inc OSHA HexCom Standsrd 20 CFR 19101 200{g) and GHS Rev 03.
Issue date 04282015 Reviewed on 05012018

Trade name: Shortening, Fats or Oils

- NIOSH-Ca (National Institute for Occupational Safety and Health)
Subslance s not listed.

- GHS label elements
Non-Regulated Malerial

- Hazard pictograms
Non-Regulated Material

- Signal word
MNon-Regulated Material

- Hazard statements
Non-Regulated Material

- National regulations:
Substance is not listed.

- State Right to Know
Substance is nol listed.
- Chemical safely assessment: A Chemical Safely Assessment has nol been carmied oul.

[16 Other information |
The information and recommendations in this safety dala sheel are, to the best of our knowledge, accurate as
of tha date of issue. Nothing herein shall be deemed Lo creale warranly, expressed or implied and shall not
aslablish a legally valid contractual relationship. It is the responsibility of the user lo determine applicability of
this information and the suitability of the material or product for any particular purpose.

- Date of preparation / last revision 04/28/2015/
- Abbreviations and acronyms:
ADR: The Europaan Agreemenl conceming the Inlernational Carriage of Dangerous Goods by Road
ADM: The Eu an Agreemenl conceming the Inlemational Carriage of Dangerous Goods by Inland Waterwa
IMDG: Iltmxull.‘:‘giﬁmbﬂﬂdehrﬂmgemmﬁnuds = " ! =
DOT: US Department of Transpartation
IATA: Inlernational A Transporl As=ocialion
ACGIH: American Conference of Governmental Industrial Hygienists
CAS: Chernical Absiracts Service {division of the Amearican Chamical Socisty)
NFPA: Nalional Fire Probeclion Associalion (L2A)
HMIS: Hazardous Maberials Idenlification System (USA)
Evye lmil. 2B: Serious eye damageaieye irilation, Hazard Categary 2B
STOT SE 3: Specific Large! organ baxicty - Single expasure, Hazard Calegory 3
- * Data compared fo the previous version altered.
SDS created by M3DS Authoring Services  www.msdsauthoring.com  (877) 204-8106
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Mowvo Nordisk i
Pharmatech AJ/S novo nordisk

SAFETY DATA SHEET

Product name: Irsulin Human AF Page: 1B
Revision Date: HM5-08-11 Print date: 2015-08-21
S0E-0: GB-EMNM.D

SECTION 1: IDENTIFICATION OF THE SUBSTANCEMIXTURE AND OF THE

COMPANY/UNDERTAKING

1.1. Product identiflar

Product name: Insulin Human AF
CAS-Mo.: 11061-68-0

EC Mo.: 234-279-7

Container size: HODPE plastic botties.

1@ 10g.504g, 100 g, 1 kg.

1 " | PR N FTIRNINS 1. K Aidlc ! "L LN

Application: For Cell Culture Medium Use. For Further Manufacturing Use Only. Mot for
Therapeutic Use.

1.3. Detalls of the supplier of the safiety date shest

Supplier: Moo Mordisk Pharmatech AMS
Kabenhavnsve] 216
DK-4600 Kege

Tel:+45 56 &7 10 00
wanw nowonordiskpharmatech.com

Eesponsible for safety data 505 _infoi@dhigroup. com

shiet authoring:
1.4, Emergency telephone numbar
Emergency telephone: + 45 56 67 10 00

{Ownly during office hours)

SECTION 2 HAZARDS IDENTIFICATION
21, Clasaification of the substance or mixture
The product is not classified.

L2, Labsel slements
The substance/mixture does not meet the criteria for clessificetion and labelling.
1.3, Other harards
PETvPvE: ot relevant.
Other: Duest may form explosive mixture with air. May cause irmitation 1o skin, eyes and

respiratory systam.

SECTION 3: COMPOSITIONINFORMATION ON INGREDIENTS
8.1, Substanoes




SAFETY DATA SHEET
Product mame: Iresulin Human AF Page: 2B
Revision Date: 2015-08-11 Print date: 201 5-08-21
SO0 GB-EMM .0
GHSICLP:
% CAS-No.: EC Mo.. REACH Ren. Chemical name: Harard classification:  Mobtes:
Mo:
100 11081-68-0 X3-278.7 - Imsulin {human)
SECTION 4: FIRST AID MEASURES
4.1, Dewcription of first ald messures
Inhalation: Maove inte fresh air and keep at rest.
Skin contact: Ringe with water. If skin imitation occurs: Get medical advicelattention.
Ewe contact: Rinse the eye with water immediately. Contact physician if inmtation persists.
Inpestion: Rinsa mouth and drink plenty of water. Keep person under observation. if

uncomfortable: Sesk hospital and bring along thess instructions.

Symptomaiefiets: See saction 11 for more detailed information on health effects and symptoms.

Medicel sfienbonresiments: Mot known.

SECTION 5: FIREFIGHTING MEASURES
£.1. Exdinguishing media

Extinguishing media: Use fire-extinguishing media appropriste for surrounding materials.

| M

Specific hazards: Duest may form an explosive mixture in the atmosphere.

6.3, Advice for firefighters
Protective equipment for Selection of respiratory protection for fire fighting: follow the general fire

fire-feghters:

precautions indicated in the workplace.
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SAFETY DATA SHEET

Product rame: Iresulin Human AF Page: o]
Revision Date: 2015-08-11 Print date: 2015-08-21

SO0 GB-EMi4.0
Personal precautong: Follow precautions for safe handling described in this safety data sheset.
6.2, Environmental precautions
Environmental Avaoid release to the environment.
precautong:

6.3, Methods and maberdal for containment and deaning up

Methods for cleaning wp: Caollect spillage with shovel, broom or the like and reuse, if possible. Dispose of
large amounts of splllagefwaste according 1o agreement with local authorities.

Flush contaminated area with plenty of water. Use spark-proof tools and
explosion-proof equipment.

6.4. Reference fo ofther saclions

Referemnces: For personal protection, see section 8.
For waste disposal. see section 13.

SECTION 7: HANDLING AND STORAGE

T.1. Precautions for safe handling

Safe handling advice: Observe good chemical hygiene practices. Avold inhalation of dust and contact
with skin and eyes.

Technical measures: Do not smoke or use open fire or other sources of ignition. Use spark-proof tools
and explosion-proof equipment.

Technical precautions: Provide adequate ventilation. Provide easy access to water supply and eye wash
facilites.

2. Conditions for safe siorags. Inciuding &y Incompatiiites

Technical measwres for safe Mo special precautions.

Elorage;

Storage conditions: Insulin Human must be kept in a deep freezer at -320°C £ 5°C in Bghtly closed
orginal packing.

.3, Spedific snd use(s)

Specific use(sh: ot relevant.




SAFETY DATA SHEET
Product name: Irsulin Human AF Page: 48
Revision Date: H015-08-11 Print date: 2015-08-21
S0 GB-EMM4.D
SECTION &: EXPOSURE CONTROLS/PERSONAL PROTECTION
8.1. Control parametons
Occupational exposure limits:
CAS-HNo.: Chemcal name: LTH Expasure bmits: Type: Mobas: References:
. Dusts, respirabile dust . 4 mgmid  TWA . EH40
- Dusts, fotal inhalable dust - 10 mgim3  TWA - EH40
8.2. Exposure conirols
Eﬂglﬂﬂ!ﬂ MEESUres. Prowide adequate ventilation. Obgerve occupational exposwre limits and

Personal protection:

minimise the risk of inhalation of dust.

Personal protection equipment should be chosen according o the CEM
standards and in discussion with the supplier of the personal protective
equipment.

In case of inedequate ventilation or risk of inhalation of dust, use suitable
respiratory equipment with particle filter {type F2).

Risk of contact: Wear protective gloves. PVC gloves are recommended. The
most switable glove must be chosen in consultation with the gloves suppler,
wiho can inform about the breakthrough time of the glove material.

Dwiring dust-raising work: Wear gogglesiface shisld.
WWash hands after contact.

Mot available.

SECTION 8: PHYSICAL AND CHEMICAL PROPERTIES
.1, information on baslc physical and chamical propediss

Eorm:

Colour;

pi.

Melting poirt / freseeing point:
Relative densi

Solubility:

Decomposition
tempersture (*C):

0.2, Other information
Other data:

Powder.
Wit

Mot relevant.
Mot avallable.
Mot available.
Mot available.
Mot &vailable.

Mot relevant.
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SAFETY DATA SHEET
Product name: Irsulin Human AF Page: &8
Revision Date: H5-08-11 Print date: 2015-08-21
SOE-I0: GB-EMM .0
SECTION 10: STABILITY AND REACTIVITY
10.1, Reaciivity
Beactivity: Mone known.
10.2. Chemical stability
Stability: Stable under the prescribed storage conditions.
10.3. Possibilty of hazardous reactions
Hazardous Reactions: Mome known.
10.4. Conditions fo svold
Conditiona'matensls 10 svoid: Mone specific.
10.5, Incotmpativle materals
Incompatible materigls: Mot known.
10.8. Hazardous decomposition products
HEzardones Sesco Mg tion Mane in particular.
products:
SECTION 11: TOXICOLOGICAL INFORMATION
11.1. information on tcadeciogical effects
Inhalation: Duest may irritate throat and respiratory systemn and cause coughing.

Inhalation of dust of insulin crystals may result in a mild iemporany decrease of

the blood sugar level (hypoghycemia).

Skin contact: Powder may imitate skin.
Eye contact: Direct contact is irritating.
Ingestion: Mo harmiful effects expectad in amournts likely to be ingested by accident.

Specific effacts: Mone known.
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SAFETY DATA SHEET
Product name: Iresulin Human AF Page: 1]
Rewision Dade: H0AE-08-11 Prirt date: 201 5-08-21
SDE-0: GB-ENM .0
SECTION 12: ECOLOGICAL INFORMATION
12,1, Toodcity
Ecotmxicity: The product is not expectad to be hazardous to the environment.
12.2, Pesistence and degradability
Degradability. The degradability of the product has not been stated.
123, Bloacoumulathve polential
Binaccemulatve potentisl: Mo data available on binaccumulation.
124, Mobiity In scll
Bdobility: Mo data available.
12.5. Results of PBT and vPvE assesament
PETNVEvE: Mot relevant.
12,8, Other acverse affecs
Other adverse effects: Mone known.

SECTION 13: DISPOSAL CONEIDERATIONS

13.1. Wiaste freatment methods

Dispose of waste and residues in accordance with local authority reguirements.
Waste from residues: EWC-code: 16 03 06
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SAFETY DATA SHEET
Product rame: Iresaulin Human AF Page:
Revision Date: 215-08-11 Prirt date:

SDE-I0:

TR
2015-08-21
GB-EMM4.D

SECTION 14: TRANSPORT INFORMATION

The product is not covered by international regulation on the transport of dangerous goods (IMDG, IATA,

ADRRID).

14.1. UN number

LIM-Mo: =
14.2, UN propar shipping name
Proper Shipping Name: -
14.3. Tranaport hazard class(es)

Class: -

Maring polhtant: =
Eﬂ'l'l[lZlI'lI'ﬂE'l‘ﬂEll:ll_' Herardous -

subslance:
SEGIN preCcaLbons: Mome known.

Transport in bulk: Mot relevant.
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SAFETY DATA SHEET
Product mame: Ir=ulin Human AF Page: R
Revision Date: 2015-08-11 [Print date: 2015-08-21

SOE-ID: GB-EMM4.0

Mational regulation: Regulation (EC) No 18073008 of the European Parliament and of the Council of
18 December 2006 conceming the Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH), establishing & European Chemicals Agency.
amending Directive 188245EC and repesaling Council Regulation (EEC) Mo
793/83 and Commission Regulation (EC) No 1488/94 as well as Council Directive
TETEEEC and Commission Directives 81/155EEC, S3/67/EEC, 83M0NEC and
2000021/ELC, with amendments.

Regulation (EC) No 12722008 of the European Parliament and of the Council of
16 December 2008 on classification, labelling and packaging of substances and
mixtures, amending and repealing Directives 67/548/EEC and 19994.5EC, and
amending Reguiation (EC) Mo 18072008 with amendments.

The Chemicals (Hazard Information and Packaging for Supply) Regulations 2009
(5.1 2008 Mo. T16).

The Control of Substances Hazardous to Health Regulstions 2002 (5.1 2002 Moo
2677) with amendments.

EH40/2005. Workplace exposwre limits 2005, with amendments.

The List of Wastes (England) (Amendment) Regulations 2005. (51 2005 Mo. 895).

15.2. Chomical Siaty Asssesment

CSA status: Mot relevant.
SECTION 18: OTHER INFORMATION
The user must be instrucied in the proper work procedure and be familiar with the contents of these instructions.

The following sections contain revisions or new staterments:
1,3

The information on this data sheet represents our curent data and ia reliable provided that the product is used
under the prescribed conditions and in accordance with the application specified on the packaging andior in the
technical guidance literature. Amy other use of the product which involves using the product in combination with
any other product or any other process is the responsibility of the user.

Made by DHI - Erronment and Taxicology, Agemn Allé 5, DE-2870 Harsholm, Denmark.

wwa dhigroup .com.
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ThermoFisher
SCIENTIFIC

SAFETY DATA SHEET

Creation Date 12-Sep-2014 Revision Date 24-Dec-2021 Revision Mumber 5
1. Identification |

Product Name Linoleic acid

Cat No. : ACZ215040000; AC215040050; AC215040250; AC215041000

CAS No 60-33-3

Synonyms (Z,Z)-8,12-Octadecadiencic acid; Linolic acd

Recommended Use Laboratory chemicals.

Uses advised against Food, dneg, pesticide or biocidal product use.

Company

Fisher Scientific Company Acros Organics

One Reagent Lans One Reagent Lane
Fair Lawn, MJ 07410 Fair Lawn, M.J 07410

Tal: (201) 786-7100

Emergency Telephone Number For information WS call: 001-800-ACROS5-01 / Europe call: +32 14 57 52 11
Emergency Mumber US:001-201-796-7100 / Europe: +32 14 57 52 90
CHEMTREC Tel. Mo.US:001-800-424-0300 | Burope:001-F03-527-3347

2. Hazard(s) identification |
Classification
Classification under 2012 O5HA Hazard Communication Standard (29 CFR 1910, 1:200)

[This chemical is not considered hazardous by the 2012 OSHA Hazard Communication Standard (28 CFR 1910.1200)

Hazard Statements

Precautionary Statements

Hazards not otherwise classified (HNOC)
Mone identified

Page 1/6



Linoleic acid Revislon Date 24-Dec-2021
| 3. Composition/information on Ingredients
Component CAS No Welght %
Linoleic ackd 60-33-3 =05
| 4. First-aid measures
General Advice If aymptoms persist, call a physician.
Eye Contact Ringa immeddiately with plenty of water, also under the eyelids, for at least 15 minutes. Get
medical attention_
Skin Contact Wash off immediatety with plenty of water for at least 15 minutes. If skin Imtation persists,
call a physician.
Inhalation Remove to fresh air. if not breathing, give artificial respiration. Get medical attenton if
EYITPIOTS ooowr,
Ingestion Clean mouth with water and drink afterwards plenty of water.
Most Important symptoms and Mone reasonably foresesable.
effects
Notes to Physiclan Treat symplomatically
5. Fire-fighting measures
Sultable Extinguishing Media Water spray, carbon dicetide (CO2), dry chemical, alcohol-resistant foam.

Unsuitable Extinguishing Media Mo information available

Flash Point = 112 "C [ » X336 °F

Method - Nao information available
Autolgnition Temperature Mo information available
Explosion Limits

Upper Mo data availabds

Lower No data available

Sensitivity to Mechanical Impact No information available
Sensitivity to Static Discharge Mo information avaiable

Specific Hazards Arising from the Chemical

Keep product and empty container away from heat and sowrces of ignition.

Hazardous Combustion Products
Carbon monodde (C0). Carbon dioxtide (CO0a).
Protective Equipment and Precautions for Firefighters

Aa in any fire, wear self-contained breathing apparatus pressure-dgemand, MSHANIOSH (approved or equivaent) and full

protective gear.

HEPA_
Health Flammability
o 1

Physical hazards

MiA

| 6. Accidental release measures

Personal Precautions

Ensure adequate ventilation. Use personal protective equipment as required.
Enviranmental Precautions Should not be released intoy the anvironment.

Page 2/6
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Revislon Date 24-Dec-2021

Methods for Contalnment and Clean
Up

Soak up with inert absorbent maternial. Keep in suitable, closed containers for disposal_

7. and |
Handling \Wear personal protective eguipmentface protection. Ensure adequate ventilabion. Avoid
ingestion and inhalaton. Do not get in eyes, on skin, or on clothing.
Storage. Keep container tightly closad in a dry and well-ventilated place. Protect from direct sunlight
Keep under nitrogen. To maintain product quality: Keep refrigerated. Incompatibée
Materials. Bases. Strong oxidizing agents. Reducing Agent.
| 8. Exposure controls / personal protection |
Exposure Guidelines This product does not contain any hazardous materials with occupational exposune
lirmitsestablished by the region specific regulatory bodies.
Engineering Measures Ensure adequate ventilation, especially in confined aness. Enswre that eyewash stations
and safety showers are close to the workstation location.
Personal Protective Equipment.
Eyeiface Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by
05HA's eye and face protection regulations in 29 CFR 1810.133 or European Standard
EMN168.
Skin and body protection Wear appropriate protective gloves and clothing to prevent skin exposure.
Respiratory Protection No protective egquipment is needed wunder normal use conditions.
Hyglens Measures Handle in accordance with good industrial hygiene and safety practice.
| 9. Physical and chemical properties |
Physical State Liquusid
Appearance Clear
Odor Mo information available
Odor Threshold Mo information available
pH Wo information available
Melting Point/Range 5 "C /3 °F
Bolling Point’Range 220 - 230 "C ! 444.2 - 446 °F @ 16 mmHg
Flash Point = 112 °C | » 23386 °F
Ew Rate No information available
Flammability (solid,gas) Mot applicable
Flammability or explosive limits
Upper Mo data available
Lower Mo data available
Vapor Pressure No information available
Vapor Density Mo information available
Specific Gravity 0600
Solubility Insolubde in water
Partition coefflcient; n-octanoliwater Mo data available
Autolgnition Temperature ho information available
Decomposition Temperature Mo information available
Viscosity No information available
Molecular Formula C18 H32 02
Molecular Weilght 28045
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Linaleic acid Rewvislon Date 24-Dec-2021

10. Stability and reactivity

Reactive Hazard Mone known, based on information svailable

Stabllity Air sensdive.

Conditions to Avold Excess heat. Exposure io air. Exposure to light. Incompatible producis.
Incompatible Materials Bases, Strong oxkdizing sgents, Reducing Agent

Hazardous Decomposition Products Carbon monoxide (C0), Carbon dicwde (C0:)

Hazardous Polymerzation Hazardous polymerization does mot ocour.

Hazardous Reactions Mome under normal procesaing.

| 11. Toxicological information

Acute Toxicity

Product Information Mo acute towicity information ks available for this product

Component Information

Toxicologically Synergistic Mo information available

Products

Delayed and immediate effects as well a8 chronkc effects from short and long-term exposure

Irritation Mo information available

Sensitization Mo information available

Carcinogenicity The table below indicates whether each agency has listed any ingredient as a carcinogen.
[ Component | cCASHo ] LARC [ NTP [ acci | OEHA [ Wexica |
| Linoleic acid | 60-33-3 | Nal listed | Not Ested | Nol Esbed | Mot Ested | Mot listed |
Mutagenic Effects Mo information avatabe

Reproductive Effects Mo infiormation available.

Developmental Effects Mo information available.

Teratogenicity Mo infiormation available.

STOT - single exposure Mome known

STOT - repeated exposure Mome known

Aspiration hazard Mo information available

Symptoms | effects,both acute and Mo information available
delayed

Endocrine Disruptor Information Mo information available

Other Adverse Effects The toxicological properties have not been fully investigated.

12. Ecological information |

Ecotoxicity
Do neott empity into drains. .

Persistence and Degradability Inmoluble in water May persist based on information available.
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Revislon Date 24-Dec-2021

Bloaccumulation’ Accumulation
Mobility

Mo information available.

k= ot likaly mobie in the environment due its kow waber sobubdity.

13. Disposal considerations

‘Waste Disposal Methods

Chemical waste genarators must deterrnine whether & discarded chermical ks classified as a
hazardows waste. Chemical waste generators must also consult local, regional, and
national hazardows waste reguiations 1o ensure complate and scowrate classification.

| 14. Transport information |
DOT. Mot reguiated
_TDG Mot reguiated
AT, ot reguiated
Mot reguiated
15. Regulatory information |
United States of America Inventory
Component CAS No TSCA TSCA Inventory notification - | TSCA - EPA Regulatory
Active-inactive Flags
Liraleic ack B-35-3 3 — ACTIVE
Legand:
TSCA US EPA (TECA) - Texic Substances Conired Acl, (40 CFR Part 710)
X - Listed
- M Listed

TSCA 12(b) - Notices of Expart

Internatienal Inventories

Mot applicabla

Canada (DSUNDSL), Europe (EINECS/ELINCSMNLP), Phiipnines [PICCS), Japan (ENCS), Japan (ISHL), Australia (AICS), China [IECSC), Karea

{KECL).
| Component | casmwe | osL | wosL | Ewmecs [ Piccs | Encs | W | acs | Ecsc | KECL
[ Linaleic acid [ _eiass | x - [200a708] X 3 F 3 % | KE-26285

KECL - MIER number or KE number (hitp-iincis_niergo krisn'mam.da)

U.5. Federal ulations

SARA 313

SARA 311/312 Hazard Categories
CWA [Clean Water Act)

Clean Alr Act

OSHA - Occupational Safety and
Health Administration

CERCLA

California Proposition 65

U.5. State Right-to-Know
Regulatiens

Mot applicabla

See section 2 fior more information

Mot applicabla
Mot applicabla
Mot applicabla

Mot applicabla

This product does not contain any Proposition 65 chemicals.

Mot applicabla

Page 5/8
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Linoleic acid Revislon Date 24-Dec-2021

U.5. Department of Transportation
Reportable Quantity (RQ):

DOT Marnine Pollutant

DOT Severa Marine Pollutant

ZZZ

U.5. Department of Homeland This product does not contain any DHS chemicals.
Security

Other International Regulations
Mexico - Grade Mo information available

Authorisation/Restrictions according to EU REACH

Safety. health and environmental regulations/legislation specific for the substance or mixture

Componant CAS No QECD HPV Persistent Organic Ozone Depletion Restriction of
Pollutant Patential Hazardous
Substances (RoHS
Linolsic: acid B0.53-3 Lisbed Mat applicable Mot applicabls Mat applicable
Componant CAS No Seveso |l Directive | Seveso Nl Directive Rotterdam Basel Convention
{2012MB/EC) = (212N BEC) « Comvention (PFIG) | (Harardows Waste)
{Qualifying Quantities|Oualifying Quantities)
for Major Accident | for Safety Repart
Motification Reguiremants
Limoleic acid G533 Mol applicable Mat applicable Mot applicable Annex | - Y34
16. Other information
Prepared By FRegulatory Affairs
Thermo Fisher Scentific
Email: EMSDS RAEthermofisher.com
Creation Date 12-Sep-2014
Revislon Date 24-De-2021
Print Date 24-Dec-2021
Revislon Summary This document has been updated to comply with the US OSHA HazCom 2042 Standard

replacing the cument legislation under 29 CFR 1910.1200 to align with the Globally
Harmonized System of Classification and Labeling of Chemicals (GHS)

Disclaimer

The Information provided in this Safety Data Sheet s correct to the best of our knowledge, Information and belief at the
date of its publication. The information given is designed only as a guldance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a warranty or guality specification. The information
relates only to the specific material designated and may not be valld for such material used In combination with any other
materials or in any process, unless specified in the text

End of SDS
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NATIONAL PEROXIDE LIMITED, KALYAN

MATERIAL SAFETY DATA SHEET for PERACETIC ACID

(15%w/w)
1. IDENTIFICATION OF THE SUBSTAMNCE / PREPARATION AND OF THE
COMPANY /| UNDERTAKING
1.1. dentification of the substance/preparation
Product name : PERACETIC ACID - 15 %Yow/w
Chemical Name : Peracalic Acid
Symonyms : FAA, Peroxyethanoic acid, Peracelic acid
Molacular formula : CHx-COOOH
Molacular Weight : TE.05 g/mol
1.2 Use of the Substance/Preparation
Recommended usa : Pesticida
Cleaning Agent
Ouidising Agent
1.3. Company/Undertaking ldentification
Addrass : Mational Peroxide Limiltad,

MRC Road, Village Vadawvali,
P.0. Mohone, Kalyan — 421102,
Thane Dist., Maharashira Stale, India.

Telephone : 91 251 2278024, 2278076, 2278000
Email address : mkig@naperol. com

1.4. Emergency talephone number
Telephone : +91 9594640688 (Emergency 24 Hour)

2. HAZARDS IDENTIFICATION

Appearance : Licuid
Colour : Colarlass
Odour : Pungent
Main effects - Oidising.

- Contact with combuslible material may cause fira.
- Causes sever burns.
- Harmful by inhalation, in contact with skin and if swallowed.

Inhalation

- Inhadation of vapours is imtating to the respiratory system, may cause throat pain and cough.
- Breathing difficulties
- Riepeated or prolonged exposure: Risk of sone throat, nose bleeds, chronic bronchitis.

Eye contact

- Severs aye imtation

- Flediness

- Lachrymation

- Swelling of Bssue

- May cause imeversible eye damage.

- Small amounts spiashed into eyes can cause irmeversible tissue damage and blindness.

Skin contact

- Severs skin imitation
- Rlediness

- Swedling of tissue

- Causes bums.

1/8
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- Paleness and cyanosis of the face.

- If ingested, severe bums of the mouth and throat. as well as a danger of perforation of the cesophagus
and the stomach.

- sk of shock.

- Excessive fluid in the mouth and nose, with sk of suffocation.

- Risk of throat (o)jedema and suffocation.

- Bloating of stomach, belching.

- Nausea

- Bloody vomiting

- Cough

- Breathing difficulties

- Risk of chemical pneurnonitis and pulmonary (ojedema.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Peracetic ackd

CAS-Ma. 1 TE-21-0
Concentration cappr. 15.0 %
Hydrogen perocide

CAS-Na,  TT22-B4-1
Concentration  appr. 23.0 %
Acetic acid

CAS-Na. 1 6d-18-T
Concentration Tappr.17.0 %

| 4. FIRST AID MEASURES

4.1. Inhalation

- In case of accident by inhalation: remove casualty to fresh air and keep at rest.
- Victim to lie down in the recovery position, cover and keep him wamm.

- Cieygen or artificial respiration if needed.

- Call a physician immediately.

4.2. Eye contact

- Rinsa immeadiately with planty of water, also under the eyelids, for at least 15 minutes.

- In the case of difficulty of opening the lids, administer an analgesic aye wash
(oxybuprocaine ).

- Consult with an ophthalmologist immediately in all cases.

- Take the Victim immediately o hospital.

4.3. Skin contact

- Take off contaminated clothing and shoes immediately.
- Wash off immediately with plenty of water.

- Keap warm and in a guiel place.

- Wash contaminated clothing before reusa.

- Consull a physician.

4.4. Ingestion
The following actions are recommended:

- Call a physician immedialaly.
- Take victim immeadiately to hospital.

If wictim is conscious:
- If swallowed, rinse mouth with water {only if the person is conscious).
- Do NOT induce vamiting.

If wictim is unconsclouws but breathing:
- Arificial respiration andfor oxygen may be necessary.

28 Mational Peroxade Limited MSD E-164
Date of lssue: 01072021 Rev. no. 11




[ 5.

FIRE-FIGHTING MEASURES

5.1. Suitable extinguishing media
- Water
- Waler spray
5.2, Extinguishing media which must not be used for safety reasons
- Mane.
E.3. Special exposure hazards in a fire
- Owidising
- Oxygen releasad in thermal decompasition may support combustion
- Contact with combustible material may cause fire.

- Contact with flammables may cause fire or axplosions.
- Risk of explosion if healed under confinement.

5.4. Hazardous decomposition products

- Ootygen
- The releasa of other hazardous decomposition products is possible.

5.5 Special protective equipment for fire-fighters

- Evacuate personnel o safe areas.

- In the event of fire, wear self-contained breathing apparalus.

- When inlervention in close proximily wear acid resistant over suil.
- Clean contaminaled surface thoroughly.

5.6. Other information
- Keap product and emply container sway from heat and sources of ignition.

- Keap containers and surroundings cool with water spray.
- Approach from upwind.

| 6. ACCIDENTAL RELEASE MEASURES

6.1. Personal precautions

- Keap people away from and upwind of spill/leak.

- Rafer to prolective measures listed in sections 7 and 8.

- Isolate the area.

- Keap away from Incompatible products.

- Pravent furthar leakage or spillage if safe to do so.

- In case of contact with combustible material, keep mataerial wat with plenty of water.

6.2 Environmental precautions

- The product should nat be allowed o anter drains, waler courses or the soil.
- If the product contaminates rivers and lakes or drains inform respective authorities.

£.3. Methods for cleaning up

- Dam up.

- Soak up with inert absorbent material.

- Dilute with plenty of walter.

- Do not add chemical products.

- Treal recovered material as described in the section "Disposal considerations”.
- Newer return spills in original containers for re-use.

| 7. HANDLING AND STORAGE

378

7.1. Handling

- Use anly in wall-ventilated areas.

- Keep away from heal.

- Keep away from Incompaltible products.
- May not get in touch with:

National Peroxide Limited MSD E-164
Date of lssue: 01072021 Rev. no. 1]
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- Organic materials

- Use anly equipmeant and malerials which are compalible with the product.

- Bafore all operations, passivale the piping circuits and vessels according o the procedura
recommeanded by the producer.

- Never return unused material to slorage receplacle.

- Use anly in an area with adequate water supply

- Caontainars and equipment used o handle the product should be used exclusivealy for that
product.

7.2 Storage

- Keep in a cool, well-ventilated placa.

- Keep away from heaat.

- Keep away from Incompalible products.

- Keep away from combustible material.

- Slore in a recaplacle equipped with a vent

- Slore in original containar.

- Keep conlainer closed.

- Keep in a bunded area.

- Regularly check the condition and temperatura of the containers.

- Information about special precautions needed for bulk handling is available on reguesl.

7.3 Specific use(s)
- For further information, pleasa contact: Suppliar

7.4. Packaging material

- Aluminium 99,5 %
- Slainless steal 304L / 316L
- Approved grades of HOPE.

7.5. Dther information

- Refar o protective measures listed in seclions 7 and 8.
- Do not confine the product in a circuil, between closed valves, or in a container without a
veanl

| 8. EXPOSURE CONTROLS / PERSONAL PROTECTION

B.1. Exposure Limit Values

Peracetic acid

- WEL (TWA = 1 ppm)

Hydrogen peroxide

- WEL (TWA =1 ppm, TWA = 1.4 mg/m?)

- WEL {STEL = 2 ppm, STEL = 2.8 mgim?)

- TLY (NOHSC) (TWA = 1 ppm, TWA = 1.4 mg/m®)
Acetic acid

- WEL (TWA = 10 ppm, TWA = 25 mgima)

- WEL (STEL = 15 ppm, TWA = 38 mg/ms)

- TLW (NOHSC) (TWA = 10 ppm; TWA = 25 mgima)

B.2. Exposure Controls

- Ensure adeguate ventilation.
- Apply technical measures to comply with the occupational exposure limils.
- Refer o protective measures listed in sections T and 8.

B.2.1. Occupational exposure controls

8.2.1.1. Respiratory protection

- In case of emissions, face mask with type NIOSH approved raspiratory protection.

- Self-contained breathing apparatus in medium confinementfinsufficient oxygenfin case of
large uncontrolled emissionsdin all circumstances when the mask and carlridge do not give
adequate profection.

- Use anly respiratory protection thal conforms o international’ national standards.

478 Mational Peroxade Limuted MSD E-164
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8.2.1.2. Hand protection

- Protective gloves - impervious chemical resistant:

- PVC

- Rubber gloves

- Take nole of the informaltion given by the producer concerning permeability and break
through times, and of special workplace conditions (mechanical strain, duration of contact).

8.2.1.3. Eye protection

- Chemical resistant goggles musl ba worn.
- If splashes are likaly to occur, weaar:

- Tightly fitling safety goggles

- Face-shield

8.2.1.4. Skin and body protection

- Protective suil
- If splashes are likaly to occur, wear:
- Wear : Apron, Bools - Suitable material : Butyl rubber products

8.2.1.5. Hyglene measures

- Use only in an area aquipped with a safaty shower.

-  Eye wash botlla with pure water

- When using do not eat, drink or smaoka.

- Handle in accordance with good industrial hygiene and safely praclice.

B.2.2. Environmental exposure controls

- Dispose of rinse walar in accordance with local and national regulations.

9. PHYSICAL AND CHEMICAL PROPERTIES

9.1. General Information (appearance, odour)

Appearance
Colour
Odour

pH
Boiling pointirange
Flash point

Flammability
Explosive properties

Owxidizing propertios

Relative dansity / Density :

Solubility

Partition coefficient
{in octanoliwater)

9.3. Other data

Melting Paoint :

liquid
colorless

pungent

9.2 Important Health Safety and Environmental Information

=1

Remarks: nol applicable, Thermal decompaosition.

Remarks: nol applicable, lammable vapours may occur above
Self-Accelaraling decomposition temperature (SADT).

Lower axplosion limif: Remarks: not applicable.

Remarks: With certain materials (see section 10).

Femarks: In case of heating:

FRemarks: yas

11

Water

Remarks: completely miscible
Polar arganic solvents
Remarks: soluble

Aromatic solvents

Femarks: slightly soluble

iog Pow: -1.25

ca.-30 °C ( -22°F )

Mational Peroxade Limited MSD E-164
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Decompaosition
Temperature : == 55 "C ( 131°F )
Remarks: Sell-Accelerating decomposition temperature (SADT)

[ 10. STABILITY AND REACTIVITY |

10.1. Stability

- Polential for exothermic hazard
- Stable under recommeanded slorage conditions.

10.2. Conditions to avoid

- Contamination
- Toavoid thermal decomposition, do not overhaat.
-  Keap at temperalure nol exceading: 55 *C ( 131 °F )

10.3. Materials to avoid

- Acids, bases, melals, Salls of metals, reducing agents, organic malterials, flammable
materials

10.4. Hazardous decompasition products

- Ozygen
- The release of other hazardous decomposition products is possibla.

[ 11. TOXICOLOGICAL INFORMATION

68

Toxicological data

Acute oral foxicity
- LDS0, rat, 330 mg/kg { 7% solution)
Acute inhalation foxicity
- LC50, 1 h, rat, 580 mg/m3 (Peracetic acid)
Acute dermal irritation ¢ corrosion
- LDS0, rabbit, 1,410 mg'kg { 10% solution)
Skin irritation
- Rabbit, Cormosive
Eye irritation
- Rabbil, Risk of sarious damage lo eyes. | 4% solution)
- lrritation {other rowte)
- Inhalation, mouse, lrritating to respiratory system., RD 50 = 22-24 mg/m3 (Peracetic Acid)
Sensitization
- Guinea pig, Did nol cause sensilization on laboratory animals.
Chronic toxicity

- Oral, Prolonged exposure, ral, no systemic effect
- Dermal, Repeated exposure, guinea pig, imtant effects

Carcinogenicity

- Animal tasting did not show any carcinogenic effects.
Genetic toxicity in vitro

- In vitro tests have shown mutagenic effects.
Genetic toxicity in vivo

- Animal tasting did nol show any mutagenic effects.
Possible hazards (summarny)

- Corrosive effects

Mational Peroxade Limited MSD E-164

Date of lssue: 01/07/2021 Rev. no. 11



178

| 12. ECOLOGICAL INFORMATION

12.1. Ecotoxicity effects

Acurte toxicity

- Fishas, Salmo gairdneri, LCsa, 96 h, 13 mg/l
Remarks: fresh water

- Fishes, Pimaphales platessa, NOEC, 56 mg

- Crustaceans, Daphnia magna, EC50, 48 h, 3.3 mg
Remarks: fresh water

- Crustaceans, Daphnia magna, NOEC, 1 mg/

- Crustaceans, Crangon crangon, ECS0, 96 h, 126.8 mg/l (12 % solution)
Remarks: salt water

- Crustaceans, Crangon crangon, NOEC, 58 mgfl

Chronic toxicity

= Fishes, various specias, LC50
Remarks: no data available
= MOEC
Remarks: no data available
- Algae, various species, EC50, T2 - 96 h, 0.7 - 16 mgi

12.2. Mobility
- Air, Volatility
Remarks: not significant
- Walter
Remarks: Solubility, Mobility.
- Soil'lsediments, adsorplion
Remarks: non-significant

12.3. Persistence and degradability
Abiotic degradation
- Air
Result The product can be degraded by abiotic (e.g. chemical or phololylic) processes
- Water, t 1/2 (Hydrolysis) ca. 120 h
Result: Chemical degradation
- Soil 99 %, = 0.5 h (1 % solution)
Resull: Chemical degradation
Bilodegradation
- aerobic, Tesled according lo: Closed Bottle test, 28 d
Remarks: non-bicdegradable.
- aerobic, Tesled according lo: ready biodegradability/MITI, from 2 mgd, = 70 %, 28d
Remarks: Readily bicdegradable.
- Anaerobic.
Remarks: no data available
- Effects on waste waler treatment plants, 90 mg/l
Remarks: inhibitory action
= Effacis on wasle waler trealment plants
Remarks: BOD increasa of trealed effluent by acetic acid formalion

12.4. Bipaccumulative potential

- Log Pow -1.25
Result: Does not bicaccumulale.

12.5. Other adverse effects

- nodala availabla

12.6. Possible hazards (summary)

- Toxic o aqualic organisms.
- Mevertheless, hazard for the environment is limited due to product properties:
- Inherently bicdegradable.

e Mational Peroxade Limited MSD E-164
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Dwes not bicaccumulate.

[ 13. DISPOSAL CONSIDERATIONS

13.1. Waste from residues | unused products

In accordance with local and national regulations.
Limited quantity

Dilute with plenty of water.

Flush inlo sewer with plenty of water.

Large quantities:

Contact manufacturer.

13.2. Packaging treatment

Emipty conlainers.
Clean containar with watler.

Dispose of rinse water in accordance with local and national regulations.
Do not rinse the dedicaled conlainers.

The emply and clean containers are to ba reused in conformily with regulations.

| 14. TRANSPORT INFORMATION

UN-No ) [ ]
IATA-DGR
Class 52
Sub-risks CORROSIVE
Packing group Il
ICAD-Labels 52+8
Propear shipping nama: ORGANIC PEROXIDE TYPEF
LIQUID (PEROXYACETIC ACID, TYPE F
STABILISED)
IMDG
Class 52
Sub-risks Corrosive
Packing group 1l
IMO-Labels 52+8
Propear shipping nama: ORGANIC PEROXIDE TYPEF
LIQUID (PEROXYACETIC ACID, TYPE F
STABILISED)

| 15. REGULATORY INFORMATION

15.1. Label

b th

Hazardous components which must be lisled on the label: Hydrogen peroxide
Classified as hazardous according lo criteria of NOHSC.

Symbol(s) c Corrosive
o Oidising
R-phrase(s) RB Contact with combuslible material may cause fira.
R20/21/22 Harmiul by inhalation, in contact with skin and if
swallowed.
R35 Causes sever burns.
S-phrasais) 51/2 Keep locked up and out of the reach of children.
53T Keep container tightly closed in a cool place.
514 Keeap away from combustible material: Acids,
Reducing agents, Salts of melals.
538/37/38 Wear suitable proteclive clothing, gloves and
eyelface protection.
545 In case of accident or if you feal unwell, seek

Date of Issue: 00072021 Rev. no. 1]
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Medical advice immediately (show the label
wharever possible).

15.2. Other information
- The percentage concentration of the solution has o be indicaled next to the product name.

15.3. Inventory Information
- One or more components not listed on inveniory.

[ 16. OTHER INFORMATION

16.1. Ratings
MNEPA (Mational Fire Protection Association)
Health = 3 Flammability = 1 Instability = 2 Special =0X
HMIS (Hazardous Material Information System)
Health = 3 Firea = 1 Reaclivily = 2 PPE: Supplied by User; dependent on local condilions

16.2. Text of phrases mentioned

- WEL WORKPLACE EXPOSURE LIMIT.

-TWA TIME WEIGHTED AVERAGE.

- STEL SHORT TERM EXPOSURE LIMIT.

- NOHSC MATIOMAL OCCUPATIOMAL HEALTH AMD SAFETY COMMISSION

16.3. Revisions
- Rav. No. 10/ 01/04/2012 — IMS First [ssue
- Rev. No. 11/ 01/07/2021 — Telephona nos.

The information given cormasponds io tha current state of our knowledge and experence of the product,
and is not exhaustive. This applies to preduct which conforms 1o the specification, unless otherwise
slated. In this case of combinations and mixtures one must make sura that no new dangers can arisa. In
any casa, the user is nol exempl from obsearving all legal, administrative and regulalory procedures
relating to the product, personal hygiene, and prolection of human welfare and the envirenmeantl.

8 Mational Peroxade Limited MSD E-164
Date of Issue: 01072021 Rev. no. 1




Sigma-Aldrich.
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SAFETY DATA SHEET ey Bt I RA0ES

Print Date 04/16/2022

SECTION 1: Identification of the substance/mixture and of the company /undertaking
1.1 Product identifiers

Product name : Sodium hydroxide
Product Mumber : SA045

Brand . SIGALD

Index-No. : 011-002-00-6

CAS-No. : 1310-73-2

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses : Laboratory chemicals, Synthesis of substances

1.3 Details of the supplier of the safety data sheet

Company :  Sigma-Aldrich Inc.
3050 SPRUCE 5T
5T, LOUIS MO 63103
UNITED STATES

Telephone : +1 314 771-5765
Fax : +1 BOO 325-5052
1.4 Emergency telephone
Emergency Phone # : B00-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24
Hours/day; 7 Days/week

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture
GHS Classification in accordance with 29 CFR 1910 (OSHA HCS)

Corrosive to Metals (Category 1), H290

Skin corrosion (Category 1A), H314

Serious eye damage (Category 1), H318

Short-term (acute) aquatic hazard {Category 3), H402

For the full text of the H-Statements mentioned in this Section, see Section 16.
2.2 GHS Label elements, including precautionary statements

Pictogram @

Signal word Danger
SIGALD - SE045 Page 1 of 11
The life science business of Merck KGah, Darmstadt, Germany Miuipon&
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Hazard statement(s)

H290 May be corrosive to metals.

H314 Causes severe skin burns and eye damage.

H402 Harmiful to aguatic life.

Precautionary statement(s)

P234 Keep anly in original centainar.

P260 Do not breathe dusts or mists.

P264 Wash skin thoroughly after handling.

F273 Avoid release to the environment.

P280 Wear praotective gloves/ protective clothing/ eve protection/ face
protection.

P301 + P330 + P331 IF SWALLOWED: Rinse mouth. Do NOT induce vamiting.

P303 + P361 + P353 IF ON SKIN (or hair): Take off immediately all contaminated
clothing. Rinse skin with water/ shower.

P304 + P340 + P310 IF INHALED: Remove person to fresh air and keep comfortable

for breathing. Immediately call a POISON CENTERS doctor.
P305 + P351 + P338 + IF IN EYES: Rinse cautiously with water for several minutes.

P310 Remove contact lenses, if present and easy to do. Continue
rinsing. Immediately call a POISON CENTER/ doctor.

P3563 ‘Wash contaminated dothing before reuse.

P390 Abszorb spillage to prevent material damage.

P405 Store locked up.

P406 Store in corrosive resistant container with a resistant inner
liner.

P501 Dispose of contents/ container to an approved waste disposal
plant.

2.3 Hazards not otherwise classified (HNOC) or not covered by GHS - none

SECTION 3: Composition/information on ingredients
3.1 Substances

Synonyms : Caustic soda

Formula : NaOH

Molecular weight ¢ 40000 gfmol

CAS-No. : 1310-73-2

EC-No. : 215-185-5

Index-No. : 011-002-00-6

Component | Classification | Concentration

sodium hydroxide

Met. Corr. 1; Skin Corr. <= 100 %
1A; Eye Dam. 1: Aguatic
Acute 3; H290, H314,
H318, H402

Concentration limits:

== 0.4 %: Met. Corr. 1,
H290; == 5 %: Skin Corr.
1A, H314; 2 - = 5 %: Skin
Corr. 1B, H314; 0.5 - < 2
O5: Skin Irrik. 2, H315; 0.5
- < 2 %: Eve Irrit. 2,

SIGALD - 58045
Page 2 of 11
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I [H319: I

For the full text of the H-Statements mentioned in this Section, see Section 16.

SECTION 4: First aid measures
4.1 Description of first-aid measures

General advice
First aiders need to protect thamsalves, Show this material safety data sheat to the doctor
in attendance.

If inhaled
After inhalation: fresh air. Call in physician.

In case of skin contact
In case of skin contact: Take off immediately all contaminated clothing. Rinse skin with
water/ shower. Call a physician immediately.

In case of eye contact
After eye contact: rinse out with plenty of water. Immediately call in ophthalmologist.
Remove contact lenses.

If swallowed

After swallowing: make victim drink water (two glasses at most), avoid vomiting (risk of
perforation). Call a physician immediately. Do not attempt to neutralise.

4.2 Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

4.3 Indication of any immediate medical attention and special treatment neaded
Mo data available

SECTION 5: Firefighting measures
5.1 Extinguishing media

Siuitable extinguishing media
Usze extinguishing measures that are appropriate to local circumstances and the
surrounding environmeant.

Unsuitable extinguishing media
For this substance/mixture no limitations of extinguishing agents are given.

5.2 Special hazards arising from the substance or mixture
Sodium oxides
Mot combustible.
Ambient fire may liberate hazardous vapours.

5.3 Advice for firefighters
Stay in danger area only with self-contained breathing apparatus. Prevent skin contact by
keeping a safe distance or by wearing suitable protective clothing.

5.4 Further information
Suppress (knock down) gases/vapors/mists with a water spray jet. Prevent fire
extinguishing water from contaminating surface water or the ground water system.

SIGALD - SA045
Page 3 of 11
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SECTION 6: Accidental release measures

6.1

6.2

6.3

6.4

Personal precautions, protective equipment and emergency procedures

Advice for non-emergency personnel: Avoid inhalation of dusts. Avoid substance contact.
Ensure adequate ventilation. Evacuate the danger area, observe emergency procedures,
consult an expert.

For personal protection see section B.

Environmental precautions
Do niot let product enter drains.

Methods and materials for containment and cleaning up

Cover drains. Collect, bind, and pump off spills. Observe possible material restrictions
{see sections 7 and 10). Take up dry. Dispose of propery. Clean up affected area. Avoid
generation of dusts.

Refareance to other sactions
For disposal see section 13.

SECTION 7: Handling and storage

7.1

7.2

7.3

Precautions for safe handling
For precautions see section 2.2.

Conditions for safe storage, including any incompatibilities

Storage conditions
Mo metal containers.
Tightly closed. Dry.

Storage class
Storage class (TRGS 510): 8B: Non-combustible, corrosive hazardous materials

Specific end use(s)
Apart from the uses mentioned in section 1.2 no other specific uses are stipulated

SECTION 8: Exposure controls/personal protection

8.1

Control parametars
Ingredients with workplace control parameters

SIGALD - 58045

Page 4 of 11
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Component CAS-No. Value Control Basis
parameters
sodium hydroxide | 1310-73-2 |C 2 mg/m3 USA. ACGIH Threshold Limit
Values (TLV)
C 2 mg/m3 USA. NIOSH Recommended
Exposure Limits
TWA 2 mg/m3 USA. Occupational Exposure

Lirmits {(OSHA) - Table Z-1
Limits for Air Contaminants

C 2 mg/m3 USA. OSHA - TABLE Z-1 Limits
for Air Contaminants -
1910.1000

C 2 mg/m3 California permissible exposure

limits for chemical
contaminants (Title B, Article

107}
Derived No Effect Level (DNEL)
Application Area |Routes of Health effect Value
exposure
Workers Inhalation Long-term local effects 1 mg/m3
Consumers Inhalation Long-term local effacts 1 mg/m3

8.2 Exposure controls

Appropriate engineering controls
Immediately change contaminated clothing. Apply preventive skin protection. Wash
hands and face after working with substance.

Personal protective equipment

Eye/face protection

Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU). Tightly fitting safety
goggles

Skin protection

This recommendation applies anly to the preduct stated in the safety data sheet,
supplied by us and for the designated use. When dissolving in or mixing with other
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves {(e.g. KCL GmbH, D-36124 Eichanzell,
Internet: www.kcl.de).

Full eontact

Material: Nitrile rubber

Minimum layer thickness: 0.11 mm

Break through time: 480 min

Material tested:KCL 741 Dermatril®@ L

This recommendation applies anly to the preduct stated in the safety data sheet,
supplied by us and for the designated use. When dissolving in or mixing with other
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves {(e.g. KCL GmbH, D-36124 Eichenzell,
Internet: www.kcl.de).

Splash contact

Material: Nitrile rubber

Minimum layer thickness: 0.11 mm

Break through time: 480 min

SIGALD - SA045
Page 5 of 11
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Material tested:KCL 741 Dermatril® L

Body Protection
protective caothing

Respiratory protection
required when dusts are generated.

Our recommendations on filtering respiratory protection are based on the following
standards: DIN EN 143, DIN 14387 and other accompanying standards relating to

the used respiratory protection system.

Control of environmental exposure
Do not let product enter drains.

SECTION 9: Physical and chemical properties

9.1 Information on basic physical and chemical properties

a) Appearance Form: pellets
Color: white
b) Odor odorless
¢} Odor Threshold Mot applicable
d) pH ca.= 14 at 100 g/l at 20 *C (BB *F)

a)  Melting
point/freezing point

) Initial boiling point
and boiling range

g) Flash point

h) Ewvaporation rate

i)  Flammability (salid,
gas)

i) Upper/lower
flammability or

explosive limits
k) Vapor pressure
1) Vapor density
m) Density
Relative density
n) Water solubility
a) Partition coefficient:

n-octanal/water
p)  Autoignition

Leiperatire
q) Decomposition

temperature
r} Viscosity

g} Explosive proparties
SIGALD - S8045

Melting point/range: 318 °C (604 °F)
1,390 =C 2,534 °F at 1,013 hPa

(Mot applicable
Mo data available
The product is not flammable.

Mo data available

< 24 hPa at 20 °C (68 *F)

1.38 - (Air = 1.0)

2.13 gfemn3 at 20 °C (68 *F)

Mo data available

1,090 g/l at 20 *C (68 *F)

Mot applicable for inorganic substances

Mo data available
Mo data available

No data available
Mo data available

Page & of 11
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9.2

t) Oxidizing properties none
Other safety information

Relative vapor 1.38 - (Air = 1.0}
density

SECTION 10: Etahiﬁtv and reactivity

10.1

10.2

10.3

Reactivity
Mo data available

Chemical stability

The product is chemically stable under standard ambient conditions (room temperature) .

Possibility of hazardous reactions
Violent reactions possible with:
Acetone

Chllorine

Ethylene oxide

Fluorine

Hydrogen halides

Hydrazine hydrate
hydroxylamine

Acid anhydrides

Acrolein

Arid chlorides

Arids

sulfuric acid

Chloroform

Water

hydrogen peroxide

anhydrides

phosphides

halagen-halogen compounds
trichloroethene

can decompeose violently in contact with:
Organic Substances

hydrogen sulphide

Risk of ignition or formation of inflammable gases or vapours with:

powdered aluminium
Ammaonium salts
persilfatas

Sodium borohydride
phospharus

Oxides of phosphorus
Halagenated hydrocarbon
Light metals

Metals

Risk of explosion/exothermic reaction with:
Bromine

Calciurm

in powder form

furfuryl alcohol
MNitromethane

SIGALD - 58045

The life science business of Merck KGaA, Darmstadt, Germany
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10.4

10.5

10.6

188

Peroxides

organic nitro compounds
Mitriles

Aerylic monomers
Chlaraform

with

Acetone

Nitrobenzens

with

Methanol

Mitrobenzene

with

zalts

magnasium

Zine

and

Tin

{in the presence of atmospheric oxygen and/or moisture)

Conditions to avoid
no information available

Incompatible materials
Aluminum, brass, Metals, metal alloys, Zinc, Tin

Hazardous decomposition products
In the event of fire: see section 5

SECTION 11: Toxicological information

11.1

Information on toxicological effects

Acute toxicity

Oral: Mo data available

Symptoems: If ingested, severe burns of the mouth and throat, as well as a danger of
perforation of the esophagus and the stomach.

Inhalation: No data available

Inhalation: Corrosive to respiratory system.

Symptems: burns of mucous membranes, Cough, Shortness of breath, Possible damages:,
damage of respiratory tract

Dermal: Mo data available

Mo data available

Skin corrosion/irritation

Skin - Rabbit

Result: Causes burns.

Remarks: (Regulation (EC) No 127 2/2008, Annex VI)

Serious eye damage/eye irritation

Eyes - Rabbit

Result: Causes serious eye damaga.

{OECD Test Guideline 405)

Remarks: (Regulation (EC) No 1272/2008, Annex VI)
Causes serious eye damage.

SIGALD - 58045
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Respiratory or skin sensitization
Patch test: - In vitro study

Result: negative

Remarks: {ECHA)

Germ cell mutagenicity
Mo data available

Carcinogenicity

IARC: No ingredient of this product present at levels greater than or equal to 0.1% is
identified as probable, possible or confirmed human carcinogen by LARC.

NTP: Mo ingredient of this product present at levels greater than or equal to 0.1% is
identified as a known or anticipated carcinogen by NTP.

OSHA: Mo component of this product present at levels greater than or equal to 0.1% is
on OSHAs list of regulated carcinogens.

Reproductive toxicity

Mo data available

Specific target organ toxicity - single exposure
Mo data available

Specific target organ toxicity - repeated exposure
Mo data available

Aspiration hazard
Mo data available

11.2 Additional Information

RTECS: WB4900000

burning sensation, Cough, wheezing, laryngitis, Shortnass of breath, spasm, inflammation
and edema of the larynx, spasm, inflammation and edema of the bronchi, pneumaonitis,
pulmonary edama, Material is extramely destructive to tissue of the mucous membranes
and upper respiratory tract, eyes, and skin., To the best of our knowledge, the chemical,
physical, and toxicological properties have not bean tharoughly investigated.

Other dangerous properties can not be excluded.

Handle in accordance with good industrial hygiene and safety practice.

SECTION 12: Ecological information
12.1 Toxicity

Toxicity to fish LC50 - Gambusia affinis (Mosquito fish) - 125 mg/l - 96 h
Remarks: (ECOTOX Database)

Toxicity ta daphnia ECS0 - Ceriodaphnia (water flaa) - 40.4 mig/l - 48 h
and other aquatic Remarks: (ECHA)
invertebrates

Taxicity to bacteria ECS50 - Photobacteriurm phosphoreum - 22 mg/l - 15 min
Remarks: (External MSDS)

SIGALL - S8045
Page 9 of 11
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12.2 Persistence and degradability
The methods for determining the biclogical degradability are not applicable to inorganic
substances.

12.3 Bioaccumulative potential
No data available

12.4 Maobility in soil
No data available

11.5 Results of PBT and vPvB assessment
PBT/vPvB assessment not available as chemical safety assessment not required/not
conducted

12.6 Endocrine disrupting properties
Mo data available

12.7 Other adverse effects
Harmful effect due to pH shift.
Forms corrosive mixtures with water even if diluted.
Neutralisation possible in waste water treatment plants.
Discharge into the environment must be avoided.

SECTION 13: Disposal considerations
13.1 Waste treatment methods

Product

Waste material must be disposed of in accordance with the national and local regulations.
Leave chemicals in original containers. Mo mixing with other waste. Handle uncleanad
containers like the product itzalf. Sea www.retrologistik.com for processes regarding the
return of chemicals and containers, or contact us there if you have further questions.

SECTION 14: Transport information

DOT (US)

UN number: 1823 Class: 8 Packing group: II
Proper shipping name: Sodium hydroxide, solid

Repartable Quantity (RQ): 1000 lbs

Poison Inhalation Hazard: Mo

IMDG

UN number: 1823 Class: 8 Packing group: II EMS-Ma: F-A, 5-B
Proper shipping name: SODIUM HYDROXIDE, SOLID

IATA

UN number: 1823 Class: 8 Packing group: II

Proper shipping name: Sodium hydroxide, solid

SECTION 15: Regulatory information

SARA 302 Components

SIGALD - SA045
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This material does not contain any components with a section 302 EHS TPQ.

SARA 313 Components

This material does not contain any chemical components with known CAS numbers that
excead the threshold (De Minimis) reporting levels established by SARA Title 111, Section
313,

SARA 311/312 Hazards
No SARA Hazards

Massachusetts Right To Know Components
No components are subject to the Massachusetts Right to Know Act.

SECTION 16: Other information

Further information

The above infarmation is believed to be correct but does not purport to be all inclusive
and shall be used only as a guide. The information in this decument is based on the
present state of our knowledge and is applicable to the product with regard to
appropriate safety precautions. It does not représent any guarantaa of the properties of
the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any
damage resulting from handling or from contact with the above product. See
www.sigma-aldrich.com andfor the reverse side of invoice or packing slip for additional
rerms and conditions of sale.

Copyright 2020 Sigma-Aldrich Co. LLE. License granted to make unlimited paper copies
for internal use only.

The branding on the header and/or footer of this document may temporarily not visually
match the product purchased as we transition our branding. However, all of the
information in the document regarding the product remains unchanged and matches the
product ordered. For further information please contact misbranding@sial.com.

Version: 6.5 Revision Date: 10/28/2021 Print Date: 04/16/2022

SIGALD - SA045
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Sigma-Aldrich.
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SAFETY DATA SHEET Fievision Piste (EURERtA2Y

Print Date 04/16/2022

SECTION 1: Identification of the substance/mixture and of the company/undertaking
1.1 Product identifiers

Product name * Sulfuric acid
Product Number : 339741

Brand :  Aldrich
Index-MNo. : 016-020-00-8
CAS-No. : TBE4-93-9

1.2 Relevant identified uses of the substance or mixture and uses advised against
Identified uses : Laboratory chemicals, Synthesis of substances

1.3 Details of the supplier of the safety data sheet

Company :  Sigma-Aldrich Inc.
3050 SPRUCE 5T
ST. LOUIS MO 63103
UNITED STATES

Telephone : +1 314 771-5765
Fax : +1 800 325-5052
1.4 Emergency telephone
Emergency Phone # : BOO-424-9300 CHEMTREC (USA) +1-703-

527-3887 CHEMTREC (International) 24
Hours/day; 7 Days/week

SECTION 2: Hazards identification
2.1 Classification of the substance or mixture
GHS Classification in accordance with 29 CFR 1910 (OSHA HCS)

Corrosive to Metals (Category 1), H290
Skin corrosion (Category 1A), H314
Serious eye damage (Category 1), H318

For the full text of the H-Statements mentioned in this Section, see Section 16.
2.2 GHS Label elements, including precautionary statements

Pictogram @

Signal word Danger

Addrich - 339741 Page 1 of 10
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Hazard statement(s)
H290
H314

Precautionary statement(s)

F234
P264
P280

P301 + P330 + P331
P303 + P361 + P353

P304 + P340 + P310

P305 + P351 + P338 +
P310

P363
P390
P405
P406

P501

May be corrosive to metals.
Causes severe skin burns and eye damage.

Keep only in original container.

Wash skin thoroughly after handling.

Wear protective gloves/ protective clothing/ eye protection/ face
protection.

IF SWALLOWED: Rinse mouth. Do NOT induce vomiting.

IF ON SKIN {or hair): Take off immediately all contaminated
clothing. Rinse skin with water/ shower.

IF INHALED: Remowve person to fresh air and keep comfortable
for breathing. Immediately call a POISON CENTER/ doctor.

IF IN EYES: Rinse cautiocusly with water for several minutes.
Remove contact lenses, if present and easy to do. Continue
rinsing. Immediately call a POISON CENTER/ doctor.

Wash contaminated clothing befora reuse.

Abszorb spillage to prevent material damage.

Store locked up.

Store in corrosive resistant container with a resistant inner
limer.

Dispose of contents/ container to an approved waste disposal
plant.

2.3 Hazards not otherwise classified (HNOC) or not coverad by GHS - nane

SECTION 3: Composition/information on ingredients
3.1 Substances

Formula H2045
Molecular weight 9B.08 g/mol
CAS-No. 7664-93-9
EC-No. 231-639-5
Index-MNo. 016-020-00-8
Componant | Classification | Concentration
sulphiiric acid
Met. Corr. 1; Skin Corr. <= 100 %

1A; Eye Dam. 1: H290,
H3l4, H318
Concentration limits:

== 0.3 %: Met. Corr. 1,
H280; == 15 %: Skin
Corr. 1A, H314; 5 - < 15
%%: Skin Irrit. 2, H315; 5 -
< 15 9%: Eve Irrit. 2,
H319;

For the full text of the H-Statements mentioned in this Section, see Section 16.

Mdrich - 339741
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SECTION 4: First aid measures
4.1 Description of first-aid measures

General advice
First aiders need to protect themselves. Show this material safety data sheet to the doctor
in attendance.

If inhaled
After inhalation: fresh air. Call in physician.

In case of skin contact
In case of skin contact: Take off immediately all contaminated clothing. Rinse skin with
water/ shower. Call a physician immediately.

In case of eye contact
After eye contact: rinse out with plenty of water. Immediately call in ophthalmologist.
Remove contact lenses.

If swallowed
After swallowing: make victim drink water (two glasses at most), avoid vomiting (risk of
perforation). Call a physician immediately. Do not attempt to neutralise.

4.2 Most important symptoms and effects, both acute and delayed
The most important known symptoms and effects are described in the labelling (see section
2.2) and/or in section 11

4.3 Indication of any immediate medical attention and special treatment needed
Mo data available

SECTION 5: Firefighting measures
5.1 Extinguishing media

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

5.2 Special hazards arising from the substance or mixture
Sulfur oxides
Mot combustible.
Ambient fire may liberate hazardous vapours.

5.3 Advice for firefighters
Stay in danger area only with self-contained breathing apparatus. Prevent skin contact by
keeping a safe distance or by wearing suitable protective clathing.

5.4 Further information
Suppress (knock down) gases/vapors/mists with a water spray jet. Prevent fire
extinguishing water from contaminating surface water or the ground water sysbem.

SECTION 6: Accidental release measures

6.1 Personal precautions, protective equipment and emergency procedures
Advice for non-emergency personnel: Do not breathe vapors, aerosals. Avoid substance
contact. Ensure adequate ventilation. Evacuate the danger area, observe emergency
procedures, consult an expert.
For personal protection see section 8.

aldrich - 339741 Page 3 of 10
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6.2

6.3

6.4

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up

Cover drains. Collect, bind, and pump off spills. Observe possible material restrictions
(see sections 7 and 10). Take up with liquid-absorbent and neutralising material (e.g.
Chemizarb® H*, Merck Art. No. 101595). Dispose of properly. Clean up affected area.

Reference to other sections
For disposal see section 13.

SECTION 7: Hand-ling and storage

7.1

7.2

7.3

Precautions for safe handling
For precautions see section 2.2.

Conditions for safe storage, incdluding any incom patibilities

Storage conditions

Mo metal containers.

Tightly closed.

Storage class (TRGS 510): 8B: Non-combustible, cormosive hazardous materials

Specific end usea(s)
Apart from the uses mentioned in section 1.2 no other specific uses ara stipulated

SECTION B: Exposire contrals/personal protection

8.1

8.2

Control parameters
Ingredients with workplace control parameters

Component CAS-No. Value Control Basis
parameters
sulphuric acid 7664-93-9 | TWA 0.2 mg/m3 USA. ACGIH Threshold Limit
Values (TLV)
TWA 1 mg/m3 USA. OSHA - TABLE Z-1 Limits
for Air Contaminants -
1910.1000
TWA 1 mg/ma3 USA. Decupational Exposure
Limits {OSHA) - Table Z-1
Limits for Air Contaminants

Exposure controls

Appropriate engineering controls
Change contaminated clothing and immerse in water. Preventive skin protection Wash
hands and face after working with substance.

Personal protective equipment

Eye/face protection

Use equiprment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU). Tightly fitting safety
goggles

&ldrich - 339741
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Skin protection

This recommendation applies only to the product stated in the safety data sheet,
supplied by us and for the designated use. When dissalving in oF mixing with other
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves {e.g. KCL GmbH, D-356124 Eichenzell,
Internet: www.kcl.de).

Full eontact

Material: Viton®

Minirmum layer thickness: 0.7 mm

Break through time: 480 min

Material tested:Vitoject® (KCL 890 / Aldrich 2677658, Size M)

This recommendation applies only to the product stated in the safety data sheet,
supplied by us and for the designated use. When dissalving in oF mixing with other
substances and under conditions deviating from those stated in EN374 please
contact the supplier of CE-approved gloves {e.g. KCL GmbH, D-36124 Eichanzell,
Internet: www.kcl.de).

Splash contact

Material: butyl-rubber

Minirmum layer thickness: 0.7 mm

Break through time: 120 min

Material tested: Butoject® (KCL 898)

Body Protection
Acid-resistant protective clathing

Respiratory protection

required when vapours/aerosols are generated. Our recommendations on filtering
respiratory protection are based on the following standards: DIN EN 143, DIN 14387
and other accompanying standards relating to the used respiratory protection
systerm.

Control of environmental exposure
Do not let product enter drains.

SECTION 9: Physical and chemical properties
9.1 Information on basic physical and chemical properties

a)

b}

€)
d)

e)
f

a)
h}
i)

i)

Appearance Form: clear, liquid
Color: colorless
Odor odorless
Odor Threshald Mot applicable
pH 1.2 at 5 g/l
Melting Melting paoint: 10.31 *C (50.56 *F)

point/freazing point

Initial bailing point 290 °C 554 °F - lit.
and boiling range

Flash point (Mo data available
Evaporation rate Mo data available
Flammability (solid, MNo data available
gas)

Upper/lower Mo data available
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flammability or
explosive limits

k) WVapor pressure 1.33 hPa at 145.8 *C (294.4 *F)

I3 Vapor density 3.39 - (Air = 1.0)

m) Density 1.84 g/cm3 at 25 °C (77 *F) - lit.
Relative density Mo data available

n) Water solubility soluble

o) Partition coefficient: Mot applicable for inorganic substances
n-octanol/water

p)  Autoignition Mo data available
temperature

q) Decomposition Mo data available
temperature

r}  Viscosity Mo data available

5} Explosive properties Mo data available
t) Oxidizing properties Mo data available
9.2 Other safety information

Surface tension 55.1 mMN/m at 20 °C (68 *F)
Relative vapor 3.39 - (Air = 1.0)
density

SECTION 10: Etahiﬁtv and reactivity

10.1 Reactivity
Mo data available

10.2 Chemical stability
The product is chemically stable under standard ambient conditions (room temperature) .

10.2 Possibility of hazardous reactions
A risk of explosion and/or of toxic gas formation exists with the following substances:
Water
Alkali metals
alkali compounds
Ammaonia
Aldehydas
acetonitrile
Alkaline earth metals
alkalines
Arids
alkaline earth compounds
Metals
metal alloys
Oxides of phosphorus
phosphaorus
hydrides
halagen-halogen compounds
oxyhalogenic compounds
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permanganates

nitrates

carbides

combustible substances
organic solvent
acetylidene

Mitriles

organic nitro compounds
anilines

Peraxides

picrates

nitrides

lithium silicide

iron(II1}) compounds
bromatas

chlorates

Armines

perchlorates

hydrogen peroxide

10.4 Conditions to avoid
no information available

10.5 Incompatible materials
animal/vegetable tissuesContact with metals liberates hydrogen gas.

10.6 Hazardous decomposition products
In the event of fire: sea section 5

SECTION 11: Toxicological information
11.1 Infoermation on toxicological effects

Acute toxicity

LD50 Oral - Rat - male and famale - 2,140 mg/kg
Remarks: (ECHA)

Inhalation: Corrosive to respiratory Systam.
Dermal: No data available

Skin corrosion/irritation

Skin - Rabbit

Result: Extremely corrosive and destructive to tissue.
Remarks: (IWCLID)

Serious eye damage/eye irritation
Causes serious eye damage.

Respiratory or skin sensitization
Mo data available

Germ cell mutagenicity

Test Type: Ames test

Test system: Salmonella typhimuriem
Result: negative

Remarks: (HSDB)

Carcinogenicity

Mdrich - 339741
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Mo data available

IARC: Mo ingredient of this product present at levels greater than or equal to 0.1% is
identified as probable, possible or confirmed human carcinogen by LARC.

NTP: Mo ingredient of this product present at levels greater than or equal to 0.1% is
identified as a known or anticipated carcinogen by NTP.

OSHA: Mo component of this product present at levels greater than or equal to 0.1% is
on OSHAs list of regulated carcinogens.

Reproductive toxicity

Mo data available

Specific target organ toxicity - single exposure
Mo data available

Specific target organ toxicity - repeated exposure
Mo data available

Aspiration hazard
Mo data available

11.2 Additional Information

RTECS: WS5600000

Material is extramely destructive to tissue of the mucous membranes and upper respiratory
tract, eyes, and skin., spasm, inflammation and edema of the larynx;, spasm, inflammation
and edema of the bronchi, pReumaonitis, pulmonary edema, burning sensation, Cough,
wheezing, laryngitis, Shortness of breath, Headache, Nausea, Vomiting, Pulmonary edema.
Effects may be delayed.

To the best of our knowledge, the chemical, physical, and toxicological properties have not
been thorcughly investigated.

After inhalation of aerosols: damage to the affected mucous membranes. After skin
contact: severs burns with farmation of scabs. After eye contact: burns, corneal lesions.
After swallowing: severe pain (risk of perforation!), nausea, vomiting and diarrhoea.
After a latency period of several weeks possibly pyloric stenosis.

Other dangerous properties can not be excluded.

Handle in accordance with good industrial hygiene and safety practice.

Stomach - Irregularities - Based on Human Evidence

Stomach - Irregularities - Based on Human Evidence

SECTION 12: Ecological information
12.1 Toxicity

Toxicity ta daphnia static test ECS0 - Daphnia magna (Watar flea) - = 100 mg/l - 48 h
and other aquatic (OECD Test Guideline 202)
invertebrates

Taxicity to algae static test ErC50 - Desmodesmus subspicatus (green algae) - = 100
mafl - 72 h
(OECD Test Guideline 201}

Mdrich - 339741
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12.2 Persistence and degradability
The methods for determining the biological degradability are not applicable to inarganic
substances.

12.3 Bicaccumulative potential
Mo data available

12.4 Mobility in soil
No data available

12.5 Results of PBT and vPvB assessment
PBT/vPvB assessment not available as chemical safety assessment not required/not
conducted

12.6 Other adverse effects
Biological effects:
Harmful effect due to pH shift.
Caustic even in diluted form.
Does not cause biological oxygen deficit.
Endangers drinking-water supplies if allowed to enter soil and/or waters in large
quantities.
MNeutralisation possible in waste water treatment plants.
Discharge into the environment must be avoided.

SECTION 13: Disposal considerations
13.1 Waste treatment methods

Product

Waste material must be disposed of in accordance with the national and local regulations.
Leave chemicals in original containers. No mixing with other waste. Handle uncleanad
containers like the product itself. See www.retrologistik.com for processes regarding the
return of chemicals and containers, or contact us there if you have further questions.

SECTION 14: Transport information

DOT (USs)

UM number: 1830 Class: 8 Packing group: II
Proper shipping name: Sulfuric acid

Repartable Quantity (RQ): 1000 lbs

Poison Inhalation Hazard: Mo

IMDG

UN number: 1830 Class: 8 Packing group: II EMS-No: F-A, S-B
Proper shipping name: SULPHURIC ACID

IATA

UN number: 1830 Class: 8 Packing group: II

Proper shipping name: Sulphuric acid

SECTION 15: Regulatory information

SARA 302 Components
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sulphuric acid CAS-No. Revision Date
7664-93-9 2007-07-01
SARA 313 Components
The following compaonents are subject to reporting levels established by SARA Title 111,
Section 313:
CAS-No. Revision Date
sulphuric acid 7664-93-9 2007-07-01

SARA 311/312 Hazards
Acute Health Hazard, Chronic Health Hazard

Massachusetts Right To Know Components
Mo components are subject to the Massachusetts Right to Know Act.

SECTION 16: Other information

Further information

The above information is believed to be correct but does not purport to be all inclusive
and shall be used only as a guide. The information in this document is based on the
present state of our knowledge and is applicable to the product with regard to
appropriate safety precautions. It does not represent any guarantee of the properties of
the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any
damage resulting from handling er from contact with the above product. See

www . sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional
terms and conditions of sale.

Copyright 2020 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies
for internal use only.

The branding on the header and/or footer of this document may tempararily not visually
match the product purchased as we transition our branding. However, all of the
infarmation in the document regarding the product remains unchanged and matches the
product ordered. For further information please contact misbranding@sial.com.

Version: 6.10 Revision Date: 0B/02/2021 Print Date: 04/16/2022
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