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Cocoa Liquor, Butter, & Powder Production

Abstract
This project recommends a design for a cocoa processing plant to produce cocoa liquor, powder, and butter
from fermented cocoa beans, in accordance with US Patent 6,066,350. The recommended design minimizes
the use of external utilities by optimizing various heat integration strategies. The plant has a capacity of
120,000 tonnes/year and will be located in Tema, Ghana. The proposed design yields 25,000 tonnes/year of
alkalized cocoa liquor with 54% fat, 52,000 tonnes/year of cocoa butter, 36,000 tonnes/year of 3% fat
alkalized cocoa powder, and 9,000 tonnes/year of below 0.5% fat alkalized cocoa powder. The cocoa butter
and powders made in this process are of Food Grade quality and are compliant with FDA regulations, and
have less than 1 PPM residual solvent concentrations. A total permanent investment of $19M is required.
Despite this, the process has an estimated IRR of 33.5% and an NPV of $29M. It is recommended that the
company bring this plant into operation and commence additional research, with emphasis in the cocoa
powder market, and the effectiveness of solvent extraction and removal.
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University of Pennsylvania School of Engineering and Applied Science 
Department of Chemical and Biomolecular Engineering 
220 South 33rd Street 
Philadelphia, PA 19104 

 
April 12, 2016 

 
Dear Dr. Holleran, Professor Fabiano, and Mr. Tieri, 
 

Enclosed you will find a proposed design for the cocoa processing facility, specified in the problem 

statement provided by Mr. Stephen M. Tieri of DuPont. The proposed plant is for the industrial production 

of 120,000 tonnes/year of food-grade cocoa liquor, butter, and powder from fermented cocoa beans in 

Tema, Ghana. The overall process produces 25,000 tonnes/year of cocoa liquor, 52,000 tonnes/year of 

cocoa butter, 36,000 tonnes/year of low-fat cocoa powder, and 9,000 tonnes/year fat-free cocoa powder. 

The process implements solvent extraction technology as specified by U.S. Patent 6,610,343 issued to 

Cargill, Inc in 2003. Fermented cocoa beans are cleaned in a series of mechanical cleaners and a de-stoner. 

The beans are then processed via roasting, sterilizing, and de-shelling. The prepared nibs are ground into 

cocoa liquor, which is further treated with solvent to de-fat the cocoa powder. The cocoa powder and butter 

products are taken through flash and steam stripping towers to remove residual solvent.  

 
This report contains a detailed process design and profitability analysis of the proposed plant. The 

calculations and sensitivity analyses that led to critical design decisions for the processes in this plant are 

included. Production was assumed to be 24 hours a day for 292 days a year.  

 

Rigorous profitability analysis was performed to determine plant feasibility. The proposed plant is 

found to be economically feasible. The total permanent investment of the plant is $19M, and the expected 

NPV is $29M by 2033. It has an estimated IRR of 33.5% and the ROI is 33.7%. It is recommended to 

pursue plant production using the outlined process design, but continue to research the solvent extraction 

performance. 

 
 

Sincerely,           
 
 
 
Mack Asselstine                                                       Joseph Mollo 
 
__________________                                                __________________ 
 
 
Jesus Morales                                                          Vasiliki Papanikolopoulos 
 
 
__________________                                               __________________ 
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Section 1: Abstract 

This project recommends a design for a cocoa processing plant to produce cocoa liquor, powder, 

and butter from fermented cocoa beans, in accordance with US Patent 6,066,350. The recommended design 

minimizes the use of external utilities by optimizing various heat integration strategies. The plant has a 

capacity of 120,000 tonnes/year and will be located in Tema, Ghana. The proposed design yields 25,000 

tonnes/year of alkalized cocoa liquor with 54% fat, 52,000 tonnes/year of cocoa butter, 36,000 tonnes/year 

of 3% fat alkalized cocoa powder, and 9,000 tonnes/year of below 0.5% fat alkalized cocoa powder. The 

cocoa butter and powders made in this process are of Food Grade quality and are compliant with FDA 

regulations, and have less than 1 PPM residual solvent concentrations. A total permanent investment of 

$19M is required. Despite this, the process has an estimated IRR of 33.5% and an NPV of $29M. It is 

recommended that the company bring this plant into operation and commence additional research, with 

emphasis in the cocoa powder market, and the effectiveness of solvent extraction and removal. 
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Section 2: Introduction and Background Information 

 

2.1 Introduction 

Cocoa powder and butter are traditionally produced by mechanically pressing cocoa liquor. This 

method of producing cocoa powder has numerous disadvantages, including long processing times and 

increased operating costs to reduce powder fat contents to 20% or lower. Low fat and fat-free cocoa 

powders, defined as having 3-5% and 0.5% fat by weight, are not feasible with batch pressing because the 

lower limit of extraction is 10-11%. In 2003, Cargill patented a process to extract cocoa butter from liquor 

using solvent extraction. The process uses a low molecular weight straight-chained alkane as the solvent. 

Cargill’s solvent extraction process may be run continuously, eliminating long press times, and is able to 

produce low fat and fat-free cocoa powders (Purtle et al, 2003). 

This project proposes a cocoa processing plant to produce solvent-extracted low fat and fat-free 

cocoa powder varieties using butane. Despite its flammability, the major advantage to using butane is that 

it is highly miscible in cocoa butter due its hydrocarbon properties. The price for butane is also expected to 

remain steady, and this makes it a suitable solvent for the proposed process. 

The process begins with a traditional cocoa processing section, consisting of industrial scale 

cleaning and destoning units, roasters, winnowers, and alkalizing units. Cocoa beans from the Forastero 

trees in West Africa were used as they are the most common for large-scale processing (“Growing Cocoa”, 

2013). The process is run continuously over the course of the year and beans are assumed to be available 

year-round, sourced from a licensed buying company. A detailed justification for this assumption is found 

in Section 10.1.  

To achieve the desired product requirements, a separation section is needed following traditional 

processing. Separation operations include centrifugation, evaporation, steam stripping, filtration, and cocoa 

powder drying. The final cocoa powder product is 3% or 0.5% cocoa butter by weight, and is sold at a 

competitive price. 
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The proposed plant will be located in Tema, Ghana and will produce approximately 120,000 

tonnes/year of cocoa liquor, butter, and powder. This location was chosen due to both its abundance in 

cocoa beans and the commercial success of past and current cocoa processing endeavors.  
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2.2 Objective Time Chart 

Project Name  Cocoa Liquor, Butter, and Powder Production 
 
Project Advisors Stephen M. Tieri, Dr. Sean Holleran, Professor Leonard Fabiano 
  
Project Leaders Mack Asselstine, Joseph Mollo, Jesus Morales, Vasiliki Papanikolopoulos 

 
Specific Goals Quantify the value of solvent extraction technology to separate cocoa butter and 

cocoa powder from cocoa liquor, and design a commercial plant to produce 120 

MT/yr of cocoa liquor, butter and powder based on this technology. 
 
Project Scope  In-scope: 

1. Manufacturing process for cocoa butter and powder beginning from 

prepared cocoa liquor  

2. Design main process to include new solvent extraction technology as the 

final separation steps. 

3. Final product must be of Food Grade quality, fit for human consumption, 

and meet all FDA and other regulatory standards 

4. Maintain process integrity and by adhering to current good manufacturing 

practices and be as environmentally friendly as possible  

5. Determine if process with new solvent technology is best when compared 

to cost and production value of older processing methods 

 
Out-of-scope: 
1. Processing final cocoa powder into a variety of different products 

2. Flavored milk product, baking mixes and traditional chocolate  

3. Emerging technology in cocoa processing.  

 
Deliverables  Business opportunity assessment:  

1. What is the market for low-fat and fat-free grades of cocoa powder, and 

that for purified cocoa butter in general?  

2. How does the solvent extraction process compare to traditional processes?  

Technical Feasibility assessment:  

1. Is it technically feasible?  

Manufacturing capability assessment:  

1. Can the plant be built and the process utilized without significant capital 

investment? 

Product life-cycle assessment:  

1. Will the final product be of Food Grade Quality and meet FDA standards 

for a safe and consumable product?  

 
Timeline  Complete design and economic analysis by April 12, 2016. 
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2.3 Innovation Map 
 

The innovation map for this process is outlined below. Low fat and fat-free cocoa powders can be 

quickly produced in large quantities. Because this process is a more effective separation of cocoa butter 

from cocoa powders, butter yields are greater when solvent is used to process the cocoa. This improvement 

is a financial boon, as cocoa butter is the most lucrative product of this process. Mr. Todd Gusek, author of 

the Cargill 2003 patent, noted that the butter produced in this manner possesses a higher than normal cocoa 

butter cooling curve. This is advantageous to confectionaries as it allows the cocoa butter to solidify more 

readily at higher temperatures, making it less susceptible to melting. 

The powder produced by this process also has advantages over the powder separated by traditional 

means. Most directly, lower fat content in the cocoa powder yields a healthier powder, both from the lack 

of fat and from the relative rise in antioxidant and flavanol content associated with it. Also, conventionally-

produced powders tend to suffer from clumping as a result of their higher fat contents; manufacturers then 

add lecithin, an emulsifier, to avoid this issue. For this process, lecithin is no longer necessary, as the powder 

is already quite dispersible in liquids; the lack of this additive creates a more genuine tasting powder and a 

cheaper product. 

  



 

 

12 

 

 



 

 

13 

 

Section 3: Concept Stage 

 

3.1 Market Analysis 

Cocoa beans are processed into three main products: cocoa liquor, cocoa powder, and cocoa butter. 

Cocoa liquor is solid, unsweetened baking chocolate made from ground cocoa nibs, which can be 

transformed into cocoa powder and cocoa butter. Cocoa butter is the fat of the cocoa nib, and may be used 

in lotions and pharmaceutical products (Spiegel, 2014). It is also the main ingredient in white chocolate. 

Cocoa powder is the solid product of the cocoa nib and can be processed to have varying fat content. The 

powder is used in beverages, baking, and frequently as a dye. Chocolate is produced by combining both 

cocoa powder and butter with milk and sugar. With diverse applications for cocoa liquor, butter, and 

powder, cocoa bean processing is a complex undertaking that incorporates all corners of the world: farms 

largely in Africa and Central America, cocoa processing facilities concentrated in the Netherlands, and 

confectionaries all over the world.  

China, India, and Brazil are emerging cocoa markets as recent years have given way to more 

disposable income. Chocolate products are becoming more popular in these countries. India is the fastest 

growing market for chocolate, at a rate of 17% since 2010 compared to a 9% growth rate in China (Pham, 

2016). Lastly, in Brazil, by 2020, the premium chocolate market will grow 26% (Pekic, 2014).  

The popular kinds of cocoa products in each country are different. Pastries and flavored milk are 

central to the Chinese market as displayed in Figure 2. Specifically, demand for chocolate flavored milk 

drinks is on the rise, where cocoa powder is the key ingredient. Alternatively, chocolate confectionery is 

central to the world market and India alike. Liquor is used to make the different varieties of chocolate 

products that target these markets.  
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Figure 2.  Cocoa Ingredients by absolute volume growth for 8 applications in China and India for 2013-2018 

(Euromonitor) 
 

Cocoa powder is the predominant cocoa ingredient in China, with 60% volume share (Euromonitor, 

2014). Figure 3 also illustrates the resemblance between the cocoa market in India and the world market, 

with cocoa liquor having the largest percentage volume, followed by cocoa butter. 

  

Figure 3. Cocoa Ingredients by percent volume share in three categories, Cocoa Powder, Butter, and Liquor in 2013-

2018 for India, China as compared to the rest of the world (Euromonitor) 
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For cocoa processing, addressing the cultural needs of these emerging markets will be key to the 

successful growth of the cocoa business in the future. The plant’s cocoa powder and butter will be enticing 

products to manufacturers for these largely untapped markets.  

On a per person basis, chocolate consumption in emerging markets is still relatively small compared 

to the rest of the world. China and India consume less than 2% of the world’s largest chocolate markets, 

which are Western Europe and the United States (Pham, 2016). Assuming labeling regulations in Europe 

do not change during the lifespan of this processing facility, Mr. Todd Gusek suggested that solvent 

extracted cocoa powder and butter will be prohibited in these markets. However, cocoa liquor from the 

facility will meet the requirements to be sold in these countries.  

Western Europe and the United States are dominating chocolate consumption, thus acknowledging 

their unique patterns is important when considering the production of cocoa liquor in the plant. In the 

Western Europe and US markets, there has been a shift in demand for healthier products. Chocolate 

companies are aware of health conscious consumers, and are targeting this market with low fat and sugar 

free options. Dark chocolate became a popular choice because of its high antioxidant levels and ability to 

lower blood pressure (DeNoon, 2003). Consumers are also seeking sugar free options. Hershey and Godiva 

sell sugar free chocolate while Bensdorp has ActicoaTM, a cocoa powder with cocoa flavanols that benefit 

the cardiovascular system and the body’s blood circulation (Acticoa.com). 

Also, sustainability is becoming more important to chocolate consumers. The documentary The 

Dark Side of Chocolate exposed the terrible implications of unregulated chocolate production in the form 

of child slavery. Thus, confectionaries are playing closer attention to their suppliers of cocoa products, in 

two respects - labor regulation and cocoa crop methods. The Fair Trade movement sources cocoa beans 

ethically, from small farmers that grow cocoa trees with limited chemical exposure. Its chocolate is sold at 

a premium due to the organic nature of the product and the regulation needed to support its system (Equal 

Trade, 2016). 

Alkalization is the process of treating roasted cocoa nibs, or grounded cocoa liquor, with an 

alkalizing salt. Cocoa that has been treated with an alkalizing salt is also referred to as Dutch cocoa. 
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Alkalization raises the pH of the cocoa to 6.8 - 8.1, depending on reaction time and the concentration of 

alkaline (Miller et al). Not only does alkalization improve the taste of the cocoa by neutralizing the acidic 

bitterness of natural cocoa but, it also brings out a deep red or brown color in the powder. Due to these 

changes in taste and appearance, alkalized cocoa is preferred over natural cocoa.  
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3.2 Competitive Analysis 

Cocoa processing facilities are spread out all over the world. Currently, there are no plants using 

solvent extraction to produce fat-free cocoa powder; however, there are a number of cocoa processing plants 

in Ghana. Barry Callebaut (67,000 tonnes/year capacity) and Cargill (65,000 tonnes/year) lead cocoa 

processing in Ghana. Overall, the Netherlands leads the world’s grinding capacity with 530,000 

tonnes/year, followed by the Ivory Coast with 440,000 tonnes/year, and United States with 405,000 

tonnes/year (Nicholson et al, 2013). 

The proposed facility, with an annual capacity of 120,000 tonnes of cocoa products will be the 

leading grinding facility in Ghana.  To put this into perspective however, Olam, who recently acquired 

Archer Daniels Midland’s cocoa business, now has a combined processing capacity of 700 MT (McFarlane 

and Hunt, 2015). Olam is an agri-business that focuses on supply chain management, processing and trading 

of soft commodities and Archer Daniels Midland is an agricultural processor. Barry Callebaut focuses on 

cocoa and chocolate manufacturing while Cargill is a provider of food, agriculture, financial and industrial 

products and services. 
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3.3 Customer Requirements 

 

The leading confectionery customers are Mars, followed by Mondelez, Nestle, Meiji, Ferrero and 

Hershey (Market Research Academic, 2014). Their needs for cocoa butter, liquor and powder vary 

depending on the chocolate products they sell. However, there is a common trend that appeals to the 

increasingly health conscious consumer. Cocoa beverages, snacks, and candies all are moving towards fat 

free or low fat modifications.  

The solvent extraction process for cocoa beans includes a number of confectionary requirements. 

In their current state, cocoa products contain much lecithin. Lecithin is a fatty substance that is widely used 

by confectionaries to make cocoa powder more soluble. In a candy bar, it keeps the cocoa and cocoa butter 

from separating. Lecithin is an expensive ingredient for both confectioneries and this facility, and is less 

desirable by the final consumers as it increases the fat content of cocoa powder.   

An overall reduction in costs is possible using solvent extraction as will be outlined in the report. 

As this decrease in costs flows down the supply chain, this will ultimately allow chocolate products to 

profitably expand in developing and established markets.  

Lastly, taste and chocolate performance are important factors in consumer’s chocolates of choice. 

Solvent extracted cocoa powder and butter is higher performing than traditional cocoa powder and butter, 

and taste profile remains the same.  

 

 

 

 

 

 

 

 



 

 

19 

 

3.4 Preliminary Process Synthesis 

Different decision pathways were evaluated in the design of this process. Because the solvent 

extraction of cocoa butter from cocoa liquor is the innovative and most critical aspect of this process, a 

traditional approach to the upstream processing was taken. In this manner, the preprocessing units were 

chosen to be similar to those of any large-scale cocoa processing plant. 

One of the most important decisions was choosing a specific type of cocoa bean to use in the 

process. There are three main varieties of cocoa: Forastero, Criollo, and Trinitario. Forastero beans were 

chosen for this process because they comprise roughly 95% of the world cocoa market, they can be grown 

in numerous equatorial locations, they are more disease-resistant than Criollo beans, and they are less 

expensive than Trinitario beans. 

Another key decision was the starting point at which the process would begin to operate on the 

beans. Cocoa beans must be fermented and roasted. Typical cocoa farming practices, especially those in 

Ghana, tend to lead towards fermenting the bean on-site, before selling it to either a private buyer or a 

government-controlled entity (Vigneri et al, 2007). Any large cocoa processor would need to purchase its 

feed from one of these intermediate entities. Ghana grows its cocoa beans in a primary, main season from 

September to March, and then alternately during a secondary, mid-season from May to August (ICCO, 

2016). To have some influence on cocoa prices, these intermediates store the harvested cocoa year-round. 

Thus, it is assumed that a large-scale cocoa processing plant would be able to purchase its required 

fermented cocoa bean throughput at regular, two-week intervals throughout the year. While farmers have 

historically used jute bags to transport their product, bulk methods are becoming more popular. It is 

assumed that a “mega-bulk” transportation method, where beans are placed directly in the cargo holds of 

trucks and ships, may be employed in order to save on up to 33% of debagging and shipping costs (ICCO, 

2016). 

Uses for the process waste streams were also considered. The used solvent, approximately 43,164 

kg/hr of butane, could potentially have been deemed a waste stream and dealt with as such. Economic 

analyses dictated that purifying and reclaiming the solvent for a recycle stream would create the most cost-
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effective outcome. This decision was made due to the large quantity of solvent required for the process, and 

the need to separate the butter from the used solvent for product, which already made up the most expensive 

portion of the recovery cycle. This choice left the cocoa shells as the principal source of process waste. 

Certain sources indicated that these shells could be sold as mulch, or even ground into a mock-cocoa powder 

of sorts; however, these avenues did not possess significant economic value at the scale of this process. 

Many processors choose to burn the shells in order to generate heating utilities; that choice is mirrored here, 

as this combustion had the potential to generate 25,900 kg/hr of medium pressure steam, which was quite 

valuable for both heating and electric needs (Buhler). 

The key choices regarding the downstream cocoa processing involved cocoa alkalization levels, 

solvent selection, and solvent removal. Profitability analyses were performed to determine whether or not 

the cocoa powder should be alkalized, and, if so, how much alkalization should occur. The significant 

factors in this decision were the costs of alkalization, the size of the potential increase in profit margin, and 

the market’s need for alkalized powder. The point of alkalization was also carefully chosen. The process 

could have opted either for nib alkalization, which would occur before the grinding and milling stages, or 

for liquor alkalization, which would take place after these stages. Liquor alkalization was determined to be 

the more effective choice, as the alkalization reagent, a 10% by mass potassium carbonate solution fed in a 

3:100 ratio with the cocoa, was much more likely to mix well with a slurry rather than a solid stream. 

Complete mixing was especially important in this scenario due to the relatively small amount of alkalizing 

agent, and the need for uniform flavor throughout the cocoa. 

Patent literature stated that straight-chain alkanes with molecular weights less than 75 g/mol are 

best suited for this application. Butane and propane were mentioned as most effective, with butane 

appearing to be the more desirable of the two (Gusek et al). In order to choose from these two solvents, 

recovery costs were evaluated for each one, with equal efficacy in cocoa separation assumed. This analysis 

led to the choice of butane, as propane needed approximately 40ºC of additional cooling to condense after 

being flashed away from the cocoa butter. Only pure solvents were considered as solvent mixtures would 

incur greater energy demands for separation. 
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 Multistage operations were required for separating the cocoa and removing the solvent,. To 

separate the powder from the dissolved butter, stages were set up in such a way to decrease the quantity 

being separated while also increasing the rigor of the separation. The first stage was chosen to be a large 

centrifuge, which would remove most of the dissolved butter. Subsequent belt filtering stages were added 

to finish the more difficult portion of the separation. The filter, with the countercurrent solvent washing, 

was the most effective choice for this task, as confirmed by patent literature (Gusek et al). To remove the 

solvent from the cocoa butter, volatility differences were exploited. Because butane is much more volatile 

than cocoa butter, a flash vessel was chosen as the first separation unit. This unit operation was selected as 

a cheap and effective way to take advantage of the significant volatility difference. To perform the smaller, 

more rigorous portion of the separation, a steam-based stripping column was chosen. Steam was selected 

for many reasons. Primarily, steam would allow for the least energy-intensive recovery of butane. Steam 

would be easy to acquire, and would minimize the introduction of air into the process (Dziugys et al). 
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3.5 Assembly of Database 

Simulation Specifications 

Thermophysical and transport property data for most of the continuous processes was obtained 

from Aspen Plus v8.8. These processes include mixing, centrifugation, filtering, flash evaporation, heat 

exchange, and steam stripping. The NRTL-RK thermodynamic model was used for these processes because 

the liquid and vapor mixtures formed are non-ideal. For the alkalizing process, the ELECNRTL model was 

chosen due to the formation of electrolyte solutions in water.  

Additionally, cocoa butter is not chemically uniform, but rather composed of a variety of 

triglycerides and a negligible percentage free fatty acids. In Aspen Plus cocoa butter was modeled by its 

three main constituent triglycerides: POP, SOS, and POS. These triglycerides were assumed to have the 

largest effect on vapor and liquid mixture interactions because they make up over 80% by weight, of the 

cocoa butter (“Chocolate and Cocoa Manual”, 2009). Sensitivities in Aspen Plus were performed with 

additional triglycerides to determine deviations in thermophysical behavior, especially freezing point. They 

were found to have a negligible effect on the liquid properties of the cocoa butter.  

 

Raw Material Costs  

The cost of cocoa beans for this facility was obtained from the daily price listing on the International 

Cocoa Organization’s website for March 11, 2016, which was $3,120.08/MT. Although cocoa bean prices 

are highly volatile, this price was within the range of $2000-3500/MT, as suggested by Mr. Vincent Schoot 

Uiterkamp. Butane was priced using the OPIS North America LPG Report. The price on April 5, 2016 was 

$0.25/kg. The price of ethylene glycol was obtained from the ICIS Chemical Business price report provided 

by Ms. Leela Landress. The price reported was $493.96/MT. A price estimate for bulk regular grade 

potassium carbonate was obtained from Armand Products Company at $2359/MT.The price of Bunker C 

fuel oil used to combust shell waste product was priced at $180/MT according to Platt’s Marine.  
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Utility and process water costs were also obtained from Dr. Warren Seider’s profitability 

spreadsheet. Process water for the aqueous potassium carbonate solution costs $0.27/m3. A value of $0.07 

per kWh of electricity was used. The cost of cooling water was reported as $0.027/m3.. The cost of 

refrigerating the ethylene glycol solution at 10oF was determined to be $5.50/GJ. Process and utility steam 

at 150 psig was determined to cost $15.30/1000kg.  
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Section 4: Process Descriptions, Flow Diagrams, and Material Balances  

 

The overall process diagrams for the proposed cocoa processing facility are shown in Figures 4-9 

(Sections 100-600). All processes are continuous and Section 100 shows bean storage and the initial bean 

cleaning process in three parallel trains. The roasting, sterilizing, and winnowing unit operations are 

presented in Section 200. Processing of cocoa nibs into cocoa liquor is shown in Section 300. Section 400 

demonstrates the alkalization of cocoa liquor. Solvent extraction of cocoa butter from cocoa liquor is shown 

in Section 500. Lastly, Section 600 shows the purification of the butter and recovery of the solvent for 

recycle. Tables 1-6 show the material balance flows for all process streams. Component flows, stream 

temperatures, and pressures are also indicated.  
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4.1 Section 100 

Trucks with a 40,000lb capacity arrive with hourly shipments of loose bulk cocoa beans. These 

shipments are transferred to a 570 m3 stainless steel cone bottom storage silo (S-101 or 102). Three storage 

silos are required for the plant: an operational tank, standby tank, and spare tank. The cocoa beans from this 

silo are fed directly into a screw conveyor (CY-101) to be transported 50 feet to the process. Due to 

equipment capacity constraints, the cocoa bean flow rate is split into three equal streams.  Screw conveyors 

in each parallel train are used to transport the cocoa beans to a separator and classifier unit (C-101-103), 

which removes coarse debris via air aspiration. From the coarse cleaning, the beans are conveyed to a 

second air aspiration unit (C-104-106), or fine cleaner, to remove finer debris. Then, the beans are sent to 

a destoning unit to remove high density materials such as stones and metal pieces (C-107-109). 
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4.2 Section 200 

The parallel roasters (R-200-202) were each maintained at 170oC by 581 kW of medium pressure 

steam produced by shell combustion. The steam heats up air flowing in a heat exchanger attached to the 

roaster. The heated air heats up the cocoa beans via countercurrent convection to produce the desired 

Maillard reaction flavor compounds and aromatics. Due to the complexity of the Maillard reaction 

mechanism, it was assumed that any changes in the fats and solids compositions were negligible. Changes 

in the water content of the cocoa bean to below 2% of the total weight were accounted for as steam 

evaporation. 

Beans are conveyed from the roasters to the steam sterilization units (SZ-200-202). Low pressure 

process steam is used to sterilize the beans so that bacteria counts are 500 colony forming units per gram. 

Minimal moisture intake only on shell occurs. In addition, winnowing units (U-200-202) are necessary to 

remove the shells from the desired cocoa nib material needed for cocoa liquor.   
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4.3 Section 300 

The cocoa shells are sent to an on-site packaged boiler room, where they are mixed with a bunker-

C fuel oil. They are combined to create a fuel stream composed of 10% oil and 90% shells, and then 

combusted in a large furnace. The heat generated in this step is assumed to provide the latent heat of 

vaporization for approximately 25,900 kg/hr of steam at 150 psig, with 75% assumed efficiency in energy 

transfer. 

Cocoa nibs are then conveyed (CY-210) to a coarse grinder (G-301). The cocoa mixture is pumped 

(P-301) to a second fine grinder (G-302) to produce the desired fluid cocoa liquor. The liquor is either 

pumped to the alkalization process or transferred to a blocking process for export. Because cocoa liquor 

possesses significant value even before it is separated into its constituents, a sizable portion of the liquor 

stream is sent to blocking. In accordance with the worldwide cocoa market, about 36% of the liquor is 

diverted for product.  
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4.4 Section 400 

The cocoa liquor is pumped (P-402) at 13,400 kg/hr to a reactor (R-401) that combines it with 

potassium carbonate and water for alkalization. The potassium carbonate is added to the water in a 1:10 

ratio; this degree of dilution helps to achieve a well-mixed slurry during the reaction. Additionally, FDA 

regulations stipulate that the alkalizing reagent mass must be no more than 3% of the cocoa mass. Together, 

these criteria determine the mass of alkalizing solution that may be added to the cocoa mass. This solution 

is mixed into the cocoa mass for 30 minutes in a stainless steel vertical pressure vessel (R-401), which 

raises the pH of the cocoa mass from 6 to 7. The mixture is then transferred to a flash vessel (T-401) where 

the excess water is separated from the cocoa liquor by vaporization. The duty required for this stage is 3194 

kW. The water enters a heat exchanger (E-401), then a vessel (V-401) and finally is pumped (P-405) as 

wastewater. 
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4.5 Section 500 

The alkalized liquor is pumped (P-501) at 13366 kg/hr to a mixer (M-501) to maintain the 

suspension of the cocoa solids in the butter. M-501 was sized with a residence time of 30 minutes; this 

duration allows for complete mixing, and also helps mitigate any deviations from steady state in the process. 

The liquor is then pumped (P-502) to a second mixer (M-502), which mixes it with 33,414 kg/hr of butane 

from the solvent recycle loop. This addition creates the 2.5:1 solvent to cocoa ratio necessary for the first 

separation stage as recommended by the patent literature. This mixture is then pumped (P-503) to a 

continuous centrifuge, where the stream’s solids and liquids are separated. Meanwhile, the centrifuge is 

able to pull roughly 90% of the liquid out of the slurry. The liquid stream is pumped (P-504) to Section 600 

for solvent recovery. This separation stage brings the fat content in the cocoa from 52% to 10%, as 

confirmed by Mr. Gusek. 

The solid cake is conveyed (CY-501) to another mixer (M-503), where fresh butane from the 

recycle stream is added to bring the solvent to cocoa ratio back up to 1.8:1. The mixture is then filtered 

(FL-501) on a continuous vacuum belt. Once again, the solids remain entirely in the cake stream, while the 

butane is able to pull away approximately 69% of the fat and moisture content from the cocoa. The liquid 

stream is pumped (P-505) to Section 600. After this second stage, the fat content in the cocoa is lowered to 

3.4%, while the moisture drops below 0.1%. A screw conveyor brings the low-fat cake to a splitter. Here, 

the cake can either be sent to a dryer (D-501), or alternately to a second mixer-filter (M-504, FL-502) to be 

processed into nonfat powder. The process equipment is sized so that the splitter may range from an 80-20 

balance in favor of either fat content. Because the low-fat powder requires less energy to separate, retains 

its taste while adding health benefits, disperses without being dusty, and has wider market appeal, the 

splitter was set to produce 80% low-fat powder and 20% nonfat powder. 

A more rigorous filtration step is required to bring the cocoa powder into the nonfat range. The last 

portion of fresh butane is sent down from the recycle loop in order to create a solvent to cocoa ratio of 1.2:1. 

However, this butane (Stream 627) is split in half before it reaches the mixer-filter; half of the stream is 

mixed with the solids, while the other half is used as a washing step at the end of the filter. This 
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countercurrent washing and filtration is required to bring the fat content of the cocoa powder under 0.5%, 

as the filtration removes roughly 86% of the liquids present on the cake. In a manner similar to the low-fat 

case, the powder is conveyed (CY-505) to a dryer, where any excess butane is removed by dropping the 

pressure from 6 bar to 1.2 bar at constant temperature. Steam is used to maintain isothermal conditions in 

the dryers while the butane vaporizes. A residence time of 60 minutes is combined with thorough agitation 

to ensure that residual solvent levels do not exceed 1 PPM, the maximum tolerable level for the product. 
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4.6 Section 600 

The volatilized butane streams from the dryers are condensed in a heat exchanger (E-601) with a 

70/30 water to ethylene glycol solution at 10oF. The condensed liquid joins the extracted butter streams 

from centrifugation and mixing-filtering. The resulting stream at 48oC is then heated to 65oC by medium 

pressure steam in a second heat exchanger (E-602). The effluent mixture is then subjected to adiabatic flash 

evaporation (T-601) at 1.56 bar, resulting in 99.5% recovery of solvent overhead. The overhead vapor is 

completely condensed (T-606) in a 10:1 ratio of 10oF refrigerant to solvent. The bottoms product of the 

flash vessel is heated to 75oC before being introduced into the stripping column (T-602). The heat added to 

this stream is intended to promote removal of residual butane in cocoa butter. The steam stripping column 

deodorizes the cocoa butter feed and strips off remaining butane with medium pressure saturated steam. 

Residual butane concentrations do not exceed 500 PPB. The cocoa butter is cooled to 50oC using the feed 

of the stripping column as the cold side fluid. The product is then sent to final packaging in cardboard 

boxes. 

The overhead of the stripping column is completely condensed with refrigerant (E-605) and sent to 

the decanter to purify butane stream before recycle. The decanter, operating at 50oC, is able to purge most 

of the water so that the residual water concentration in the recycled solvent is 2 PPM. The recycled solvent 

is then sent to a spherical solvent storage tank (V-602), where make-up solvent is added to account for 

losses in the decanter and final products. The throughput through this tank is recycled to Section 500 to be 

used for solvent extraction. 
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Section 5: Energy Balance and Utility Requirements 

 
5.1 Heat Integration Strategy 

Heat integration was limited in this process design. Utilities were minimized, where possible, as 

streams were evaluated for their capacity to cool or heat other process streams. Adding more heat 

exchangers to process streams that required large amounts of cooling was found to be effective at 

minimizing utility costs. This was especially the case in Section 600. The effluent of the stripping column 

(T-602), which is at 149oC, is used to partially vaporize the feed into the flash vessel (T-601). This transfer 

amounts to 355 kW and cools down the cocoa butter in this stream to 80oC. Furthermore, this reduces the 

utilities needed to cool the stripping column’s effluent to 50oC for product packaging. An additional 7905 

kg/hr of cooling water is necessary for this purpose. 

Similarly, the bottoms product of the flash vessel in section 600 was used to cool down the overhead 

vapor of the stripping column. The bottoms stream reduces the temperature of the overhead vapor to 77oC. 

Utility costs for chilled water are reduced by nearly 53% with this heat integration. The resulting 

arrangement of heat exchangers also meets the minimum utility requirements provided the minimum 

temperature approach of 5.56oC. 

Other streams in Section 600 could not be valued for their heating potential as there were more hot 

streams than cold streams available. The consequence of this is the use of refrigerant at 10oF and cooling 

water to completely condense the butane vapor streams. Compressors were alternatively considered, as a 

means to reduce refrigerant amounts, but immediately ruled out, as they would incur significant capital and 

operating costs to the facility. 

Waste products produced in this facility were considered to provide a majority of the heating 

requirements needed for this process. The shells from units W-200, W-201, and W-202, sent to the on-site 

packaged boiler room, were combusted. The shells made up the balance of a stream containing 10% Bunker 

C fuel oil by mass. The fuel oil was necessary for making the stream easy to both combust and handle. The 

higher heating value from this combustion was exploited in producing medium pressure steam, which was 
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contained in a pressurized loop internal to the system and used for heat transfer and energy generation. For 

this steam, the only heat transfer occurring was assumed to be from the latent heat of vaporization. Because 

the furnace heat was only vaporizing pressurized, hot water, the unit generated 31,800 kg/hr of steam at 

150 psig. This boiling was assumed to be 90% efficient (Woodbank). To minimize utility costs, this steam 

was sent to the roasters at roughly 2,820 kg/hr, where it heated inlet air, which then roasted the beans by 

convection. An efficiency of 75% was assumed during these heat transfer steps. Some of the medium 

pressure steam was also sent to the cocoa powder drying vessels; 591 kg/hr were sent to the low-fat drying 

vessel, and 157 kg/hr were sent to the nonfat drying vessel. These values ensured that the dryers operated 

isothermally as the butane evaporated from the product stream. Maximum values were used for each dryer. 

Depending on the cocoa powder product split fractions, the steam flows represent upper bounds. Another 

13,350 kg/hr of the generated steam was sent to the process flash vessels, T-401 and T-601, again to ensure 

isothermal operation. 

While some of the steam generated by the furnace was used in the process, the majority of it was 

converted to electricity. This conversion was executed by assuming that the excess steam was sold at 

$15.30/1000 kg and that the resulting capital was used to purchase electricity at $0.07/kWh, with a 40% 

efficiency in the transfer (Woodbank). In this manner, the furnace was able to generate approximately 1,273 

kW of electricity using the surplus steam. After meeting the plant’s electricity requirements, 583 kW of 

electricity remained. This electricity was sold at the aforementioned rate; the revenue of approximately 

$286,000/yr was put towards the purchase of cooling utilities such as refrigerant and cooling water. 

 

5.2 Process Utilities 

         Tables 7 summarizes the utilities and electricity needed for each equipment item.  Net energy 

requirements after heat integration are also shown. Table 8 summarizes the net utilities needed per kg of 

cocoa butter. Cocoa powder, both low fat and fat-free, was chosen as the main product for the economic 

analysis.  
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Table 7. Net Utility Requirements by Equipment Unit. 
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Table 8. Utility Costs per kg of Cocoa Powder 
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Section 6: Equipment List & Unit Descriptions  

6.1 Unit Descriptions 

Silos 

Two truncated cone silos, each with a maximum working volume of 819 m3, are used to store cocoa 

beans when they are delivered in bulk to the processing facility. A third silo is necessary if any maintenance 

on the other two silos must be done. The cocoa beans are stored, at 21oC and 3 psig, in stainless steel silos 

to meet Food Grade standards. There are two picking seasons for cocoa beans in Ghana, but a Licensed 

Buying Company in Ghana will supply this cocoa processing facility every hour. Mr. Stephen Tieri 

recommended this as an acceptable length of storage after determining reasonably sized storage units for 

the company’s product requirements and accounting for variations in the supply of raw materials. The 

combined bare module cost for the silos is $191,511.   

 

Cleaners 

 Three types of cleaners were used in the preprocessing of the cocoa beans coarse cleaners, fine 

cleaners, and destoners. Based on industry-reported capacities, this process called for three parallel cleaning 

streams (Buhler). For each of these units, the mass balances remain unchanged, as the waste percentage 

present in the dried, fermented beans is assumed to be negligibly low. All of these units were constructed 

with stainless steel and designed to run at room temperature and atmospheric pressure. Coarse cleaners 

were modeled as vibrating screens with 2 decks. The top deck was designed to filter out large pieces of 

debris and let cocoa beans through to the second screen, which would only allow finer sand grains and jute 

fibers through to a waste drawer. A load heuristic of 0.86 tons/hr-m²-mm was observed; assuming 20-mesh 

screens, an area of 11 m² was required (Rao). 
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 Fine cleaners were installed as the next step in the cleaning process; these units were designed to 

remove lighter dust particles from the cocoa beans. These units were modeled and costed according to the 

cyclone units in Seider, et. al. Specifications obtained from the cocoa preprocessing industry indicated that 

air intake could be calculated based on an air to cocoa mass ratio of 1:2.34 (Buhler). This heuristic called 

for an air intake of 2,041 m3/hr. Typical cyclone parameters dictated that a motor of approximately 3.75 

kW would be necessary to achieve this intake (Pentz). 

 The final cleaning step was comprised of three destoners in parallel. These units, which contain 

both a vibrating screen and an air intake system, were specified using an industry brochure which may be 

found in Appendix D. These industry specifications called for an active area of 0.78 m², a pressure gradient 

of 12 mbar across the screen, and 70 m3/min of aspiration. These cleaning steps have a power demand of 

approximately 14.5 kW, and a total bare module cost of $319,300 as calculated by the equations given in 

Seider, et. al. 

 

Roasters 

A roaster was present in each of the three preprocessing streams. These reactors were modeled as 

convection-heated, stainless steel vessels in which the fermented beans would undergo a series of Maillard 

reactions. The Maillard reactions, which are largely responsible for the flavors and aromas inherent to 

cocoa, require a temperature of 120oC and a residence time of 30 minutes (Buhler). Because the pressure 

of this vessel remained approximately atmospheric, a height to diameter ratio of 1:1 was determined to be 

safely permissible; the residence time defined the height and diameter as 1.67 m (Buhler). The roasters 
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were also designed to reduce the moisture content in the beans; they were heated such that 205 kg/hr of 

water would be boiled out of the solids stream. 

 In order to heat the roasters, medium pressure saturated steam was sent from the furnace at 941 

kg/hr for each of the roasters. The heat released by the condensation of this steam was used to heat process 

air from 125oC to 170oC at roughly 41,000 kg air/hr for each roaster. This air was sent to contact the beans. 

As the air dropped back to 125oC, the beans absorbed the heat convectively, rising to 120oC and engaging 

the roasting process. These flow rates were calculated assuming a 75% efficiency of heat transfer; surplus 

steam is sent to the reactors to ensure that sufficient heating occurs. The bare module cost of these vessels 

was calculated to total $537,400. 

 

Sterilizers 

 Three sterilizers were required for this process. The sterilizers were designed as a final cleaning 

step for the cocoa beans, maintaining bacterial counts below 500 colony forming units per gram (“Cocoa”, 

2016). The sterilizers were modeled as vertical, stainless steel pressure vessels. A residence time of 5 min 

was assumed to find a maximum working volume of 1.25m3. Medium pressure process steam at 927.92 

kg/hr is added to the vessel. Bean moisture intake was assumed to be minimal and only on the shell. A 3:1 

height to diameter aspect ratio was used to determine the dimensions of each sterilizer. Furthermore, the 

height is 2.27m and the diameter is 0.76m. The total bare module costs for the sterilizers is $325,19. 
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Winnowers 

 A winnowing step was required after each of the three sterilizers. This step was designed to take 

place after roasting occurred; pre-roasted beans allow the shell removal process to be less energy-intensive. 

Because air currents comprise the main component of the winnowing process, the winnowers were modeled 

as air cyclones. Shell separation patents maintained an acceptable range of 1,360-2,040 m3/hr of air, linearly 

scaled to a range of 50-150 kg shells/hr (Kopp). An aspiration rate of 1,360 m3/hr was chosen, as only 48 

kg shells/hr were entering each winnower. Power requirements were extrapolated from a winnower 

manufacturer, who quoted a rate of 150 kW/(8000kg/hr) (Buhler). The total bare module cost of the 

winnowing machines was calculated to be $7,400 using the cyclone model presented by Seider, et. al. 

 

Grinders 

 Like many other cocoa preprocessing arrangements, this process required two grinding steps: 

coarse and fine. Following the three parallel upstream flows, three grinders of each type were needed. The 

coarse grinders were characterized by an inlet flow of 5,340 kg/hr of cocoa nibs and a desired outlet particle 

diameter of 5 mm, thus dictating cone crushers as the most applicable choice for modeling purposes (Seider 

et al). This outlet particle size was ideal for feeding into the fine grinding steps, which brought the particles 

down to an average size of 10 μm (Buhler). In order to achieve such a small size, it was necessary to model 

the fine grinders as ball mills (Seider et al). The grinding steps required a power input of 206 kW, with a 

total bare module cost of $1,487,000. 
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Alkalizing Reactor 

 

The reactor is required to alkalize cocoa liquor. The reaction is a neutralization reaction, resulting 

in a pH shift from 6 to 7 and improvements in taste and color of the cocoa mass. The alkalizing agent, 

potassium carbonate, is fed in a 3:97, potassium carbonate-to-cocoa mass ratio. The potassium carbonate 

was previously dissolved in a 1:10, potassium carbonate-to-water ratio. The reactor is constructed using 

stainless steel because it comes in contact with food, and is a closed vessel operating at 95°C and 1.5 bar. 

The residence time of the reactor is 30min. There is an associated heat duty of 667 kW. 

 

Flash Evaporator Vessels 

The purpose of isothermal flash evaporator T-401 is to reduce the moisture content of the alkalized 

cocoa liquor to 2% after having added 4805 kg/hr of water during the alkalization reaction. There is a 

pressure decrease from 1.50 bar to 0.30 bar, resulting in 4985 kg/hr of water being flashed off as vapor in 

the overhead. The bottoms stream is 16320 kg/hr of alkalized cocoa liquor. The evaporator operates at 95°C 

and has an associated heat duty of 3194 kW. The evaporator was constructed using stainless steel 304. The 

height is 3.7m and the diameter is 1m.    

The purpose of T-601 is to isothermally vaporize most of the butane from the cocoa butter. The 

pressure is reduced from 6 to 1.6 bar, which results in 99.6% of the butane to flash off the cocoa butter. The 

flash vessel operates at 57oC and has an associated heat duty of 4211 kW. The height of the vessel is 10 m 

and the diameter is 2.5 m. 

Heat duty requirements of flash vessels T-401 and T-601 are serviced with 5761 kg/hr and 7595 

kg/hr of steam, respectively. 
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Pumps 

 Nineteen pumps were required in this process; these pumps were mainly used to move slurry and 

liquid streams through the process. Pressure losses were assumed to be 0.4 bar through the pumps. Because 

the head values were relatively small, the pump size factors, calculated according to Seider, et. al., were all 

near the lower limits of the costing and power correlations. For pumps that fell below the lower limit of 

these correlations, costs were assumed to be equal to those at the limit; these values represent conservative 

estimates for the pump requirements. Both the pumps and motors were costed and analyzed according to 

Seider, et. al. All pumps were characterized as centrifugal, 3,600 rpm, VSC units. Each pump was 

constructed from stainless steel with a TEFC motor, in order to provide sufficient cleanliness and prevent 

the introduction of air into the process. The total bare module cost of the centrifugal pumps for this process 

is $313,500. 

  The Nash liquid ring pump is water sealed and has a suction volume of 1 ft3/min. The pumps are 

constructed from stainless steel 304, which is resistant to rust and easier to maintain at food grade quality 

levels than is carbon steel. The total bare module cost of the Nash liquid ring pump is $32,100. 

 

Mixers 

The purpose of the mixer included in the alkalization process was to dissolve potassium carbonate 

in a solution of water. Water was added in a 110, potassium carbonate-to-water ratio. The mixer was 

constructed using stainless steel 304 because the resulting alkalizing stream will come into contact with 

food material. The mixer was designed as a closed hopper and agitator at atmospheric pressure, with a 

residence time of 30 minutes. The bare module cost of this mixer was $123,900. 
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Section 500 required four mixers, which are each modeled as agitated, closed, vertical, stainless 

steel vessels. The mixers were sized with 30 minute residence times, in order to allow for proper mixing as 

well as disturbances to the steady-state process (Gusek). The first mixer, M-501, was required to maintain 

the suspension of the cocoa powder in the liquor stream. The power requirement was calculated using a 

heuristic of 0.75 kW/100 gal (Seider, et. al.). A turbine agitator was needed for this vessel, as the required 

power exceeded the limits of the propeller agitator. This mixer also required 17,960 kg/hr of cooling water 

to reduce the temperature of the liquor from 95ºC to 50ºC so that any butane added to the process would 

not vaporize. The final three mixers were all used for adding recycled butane to achieve desired solvent to 

cocoa ratios before the separation stages. For mixing the miscible butter and butane flows, a heuristic of 

0.5 hp/1000 gal was employed; thus, propeller agitators were sufficient for these vessels (Seider, et. al.). 

The total bare module cost of the mixers in this section is $1,033,400. 

 

Filters 

 Belt filters were used as the second and third stages for removing butter from the cocoa powder. 

The first filter, FL-501, was used to create the low fat powder, while the second filter, FL-502, was used 

for the production of fat-free powder. The process was designed such that varying amounts of each type of 

powder could be produced; potential low fat-free production ratios may range from 41 to 14, depending on 

market conditions. To allow versatility in these ratios, FL-502 was sized to accommodate up to 80% of the 

powder entering Section 500. While the filters are sized similarly, Fl-502 is unique due to the 

implementation of its washing machinery. Patent literature dictated that a stage modeled as a mixer and 

filter and series would be sufficient for reducing the fat content in the powder down to a range of 3-5%. 

However, to bring the fat content below this range, countercurrent solvent washing was necessary. FL-501 
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requires a solvent to cocoa mass ratio of 1.81:1 to reduce the fat content to 3.4%. FL-502 requires a ratio 

of 1.21, with the butane split equally between the inlet stream and the wash, to bring the fat content under 

0.5% (Gusek). 

 BHS Sonthofen was instrumental in outlining the unit specifications and operating conditions; Mr. 

Barry Perlmutter provided these parameters in a unit quotation, which is given in Appendix D. Each filter 

has an active area of 98 m2, requires 55 kW for operation, and moves at approximately 10 m/min (BHS 

Sonthofen). These filters operate at 50ºC and 6 bar in order to maintain butane in the liquid state. Mr. 

Perlmutter quoted a bare module cost of $900,000 for each filter before the addition of any optional 

equipment pieces; purchase costs were modeled as a vacuum belt filter, as outlined in Seider, et. al. 

 Like the centrifuge, the filters produce both wet cake and liquid streams. Again, powder and 

potassium carbonate were assumed to solely exist in the cake, while the filtration was assumed to 

significantly lower the proportions of butter, water, and solvent present. FL-501 had an inlet of 19,180 kg/hr 

of slurry; the filter was able to remove 69% of the liquid content, leaving 10,180 kg/hr of cake to be split 

between the low fat and fat-free processing streams. With the process set to create 20% of its powder at the 

fat-free specification, FL-502 removed 87% of the liquids from a 2,800 kg/hr inlet stream. Of the 1525 

kg/hr of butane in this inlet stream, 380 kg/hr was mixed into the inlet, and another 380 kg/hr was used as 

the wash. 
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Centrifuge 

 The centrifuge was used as the first stage in separating the cocoa powder from the solvent and 

butter mixture. This process unit was modeled as a food-grade horizontal decanter, running continuously. 

The centrifuge takes on a 46,780 kg/hr flow of alkalized cocoa liquor and solvent, separating the inlet into 

liquid and cake outlets. The cocoa powder and potassium carbonate were assumed to exist solely in the 

cake phase, while the water, butter, and butane were assumed to comprise both the liquid phase and the 

cake fluid, as stated by Mr. Tieri. Based on Cargill’s patent literature and Mr. Gusek’s advice, this stage 

was expected to remove roughly 90% of the inlet liquid phase, bringing the fat content of the cocoa from 

52% to 10% with an inlet solvent to cocoa mass ratio of 2.51 (Purtle et al, 2003). This separation produced 

10,190 kg/hr of cake and 36,590 kg/hr of liquids. 

The Alfa Laval Foodec 800 was used as a reference for this unit, as recommended by Mr. Ivan 

Gottberg of Alfa Laval. This model has a 480 mm diameter bowl constructed from duplex stainless steel, 

turning at a maximum of 3,500 rpm (Alfa Laval). Mr. Gottberg stated that a centrifuge of this size was 

appropriate given the inlet flow, and provided a bare module cost of approximately $300,000. The purchase 

cost was obtained using the costing of a continuous scroll solid bowl, as given in Seider, et. al. 

Because centrifuging butane pressurized to 6 bar posed a significant risk for vaporization, a jacket 

of cooling water was added to the unit. The Foodec 800 requires 250 kW; this wattage was assumed to enter 

the process stream completely, as recommended by Mr. Richard Bockrath. To ensure isothermal 

centrifuging at 50ºC, cooling water was sent to the unit at 13,630 kg/hr. 
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Conveyors 

There are 32 screw conveyors required in this process design. It was assumed that conveyor troughs 

were 30% full, and the screw was rotating at 50 rpm (Seider, et al). The screw diameters range from 15cm 

to 36 cm. Screw conveyors CY-503 and CY-505 were assumed to be completely full so as to maintain the 

back pressure of belt filters FL-501 and FL-502. This was recommended by Professor Len Fabiano so that 

the linear velocity of the powder entering the dryer could be controlled. The total bare module cost for these 

conveyors is $207,000. 

 

Dryers 

 The dryers were modeled similarly to the mixers; both were vertical, closed, stainless steel vessels 

with propeller agitators. The vessels were sized to allow a 60 minute residence time; patent literature stated 

that agitation and pressure drop for this time period would be sufficient to vaporize the butane present with 

little need for temperature increase (Purtle et al., 2003). The dryers were maintained at 50ºC and 1.2 bar; 

medium pressure steam was used to hold the vessels at this temperature by offsetting the enthalpy 

requirements of the butane vaporization. Cargill’s patent dictated that this method would be able to create 

a product with a butane mass fraction of 1 PPM (Purtle et al., 2003). This fraction was recommended by 

Mr. Tieri to be the safe limit for food products. The total bare module cost of these vessels is $513,000. 

 

Heat Exchangers 

 There are 7 stainless steel heat exchangers in this process. All heat exchangers are countercurrent, 

shell and tube vessels with floating heads. Two of the heat exchangers are heat integrated, and the other 
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exchangers have cooling water, chilled water, or refrigerant requirements. The combined bare module cost 

of these heat exchangers $1,368,586. 

 

Decanters 

 There are two decanters in this process, both of which discharge wastewater. V-401 is required to 

induce a phase split between the water liquid and vapor that had been removed from the cocoa liquor in T-

401. The decanter operates at 30°C and 0.3 bar. The liquid bottoms is 4985 kg/hr of water that is discharged 

as waste. The overhead is a 0.008 kg/hr vapor stream of water and air that is fed to the Nash liquid ring 

pump. The decanter is constructed using carbon steel because the decanter only contacts waste, and not 

food material. The height is 12 ft and the column diameter is 3.5 ft. 

 Similarly, V-601 is required to purge water from the solvent recycle stream. The decanter operates 

at 50oC and 4 bar. The resulting concentration of water to outlet stream 621 is 301 PPM, making the decanter 

96% efficient at purging water from recycle. The decanter is constructed as a stainless-steel. The length of 

the decanter is 7.30m and the diameter is 1.50m. The combined bare module costs for both decanters is 

$222,745. 

 

Stripping Column 

 The stripping column’s purpose was to remove residual butane from cocoa butter using 689 kg/hr 

of medium pressure process steam. The column was a modeled as a stainless-steel multi-stage tray tower 

with 3 theoretical stages and operating at 3.7 bar. The tray efficiency was assumed to be 70%; therefore, 5 

actual trays were used for the column. The cocoa butter stream (609) entered above the top tray while steam 

entered on the bottom stage. The final cocoa butter product, the liquid bottoms of this column, has less than 
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500 PPB of butane. The height of the stripping column is 4.27m and the column diameter is 1.83m. The 

total bare module cost for the stripping column is $672,972. 
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6.2 Unit Specification Sheets 

 

Section 100: 
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Section 200: 
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Section 300: 
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Section 400:  
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Section 500: 
 
 

 



 

 

88 

 

 



 

 

89 

 

 
 



 

 

90 

 

 
 
 
 
 
 
 
 
 
 



 

 

91 

 

 



 

 

92 

 

 
 
 
 
 
 
 
 
 



 

 

93 

 

 



 

 

94 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

95 

 

 
 
 
 
 
 
 
 
 
 



 

 

96 

 

 



 

 

97 

 

 



 

 

98 

 

 



 

 

99 

 

 



 

 

100 

 

 



 

 

101 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

102 

 

 



 

 

103 

 

 



 

 

104 

 

 



 

 

105 

 

 



 

 

106 

 

 



 

 

107 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

108 

 

Section 600: 
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Section 7: Equipment Cost Summary 

 
Table 9 details the itemized and total bare module costs for all equipment units in the plant. The 

total bare module cost for this cocoa processing facility is $12.7M. The costs are a result of the stainless 

steel construction of all equipment units. This constraint must be set to reduce the risk of contamination in 

the plant, and ensure that the plant’s products are of Food Grade quality. 

The Pannevis filters were the greatest equipment costs in the process ($1.8M), accounting for 16% 

of the total bare module costs. The filters were essential in the solvent extraction technology exploited in 

this process. The packaged steam boiler had the second greatest equipment cost, but was necessary to reduce 

overall utility costs in this process. 
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Section 8: Operating Cost - Cost of Manufacture 

The plant’s variable costs are broken down into raw materials, utility costs, labor costs, and other 

general expenses that scale with production. The general summary of all costs and investments is shown in 

the Economic Analysis section, Figure 11. 
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Section 9: Other Important Considerations 

 
9.1 Plant Location, Layout and Startup 

The solvent extraction processing facility will be built in Ghana. There were two considerations 

that led to this decision, labor cost and cocoa bean supply. Ghana and Brazil are two very different countries, 

excluding the fact that their environment makes them ideal locations for cocoa trees. In Ghana, cocoa is 

central to the economy; production accounts for around a sixth of the country’s GDP (WorldAtlas, 2015).  

Labor costs in Ghana and Brazil differ. In Ghana, a high skilled worker’s pay is approximately 

$417/month whereas a high skilled worker’s pay in Brazil is $891/month (GIPC, 2016). A low skilled 

worker’s wage in Brazil is $265/month as compared to a salary of $165/month in Ghana for a semi-skilled 

worker (Trading Economics, 2016). The solvent extraction processing facility will hire 4-6 skilled workers 

to maintain the continuous process and 6-10 semi-skilled workers to manage loading, the control room, and 

other such tasks. In terms of labor costs, a facility in Ghana will cost less to operate. 

Though Brazil is an up and coming market for chocolate, it is not yet ready to export chocolate. 

BMI Research conducted an analysis on the Brazilian market and concluded that Brazil will not reaffirm 

itself as a net exporter over the coming years because of limited production growth (BMI Research, 2016). 

Brazil is projected to collect 216,000 tonnes/year in 2023/24 (Pekic, 2014). This is a fourth of the amount 

that Ghana is estimated to collect this year (Dunn, 2016), who is the second largest producer to the Ivory 

Coast. Brazil has also experienced a recent depression that BMI concludes will influence future projections 

for local chocolate consumption. In 2020, the local consumption is expected to reach 270,000 tonnes (BMI 

Research, 2016). The solvent extraction processing facility will have a capacity of 120,000 tonnes per year. 

If it were to serve the Brazilian market, this would constitute a 44% share of the market which is too large 

to expect reasonable.  

Logistically, farmers in Ghana sell their supply of cocoa beans to a Licensed Buying Company, 

which then distributes to processing companies. From them, the facility will be receiving a truckloads of 
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cocoa beans to feed into the process. The plant will largely involve three streams in parallel with equipment 

spaced out 5 feet with 10-15 feet in between the three parallel units.  

 

9.2 Water Management 
 

To treat cocoa liquor with potassium carbonate as an alkalizing salt, a 10% solution of potassium 

carbonate dissolved in water is needed. With 401.8 kg/hr of potassium carbonate being added, a 4018 kg/hr 

stream of process water will be added without recycle. 4168 kg/hr of water vapor will be flashed off of the 

alkalized cocoa liquor product to be condensed. During the solvent recovery process, 150 kg/hr of 20 psig 

steam at 130°C will be added.  

 

9.3 Filter Buildup 

 

 Both filters following centrifugation will be cleaned and maintained by plant personnel to prevent 

sediment buildup. The lifespan of each filtered will be monitored as well, with replacements occurring as 

needed. 

 

9.4 Environmental Considerations 

 

 Butane added during the solvent extraction process will be recovered to mitigate the need for waste 

disposal or dumping of butane. For every 1 kg of butane added, 0.994 kg of butane will be recovered and 

recycled. Primary wastewater treatment will be employed on the recycle purge stream for this event before 

dumping. Cocoa shells will be burned as biofuel to generate steam. This steam will be used during the 

upstream sterilizing and roasting events. Excess steam will be sold to purchase electricity. While the 

burning of any fuel contributes to pollution, replacing some of the need for coal with cocoa bean shells will 

result in a net reduction of the plant’s carbon foot-print. 
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9.5 Process Controllability 

 

 During the centrifugation process to separate the powder product, heat is transferred to the 

liquor/butane slurry. If butane is heated in presence of air, there is a risk of explosion. As a safety precaution, 

the centrifuge was designed to maintain butane in the liquid state if the full wattage of the centrifuge was 

applied to the liquor/butane slurry. To perform this task cooling coils were incorporated into the centrifuge 

design. The cooling coils’ energy removal was designed to be equal to the full wattage of the centrifuge.  

Every piece of equipment that comes in contact with food material is constructed with Stainless 

Steel 304. This allows the machinery to be more easily cleaned and maintained, limiting contamination 

from rust or buildup of other foreign substances. 

 

9.6 FDA and Good Manufacturing Practices 

 

All plant personnel will be educated regarding maintaining a safe and clean working environment. 

Any person who is shown have, or appears to have, an illness, open lesion, or any other abnormal source 

of microbial contamination will be excluded from operations until conditions have normalized. All 

personnel will be expected to report any such conditions to their supervisor. Additionally, all personnel will 

be responsible for proper sanitation, removal of jewelry, and the wearing of garments such as hairnets and 

gloves, when appropriate, to prevent cross-contamination of food. 

Grounds and plant vicinity will also be maintained according to FDA standards. Waste and litter 

will be properly removed. All roads, yards, and parking lots will be maintained to remove any sources of 

contamination in areas where food is exposed. All fermented cocoa beans will be inspected, sterilized, and 

covered. Lastly, sanitation stations and drinking water will be accessible in all areas of the plant. 

 

 

 

 



 

 

132 

 

9.7 Food Grade Quality 

Following the FDA’s regulations for food grade quality, all shipments of fermented cocoa beans 

will be inspected. A shipment of fermented cocoa will be considered defect, and excluded from operations, 

if more than 4% of beans are moldy, if more than 4% of bean beans are insect-infested or insect-damage, 

if more than 6% of beans are insect-infested or moldy, or if an average of at least 10 mg of mammalian 

excreta per pound is present. All percentages are based on total bean count, not mass. 

Regarding the alkalization process, in accordance with FDA regulations the total neutralizing value 

of anhydrous potassium carbonate to cocoa will not exceed a 3:100 by mass ratio. No product containing 

more than 10% fat will be marketed as low fat. No product containing more than 0.5% fat will be marketed 

as fat-free. 
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Section 10: Economic Analysis 
 

The economic analysis of this project is summarized in Tables 10-13. Based on the norm in the 

commodity food industry, a conservative plant life of 17 years was chosen. The net present value of the 

project turns positive in 6 years of plant startup. At the end of the plant life, the NPV is expected to be 

$29M with an IRR of 33.5%. Additionally, the ROI after the third production year is 33.7%. These values 

indicate that the proposed design is profitable and feasible. Sensitivity analyses were performed to 

determine the robustness of these profits.  

 

10.1 Sensitivity Analyses 

Multiple sensitivity analyses were performed during the economic evaluation of this project. A 

primary analysis was able to evaluate the approximate profitability of the process; initially, no differences 

in price were assumed between the low fat and fat-free powders. This assumption was made because the 

powders are often seen as different items, suited for individual purposes. Due to the steam and electricity 

provided by the combusted shells, additional production costs for the fat-free powder were initially assumed 

to be negligible. The initial analysis was performed assuming that 79% of the cocoa liquor would be sent 

for processing, leaving the other 21% to be packaged and sold as liquor. These values were chosen based 

on current industry practices (“Chocolate and Cocoa”, 2016). This analysis showed great promise for the 

profitability of the plant; however, the return on investment was shown to be quite sensitive to the selling 

prices of the products. Conservative price estimates placed the ROI at approximately 34%, assuming sale 

prices of $2.82/kg, $3.20/kg, and $6.11/kg for cocoa powder, liquor, and butter respectively. The sensitivity 

analysis based around these points is given in Table 10. 
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Table 10. Sensitivity analysis of utility and commodity prices. The price of each item was changed by 1%, 5%, and 

10% in each direction, while the resulting percent changes in ROI were monitored. 

% change in price: 1 5 10 

Powder 10% 49% 97% 

Liquor 11% 58% 102% 

Butter 45% 226% 500% 

Bean 64% 324% 655% 

Utilities 0% 1% 2% 

 

While the commodity prices had very large impacts on the overall profitability, the required utilities 

showed a lower degree of sensitivity. Altering the utility requirements by 10% only produced a 1-2% 

change in ROI for the process. 

 A secondary sensitivity analysis was performed on the split fraction of cocoa liquor sent for 

additional processing. As designed, the process allows a capacity of up to 80% of the alkalized liquor to be 

sent for separation. This split fraction value was cycled through all possible values, and the resulting ROI 

values were recorded in Table 11. 

 

Table 11. Sensitivity analysis of the portion of cocoa liquor sent for processing. A split fraction of 0.73 was set as a 

lower limit because any lower value would produce negative ROI. A fraction of 0.79 was set as a ceiling because the 

process equipment does not have sufficient capacity to handle more liquor. 

Split Fraction: 0.73 0.74 0.75 0.76 0.77 0.78 0.79 

ROI: 2% 8% 14% 20% 26% 28% 34% 

 

Based on the above analysis, greatest profitability is achieved by separating the most cocoa liquor 

possible. Thus, the split fraction was chosen to be 79%. While greater profitability may be achieved by 

exceeding this fraction, a large plant would also need to consider its effect on the overall market. Current 

specifications show this process to produce approximately 3.5% of the total world grindings, in the 

average proportions of the world manufacturers (“Chocolate and Cocoa”, 2016). Further research may 
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also be needed before choosing to increase the split fraction due to the inevitable increase in bare module 

costs. 

 

Section 10.2: Economic Analysis 

An economic analysis was used to determine the ratio of low fat to fat-free cocoa powder produced. 

Process equipment allows for up to a 4:1 ratio in favor of either type of powder. For the process mass 

balances, the ratio of low fat to fat-free powders was set at 4:1. This value was chosen because the low fat 

powder seems to be equally desirable given the current market conditions; the low fat powder presents both 

health benefits and superior dissolving properties. Mr. Todd Gusek noted that the fat-free cocoa powder 

had the potential disadvantages of being as dusty and bitter, thus the low-fat product was more favorable. 

This split fraction could change if the market dictated a higher selling price for the fat-free cocoa powder. 

Operating the additional filtration equipment required for the production of fat-free powder was costed at 

$54,620/yr for the necessary steam and electricity. However, because this technology is able to process 

4924 kg/hr of fat-free powder, the marginal processing costs are less than $0.01/kg. Thus, the balance 

between the low fat and fat-free powders should simply be a function of market prices and rates of demand. 
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Figure 10.1 Input Summary  
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Figure 10.2 Input Summary  
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Figure 10.4 Input Summary  
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Figure 10.5 Input Summary 
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Figure 11.1 Cost Summary 
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Figure 11.2 Cost Summary 
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Figure 11.3 Cost Summary 

 

Figure 11.4 Cost Summary 
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Figure 12. Cash Flows 

 

Figure 13. Profitability Measure
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Section 11: Conclusions and Recommendations 
 

 Based on the profitability analysis, this process merits further research and development. Tema 

should be investigated as a probable plant location, as the return on investment value was calculated to be 

33.7%. While the ROI was very sensitive to the commodity prices of cocoa, sensitivity analyses showed 

the separation process to be profitable, as long as at least 73% of the total amount of alkalized cocoa liquor 

is sent for separation. As designed, this process has a throughput of 52,000 tonnes/year of cocoa butter, 

36,000 tonnes/year of low fat cocoa powder, 9,000 tonnes/year of fat-free cocoa powder, and 25,000 

tonnes/year of cocoa liquor. All of these cocoa products are alkalized in order to appeal to a wide market. 

 The net present value of this project is expected to turn positive in 2023; this value is projected to 

grow to approximately $29M by the end of the project’s lifespan; however, a few opportunities for increased 

profitability should be considered. Further research should be conducted regarding larger separation 

equipment, as throughput is positively correlated with profitability. Additional market research should also 

be performed with regards to the sale price of fat-free powder compared to low fat powder, as these markets 

determine the desired powder breakdown. With these additional opportunities in mind, it is recommended 

that this process undergo further investigation, with extensive research into the effectiveness of solvent 

extraction and removal. 
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Section 14: Appendices 
 

Appendix A - Sample Calculations 

 

Silo Capacity Calculation 

The plant’s capacity per day was calculated to determine the maximum working volume for a 

truncated cone silo. R1, the radius of the cylindrical tank was 20 times larger the than the bottom 

radius of the small cone. The height of the cone was assumed to be 3 times the small cone radius.  
 

 
  

Screw Conveyor Calculations 

Conveyor Diameter 

From Sieder et al, the conveyor diameter was calculated when the screw conveyor trough was 

30% full, and the auger was spinning at 50 rpm.   

 

 
 

Conveyor Velocities 

  

 
 

 

Pump Horsepower Calculations 
For calculating the horsepower of pumps and pump motors the pump head was obtained from ASPEN 
Example with P-501: 
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Pump Motor Horsepower Calculation 
Example with P-501: 

 
Horizontal Pressure Vessel Dimension Calculations 
For calculating the dimensions of of horizontal pressure vessels a residence time of 5 minutes was 

assumed and an aspect ratio of 3 to 1 was used. 
 
Example with T-601: 

 
 

Furnace Calculations 

 
 

Heat Exchanger Calculation 

The surface area for the heat exchangers in this process were calculated using the heat duty and 

overall heat transfer coefficient from Aspen Plus Heat Exchanger Design and Rating. The inlet 

and outlet temperatures were determined from the simulation.  

 

For heat exchanger E-603, 

U= 174 W/m2-K 

Thi= 149oC 
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Thi= 80oC 

Tci= 47oC 

Tco= 52oC 

Therefore, from the parameters given: 

A= 38m2 

 

 

Stripping Column Calculation 

The diameter of the stripping column was determined from the column flooding velocity. The 

equations shown calculate the flooding velocity and diameter given the provided parameters. The 

actual velocity was determined to be 85% of the flooding velocity. 

 

 

 

                                                            

                                                                 

 

 
For stripping column T-602, 

σ = 8.40 dyne/cm 

FST = 0.841 

FLG = 3.71 

CSB = 0.06 ft/s for 2ft tray spacings 

UF = 2.26 ft/s 

U= 0.85*UF = 1.92 ft/s 

D= 6ft= 1.83m  
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Appendix B - ASPEN Flowsheets, Input Summary, and Block Reports 

 

Alkalization Flowsheet 
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Alkalization Input Summary 

;Input Summary created by Aspen Plus Rel. 34.0 at 02:22:58 Tue Apr 12, 2016 
;Directory \\base\root\homedir  Filename C:\Users\jmorales\AppData\Local\Temp\~apb9f4.txt 
 
DYNAMICS 
    DYNAMICS RESULTS=ON 
 
IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
 
DEF-STREAMS MIXCISLD ALL  
 
SIM-OPTIONS MASS-BAL-CHE=YES ATM-PRES=1.026675560  
 
MODEL-OPTION  
 
DATABANKS 'APV88 ASPENPCD' / 'APV88 AQUEOUS' / 'APV88 SOLIDS' & 
         / 'APV88 INORGANIC' / 'APV88 BIODIESEL' /  & 
        'NISTV88 NIST-TRC' / 'APV88 PURE32' 
 
PROP-SOURCES 'APV88 ASPENPCD' / 'APV88 AQUEOUS' / 'APV88 SOLIDS' & 
         / 'APV88 INORGANIC' / 'APV88 BIODIESEL' /  & 
        'NISTV88 NIST-TRC' / 'APV88 PURE32' 
 
COMPONENTS  
    SOLVENT C6H14-1 /  
    TAG-SOS C57H108O6-3 /  
    TAG-POP C53H100O6-5 /  
    TAG-POS C55H104O6-3 /  
    POWDER SN /  
    WATER H2O /  
    "K2CO3(M)" K2CO3 /  
    N2 N2 /  
    O2 O2 /  
    K+ K+ /  
    "K2CO3(S)" K2CO3 /  
    CO3-- CO3-2  
 
CISOLID-COMPS POWDER "K2CO3(S)"  
 
HENRY-COMPS GLOBAL O2 N2  
 
HENRY-COMPS HC-1 N2 O2  
 
SOLVE  
    RUN-MODE MODE=SIM  
 
CHEMISTRY GLOBAL  
    PARAM GAMMA-BASIS=UNSYMMETRIC  
    DISS "K2CO3(M)" CO3-- 1 / K+ 2  
    SALT "K2CO3(S)" CO3-- 1 / K+ 2  
    K-SALT "K2CO3(S)" A=-175.998001 B=17765.230469 C=21.686489  & 
        D=0  
 



 

 

154 

 

FLOWSHEET  
    BLOCK ALK0NE IN=ALKSOLN COCOA OUT=S11 S13  
    BLOCK H20EVAPR IN=AIR S13 OUT=H20VAP COCOALIQ  
    BLOCK ALKMIX IN=H20 K2C03 OUT=S2 S7  
    BLOCK B7 IN=S7 OUT=ALKSOLN  
    BLOCK B3 IN=S4 OUT=S3 S5  
    BLOCK VACPMP IN=S3 OUT=S1  
    BLOCK B1 IN=H20VAP OUT=S4  
    BLOCK B2 IN=S12 S6 OUT=S10 S8  
    BLOCK B4 IN=WVAP2 OUT=S12 S14  
 
PROPERTIES ELECNRTL HENRY-COMPS=GLOBAL CHEMISTRY=GLOBAL  & 
        FREE-WATER=STEAMNBS TRUE-COMPS=YES  
    PROPERTIES ENRTL-SR / IDEAL / NRTL-RK / SOLIDS / SRK  
 
STRUCTURES  
    STRUCTURES TAG-POP C1 O2 S / O2 C3 S / C3 O4 D / C3  & 
        C5 S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9  & 
        S / C9 C10 S / C10 C11 S / C11 C12 S / C12 C13  & 
        S / C13 C14 S / C14 C15 S / C15 C16 S / C16  & 
        C17 S / C18 C19 S / C1 C20 S / C20 O21 S / O21  & 
        C22 S / C22 O23 D / C24 C25 S / C25 C26 S /  & 
        C26 C27 S / C27 C28 S / C28 C29 S / C29 C30 S /  & 
        C30 C31 D / C31 C32 S / C32 C33 S / C33 C34 S /  & 
        C34 C35 S / C35 C36 S / C36 C37 S / C37 C38 S /  & 
        C38 C39 S / C20 C40 S / C40 O41 S / O41 C42 S /  & 
        C42 O43 D / C42 C44 S / C44 C45 S / C45 C46 S /  & 
        C46 C47 S / C47 C48 S / C48 C49 S / C49 C50 S /  & 
        C50 C51 S / C51 C52 S / C52 C53 S / C53 C54 S /  & 
        C54 C55 S / C55 C56 S / C56 C57 S / C57 C58 S  
    STRUCTURES TAG-POS C1 O2 S / O2 C3 S / C3 O4 D / C3  & 
        C5 S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9  & 
        S / C9 C10 S / C10 C11 S / C11 C12 S / C12 C13  & 
        S / C13 C14 S / C14 C15 S / C15 C16 S / C16  & 
        C17 S / C18 C19 S / C1 C20 S / C20 O21 S / O21  & 
        C22 S / C22 O23 D / C24 C25 S / C25 C26 S /  & 
        C26 C27 S / C27 C28 S / C28 C29 S / C29 C30 S /  & 
        C30 C31 D / C31 C32 S / C32 C33 S / C33 C34 S /  & 
        C34 C35 S / C35 C36 S / C36 C37 S / C37 C38 S /  & 
        C38 C39 S / C20 C40 S / C40 O41 S / O41 C42 S /  & 
        C42 O43 D / C42 C44 S / C44 C45 S / C45 C46 S /  & 
        C46 C47 S / C47 C48 S / C48 C49 S / C49 C50 S /  & 
        C50 C51 S / C51 C52 S / C52 C53 S / C53 C54 S /  & 
        C54 C55 S / C55 C56 S / C56 C57 S / C57 C58 S /  & 
        C58 C59 S / C59 C60 S  
    STRUCTURES TAG-SOS C1 O2 S / O2 C3 S / C3 O4 D / C3  & 
        C5 S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9  & 
        S / C9 C10 S / C10 C11 S / C11 C12 S / C12 C13  & 
        S / C13 C14 S / C14 C15 S / C15 C16 S / C16  & 
        C17 S / C17 C18 S / C18 C19 S / C19 C20 S /  & 
        C20 C21 S / C1 C22 S / C22 O23 S / O23 C24 S /  & 
        C24 O25 D / C24 C26 S / C26 C27 S / C27 C28 S /  & 
        C28 C29 S / C29 C30 S / C30 C31 S / C31 C32 S /  & 
        C32 C33 S / C33 C34 D / C34 C35 S / C35 C36 S /  & 
        C36 C37 S / C37 C38 S / C38 C39 S / C39 C40 S /  & 
        C40 C41 S / C41 C42 S / C22 C43 S / C43 O44 S /  & 
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        O44 C45 S / C45 O46 D / C45 C47 S / C47 C48 S /  & 
        C48 C49 S / C49 C50 S / C50 C51 S / C51 C52 S /  & 
        C52 C53 S / C53 C54 S / C54 C55 S / C55 C56 S /  & 
        C56 C57 S / C57 C58 S / C58 C59 S / C59 C60 S /  & 
        C60 C61 S / C61 C62 S / C62 C63 S  
 
ESTIMATE ALL  
 
PROP-DATA PCES-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST ZC / VB / RKTZRA / VLSTD / DGFORM / RGYR  
    PVAL TAG-SOS .1359747040 / 682.7863210 / .1031860170 /  & 
        320.7959360 / -1.0133515E+5 / 1.27116033E-9  
    PVAL TAG-POP .1381455880 / 636.8003180 / .1043993550 /  & 
        302.0326180 / -1.3615171E+5 / 1.23386352E-9  
    PVAL TAG-POS .1369844490 / 661.5363710 / .1039441350 /  & 
        312.4879070 / -1.3212955E+5 / 1.25671708E-9  
    PROP-LIST TC / DHVLB / VLSTD  
    PVAL POWDER 3808.986400 / 1.82873667E+5 / 0.0  
    PROP-LIST RKTZRA / VLSTD  
    PVAL "K2CO3(M)" .2918596200 / 298.9063450  
    PVAL "K2CO3(S)" .2918596200 / 298.9063450  
 
PROP-DATA DHVLWT-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST DHVLWT  
    PVAL POWDER 1.82873667E+5 2599.850000 .3800000000 0.0  & 
        2599.850000  
 
PROP-DATA KLDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST KLDIP  
    PVAL TAG-SOS -3.954762758 .0277353126 -7.1975769E-5  & 
        8.28421805E-8 -3.583321E-11 540.5892920 661.9410630  
    PVAL TAG-POP -3.900779259 .0280167558 -7.4416988E-5  & 
        8.76583747E-8 -3.880642E-11 527.6972860 647.7813660  
    PVAL TAG-POS -3.917742515 .0278008098 -7.2976298E-5  & 
        8.49559300E-8 -3.716939E-11 534.1885140 655.0009430  
    PVAL POWDER -1.689294218 2.45223901E-3 -1.2410738E-6  & 
        2.7549006E-10 -2.301472E-14 2599.850000 3768.165040  
 
PROP-DATA MULAND-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST MULAND  
    PVAL "K2CO3(M)" 81.17750888 -12127.32210 -10.25255770  & 
        1126.850000 1706.850000  
    PVAL "K2CO3(S)" 81.17753568 -12127.32210 -10.25255770  & 
        1126.850000 1706.850000  
 
PROP-DATA MUVDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
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        INVERSE-PRES='1/bar'  
    PROP-LIST MUVDIP  
    PVAL TAG-SOS 8.52443691E-6 .9836995870 0.0 0.0 0.0  & 
        6.850000000 826.8500000  
    PVAL TAG-POP 8.86181224E-6 .9826356120 0.0 0.0 0.0  & 
        6.850000000 826.8500000  
    PVAL TAG-POS 8.67415723E-6 .9831844010 0.0 0.0 0.0  & 
        6.850000000 826.8500000  
 
PROP-DATA SIGDIP-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST SIGDIP  
    PVAL TAG-SOS 15.21267550 1.222222220 -7.3253955E-9  & 
        8.06112577E-9 -3.0009643E-9 540.5892920 652.4956980  
    PVAL TAG-POP 16.94811190 1.222222210 4.52918561E-8  & 
        -4.9850805E-8 1.85629697E-8 527.6972860 638.4790290  
    PVAL TAG-POS 16.02907920 1.222222220 1.98528163E-8  & 
        -2.1849025E-8 8.13483157E-9 534.1885140 645.6256810  
 
PROP-DATA HOCETA-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST HOCETA  
    BPVAL WATER WATER 1.700000000  
 
PROP-DATA HENRY-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST HENRY  
    BPVAL N2 SOLVENT 9.903673535 -275.5899960 -.2019300000  & 
        -4.0560000E-3 -60.00000000 25.00000000 0.0  
    BPVAL N2 WATER 164.9940745 -8432.770000 -21.55800000  & 
        -8.4362400E-3 -.1500000000 72.85000000 0.0  
    BPVAL O2 SOLVENT -84.86162646 3068.500000 14.19100000 0.0  & 
        10.00000000 40.00000000 0.0  
    BPVAL O2 WATER 144.4080745 -7775.060000 -18.39740000  & 
        -9.4435400E-3 .8500000000 74.85000000 0.0  
 
PROP-DATA NRTL-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST NRTL  
    BPVAL SOLVENT WATER 0.0 1512.000000 .2000000000 0.0 0.0  & 
        0.0 0.0 55.00000000  
    BPVAL WATER SOLVENT 0.0 3040.000000 .2000000000 0.0 0.0  & 
        0.0 0.0 55.00000000  
    BPVAL N2 O2 -2.164500000 30.29660000 .1000000000 0.0 0.0  & 
        0.0 -208.3142000 -157.1450000  
    BPVAL O2 N2 2.238770000 13.59570000 .1000000000 0.0 0.0  & 
        0.0 -208.3142000 -157.1450000  
 
PROP-DATA VLCLK-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  



 

 

157 

 

    PROP-LIST VLCLK  
    BPVAL K+ CO3-- 19.73097000 74.55601000  
 
PROP-DATA GMELCC-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST GMELCC  
    PPVAL WATER ( K+ CO3-- ) .7833727000  
    PPVAL ( K+ CO3-- ) WATER .6027880000  
 
PROP-DATA GMELCD-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST GMELCD  
    PPVAL WATER ( K+ CO3-- ) 0.0  
    PPVAL ( K+ CO3-- ) WATER -1173.117000  
 
PROP-DATA GMENCC-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST GMENCC  
    PPVAL WATER ( K+ CO3-- ) .7833727000  
    PPVAL ( K+ CO3-- ) WATER .6027880000  
 
PROP-DATA GMENCD-1 
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROP-LIST GMENCD  
    PPVAL WATER ( K+ CO3-- ) 0.0  
    PPVAL ( K+ CO3-- ) WATER -1173.117000  
 
PROP-SET PS-1 TEMP KVL GAMMA KVL2 BETA MASSFRAC  & 
        SUBSTREAM=MIXED COMPS=SOLVENT TAG-POS PHASE=V L1 L2  
 
PROP-SET PS-2 TEMP KVL GAMMA KVL2 BETA MOLEFRAC  & 
        SUBSTREAM=MIXED COMPS=SOLVENT TAG-SOS PHASE=V L1 L2  
 
PROP-SET PS-3 TEMP KVL GAMMA KVL2 BETA MOLEFRAC  & 
        SUBSTREAM=MIXED COMPS=SOLVENT TAG-SOS PHASE=V L1 L2  
 
PROP-SET PS-4 TEMP KVL GAMMA KVL2 BETA MOLEFRAC  & 
        SUBSTREAM=MIXED COMPS=SOLVENT TAG-POS PHASE=V L1 L2  
 
PROP-SET PS-5 PL UNITS='psi' SUBSTREAM=MIXED COMPS=WATER  & 
        PHASE=L  
 
STREAM AIR  
    SUBSTREAM MIXED TEMP=25. PRES=14.7 <psia>  
    MOLE-FLOW N2 0.79 <mol/hr> / O2 0.21 <mol/hr>  
 
STREAM ALKSOLN  
    SUBSTREAM MIXED PRES=29.0075 <psi> VFRAC=0.  & 
        MASS-FLOW=4419.58  
    MASS-FLOW WATER 4017.8 / "K2CO3(M)" 401.78  
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STREAM COCOA  
    SUBSTREAM MIXED TEMP=50. PRES=7.5 MASS-FLOW=16019.23  
    MASS-FRAC TAG-SOS 0.1242 / TAG-POP 0.1782 / TAG-POS  & 
        0.2376 / POWDER 0.43 / WATER 0.03  
 
STREAM H20  
    SUBSTREAM MIXED TEMP=20. PRES=14.7 <psi> MASS-FLOW=4017.8  
    MASS-FLOW WATER 4017.8  
 
STREAM K2C03  
    SUBSTREAM MIXED TEMP=20. PRES=14.7 <psi> MASS-FLOW=401.78  
    MASS-FRAC "K2CO3(S)" 1.  
 
STREAM S6  
    SUBSTREAM MIXED TEMP=25. PRES=65. <psia> MASS-FLOW=120000.  
    MASS-FLOW WATER 1.  
 
STREAM WVAP2  
    SUBSTREAM MIXED TEMP=95. PRES=0.3 <atm>  
    MASS-FLOW WATER 4200. / N2 0.02 / O2 0.007  
 
BLOCK B4 SEP  
    PARAM  
    FRAC STREAM=S12 SUBSTREAM=MIXED COMPS=SOLVENT TAG-SOS  & 
        TAG-POP TAG-POS POWDER WATER "K2CO3(M)" N2 O2 K+  & 
        "K2CO3(S)" CO3-- FRACS=1. 1. 0. 0. 1. 1. 1. 1. 1.  & 
        1. 1. 1.  
 
BLOCK B1 HEATER  
    PARAM TEMP=60. PRES=0. DPPARMOPT=NO  
 
BLOCK ALK0NE FLASH2  
    PARAM TEMP=95. PRES=1.5  
 
BLOCK ALKMIX FLASH2  
    PARAM PRES=0. <psi> DUTY=0.  
 
BLOCK B3 FLASH2  
    PARAM PRES=0. DUTY=0.  
    PROPERTIES NRTL-RK HENRY-COMPS=HC-1 FREE-WATER=STEAMNBS  & 
        SOLU-WATER=3 TRUE-COMPS=YES  
 
BLOCK H20EVAPR FLASH2  
    PARAM TEMP=95. PRES=4.5 <psi>  
 
BLOCK B2 HEATX  
    PARAM MIN-OUT-TAPP=10. <K> CALC-TYPE=DESIGN  & 
        U-OPTION=PHASE F-OPTION=CONSTANT CALC-METHOD=SHORTCUT  
    FEEDS HOT=S12 COLD=S6  
    OUTLETS-HOT S10  
    OUTLETS-COLD S8  
    HOT-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    COLD-SIDE DP-OPTION=CONSTANT DPPARMOPT=NO  
    TQ-PARAM CURVE=YES  
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BLOCK B7 PUMP  
    PARAM PRES=1.5 EFF=0.75  
 
BLOCK VACPMP COMPR  
    PARAM TYPE=ISENTROPIC PRES=15.3 <psia> SEFF=0.8 SB-MAXIT=30  & 
        SB-TOL=0.0001   
 
DESIGN-SPEC CTW-FLOW  
    DEFINE CTWFLOW STREAM-VAR STREAM=S6 SUBSTREAM=MIXED  & 
        VARIABLE=MASS-FLOW UOM="kg/hr"  
    DEFINE VAPFRAC STREAM-VAR STREAM=S4 SUBSTREAM=MIXED  & 
        VARIABLE=VFRAC  
    SPEC "VAPFRAC" TO "0.01"  
    TOL-SPEC "0.0001"  
    VARY STREAM-VAR STREAM=S6 SUBSTREAM=MIXED VARIABLE=MASS-FLOW  & 
        UOM="kg/hr"  
    LIMITS "100000" "200000"  
 
EO-CONV-OPTI  
 
TRANSFER TS4  
    SET STREAM WVAP2  
    EQUAL-TO STREAM H20VAP  
 
STREAM-REPOR MOLEFLOW MASSFLOW MASSFRAC  
 
PROPERTY-REP PCES NOPARAM-PLUS  
 
PROP-TABLE BINRY-1 FLASHCURVE  
    IN-UNITS MET PRESSURE=psia TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROPERTIES SRK FREE-WATER=STEAMNBS SOLU-WATER=3  & 
        TRUE-COMPS=YES  
    MASS-FLOW SOLVENT 1 /  TAG-POS  1   
    STATE VFRAC=0.0  
    VARY PRES  
    RANGE LIST=14.69594878  
    VARY MASSFRAC COMP=SOLVENT  
    RANGE LOWER=0.0 UPPER=1.0 NPOINT= 100  
    PARAM NPHASE=3  
    TABULATE PROPERTIES=PS-1  
 
PROP-TABLE BINRY-2 FLASHCURVE  
    IN-UNITS MET PRESSURE=psia TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROPERTIES SRK FREE-WATER=STEAMNBS SOLU-WATER=3  & 
        TRUE-COMPS=YES  
    MOLE-FLOW SOLVENT 1 /  TAG-SOS  1   
    STATE VFRAC=0.0  
    VARY PRES  
    RANGE LIST=14.69594878  
    VARY MOLEFRAC COMP=SOLVENT  
    RANGE LOWER=0.0 UPPER=1.0 NPOINT= 51  
    PARAM NPHASE=3  
    TABULATE PROPERTIES=PS-2  
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PROP-TABLE BINRY-3 FLASHCURVE  
    IN-UNITS MET PRESSURE=psia TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROPERTIES SRK FREE-WATER=STEAMNBS SOLU-WATER=3  & 
        TRUE-COMPS=YES  
    MOLE-FLOW SOLVENT 1 /  TAG-SOS  1   
    STATE VFRAC=0.0  
    VARY PRES  
    RANGE LIST=14.69594878  
    VARY MOLEFRAC COMP=SOLVENT  
    RANGE LOWER=0.0 UPPER=1.0 NPOINT= 51  
    PARAM NPHASE=3  
    TABULATE PROPERTIES=PS-3  
 
PROP-TABLE BINRY-4 FLASHCURVE  
    IN-UNITS MET PRESSURE=psia TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    PROPERTIES SRK FREE-WATER=STEAMNBS SOLU-WATER=3  & 
        TRUE-COMPS=YES  
    MOLE-FLOW SOLVENT 1 /  TAG-POS  1   
    STATE VFRAC=0.0  
    VARY PRES  
    RANGE LIST=14.69594878  
    VARY MOLEFRAC COMP=SOLVENT  
    RANGE LOWER=0.0 UPPER=1.0 NPOINT= 100  
    PARAM NPHASE=3  
    TABULATE PROPERTIES=PS-4  
 
PROP-TABLE PURE-1 PROPS  
    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 
        INVERSE-PRES='1/bar'  
    MOLE-FLOW WATER 1  
    PROPERTIES ELECNRTL HENRY-COMPS=GLOBAL CHEMISTRY=GLOBAL  & 
        FREE-WATER=STEAMNBS SOLU-WATER=3 TRUE-COMPS=YES  
    VARY TEMP  
    RANGE LOWER=0 UPPER=60. NPOINT= 50  
    VARY PRES  
    RANGE LIST=1.013250000  
    PARAM  
    TABULATE PROPERTIES=PS-5  
 
DISABLE  
    DESIGN-SPEC CTW-FLOW  
 
 
Alkalization Block Reports 

 BLOCK:  B1       MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          H20VAP   
   OUTLET STREAM:         S4       
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            232.987         232.987         0.00000     
       MASS(KG/HR   )            4197.34         4197.34        0.216684E-15 
       ENTHALPY(CAL/SEC )      -0.370435E+07   -0.438027E+07    0.154310     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                C                        60.0000      
   PRESSURE DROP                        BAR                       0.0         
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    60.000     
   OUTLET PRESSURE       BAR                                 0.31026     
   HEAT DUTY             CAL/SEC                            -0.67592E+06 
   OUTLET VAPOR FRACTION                                     0.89664E-05 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      TAG-SOS          0.24765E-13    0.24766E-13    0.17954E-28    0.72495E-15 
      TAG-POP          0.13692E-12    0.13692E-12    0.42557E-27    0.31082E-14 
      TAG-POS          0.92954E-13    0.92955E-13    0.13954E-27    0.15011E-14 
      WATER             1.0000         1.0000        0.64453        0.64453     
      N2               0.33907E-05    0.78706E-06    0.29038        0.36895E+06 
      O2               0.90134E-06    0.31775E-06    0.65086E-01    0.20483E+06 
 
 BLOCK:  B2       MODEL: HEATX            
 ----------------------------- 
   HOT SIDE: 
   --------- 
   INLET STREAM:             S12      
   OUTLET STREAM:            S10      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
   COLD SIDE: 
   ---------- 
   INLET STREAM:             S6       
   OUTLET STREAM:            S8       
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            6894.00         6894.00         0.00000     
       MASS(KG/HR   )            124197.         124197.        0.285889E-13 
       ENTHALPY(CAL/SEC )      -0.130097E+09   -0.130097E+09   -0.105631E-08 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR HOT SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR COLD SIDE: 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLOW DIRECTION AND SPECIFICATION: 
     COUNTERCURRENT   HEAT EXCHANGER 
     SPECIFIED MIN OUTLET TEMP APPR 
     SPECIFIED VALUE                C                       10.0000 
     LMTD CORRECTION FACTOR                                  1.00000 
 
   PRESSURE SPECIFICATION: 
     HOT  SIDE PRESSURE DROP        BAR                      0.0000 
     COLD SIDE PRESSURE DROP        BAR                      0.0000 
 
   HEAT TRANSFER COEFFICIENT SPECIFICATION: 
     HOT LIQUID    COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD LIQUID      CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD 2-PHASE     CAL/SEC-SQCM-K           0.0203 
     HOT LIQUID    COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT 2-PHASE   COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
     HOT VAPOR     COLD VAPOR       CAL/SEC-SQCM-K           0.0203 
 
                        ***  OVERALL RESULTS  *** 
 
   STREAMS: 
                   -------------------------------------- 
                   |                                    | 
   S12       ----->|                HOT                 |-----> S10      
   T=  9.5000D+01  |                                    |       T=  5.5491D+01 
   P=  3.1026D-01  |                                    |       P=  3.1026D-01 
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   V=  1.0000D+00  |                                    |       V=  5.8296D-06 
                   |                                    | 
   S8        <-----|                COLD                |<----- S6       
   T=  4.5483D+01  |                                    |       T=  2.5000D+01 
   P=  4.4816D+00  |                                    |       P=  4.4816D+00 
   V=  0.0000D+00  |                                    |       V=  0.0000D+00 
                   -------------------------------------- 
 
   DUTY AND AREA: 
     CALCULATED HEAT DUTY           CAL/SEC             681174.6446 
     CALCULATED (REQUIRED) AREA     SQM                    121.3350 
     ACTUAL EXCHANGER AREA          SQM                    121.3350 
     PER CENT OVER-DESIGN                                    0.0000 
 
   HEAT TRANSFER COEFFICIENT: 
     AVERAGE COEFFICIENT (DIRTY)    CAL/SEC-SQCM-K           0.0203 
     UA (DIRTY)                     CAL/SEC-K            24633.3166 
 
   LOG-MEAN TEMPERATURE DIFFERENCE: 
     LMTD CORRECTION FACTOR                                  1.0000 
     LMTD (CORRECTED)               C                       27.6526 
     NUMBER OF SHELLS IN SERIES                               1 
 
   PRESSURE DROP: 
     HOTSIDE, TOTAL                 BAR                      0.0000 
     COLDSIDE, TOTAL                BAR                      0.0000 
 
                        ***  ZONE RESULTS  *** 
 
   TEMPERATURE LEAVING EACH ZONE: 
 
                                     HOT  
         ------------------------------------------------------------- 
         |                             |                             | 
 HOT IN  |             VAP             |             COND            | HOT OUT  
 ------> |                             |                             |------> 
   95.0  |                         69.9|                             |   55.5 
         |                             |                             | 
 COLDOUT |             LIQ             |             LIQ             | COLDIN   
 <------ |                             |                             |<------ 
   45.5  |                         45.1|                             |   25.0 
         |                             |                             | 
         ------------------------------------------------------------- 
                                     COLD 
 
   ZONE HEAT TRANSFER AND AREA: 
 
   ZONE       HEAT DUTY       AREA       LMTD       AVERAGE U       UA 
              CAL/SEC         SQM         C         CAL/SEC-SQCM-K  CAL/SEC-K        
     1      13255.609         1.8277      35.7233     0.0203         371.0631 
     2     667919.035       119.5073      27.5291     0.0203       24262.2536 
 
 HEATX COLD-TQCU B2       TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
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   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
 !============!============!============!============! 
 !     0.0    !     4.4816 !    45.4832 !     0.0    ! 
 !  3.2437+04 !     4.4816 !    44.5081 !     0.0    ! 
 !  6.4874+04 !     4.4816 !    44.5081 !     0.0    ! 
 !  9.7311+04 !     4.4816 !    43.5328 !     0.0    ! 
 !  1.2975+05 !     4.4816 !    42.5576 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  1.6218+05 !     4.4816 !    41.5823 !     0.0    ! 
 !  1.9462+05 !     4.4816 !    40.6069 !     0.0    ! 
 !  2.2706+05 !     4.4816 !    39.6316 !     0.0    ! 
 !  2.5950+05 !     4.4816 !    38.6561 !     0.0    ! 
 !  2.9193+05 !     4.4816 !    37.6807 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  3.2437+05 !     4.4816 !    36.7052 !     0.0    ! 
 !  3.5681+05 !     4.4816 !    35.7298 !     0.0    ! 
 !  3.8924+05 !     4.4816 !    34.7543 !     0.0    ! 
 !  4.2168+05 !     4.4816 !    33.7788 !     0.0    ! 
 !  4.5412+05 !     4.4816 !    32.8033 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  4.8655+05 !     4.4816 !    31.8278 !     0.0    ! 
 !  5.1899+05 !     4.4816 !    30.8523 !     0.0    ! 
 !  5.5143+05 !     4.4816 !    29.8768 !     0.0    ! 
 !  5.8386+05 !     4.4816 !    28.9014 !     0.0    ! 
 !  6.1630+05 !     4.4816 !    27.9260 !     0.0    ! 
 !------------+------------+------------+------------! 
 !  6.4874+05 !     4.4816 !    26.9506 !     0.0    ! 
 !  6.8117+05 !     4.4816 !    25.9753 !     0.0    ! 
 ----------------------------------------------------- 
 
 HEATX HOT-TQCUR B2       TQCURV INLET    
 ------------------------------------- 
   PRESSURE PROFILE:      CONSTANT2    
   PRESSURE DROP:         0.0         BAR              
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
 ----------------------------------------------------- 
 !  DUTY      !  PRES      !  TEMP      !  VFRAC     ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !            !            !            !            ! 
 !  CAL/SEC   !  BAR       !  C         !            ! 
 !            !            !            !            ! 
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 !============!============!============!============! 
 !     0.0    !     0.3103 !    95.0000 !     1.0000 ! 
 !  3.2437+04 !     0.3103 !    69.8502 !     0.9705 ! 
 !  6.4874+04 !     0.3103 !    69.8502 !     0.9207 ! 
 !  9.7311+04 !     0.3103 !    69.8502 !     0.8709 ! 
 !  1.2975+05 !     0.3103 !    69.8502 !     0.8211 ! 
 !------------+------------+------------+------------! 
 !  1.6218+05 !     0.3103 !    69.8502 !     0.7713 ! 
 !  1.9462+05 !     0.3103 !    69.8501 !     0.7215 ! 
 !  2.2706+05 !     0.3103 !    69.8501 !     0.6717 ! 
 !  2.5950+05 !     0.3103 !    69.8501 !     0.6219 ! 
 !  2.9193+05 !     0.3103 !    69.8501 !     0.5720 ! 
 !------------+------------+------------+------------! 
 !  3.2437+05 !     0.3103 !    69.8501 !     0.5222 ! 
 !  3.5681+05 !     0.3103 !    69.8501 !     0.4724 ! 
 !  3.8924+05 !     0.3103 !    69.8500 !     0.4226 ! 
 !  4.2168+05 !     0.3103 !    69.8500 !     0.3728 ! 
 !  4.5412+05 !     0.3103 !    69.8500 !     0.3230 ! 
 !------------+------------+------------+------------! 
 !  4.8655+05 !     0.3103 !    69.8499 !     0.2732 ! 
 !  5.1899+05 !     0.3103 !    69.8498 !     0.2234 ! 
 !  5.5143+05 !     0.3103 !    69.8497 !     0.1736 ! 
 !  5.8386+05 !     0.3103 !    69.8495 !     0.1237 ! 
 !  6.1630+05 !     0.3103 !    69.8489 !  7.3933-02 ! 
 !------------+------------+------------+------------! 
 !  6.4874+05 !     0.3103 !    69.8462 !  2.4126-02 ! 
 !  6.8117+05 !     0.3103 !    55.4912 !  5.8296-06 ! 
 ----------------------------------------------------- 
 
 BLOCK:  B3       MODEL: FLASH2           
 ------------------------------ 
   INLET STREAM:          S4       
   OUTLET VAPOR STREAM:   S3       
   OUTLET LIQUID STREAM:  S5       
   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 
   HENRY-COMPS ID:        HC-1     
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            232.987         232.987         0.00000     
       MASS(KG/HR   )            4197.34         4197.34       -0.433368E-15 
       ENTHALPY(CAL/SEC )      -0.438027E+07   -0.438027E+07   -0.627222E-12 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
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   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    58.684     
   OUTLET PRESSURE       BAR                                 0.31026     
   VAPOR FRACTION                                            0.77879E-05 
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      TAG-SOS          0.24765E-13    0.24766E-13    0.14070E-28    0.56811E-15 
      TAG-POP          0.13692E-12    0.13692E-12    0.33593E-27    0.24535E-14 
      TAG-POS          0.92954E-13    0.92955E-13    0.10975E-27    0.11806E-14 
      WATER             1.0000         1.0000        0.60640        0.60640     
      N2               0.33907E-05    0.87794E-06    0.32266        0.36751E+06 
      O2               0.90134E-06    0.34886E-06    0.70941E-01    0.20335E+06 
 
 BLOCK:  B4       MODEL: SEP              
 --------------------------- 
   INLET STREAM:          WVAP2    
   OUTLET STREAMS:        S12         S14      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            232.987         232.987         0.00000     
       MASS(KG/HR   )            4197.34         4197.34        0.176251E-11 
       ENTHALPY(CAL/SEC )      -0.370435E+07   -0.370435E+07    0.983026E-13 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S12      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S14      
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
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   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S12       CPT= SOLVENT   FRACTION=          1.00000     
                              TAG-SOS                      1.00000     
                              TAG-POP                      0.0         
                              TAG-POS                      0.0         
                              POWDER                       1.00000     
                              WATER                        1.00000     
                              K2CO3(M)                     1.00000     
                              N2                           1.00000     
                              O2                           1.00000     
                              K+                           1.00000     
                              K2CO3(S)                     1.00000     
                              CO3--                        1.00000     
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             CAL/SEC                            -0.36392E-06 
 
  COMPONENT = TAG-SOS  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S12        MIXED                 1.00000     
 
  COMPONENT = TAG-POP  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S14        MIXED                 1.00000     
 
  COMPONENT = TAG-POS  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S14        MIXED                 1.00000     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S12        MIXED                 1.00000     
 
  COMPONENT = N2       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S12        MIXED                 1.00000     
 
  COMPONENT = O2       
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S12        MIXED                 1.00000     
 
 BLOCK:  B7       MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S7       
   OUTLET STREAM:         ALKSOLN  
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
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                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            231.743         231.743         0.00000     
       MASS(KG/HR   )            4419.58         4419.58       -0.205788E-15 
       ENTHALPY(CAL/SEC )      -0.445961E+07   -0.445959E+07   -0.396152E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  BAR                                    1.50000     
    PUMP EFFICIENCY                                         0.75000     
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  L/MIN                            68.4220      
    PRESSURE CHANGE  BAR                                    0.48647     
    NPSH AVAILABLE   M-KGF/KG                               9.36761     
    FLUID POWER  KW                                         0.055475    
    BRAKE POWER  KW                                         0.073967    
    ELECTRICITY  KW                                         0.073967    
    PUMP EFFICIENCY USED                                    0.75000     
    NET WORK REQUIRED  KW                                   0.073967    
    HEAD DEVELOPED M-KGF/KG                                 4.60789     
 
 BLOCK:  H20EVAPR MODEL: FLASH2           
 ------------------------------ 
   INLET STREAMS:         AIR         S13      
   OUTLET VAPOR STREAM:   H20VAP   
   OUTLET LIQUID STREAM:  COCOALIQ 
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            326.527         323.692        0.868168E-02 
       MASS(KG/HR   )            20438.8         20438.8       -0.124595E-14 
       ENTHALPY(CAL/SEC )      -0.632528E+07   -0.568245E+07   -0.101628     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
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    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                  95.0000      
   SPECIFIED PRESSURE    BAR                                 0.31026     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    95.000     
   OUTLET PRESSURE       BAR                                 0.31026     
   HEAT DUTY             CAL/SEC                             0.64282E+06 
   VAPOR FRACTION                                            0.88170     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      TAG-SOS          0.83307E-02    0.71551E-01    0.24765E-13    0.34612E-12 
      TAG-POP          0.12757E-01    0.10957        0.13692E-12    0.12496E-11 
      TAG-POS          0.16456E-01    0.14134        0.92954E-13    0.65767E-12 
      WATER            0.92997        0.53458         1.0000         1.8706     
      N2               0.29423E-05    0.63782E-11    0.33907E-05    0.53162E+06 
      O2               0.78212E-06    0.28123E-11    0.90134E-06    0.32049E+06 
      K+               0.21654E-01    0.95306E-01     0.0000         0.0000     
      CO3--            0.10827E-01    0.47653E-01     0.0000         0.0000     
 
 BLOCK:  VACPMP   MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S3       
   OUTLET STREAM:         S1       
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )           0.181448E-02    0.181448E-02     0.00000     
       MASS(KG/HR   )           0.403418E-01    0.403418E-01   -0.172002E-15 
       ENTHALPY(CAL/SEC )       -17.5378        -16.9319       -0.345445E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
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    OUTLET PRESSURE  BAR                                     1.05490     
    ISENTROPIC EFFICIENCY                                    0.80000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  KW                    0.0025365   
    BRAKE      HORSEPOWER REQUIREMENT  KW                    0.0025365   
    NET WORK REQUIRED                  KW                    0.0025365   
    POWER LOSSES                       KW                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  KW                    0.0020292   
    CALCULATED OUTLET TEMP  C                              213.865       
    ISENTROPIC TEMPERATURE  C                              183.347       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.80000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       M-KGF/KG                      18,465.1         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.35249     
    INLET VOLUMETRIC FLOW RATE , L/MIN                       2.68518     
    OUTLET VOLUMETRIC FLOW RATE, L/MIN                       1.15887     
    INLET  COMPRESSIBILITY FACTOR                            0.99852     
    OUTLET COMPRESSIBILITY FACTOR                            0.99833     
    AV. ISENT. VOL. EXPONENT                                 1.35168     
    AV. ISENT. TEMP EXPONENT                                 1.35249     
    AV. ACTUAL VOL. EXPONENT                                 1.45635     
    AV. ACTUAL TEMP EXPONENT                                 1.45668     
 
 BLOCK:  ALK0NE   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAMS:         ALKSOLN     COCOA    
   OUTLET VAPOR STREAM:   S11      
   OUTLET LIQUID STREAM:  S13      
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            326.526         326.526         0.00000     
       MASS(KG/HR   )            20438.8         20438.8         0.00000     
       ENTHALPY(CAL/SEC )      -0.646947E+07   -0.632528E+07   -0.222878E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE C                                  95.0000      
   SPECIFIED PRESSURE    BAR                                 1.50000     
   MAXIMUM NO. ITERATIONS                                   30 



 

 

171 

 

   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    95.000     
   OUTLET PRESSURE       BAR                                  1.5000     
   HEAT DUTY             CAL/SEC                             0.14419E+06 
   VAPOR FRACTION                                             0.0000     
 
 
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      TAG-SOS          0.83307E-02    0.83307E-02    0.10647E-14    0.66826E-13 
      TAG-POP          0.12758E-01    0.12758E-01    0.58434E-14    0.23949E-12 
      TAG-POS          0.16456E-01    0.16456E-01    0.39821E-14    0.12653E-12 
      WATER            0.92997        0.92997         1.0000        0.56223     
      K+               0.21654E-01    0.21654E-01     0.0000         0.0000     
      CO3--            0.10827E-01    0.10827E-01     0.0000         0.0000     
 
 BLOCK:  ALKMIX   MODEL: FLASH2           
 ------------------------------ 
   INLET STREAMS:         H20         K2C03    
   OUTLET VAPOR STREAM:   S2       
   OUTLET LIQUID STREAM:  S7       
   PROPERTY OPTION SET:   ELECNRTL  ELECTROLYTE NRTL / REDLICH-KWONG             
   HENRY-COMPS ID:        GLOBAL   
   CHEMISTRY ID:          GLOBAL   - TRUE SPECIES 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(KMOL/HR )            225.929         231.743       -0.250891E-01 
       MASS(KG/HR   )            4419.58         4419.58        0.205788E-15 
       ENTHALPY(CAL/SEC )      -0.445960E+07   -0.445961E+07    0.873179E-06 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      KG/HR            
    PRODUCT STREAMS CO2E          0.00000      KG/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            
    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
    TOTAL CO2E PRODUCTION         0.00000      KG/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  PQ  FLASH 
   PRESSURE DROP         BAR                                 0.0         
   SPECIFIED HEAT DUTY   CAL/SEC                             0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    C                                    21.643     
   OUTLET PRESSURE       BAR                                  1.0135     
   VAPOR FRACTION                                             0.0000     
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      WATER             1.0000        0.96237         1.0000         1.0391     
      K+                0.0000        0.25089E-01     0.0000         0.0000     
      CO3--             0.0000        0.12545E-01     0.0000         0.0000     
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solvent Extraction Flowsheet 
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Solvent Extraction Input Summary  

 

;Input Summary created by Aspen Plus Rel. 34.0 at 02:52:28 Tue Apr 12, 2016 

;Directory \\base\root\homedir  Filename C:\Users\jmorales\AppData\Local\Temp\~apba02.txt 

 

DYNAMICS 

    DYNAMICS RESULTS=ON 

 

IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

 

DEF-STREAMS MIXCISLD ALL  

 

SIM-OPTIONS MASS-BAL-CHE=YES NPHASE=3  

 

MODEL-OPTION  

 

DATABANKS 'APV88 PURE32' / 'APV88 SOLIDS' / 'APV88 BIODIESEL' & 

         / 'NISTV88 NIST-TRC' / 'APV88 EOS-LIT' /  & 

        'APV88 NRTL-SAC' / 'APV88 INORGANIC' / NOASPENPCD 

 

PROP-SOURCES 'APV88 PURE32' / 'APV88 SOLIDS' / 'APV88 BIODIESEL' & 

         / 'NISTV88 NIST-TRC' / 'APV88 EOS-LIT' /  & 

        'APV88 NRTL-SAC' / 'APV88 INORGANIC' 

 

COMPONENTS  

    POS C55H104O6-3 /  

    SOS C57H108O6-3 /  

    POP C53H100O6-5 /  

    PROPANE C3H8 /  

    WATER H2O /  

    POWDER SN /  

    TAG-PLIS C55H102O6-3 /  

    TAG-PLIP C53H98O6-5 /  

    TAG-PPS C53H102O6-13 /  

    TAG-PSS C55H106O6-11 /  

    TAG-POS2 C55H104O6-3 /  

    TAG-POP2 C53H100O6-5 /  

    TAG-SOS2 C57H108O6-3 /  

    BUTANE C4H10-1 /  

    POTAS-01 K2CO3  
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CISOLID-COMPS POWDER POTAS-01  

 

SOLVE  

    RUN-MODE MODE=SIM  

 

FLOWSHEET  

    BLOCK B9 IN=S9 OUT=S10  

    BLOCK B2 IN=S1 OUT=S0 S3  

    BLOCK B4 IN=S4 S13 OUT=S00 S5  

    BLOCK B1 IN=LIQUOR OUT=S1  

    BLOCK B3 IN=S3 OUT=S4  

    BLOCK B5 IN=S5 OUT=S6  

    BLOCK CFUGE IN=S6 OUT=S7 S11  

    BLOCK B22 IN=S11 OUT=TOFLASH  

    BLOCK B23 IN=S7 S24 OUT=S28 S27  

    BLOCK B25 IN=S27 OUT=S9 S38  

    BLOCK B8 IN=S38 OUT=LOWFAT S34  

    BLOCK B15 IN=S12 OUT=NOFAT S36  

    BLOCK B20 IN=S36 OUT=S37  

    BLOCK B6 IN=S14 S34 OUT=S2 S12  

 

PROPERTIES NRTL-RK  

    PROPERTIES NRTL / PENG-ROB / UNIF-LL / UNIFAC  

 

STRUCTURES  

    STRUCTURES POP C1 O2 S / O2 C3 S / C3 O4 D / C3 C5  & 

        S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9 S /  & 

        C9 C10 S / C10 C11 S / C11 C12 S / C12 C13 S /  & 

        C13 C14 S / C14 C15 S / C15 C16 S / C16 C17 S /  & 

        C18 C19 S / C1 C20 S / C20 O21 S / O21 C22 S /  & 

        C22 O23 D / C24 C25 S / C25 C26 S / C26 C27 S /  & 

        C27 C28 S / C28 C29 S / C29 C30 S / C30 C31 D /  & 

        C31 C32 S / C32 C33 S / C33 C34 S / C34 C35 S /  & 

        C35 C36 S / C36 C37 S / C37 C38 S / C38 C39 S /  & 

        C20 C40 S / C40 O41 S / O41 C42 S / C42 O43 D /  & 

        C42 C44 S / C44 C45 S / C45 C46 S / C46 C47 S /  & 

        C47 C48 S / C48 C49 S / C49 C50 S / C50 C51 S /  & 

        C51 C52 S / C52 C53 S / C53 C54 S / C54 C55 S /  & 

        C55 C56 S / C56 C57 S / C57 C58 S  

    STRUCTURES POS C1 O2 S / O2 C3 S / C3 O4 D / C3 C5  & 

        S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9 S /  & 

        C9 C10 S / C10 C11 S / C11 C12 S / C12 C13 S /  & 

        C13 C14 S / C14 C15 S / C15 C16 S / C16 C17 S /  & 

        C18 C19 S / C1 C20 S / C20 O21 S / O21 C22 S /  & 

        C22 O23 D / C24 C25 S / C25 C26 S / C26 C27 S /  & 

        C27 C28 S / C28 C29 S / C29 C30 S / C30 C31 D /  & 

        C31 C32 S / C32 C33 S / C33 C34 S / C34 C35 S /  & 

        C35 C36 S / C36 C37 S / C37 C38 S / C38 C39 S /  & 
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        C20 C40 S / C40 O41 S / O41 C42 S / C42 O43 D /  & 

        C42 C44 S / C44 C45 S / C45 C46 S / C46 C47 S /  & 

        C47 C48 S / C48 C49 S / C49 C50 S / C50 C51 S /  & 

        C51 C52 S / C52 C53 S / C53 C54 S / C54 C55 S /  & 

        C55 C56 S / C56 C57 S / C57 C58 S / C58 C59 S /  & 

        C59 C60 S  

    STRUCTURES SOS C1 O2 S / O2 C3 S / C3 O4 D / C3 C5  & 

        S / C5 C6 S / C6 C7 S / C7 C8 S / C8 C9 S /  & 

        C9 C10 S / C10 C11 S / C11 C12 S / C12 C13 S /  & 

        C13 C14 S / C14 C15 S / C15 C16 S / C16 C17 S /  & 

        C17 C18 S / C18 C19 S / C19 C20 S / C20 C21 S /  & 

        C1 C22 S / C22 O23 S / O23 C24 S / C24 O25 D /  & 

        C24 C26 S / C26 C27 S / C27 C28 S / C28 C29 S /  & 

        C29 C30 S / C30 C31 S / C31 C32 S / C32 C33 S /  & 

        C33 C34 D / C34 C35 S / C35 C36 S / C36 C37 S /  & 

        C37 C38 S / C38 C39 S / C39 C40 S / C40 C41 S /  & 

        C41 C42 S / C22 C43 S / C43 O44 S / O44 C45 S /  & 

        C45 O46 D / C45 C47 S / C47 C48 S / C48 C49 S /  & 

        C49 C50 S / C50 C51 S / C51 C52 S / C52 C53 S /  & 

        C53 C54 S / C54 C55 S / C55 C56 S / C56 C57 S /  & 

        C57 C58 S / C58 C59 S / C59 C60 S / C60 C61 S /  & 

        C61 C62 S / C62 C63 S  

 

ESTIMATE ALL  

    ZC SOS DEFINITI  

    ZC POS DEFINITI  

    ZC POP DEFINITI  

    VL POP LEBAS TLOWER=0. TUPPER=1000.  

    VL POS LEBAS TLOWER=0. TUPPER=1000.  

    VL SOS LEBAS TLOWER=0. TUPPER=1000.  

    NRTL POP WATER UNIFAC  

    NRTL POS WATER UNIFAC  

    NRTL SOS WATER UNIFAC  

    NRTL POP PROPANE UNIFAC  

    NRTL POS PROPANE UNIFAC  

    NRTL SOS PROPANE UNIFAC  

    NRTL PROPANE WATER UNIFAC  

    NRTL TAG-POS2 WATER UNIFAC  

    NRTL TAG-POP2 WATER UNIFAC  

    NRTL TAG-SOS2 WATER UNIFAC  

    NRTL POP BUTANE UNIFAC  

    NRTL POS BUTANE UNIFAC  

    NRTL SOS BUTANE UNIFAC  

    NRTL BUTANE WATER UNIFAC  

 

PROP-DATA PCES-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  
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    PROP-LIST VB / VLSTD  

    PVAL POS 1246.600000 / 673.1506610  

    PVAL SOS 1298.400000 / 699.1022110  

    PVAL POP 1202.200000 / 651.7593830  

    PVAL TAG-PLIS 660.3451080 / 311.6667970  

    PVAL TAG-PLIP 635.6195440 / 301.2137180  

    PVAL TAG-PPS 637.9978740 / 303.6761370  

    PVAL TAG-PSS 662.8517900 / 314.1849610  

    PVAL TAG-POS2 661.5363710 / 312.4879070  

    PVAL TAG-POP2 636.8003180 / 302.0326180  

    PVAL TAG-SOS2 682.7863210 / 320.7959360  

    PROP-LIST VLSTD / DHVLB  

    PVAL POWDER 0.0 / 1.82873667E+5  

    PROP-LIST VLSTD  

    PVAL POTAS-01 298.9063450  

 

PROP-DATA REVIEW-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST DGFORM / RKTZRA / ZC  

    PVAL POS -1.3212955E+5 / .1556661540 / .1369844490  

    PVAL SOS -1.0133515E+5 / .1554476570 / .1359747040  

    PVAL POP -1.3615171E+5 / .1565208420 / .1381455880  

    PROP-LIST RKTZRA  

    PVAL POTAS-01 .2918596200  

    PROP-LIST RKTZRA / ZC  

    PVAL TAG-PLIS .1037800070 / .1363626340  

    PVAL TAG-PLIP .1042286230 / .1374945390  

    PVAL TAG-PPS .1050448290 / .1394666880  

    PVAL TAG-PSS .1045672400 / .1382323210  

    PVAL TAG-POS2 .1039441350 / .1369844490  

    PVAL TAG-POP2 .1043993550 / .1381455880  

    PVAL TAG-SOS2 .1031860170 / .1359747040  

    PROP-LIST TC  

    PVAL POWDER 3808.986400  

 

PROP-DATA TDE-1 

    IN-UNITS MET PRESSURE='N/sqm' TEMPERATURE=K DELTA-T=C  & 

        MOLE-ENTHALP='J/kmol' MOLE-VOLUME='cum/kmol'  & 

        DIPOLEMOMENT='(J*cum)**.5' PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST OMEGA / ZC / VC / PC / TC / MUP / DGFORM /  & 

        DHFORM / MW / TB / FREEZEPT / SG / VLSTD  

    PVAL PROPANE 0.15232 / 0.27656 / 0.19986 / 4256007.6 /  & 

        369.922 / 0 / -24071479.5 / -104514034.8 / 44.097 /  & 

        231.063 / 85.51 / 0.507404 / 0.086997  

 

PROP-DATA USRDEF 

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

    PROP-LIST SG / DHFORM / DGFORM  

    PVAL POS .855 / -510968 / -132130  

    PROP-LIST SG  

    PVAL SOS 0.855  

    PVAL POP 0.855  

     

;TDE Aly-Lee ideal gas Cp 

;  "Heat capacity (Ideal gas )"  

     

 

PROP-DATA CPIALE-1 

    IN-UNITS MET MOLE-HEAT-CA='J/kmol-K' PRESSURE=bar  & 

        TEMPERATURE=K DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST CPIALEE  

    PVAL PROPANE 34416.46 185574.7 968.5094 60044.63 320.9865  & 

        0 8.31447 50 1500  

     

;TDE equation for liquid Cp 

;  "Heat capacity (Liquid vs. Gas )"  

     

 

PROP-DATA CPLTDE-1 

    IN-UNITS MET MOLE-HEAT-CA='J/kmol-K' PRESSURE=bar  & 

        TEMPERATURE=K DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST CPLTDECS  

    PVAL PROPANE 79345.31 39.69736 -0.1860955 0.001270954  & 

        1763.136 369.9221 4 81.226 362.5237  

     

;ThermoML polynomials for solid Cp 

;  "Heat capacity (Crystal 1 vs. Gas )"  

     

 

PROP-DATA CPSTML-1 

    IN-UNITS MET MOLE-HEAT-CA='J/kmol-K' PRESSURE=bar  & 

        TEMPERATURE=K DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST CPSTMLPO  

    PVAL PROPANE -17141.72 1318.497 -7.537733 0.02007234 0 5  & 

        20 85.4  

     

;TDE Watson equation for heat of vaporization 

;  "Enthalpy of vaporization or sublimation (Liquid vs. Gas )"  

     

 

PROP-DATA DHVLTD-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K DELTA-T=C  & 

        MOLE-ENTHALP='J/kmol' PDROP=bar INVERSE-PRES='1/bar'  
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    PROP-LIST DHVLTDEW  

    PVAL PROPANE 17.19878 0.8109019 -0.8060312 0.3963184  & 

        369.9221 4 81.226 369.9221  

 

PROP-DATA DHVLWT-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST DHVLWT  

    PVAL POWDER 1.82873667E+5 2599.850000 .3800000000 0.0  & 

        2599.850000  

     

;TDE expansion for liquid molar density 

;  "Density (Liquid vs. Gas )"  

     

 

PROP-DATA DNLEXS-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K DELTA-T=C  & 

        MOLE-DENSITY='kmol/cum' PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST DNLEXSAT  

    PVAL PROPANE 5.003515 9.978195 2.82091 -0.1586089  & 

        0.9601595 0 0 369.9221 6 81.226 369.9221  

 

PROP-DATA KLDIP-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST KLDIP  

    PVAL POS -3.917742515 .0278008098 -7.2976298E-5  & 

        8.49559300E-8 -3.716939E-11 534.1885140 655.0009430  

    PVAL SOS -3.954762758 .0277353126 -7.1975769E-5  & 

        8.28421805E-8 -3.583321E-11 540.5892920 661.9410630  

    PVAL POP -3.900779259 .0280167558 -7.4416988E-5  & 

        8.76583747E-8 -3.880642E-11 527.6972860 647.7813660  

    PVAL POWDER -1.689294218 2.45223901E-3 -1.2410738E-6  & 

        2.7549006E-10 -2.301472E-14 2599.850000 3768.165040  

    PVAL TAG-PLIS -3.936878875 .0279370930 -7.3338798E-5  & 

        8.53842247E-8 -3.735940E-11 534.1885140 654.8610670  

    PVAL TAG-PLIP -3.909101280 .0280809914 -7.4600288E-5  & 

        8.78896324E-8 -3.891569E-11 527.6972860 647.6357410  

    PVAL TAG-PPS -3.831512574 .0275146423 -7.3055004E-5  & 

        8.60171357E-8 -3.806405E-11 527.6972860 648.4773570  

    PVAL TAG-PSS -3.859238478 .0273784985 -7.1836171E-5  & 

        8.35889029E-8 -3.655425E-11 534.1885140 655.6695200  

    PVAL TAG-POS2 -3.917742515 .0278008098 -7.2976298E-5  & 

        8.49559300E-8 -3.716939E-11 534.1885140 655.0009430  

    PVAL TAG-POP2 -3.900779259 .0280167558 -7.4416988E-5  & 

        8.76583747E-8 -3.880642E-11 527.6972860 647.7813660  

    PVAL TAG-SOS2 -3.954762758 .0277353126 -7.1975769E-5  & 

        8.28421805E-8 -3.583321E-11 540.5892920 661.9410630  



 

 

180 

 

     

;ThermoML polynomials for liquid thermal conductivity 

;  "Thermal conductivity (Liquid vs. Gas )"  

     

 

PROP-DATA KLTMLP-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K  & 

        THERMAL-COND='Watt/m-K' DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST KLTMLPO  

    PVAL PROPANE 0.2112341 0.0003791233 -0.0000049826  & 

        0.0000000078865 4 93.158 348.1805  

     

;ThermoML polynomials for vapor thermal conductivity 

;  "Thermal conductivity (Gas )"  

     

 

PROP-DATA KVTMLP-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K  & 

        THERMAL-COND='Watt/m-K' DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST KVTMLPO  

    PVAL PROPANE 0.003479318 -0.00002229721 0.0000002664949  & 

        -9.226184E-11 4 170.524 810.1497  

 

PROP-DATA MULAND-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST MULAND  

    PVAL POTAS-01 81.17750888 -12127.32210 -10.25255770  & 

        1126.850000 1706.850000  

     

;PPDS9 equation for liquid viscosity 

;  "Viscosity (Liquid vs. Gas )"  

     

 

PROP-DATA MULPPD-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K VISCOSITY='N-sec/sqm'  & 

        DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST MULPPDS9  

    PVAL PROPANE 0.0000105115 2.950715 0.01638895 401.5804  & 

        56.94282 83.5 369.9221  

 

PROP-DATA MUVDIP-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST MUVDIP  

    PVAL POS 8.67415723E-6 .9831844010 0.0 0.0 0.0  & 
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        6.850000000 826.8500000  

    PVAL SOS 8.52443691E-6 .9836995870 0.0 0.0 0.0  & 

        6.850000000 826.8500000  

    PVAL POP 8.86181224E-6 .9826356120 0.0 0.0 0.0  & 

        6.850000000 826.8500000  

     

;ThermoML polynomials for vapor viscosity 

;  "Viscosity (Gas )"  

     

 

PROP-DATA MUVTML-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=K VISCOSITY='N-sec/sqm'  & 

        DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST MUVTMLPO  

    PVAL PROPANE 0.00000100184 0.0000000149211 4.638362E-11  & 

        -5.472325E-14 4 240 548.7791  

 

PROP-DATA SIGDIP-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST SIGDIP  

    PVAL POS 16.02907920 1.222222220 1.98528163E-8  & 

        -2.1849025E-8 8.13483157E-9 534.1885140 645.6256810  

    PVAL SOS 15.21267550 1.222222220 -7.3253955E-9  & 

        8.06112577E-9 -3.0009643E-9 540.5892920 652.4956980  

    PVAL POP 16.94811190 1.222222210 4.52918561E-8  & 

        -4.9850805E-8 1.85629697E-8 527.6972860 638.4790290  

    PVAL TAG-PLIS 16.03646570 1.222222200 5.91071476E-8  & 

        -6.5049440E-8 2.42183902E-8 534.1885140 645.4872180  

    PVAL TAG-PLIP 16.95634330 1.222222210 2.87937828E-8  & 

        -3.1691854E-8 1.18011031E-8 527.6972860 638.3348750  

    PVAL TAG-PPS 17.03143550 1.222222230 -2.2198724E-8  & 

        2.44392755E-8 -9.1041961E-9 527.6972860 639.1679900  

    PVAL TAG-PSS 16.10597110 1.222222220 1.94303038E-8  & 

        -2.1388649E-8 7.96601941E-9 534.1885140 646.2875040  

    PVAL TAG-POS2 16.02907920 1.222222220 1.98528163E-8  & 

        -2.1849025E-8 8.13483157E-9 534.1885140 645.6256810  

    PVAL TAG-POP2 16.94811190 1.222222210 4.52918561E-8  & 

        -4.9850805E-8 1.85629697E-8 527.6972860 638.4790290  

    PVAL TAG-SOS2 15.21267550 1.222222220 -7.3253955E-9  & 

        8.06112577E-9 -3.0009643E-9 540.5892920 652.4956980  

     

;TDE Watson equation for liquid-gas surface tension 

;  "Surface tension (Liquid vs. Gas )"  

     

 

PROP-DATA SIGTDE-1 

    IN-UNITS MET PRESSURE=bar SURFACE-TENS='N/m' TEMPERATURE=K  & 
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        DELTA-T=C PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST SIGTDEW  

    PVAL PROPANE -3.073397 0.9198636 0.5972451 -0.7755341  & 

        369.9221 4 81.226 369.9221  

     

;TDE Wagner 25 liquid vapor pressure 

;  "Vapor pressure (Liquid vs. Gas )"  

     

 

PROP-DATA WAGN25-1 

    IN-UNITS MET PRESSURE='N/sqm' TEMPERATURE=K DELTA-T=C  & 

        PDROP=bar INVERSE-PRES='1/bar'  

    PROP-LIST WAGNER25  

    PVAL PROPANE -6.791833 1.628582 -1.67124 -2.052027  & 

        15.26384 369.9221 81.226 369.9221  

 

PROP-DATA NRTL-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST NRTL  

    BPVAL POS PROPANE 0.0 30000.00000 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL PROPANE POS 0.0 -2959.132310 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL POS WATER 0.0 715.6057000 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL WATER POS 0.0 15835.11090 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL SOS PROPANE 0.0 30000.00000 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL PROPANE SOS 0.0 -3107.795450 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL SOS WATER 0.0 720.0897280 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL WATER SOS 0.0 16457.14100 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL POP PROPANE 0.0 30000.00000 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL PROPANE POP 0.0 -2810.251010 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL POP WATER 0.0 710.8481750 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL WATER POP 0.0 15213.34970 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL PROPANE WATER 0.0 1899.070780 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL WATER PROPANE 0.0 1384.028300 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  
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    BPVAL WATER TAG-POS2 0.0 15835.11090 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL TAG-POS2 WATER 0.0 715.6056630 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL WATER TAG-POP2 0.0 15213.34970 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL TAG-POP2 WATER 0.0 710.8481100 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL WATER TAG-SOS2 0.0 16457.14100 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL TAG-SOS2 WATER 0.0 720.0897060 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL POS BUTANE 0.0 18411.94060 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL BUTANE POS 0.0 -2155.138420 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL SOS BUTANE 0.0 21952.32180 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL BUTANE SOS 0.0 -2273.541080 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL POP BUTANE 0.0 15382.04740 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL BUTANE POP 0.0 -2036.520180 .3000000000 0.0 0.0 0.0  & 

        25.00000000 25.00000000  

    BPVAL WATER BUTANE 0.0 1763.960710 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

    BPVAL BUTANE WATER 0.0 1916.981850 .3000000000 0.0 0.0  & 

        0.0 25.00000000 25.00000000  

 

PROP-DATA PRKBV-1 

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    PROP-LIST PRKBV  

    BPVAL PROPANE BUTANE 3.30000000E-3 0.0 0.0 -273.1500000  & 

        726.8500000  

    BPVAL BUTANE PROPANE 3.30000000E-3 0.0 0.0 -273.1500000  & 

        726.8500000  

 

PROP-SET PS-5 TEMP KVL GAMMA BETA MASSFRAC SUBSTREAM=MIXED  & 

        COMPS=POS WATER PHASE=V L1 L2  

 

PROP-SET PS-6 PL UNITS='psia' SUBSTREAM=MIXED COMPS=POS  & 

        TAG-POS2 TAG-POP2 POP PHASE=L  

 

PROP-SET PS-7 RHO UNITS='gm/ml' SUBSTREAM=MIXED COMPS=POS  & 

        TAG-POS2 POP TAG-POP2 SOS TAG-SOS2 PHASE=L  

 

PROP-SET PS-8 CP UNITS='Btu/lb-R' SUBSTREAM=MIXED COMPS=POS  & 
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        TAG-POS2 POP TAG-POP2 SOS TAG-SOS2 PHASE=L  

 

PROP-SET PS-9 PL UNITS='bar' SUBSTREAM=MIXED COMPS=PROPANE  & 

        PHASE=L  

 

STREAM LIQUOR  

    SUBSTREAM MIXED TEMP=95. PRES=1.013250000 MASS-FLOW=8600.  

    MASS-FRAC POS 0.2366 / SOS 0.1237 / POP 0.1775 / WATER  & 

        0.0024 / POWDER 0.43 / POTAS-01 0.0298  

    SUBSTREAM CISOLID TEMP=30.00000000 PRES=1.013250000  & 

        MOLE-FLOW=36758.22998  

    MASS-FRAC POWDER 0.533333  

 

STREAM S10  

    SUBSTREAM MIXED TEMP=50. VFRAC=0.  

 

STREAM S13  

    SUBSTREAM MIXED TEMP=50. VFRAC=0. MASS-FLOW=21500.  

    MASS-FLOW BUTANE 1.  

 

STREAM S14  

    SUBSTREAM MIXED TEMP=50. VFRAC=0. MASS-FLOW=490.  

    MASS-FRAC BUTANE 1.  

 

STREAM S24  

    SUBSTREAM MIXED TEMP=50. VFRAC=0. MASS-FLOW=5804.  

    MASS-FRAC BUTANE 1.  

 

BLOCK B8 FSPLIT  

    FRAC LOWFAT 0.2  

 

BLOCK B15 SEP  

    PARAM  

    FRAC STREAM=NOFAT SUBSTREAM=MIXED COMPS=POS SOS POP  & 

        WATER POWDER BUTANE POTAS-01 FRACS=0.133 0.133 0.133  & 

        0.133 1. 0.133 1.  

 

BLOCK B25 SEP  

    PARAM  

    FRAC STREAM=S38 SUBSTREAM=MIXED COMPS=POS SOS POP WATER  & 

        POWDER BUTANE POTAS-01 FRACS=0.31 0.31 0.31 0.31 1.  & 

        0.31 1.  

 

BLOCK CFUGE SEP  

    PARAM PRES=0. NPHASE=1 PHASE=L MAXIT=100  

    FRAC STREAM=S7 SUBSTREAM=MIXED COMPS=POS SOS POP WATER  & 

        POWDER BUTANE POTAS-01 FRACS=0.1 0.1 0.1 0.1 1. 0.1  & 

        1.  
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    FLASH-SPECS S7 KODE=NOFLASH  

    BLOCK-OPTION FREE-WATER=NO  

 

BLOCK B2 FLASH2  

    PARAM TEMP=50. PRES=2.  

 

BLOCK B4 FLASH2  

    PARAM TEMP=50. VFRAC=0.  

 

BLOCK B6 FLASH2  

    PARAM TEMP=50. PRES=6.  

 

BLOCK B23 FLASH2  

    PARAM TEMP=50. PRES=6.  

 

BLOCK B1 PUMP  

    PARAM PRES=2.  

 

BLOCK B3 PUMP  

    PARAM PRES=2.  

 

BLOCK B5 PUMP  

    PARAM PRES=6. EFF=0.75  

 

BLOCK B9 PUMP  

    PARAM PRES=6. EFF=0.75  

 

BLOCK B20 PUMP  

    PARAM PRES=6.  

 

BLOCK B22 PUMP  

    PARAM PRES=6. EFF=0.75  

 

EO-CONV-OPTI  

 

CALCULATOR C-1  

    DEFINE TEMPPUMP STREAM-VAR STREAM=S1 SUBSTREAM=MIXED  & 

        VARIABLE=TEMP UOM="C"  

F     TEMPPUMP=95  

F      

    WRITE-VARS TEMPPUMP  

 

STREAM-REPOR MOLEFLOW MASSFLOW MASSFRAC  

 

PROPERTY-REP PCES PARAM-PLUS  

 

PROP-TABLE BINRY-1 FLASHCURVE  
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    PROPERTIES NRTL FREE-WATER=STEAM-TA SOLU-WATER=3  & 

        TRUE-COMPS=YES  

    MASS-FLOW POS 1 /  WATER  1   

    STATE VFRAC=0.0  

    VARY PRES  

    RANGE LIST=1.013250000  

    VARY MASSFRAC COMP=POS  

    RANGE LOWER=0.0 UPPER=1.0 INCR=0.005  

    PARAM NPHASE=3  

    TABULATE PROPERTIES=PS-5  

 

PROP-TABLE PURE-1 PROPS  

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    MOLE-FLOW POS 1 / TAG-POS2 1 / TAG-POP2 1 / POP 1  

    PROPERTIES NRTL-RK FREE-WATER=STEAM-TA SOLU-WATER=3  & 

        TRUE-COMPS=YES  

    VARY TEMP  

    RANGE LOWER=0 UPPER=200. INCR=5.  

    VARY PRES  

    RANGE LIST=1.013250000  

    PARAM  

    TABULATE PROPERTIES=PS-6  

 

PROP-TABLE PURE-2 PROPS  

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    MOLE-FLOW POS 1 / TAG-POS2 1 / POP 1 / TAG-POP2 1 /  & 

        SOS 1 / TAG-SOS2 1  

    PROPERTIES UNIFAC FREE-WATER=STEAM-TA SOLU-WATER=3  & 

        TRUE-COMPS=YES  

    VARY TEMP  

    RANGE LOWER=0 UPPER=250. INCR=5.  

    VARY PRES  

    RANGE LIST=1.013250000  

    PARAM  

    TABULATE PROPERTIES=PS-7  

 

PROP-TABLE PURE-3 PROPS  

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    MOLE-FLOW POS 1 / TAG-POS2 1 / POP 1 / TAG-POP2 1 /  & 

        SOS 1 / TAG-SOS2 1  

    PROPERTIES UNIFAC FREE-WATER=STEAM-TA SOLU-WATER=3  & 

        TRUE-COMPS=YES  

    VARY TEMP  

    RANGE LOWER=0 UPPER=150. INCR=5.  

    VARY PRES  
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    RANGE LIST=1.013250000  

    PARAM  

    TABULATE PROPERTIES=PS-8  

 

PROP-TABLE PURE-4 PROPS  

    IN-UNITS MET PRESSURE=bar TEMPERATURE=C DELTA-T=C PDROP=bar  & 

        INVERSE-PRES='1/bar'  

    MOLE-FLOW PROPANE 1  

    PROPERTIES NRTL-RK FREE-WATER=STEAM-TA SOLU-WATER=3  & 

        TRUE-COMPS=YES  

    VARY TEMP  

    RANGE LOWER=0 UPPER=100.0000000 NPOINT= 50  

    VARY PRES  

    RANGE LIST=1.013250000  

    PARAM  

    TABULATE PROPERTIES=PS-9  

 

Solvent Extraction Block Report  

 

 BLOCK:  B1       MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          LIQUOR   

   OUTLET STREAM:         S1       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            36797.8         36797.8         0.00000     

       MASS(KG/HR   )           0.437217E+07    0.437217E+07     0.00000     

       ENTHALPY(CAL/SEC )       -638664.        -638554.       -0.171520E-03 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                    2.00000     

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 
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                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                            91.4395      

    PRESSURE CHANGE  BAR                                    0.98675     

    NPSH AVAILABLE   M-KGF/KG                               9.25127     

    FLUID POWER  KW                                         0.15038     

    BRAKE POWER  KW                                         0.45987     

    ELECTRICITY  KW                                         0.45987     

    PUMP EFFICIENCY USED                                    0.32700     

    NET WORK REQUIRED  KW                                   0.45987     

    HEAD DEVELOPED M-KGF/KG                                 6.41908     

 

 BLOCK:  B2       MODEL: FLASH2           

 ------------------------------ 

   INLET STREAM:          S1       

   OUTLET VAPOR STREAM:   S0       

   OUTLET LIQUID STREAM:  S3       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            36797.8         36797.8         0.00000     

       MASS(KG/HR   )           0.437217E+07    0.437217E+07     0.00000     

       ENTHALPY(CAL/SEC )       -638554.         690985.        -1.92412     

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

   THREE  PHASE  TP  FLASH 

   SPECIFIED TEMPERATURE C                                  50.0000      

   SPECIFIED PRESSURE    BAR                                 2.00000     

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

                           ***  RESULTS  *** 

   OUTLET TEMPERATURE    C                                    50.000     

   OUTLET PRESSURE       BAR                                  2.0000     

   HEAT DUTY             CAL/SEC                             0.13295E+07 

   VAPOR FRACTION                                             0.0000     

   1ST LIQUID/TOTAL LIQUID                                    1.0000     

 

   V-L1-L2 PHASE EQUILIBRIUM :  
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      COMP           F(I)      X1(I)     X2(I)     Y(I)      K1(I)     K2(I) 

      POS           0.361     0.361     0.361     0.648E-15 0.600E-16 0.600E-16 

      SOS           0.183     0.183     0.183     0.156E-15 0.285E-16 0.285E-16 

      POP           0.280     0.280     0.280     0.106E-14 0.126E-15 0.126E-15 

      WATER         0.175     0.175     0.175      1.00     0.191     0.191     

 

 BLOCK:  B3       MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S3       

   OUTLET STREAM:         S4       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            36797.8         36797.8         0.00000     

       MASS(KG/HR   )           0.437217E+07    0.437217E+07     0.00000     

       ENTHALPY(CAL/SEC )        690985.         691254.       -0.389094E-03 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                    4.42000     

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                            91.4395      

    PRESSURE CHANGE  BAR                                    2.42000     

    NPSH AVAILABLE   M-KGF/KG                              18.8838      

    FLUID POWER  KW                                         0.36881     

    BRAKE POWER  KW                                         1.12784     

    ELECTRICITY  KW                                         1.12784     

    PUMP EFFICIENCY USED                                    0.32700     

    NET WORK REQUIRED  KW                                   1.12784     

    HEAD DEVELOPED M-KGF/KG                                15.7428      

 

 BLOCK:  B4       MODEL: FLASH2           

 ------------------------------ 
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   INLET STREAMS:         S4          S13      

   OUTLET VAPOR STREAM:   S00      

   OUTLET LIQUID STREAM:  S5       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            37167.7         37167.7        0.195760E-15 

       MASS(KG/HR   )           0.439367E+07    0.439367E+07     0.00000     

       ENTHALPY(CAL/SEC )      -0.282906E+07   -0.283553E+07    0.228183E-02 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

   THREE  PHASE  TV  FLASH 

   SPECIFIED TEMPERATURE C                                  50.0000      

   VAPOR FRACTION                                            0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

                           ***  RESULTS  *** 

   OUTLET TEMPERATURE    C                                    50.000     

   OUTLET PRESSURE       BAR                                  5.0233     

   HEAT DUTY             CAL/SEC                             -6470.2     

   VAPOR FRACTION                                             0.0000     

   1ST LIQUID/TOTAL LIQUID                                   0.99810     

 

   V-L1-L2 PHASE EQUILIBRIUM :  

 

      COMP           F(I)      X1(I)     X2(I)     Y(I)      K1(I)     K2(I) 

      POS           0.627E-02 0.629E-02 0.716E-03 0.660E-21 0.105E-18 0.922E-18 

      SOS           0.318E-02 0.318E-02 0.371E-03 0.114E-21 0.357E-19 0.307E-18 

      POP           0.487E-02 0.487E-02 0.543E-03 0.151E-20 0.309E-18 0.277E-17 

      WATER         0.304E-02 0.116E-02 0.996     0.256E-01  22.1     0.257E-01 

      BUTANE        0.983     0.985     0.247E-02 0.974     0.990      394.     

 

 BLOCK:  B5       MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S5       

   OUTLET STREAM:         S6       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 
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                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            37167.7         37167.7         0.00000     

       MASS(KG/HR   )           0.439367E+07    0.439367E+07     0.00000     

       ENTHALPY(CAL/SEC )      -0.283553E+07   -0.282740E+07   -0.286536E-02 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                   20.0000      

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                           866.334       

    PRESSURE CHANGE  BAR                                   14.9767      

    NPSH AVAILABLE   M-KGF/KG                               0.0         

    FLUID POWER  KW                                        21.6247      

    BRAKE POWER  KW                                        34.0748      

    ELECTRICITY  KW                                        34.0748      

    PUMP EFFICIENCY USED                                    0.63463     

    NET WORK REQUIRED  KW                                  34.0748      

    HEAD DEVELOPED M-KGF/KG                               263.734       

 

 BLOCK:  B6       MODEL: FLASH2           

 ------------------------------ 

   INLET STREAMS:         S14         S34      

   OUTLET VAPOR STREAM:   S2       

   OUTLET LIQUID STREAM:  S12      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            23.8486         23.8486       -0.148969E-15 

       MASS(KG/HR   )            1810.02         1810.02         0.00000     

       ENTHALPY(CAL/SEC )       -198613.        -198802.        0.951830E-03 
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                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

   THREE  PHASE  TV  FLASH 

   SPECIFIED TEMPERATURE C                                  50.0000      

   VAPOR FRACTION                                            0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

                           ***  RESULTS  *** 

   OUTLET TEMPERATURE    C                                    50.000     

   OUTLET PRESSURE       BAR                                  5.0954     

   HEAT DUTY             CAL/SEC                             -189.23     

   VAPOR FRACTION                                             0.0000     

   1ST LIQUID/TOTAL LIQUID                                   0.98768     

 

   V-L1-L2 PHASE EQUILIBRIUM :  

 

      COMP           F(I)      X1(I)     X2(I)     Y(I)      K1(I)     K2(I) 

      POS           0.822E-03 0.830E-03 0.178E-03 0.864E-22 0.104E-18 0.484E-18 

      SOS           0.416E-03 0.420E-03 0.911E-04 0.149E-22 0.355E-19 0.164E-18 

      POP           0.637E-03 0.643E-03 0.137E-03 0.197E-21 0.306E-18 0.144E-17 

      WATER         0.133E-01 0.100E-02 0.998     0.253E-01  25.2     0.253E-01 

      BUTANE        0.985     0.997     0.180E-02 0.975     0.978      540.     

 

 BLOCK:  B7       MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S27      

   OUTLET STREAM:         S8       

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            172.111         172.111         0.00000     

       MASS(KG/HR   )            12424.8         12424.8         0.00000     

       ENTHALPY(CAL/SEC )      -0.155045E+07   -0.154748E+07   -0.191849E-02 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
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    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                   18.2000      

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                           282.840       

    PRESSURE CHANGE  BAR                                   13.1162      

    NPSH AVAILABLE   M-KGF/KG                               0.0         

    FLUID POWER  KW                                         6.18296     

    BRAKE POWER  KW                                        12.4496      

    ELECTRICITY  KW                                        12.4496      

    PUMP EFFICIENCY USED                                    0.49664     

    NET WORK REQUIRED  KW                                  12.4496      

    HEAD DEVELOPED M-KGF/KG                               182.679       

 

 BLOCK:  B8       MODEL: FSPLIT           

 ------------------------------ 

   INLET STREAM:          S38      

   OUTLET STREAMS:        LOWFAT      S34      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            75.5395         75.5395         0.00000     

       MASS(KG/HR   )            6509.88         6509.88        0.139710E-15 

       ENTHALPY(CAL/SEC )       -577144.        -577144.         0.00000     

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

 

  FRACTION OF FLOW                 STRM=LOWFAT   FRAC=         0.80000     

 

                           ***  RESULTS  *** 
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  STREAM= LOWFAT         SPLIT=          0.80000     KEY=  0    STREAM-ORDER=   1 

          S34                            0.20000           0                    2 

 

 BLOCK:  B9       MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S9       

   OUTLET STREAM:         S10      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            96.5719         96.5719         0.00000     

       MASS(KG/HR   )            5914.91         5914.91         0.00000     

       ENTHALPY(CAL/SEC )       -970424.        -970435.        0.114287E-04 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                   18.0000      

    PUMP EFFICIENCY                                         0.75000     

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                           186.389       

    PRESSURE CHANGE  BAR                                   -0.20000     

    NPSH AVAILABLE   M-KGF/KG                             251.253       

    FLUID POWER  KW                                        -0.062130    

    BRAKE POWER  KW                                        -0.046597    

    ELECTRICITY  KW                                        -0.046597    

    PUMP EFFICIENCY USED                                    0.75000     

    NET WORK REQUIRED  KW                                  -0.046597    

    HEAD DEVELOPED M-KGF/KG                                -3.85596     

 

 BLOCK:  B15      MODEL: SEP              

 --------------------------- 

   INLET STREAM:          S12      

   OUTLET STREAMS:        NOFAT       S36      
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   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            23.8486         23.8486        0.297939E-15 

       MASS(KG/HR   )            1810.02         1810.02         0.00000     

       ENTHALPY(CAL/SEC )       -198802.        -198756.       -0.229979E-03 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

 

                          ***  INPUT DATA  *** 

 

   FLASH SPECS FOR STREAM NOFAT    

   THREE  PHASE  TP  FLASH 

   PRESSURE DROP         BAR                                 0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

   FLASH SPECS FOR STREAM S36      

   THREE  PHASE  TP  FLASH 

   PRESSURE DROP         BAR                                 0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

   FRACTION OF FEED 

     SUBSTREAM= MIXED    

       STREAM= NOFAT     CPT= POS       FRACTION=          0.14110     

                              SOS                          0.14110     

                              POP                          0.14110     

                              WATER                        1.00000     

                              POWDER                       1.00000     

                              BUTANE                       0.14110     

                              POTAS-01                     1.00000     

 

 

                           ***  RESULTS  *** 

 

   HEAT DUTY             CAL/SEC                              45.720     

 

  COMPONENT = POS      

    STREAM     SUBSTREAM    SPLIT FRACTION 
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    NOFAT      MIXED                 0.14110     

    S36        MIXED                 0.85890     

 

  COMPONENT = SOS      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 0.14110     

    S36        MIXED                 0.85890     

 

  COMPONENT = POP      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 0.14110     

    S36        MIXED                 0.85890     

 

  COMPONENT = WATER    

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 1.00000     

 

  COMPONENT = POWDER   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 1.00000     

 

  COMPONENT = BUTANE   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 0.14110     

    S36        MIXED                 0.85890     

 

  COMPONENT = POTAS-01 

    STREAM     SUBSTREAM    SPLIT FRACTION 

    NOFAT      MIXED                 1.00000     

 

 BLOCK:  B20      MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S36      

   OUTLET STREAM:         S37      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            14.6170         14.6170         0.00000     

       MASS(KG/HR   )            871.812         871.812         0.00000     

       ENTHALPY(CAL/SEC )       -143035.        -143002.       -0.230646E-03 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            
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    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                    6.00000     

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 

    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                            27.0861      

    PRESSURE CHANGE  BAR                                    0.90462     

    NPSH AVAILABLE   M-KGF/KG                               2.69474     

    FLUID POWER  KW                                         0.040838    

    BRAKE POWER  KW                                         0.13812     

    ELECTRICITY  KW                                         0.13812     

    PUMP EFFICIENCY USED                                    0.29566     

    NET WORK REQUIRED  KW                                   0.13812     

    HEAD DEVELOPED M-KGF/KG                                17.1957      

 

 BLOCK:  B22      MODEL: PUMP             

 ---------------------------- 

   INLET STREAM:          S11      

   OUTLET STREAM:         TOFLASH  

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            37096.0         37096.0         0.00000     

       MASS(KG/HR   )           0.438708E+07    0.438708E+07     0.00000     

       ENTHALPY(CAL/SEC )      -0.223372E+07   -0.223410E+07    0.168985E-03 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

    OUTLET PRESSURE  BAR                                   18.0000      

    DRIVER EFFICIENCY                                       1.00000     

 

    FLASH SPECIFICATIONS: 

    3 PHASE FLASH 
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    MAXIMUM NUMBER OF ITERATIONS                            30 

    TOLERANCE                                               0.000100000 

 

                           ***  RESULTS  *** 

    VOLUMETRIC FLOW RATE  L/MIN                           764.046       

    PRESSURE CHANGE  BAR                                   -2.00000     

    NPSH AVAILABLE   M-KGF/KG                             300.340       

    FLUID POWER  KW                                        -2.54682     

    BRAKE POWER  KW                                        -1.58064     

    ELECTRICITY  KW                                        -1.58064     

    PUMP EFFICIENCY USED                                    0.62064     

    NET WORK REQUIRED  KW                                  -1.58064     

    HEAD DEVELOPED M-KGF/KG                               -39.7630      

 

 BLOCK:  B23      MODEL: FLASH2           

 ------------------------------ 

   INLET STREAMS:         S7          S24      

   OUTLET VAPOR STREAM:   S28      

   OUTLET LIQUID STREAM:  S27      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            172.111         172.111         0.00000     

       MASS(KG/HR   )            12424.8         12424.8         0.00000     

       ENTHALPY(CAL/SEC )       -955784.       -0.155045E+07    0.383545     

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

                          ***  INPUT DATA  *** 

   THREE  PHASE  TV  FLASH 

   SPECIFIED TEMPERATURE C                                  50.0000      

   VAPOR FRACTION                                            0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

                           ***  RESULTS  *** 

   OUTLET TEMPERATURE    C                                    50.000     

   OUTLET PRESSURE       BAR                                  5.0838     

   HEAT DUTY             CAL/SEC                              0.0000     

   VAPOR FRACTION                                             0.0000     

   1ST LIQUID/TOTAL LIQUID                                   0.99276     
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   V-L1-L2 PHASE EQUILIBRIUM :  

 

      COMP           F(I)      X1(I)     X2(I)     Y(I)      K1(I)     K2(I) 

      POS           0.170E-02 0.171E-02 0.300E-03 0.178E-21 0.104E-18 0.595E-18 

      SOS           0.860E-03 0.865E-03 0.154E-03 0.307E-22 0.355E-19 0.200E-18 

      POP           0.132E-02 0.132E-02 0.229E-03 0.406E-21 0.306E-18 0.177E-17 

      WATER         0.824E-02 0.103E-02 0.997     0.253E-01  24.7     0.254E-01 

      BUTANE        0.988     0.995     0.193E-02 0.975     0.980      506.     

 

 BLOCK:  B25      MODEL: SEP              

 --------------------------- 

   INLET STREAM:          S8       

   OUTLET STREAMS:        S9          S38      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            172.111         172.111         0.00000     

       MASS(KG/HR   )            12424.8         12424.8         0.00000     

       ENTHALPY(CAL/SEC )      -0.154748E+07   -0.154757E+07    0.595264E-04 

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

 

                          ***  INPUT DATA  *** 

 

   FLASH SPECS FOR STREAM S9       

   THREE  PHASE  TP  FLASH 

   PRESSURE DROP         BAR                                 0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

   FLASH SPECS FOR STREAM S38      

   THREE  PHASE  TP  FLASH 

   PRESSURE DROP         BAR                                 0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

   FRACTION OF FEED 

     SUBSTREAM= MIXED    

       STREAM= S38       CPT= POS       FRACTION=          0.30000     
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                              SOS                          0.30000     

                              POP                          0.30000     

                              WATER                        1.00000     

                              POWDER                       1.00000     

                              BUTANE                       0.30000     

                              POTAS-01                     1.00000     

 

 

                           ***  RESULTS  *** 

 

   HEAT DUTY             CAL/SEC                             -92.121     

 

  COMPONENT = POS      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S9         MIXED                 0.70000     

    S38        MIXED                 0.30000     

 

  COMPONENT = SOS      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S9         MIXED                 0.70000     

    S38        MIXED                 0.30000     

 

  COMPONENT = POP      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S9         MIXED                 0.70000     

    S38        MIXED                 0.30000     

 

  COMPONENT = WATER    

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S38        MIXED                 1.00000     

 

  COMPONENT = POWDER   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S38        MIXED                 1.00000     

 

  COMPONENT = BUTANE   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S9         MIXED                 0.70000     

    S38        MIXED                 0.30000     

 

  COMPONENT = POTAS-01 

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S38        MIXED                 1.00000     

 

 BLOCK:  CFUGE    MODEL: SEP              

 --------------------------- 

   INLET STREAM:          S6       

   OUTLET STREAMS:        S7          S11      
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   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

 

                      ***  MASS AND ENERGY BALANCE  *** 

                                    IN              OUT        RELATIVE DIFF. 

    TOTAL BALANCE 

       MOLE(KMOL/HR )            37167.7         37167.7         0.00000     

       MASS(KG/HR   )           0.439367E+07    0.439367E+07     0.00000     

       ENTHALPY(CAL/SEC )      -0.282740E+07   -0.223372E+07   -0.209974     

 

                      ***  CO2 EQUIVALENT SUMMARY *** 

    FEED STREAMS CO2E             0.00000      KG/HR            

    PRODUCT STREAMS CO2E          0.00000      KG/HR            

    NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

    UTILITIES CO2E PRODUCTION     0.00000      KG/HR            

    TOTAL CO2E PRODUCTION         0.00000      KG/HR            

 

 

                          ***  INPUT DATA  *** 

 

   INLET PRESSURE DROP   BAR                                 0.0         

 

   FLASH SPECS FOR STREAM S11      

   THREE  PHASE  TP  FLASH 

   PRESSURE DROP         BAR                                 0.0         

   MAXIMUM NO. ITERATIONS                                   30 

   CONVERGENCE TOLERANCE                                     0.000100000 

 

   FRACTION OF FEED 

     SUBSTREAM= MIXED    

       STREAM= S7        CPT= POS       FRACTION=          0.100000    

                              SOS                          0.100000    

                              POP                          0.100000    

                              WATER                        1.00000     

                              POWDER                       1.00000     

                              BUTANE                       0.100000    

                              POTAS-01                     1.00000     

 

 

                           ***  RESULTS  *** 

 

   HEAT DUTY             CAL/SEC                             0.18298E+36 

 

  COMPONENT = POS      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 0.100000    

    S11        MIXED                 0.90000     
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  COMPONENT = SOS      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 0.100000    

    S11        MIXED                 0.90000     

 

  COMPONENT = POP      

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 0.100000    

    S11        MIXED                 0.90000     

 

  COMPONENT = WATER    

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 1.00000     

 

  COMPONENT = POWDER   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 1.00000     

    S11        CISOLID               1.00000     

 

  COMPONENT = BUTANE   

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 0.100000    

    S11        MIXED                 0.90000     

 

  COMPONENT = POTAS-01 

    STREAM     SUBSTREAM    SPLIT FRACTION 

    S7         MIXED                 1.00000     
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Butter Recovery Flowsheet 
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Butter Recovery Input Summary 

;Input Summary created by Aspen Plus Rel. 34.0 at 03:21:13 Tue Apr 12, 2016 

;Directory \\base\root\homedir  Filename C:\Users\jmorales\AppData\Local\Temp\~apb6d.txt 

  

IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

     MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

  

DEF-STREAMS MIXCISLD ALL 

  

MODEL-OPTION 

  

DESCRIPTION " 

 Chemical Simulation with Metric Units : 

 C, bar, kg/hr, kmol/hr, Gcal/hr, cum/hr. 

    

 Property Method: NRTL 

    

 Flow basis for input: Mole 

    

 Stream report composition: Mole flow 

 " 

  

DATABANKS 'APV88 PURE32' / 'APV88 AQUEOUS' / 'APV88 SOLIDS' /  & 

     'APV88 INORGANIC' / 'APEOSV88 AP-EOS' / 'APV88 BIODIESEL' & 

      / NOASPENPCD 

  

PROP-SOURCES 'APV88 PURE32' / 'APV88 AQUEOUS' / 'APV88 SOLIDS' & 

      / 'APV88 INORGANIC' / 'APEOSV88 AP-EOS' /  & 

     'APV88 BIODIESEL' 

  

COMPONENTS 

 POS C55H104O6-3 / 

 SOS C57H108O6-3 / 

 POP C53H100O6-5 / 

 PROPANE C3H8 / 

 N-BUTANE C4H10-1 / 

 POWDER1 NI / 

 WATER H2O / 

 GLYCOL C2H6O2 / 

 NITROGEN N2 

  

CISOLID-COMPS PROPANE POWDER1 
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FORMULA SOS C57H108O6-3 / POP C53H100O6-5 

  

SOLVE 

 RUN-MODE MODE=SIM 

  

FLOWSHEET 

 BLOCK B1 IN=S18 OUT=VAPOR LIQ 

 BLOCK B4 IN=STEAM2 S14 OUT=RECSOLV2 BUTTER2 

 BLOCK B6 IN=LIQ OUT=LIQ-B 

 BLOCK B9 IN=MIXFIL2 MIXFIL1 CFG OUT=S17 

 BLOCK B12 IN=S20 S36 OUT=S8 

 BLOCK B15 IN=S40 OUT=S25 

 BLOCK B16 IN=VAPOR OUT=S26 

 BLOCK B3 IN=S28 S35 OUT=S1 S5 

 BLOCK B8 IN=S13 S27 OUT=S6 S10 

 BLOCK B10 IN=S10 OUT=S12 

 BLOCK B13 IN=S1 OUT=S13 

 BLOCK B17 IN=S12 OUT=S16 S21 S22 

 BLOCK B19 IN=S29 OUT=S28 

 BLOCK B21 IN=S7 OUT=S35 

 BLOCK B22 IN=S17 S25 OUT=S37 

 BLOCK B11 IN=BUTTER2 S37 OUT=S3 S18 

 BLOCK B2 IN=S3 S4 OUT=S2 S9 

 BLOCK B24 IN=RECSOLV2 LIQ-B OUT=S32 S14 

 BLOCK B7 IN=S32 S23 OUT=S29 S24 

 BLOCK B5 IN=S26 S30 OUT=S7 S31 

 BLOCK B20 IN=S8 S38 OUT=S40 S39 

  

PROPERTIES NRTL-RK 

 PROPERTIES NRTL 

  

ESTIMATE ALL 

 NRTL POS WATER UNIF-LL 

 NRTL SOS WATER UNIF-LL 

 NRTL POP WATER UNIF-LL 

 NRTL PROPANE WATER UNIF-LL 

 NRTL N-BUTANE WATER UNIF-LL 

  

PROP-DATA PCES-1 

 IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

     MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

 PROP-LIST ZC / VB / RKTZRA / VLSTD 

 PVAL POS .1369844490 / .6615363710 / .1039441350 /  & 

     .3124879070 
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 PVAL SOS .1359747040 / .6827863210 / .1031860170 /  & 

     .3207959360 

 PVAL POP .1381455880 / .6368003180 / .1043993550 /  & 

     .3020326180 

 PROP-LIST RKTZRA / VLSTD 

 PVAL POWDER1 .2918596200 / .2989063450 

  

PROP-DATA KLDIP-1 

 IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

     MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

 PROP-LIST KLDIP 

 PVAL POS -3.917742515 .0278008098 -7.2976298E-5  & 

     8.49559300E-8 -3.716939E-11 534.1885140 655.0009430 

 PVAL SOS -3.954762758 .0277353126 -7.1975769E-5  & 

     8.28421805E-8 -3.583321E-11 540.5892920 661.9410630 

 PVAL POP -3.900779259 .0280167558 -7.4416988E-5  & 

     8.76583747E-8 -3.880642E-11 527.6972860 647.7813660 

 PVAL POWDER1 -5.683295086 .0195545231 -2.2517884E-5  & 

     1.13047419E-8 -2.137818E-12 1126.850000 1706.850000 

  

PROP-DATA MULAND-1 

 IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

        MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

 PROP-LIST MULAND 

 PVAL POWDER1 80.74935608 -12127.32210 -10.25255770  & 

     1126.850000 1706.850000 

  

PROP-DATA SIGDIP-1 

 IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

     MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

 PROP-LIST SIGDIP 

 PVAL POS 16.02907920 1.222222220 1.98528163E-8  & 

     -2.1849025E-8 8.13483157E-9 534.1885140 645.6256810 

 PVAL SOS 15.21267550 1.222222220 -7.3253955E-9  & 

     8.06112577E-9 -3.0009643E-9 540.5892920 652.4956980 

 PVAL POP 16.94811190 1.222222210 4.52918561E-8  & 
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     -4.9850805E-8 1.85629697E-8 527.6972860 638.4790290 

 PVAL POWDER1 157.4081400 1.222222220 -4.410621E-10  & 

     4.9467696E-10 -1.969408E-10 1126.850000 1686.850000 

  

PROP-DATA NRTL-1 

 IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr'  & 

     HEAT-TRANS-C='kcal/hr-sqm-K' PRESSURE=bar TEMPERATURE=C  & 

     VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum'  & 

     MOLE-ENTHALP='kcal/mol' MASS-ENTHALP='kcal/kg'  & 

     MOLE-VOLUME='cum/kmol' HEAT=Gcal MOLE-CONC='mol/l'  & 

     PDROP=bar 

 PROP-LIST NRTL 

 BPVAL POS WATER 0.0 929.7625090 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL WATER POS 0.0 18222.13870 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL SOS WATER 0.0 930.3916600 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL WATER SOS 0.0 18878.26580 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL POP WATER 0.0 929.0213710 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL WATER POP 0.0 17566.00890 .3000000000 0.0 0.0 0.0  & 

     25.00000000 25.00000000 

 BPVAL PROPANE WATER 0.0 1903.992330 .3000000000 0.0 0.0  & 

     0.0 25.00000000 25.00000000 

 BPVAL WATER PROPANE 0.0 1478.999130 .3000000000 0.0 0.0  & 

     0.0 25.00000000 25.00000000 

 BPVAL N-BUTANE WATER 0.0 1927.796300 .3000000000 0.0 0.0  & 

     0.0 25.00000000 25.00000000 

 BPVAL WATER N-BUTANE 0.0 1882.505070 .3000000000 0.0 0.0  & 

     0.0 25.00000000 25.00000000 

 BPVAL WATER GLYCOL .3479000000 34.82340000 .3000000000 0.0  & 

     0.0 0.0 30.40000000 196.7000000 

 BPVAL GLYCOL WATER -.0567000000 -147.1373000 .3000000000  & 

     0.0 0.0 0.0 30.40000000 196.7000000 

  

PROP-SET THERMAL HMX CPMX KMX UNITS='kcal/kg' 'cal/gm-K'  & 

     SUBSTREAM=MIXED PHASE=V L 

;  "Enthalpy, heat capacity, and thermal conductivity" 

  

  

PROP-SET TXPORT RHOMX MUMX SIGMAMX UNITS='gm/cc'  & 

     SUBSTREAM=MIXED PHASE=V L 

;  "Density, viscosity, and surface tension" 

  

  

STREAM CFG 
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 SUBSTREAM MIXED TEMP=50.00000000 PRES=6.000000000  & 

     MASS-FLOW=36587.99999 

 MASS-FLOW POS 2734.160000 / SOS 1429.220000 / POP  & 

     2050.620000 / PROPANE 0.0 / N-BUTANE 30073.00000 /  & 

     WATER 301.0000000 

  

STREAM MIXFIL1 

 SUBSTREAM MIXED TEMP=50.00000000 PRES=6.000000000  & 

     MASS-FLOW=9006.000000 

 MASS-FLOW POS 209.4399994 / SOS 109.4800000 / POP  & 

     157.0799999 / N-BUTANE 8507.000000 / WATER 23.00000000 

  

STREAM MIXFIL2 

 SUBSTREAM MIXED TEMP=50.00000000 PRES=6.000000000  & 

     MASS-FLOW=1361.000000 

 MASS-FLOW POS 16.28000000 / SOS 8.510000000 / POP  & 

     12.21000000 / N-BUTANE 1322.000000 / WATER 2.000000000 

  

STREAM S4 

 SUBSTREAM MIXED TEMP=32.22000000 PRES=4.000000000  & 

     MASS-FLOW=7905.000000 

 MASS-FRAC WATER 1. 

  

STREAM S20 

 SUBSTREAM MIXED TEMP=53.00000000 PRES=1.200000000  & 

     MASS-FLOW=203.0000000 

 MASS-FLOW N-BUTANE 203.0000000 / WATER 0.0 

  

STREAM S23 

 SUBSTREAM MIXED TEMP=7.220000000 PRES=1.000000000  & 

     MASS-FLOW=500.0000000 

 MASS-FRAC WATER 1. 

  

STREAM S27 

 SUBSTREAM MIXED TEMP=50.00000000 PRES=6.000000000  & 

     MASS-FLOW=1.000000000 

 MASS-FRAC N-BUTANE 1. 

  

STREAM S30 

 SUBSTREAM MIXED TEMP=-12.22222222 PRES=4.481592241  & 

     MASS-FLOW=4.00000000E+5 

 MASS-FRAC WATER 0.7 / GLYCOL 0.3 

  

STREAM S36 

 SUBSTREAM MIXED TEMP=53.00000000 PRES=1.200000000  & 

     MASS-FLOW=3059.000000 

 MASS-FLOW N-BUTANE 30599.00000 
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STREAM S38 

 SUBSTREAM MIXED TEMP=-12.22222222 PRES=4.481592241  & 

     MASS-FLOW=35750.00000 

 MASS-FRAC WATER 0.7 / GLYCOL 0.3 

  

STREAM STEAM2 

 SUBSTREAM MIXED TEMP=148.8888889 PRES=4.460628651  & 

     MASS-FLOW=150.0000000 

 MASS-FRAC WATER 1. 

  

BLOCK B9 MIXER 

 PARAM NPHASE=2 

 BLOCK-OPTION FREE-WATER=NO 

  

BLOCK B12 MIXER 

 PARAM 

  

BLOCK B22 MIXER 

 PARAM NPHASE=2 

 BLOCK-OPTION FREE-WATER=NO 

  

BLOCK B17 FSPLIT 

 FRAC S16 0.7735 / S21 0.2088 

  

BLOCK B1 FLASH2 

 PARAM TEMP=56.90000000 PRES=1.564830580 

  

BLOCK B8 FLASH2 

 PARAM TEMP=50.00000000 PRES=0.0 

  

BLOCK B3 DECANTER 

 PARAM TEMP=50.00000000 PRES=0.0 L2-COMPS=WATER 

 SOLID-FRAC CISOLID 

  

BLOCK B2 HEATX 

 PARAM T-HOT=50. MIN-TAPP=5.560000000 CALC-METHOD=SHORTCUT 

 FEEDS HOT=S3 COLD=S4 

 OUTLETS-HOT S2 

 OUTLETS-COLD S9 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

  

BLOCK B5 HEATX 

 PARAM VFRAC-HOT=0. PRES-HOT=0.0 CALC-METHOD=SHORTCUT 

 FEEDS HOT=S26 COLD=S30 

 OUTLETS-HOT S7 

 OUTLETS-COLD S31 
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 PROPERTIES NRTL-RK FREE-WATER=STEAM-TA SOLU-WATER=3  & 

     TRUE-COMPS=YES / NRTL-RK FREE-WATER=STEAM-TA  & 

     SOLU-WATER=3 TRUE-COMPS=YES 

 FLASH-SPECS S7 NPHASE=2 FREE-WATER=NO MAXIT=30 TOL=0.0001 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

 EO-OPTIONS CHECK-FREE-W=YES NEG-COMP-CHK=-1E-008  & 

     NEG-FLOW-CHK=-1E-015 ALWAYS-INST=NO FLASH-FORM=PML  & 

     PRES-TOL=1.00000000E-5 MIN-PRES=YES COMP-TOL=1E-015  & 

     CHEM-METHOD=YES AUTO-COMPS-T=0. AUTO-PHASE=YES  & 

     AUTO-PHASE-T=0.1 TEMP-TOL=1.00000000E-3 

 BLOCK-OPTION SIM-LEVEL=4 PROP-LEVEL=4 STREAM-LEVEL=4  & 

     TERM-LEVEL=4 RESTART=YES ENERGY-BAL=YES 

 REPORT REPORT NONEWPAGE TOTBAL INPUT NOCOMPBAL RESULTS 

  

BLOCK B7 HEATX 

 PARAM VFRAC-HOT=0. MIN-TAPP=5.560000000 CALC-METHOD=SHORTCUT 

 FEEDS HOT=S32 COLD=S23 

 OUTLETS-HOT S29 

 OUTLETS-COLD S24 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

  

BLOCK B11 HEATX 

 PARAM T-HOT=80. PRES-COLD=0.0 MIN-TAPP=5.560000000  & 

     CALC-METHOD=SHORTCUT 

 FEEDS HOT=BUTTER2 COLD=S37 

 OUTLETS-HOT S3 

 OUTLETS-COLD S18 

 PROPERTIES NRTL-RK FREE-WATER=STEAM-TA SOLU-WATER=3  & 

     TRUE-COMPS=YES / NRTL-RK FREE-WATER=STEAM-TA  & 

     SOLU-WATER=3 TRUE-COMPS=YES 

 FLASH-SPECS S18 NPHASE=2 FREE-WATER=NO MAXIT=30 TOL=0.0001 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

 EO-OPTIONS CHECK-FREE-W=YES NEG-COMP-CHK=-1E-008  & 

     NEG-FLOW-CHK=-1E-015 ALWAYS-INST=NO FLASH-FORM=PML  & 

     PRES-TOL=1.00000000E-5 MIN-PRES=YES COMP-TOL=1E-015  & 

     CHEM-METHOD=YES AUTO-COMPS-T=0. AUTO-PHASE=YES  & 

     AUTO-PHASE-T=0.1 TEMP-TOL=1.00000000E-3 

 BLOCK-OPTION SIM-LEVEL=4 PROP-LEVEL=4 STREAM-LEVEL=4  & 

     TERM-LEVEL=4 RESTART=YES ENERGY-BAL=YES 

 REPORT REPORT NONEWPAGE TOTBAL INPUT NOCOMPBAL RESULTS 

  

BLOCK B20 HEATX 
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 PARAM VFRAC-HOT=0. MIN-TAPP=5.560000000 CALC-METHOD=SHORTCUT 

 FEEDS HOT=S8 COLD=S38 

 OUTLETS-HOT S40 

 OUTLETS-COLD S39 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

  

BLOCK B24 HEATX 

 PARAM DUTY=27271.3 <kJ/hr> PRES-HOT=0.0  & 

     MIN-TAPP=5.560000000 CALC-METHOD=SHORTCUT 

 FEEDS HOT=RECSOLV2 COLD=LIQ-B 

 OUTLETS-HOT S32 

 OUTLETS-COLD S14 

 PROPERTIES NRTL-RK FREE-WATER=STEAM-TA SOLU-WATER=3  & 

     TRUE-COMPS=YES / NRTL-RK FREE-WATER=STEAM-TA  & 

     SOLU-WATER=3 TRUE-COMPS=YES 

 FLASH-SPECS S32 NPHASE=2 FREE-WATER=NO MAXIT=30 TOL=0.0001 

 HOT-SIDE DPPARMOPT=NO 

 COLD-SIDE DPPARMOPT=NO 

 TQ-PARAM CURVE=YES 

 EO-OPTIONS CHECK-FREE-W=YES NEG-COMP-CHK=-1E-008  & 

     NEG-FLOW-CHK=-1E-015 ALWAYS-INST=NO FLASH-FORM=PML  & 

     PRES-TOL=1.00000000E-5 MIN-PRES=YES COMP-TOL=1E-015  & 

     CHEM-METHOD=YES AUTO-COMPS-T=0. AUTO-PHASE=YES  & 

     AUTO-PHASE-T=0.1 TEMP-TOL=1.00000000E-3 

 BLOCK-OPTION SIM-LEVEL=4 PROP-LEVEL=4 STREAM-LEVEL=4  & 

     TERM-LEVEL=4 RESTART=YES ENERGY-BAL=YES 

 REPORT REPORT NONEWPAGE TOTBAL INPUT NOCOMPBAL RESULTS 

  

BLOCK B4 RADFRAC 

 PARAM NSTAGE=3 ALGORITHM=STANDARD MAXOL=25 DAMPING=NONE 

 COL-CONFIG CONDENSER=NONE REBOILER=NONE 

 FEEDS STEAM2 3 ON-STAGE / S14 1 

 PRODUCTS RECSOLV2 1 V / BUTTER2 3 L 

 P-SPEC 1 3.700000000 

 COL-SPECS DP-STAGE=.1000000000 

  

BLOCK B6 PUMP 

 PARAM PRES=6.000000000 EFF=0.75 

  

BLOCK B10 PUMP 

 PARAM PRES=6.000000000 EFF=0.75 

  

BLOCK B13 PUMP 

 PARAM PRES=6.000000000 EFF=0.75 

  

BLOCK B15 PUMP 
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 PARAM PRES=6.000000000 EFF=0.75 

  

BLOCK B19 PUMP 

 PARAM PRES=4.000000000 EFF=0.75 

  

BLOCK B21 PUMP 

 PARAM PRES=4.000000000 EFF=0.75 

  

BLOCK B16 DUPL 

  

DESIGN-SPEC SSTRIP2 

 DEFINE LIQUIDIN STREAM-VAR STREAM=LIQ SUBSTREAM=MIXED  & 

     VARIABLE=MASS-FLOW UOM="kg/hr" 

 DEFINE BUTTER STREAM-VAR STREAM=BUTTER2 SUBSTREAM=MIXED  & 

     VARIABLE=MASS-FLOW UOM="kg/hr" 

 DEFINE SLVFRAC LOCAL-PARAM 

 DEFINE SOLVENT MASS-FLOW STREAM=BUTTER2 SUBSTREAM=MIXED  & 

     COMPONENT=N-BUTANE UOM="kg/hr" 

F   SLVFRAC = SOLVENT/BUTTER*1000000 

 SPEC "SOLVENT/BUTTER*1000000" TO "0.500" 

 TOL-SPEC "0.001" 

 VARY STREAM-VAR STREAM=STEAM2 SUBSTREAM=MIXED  & 

     VARIABLE=MASS-FLOW UOM="kg/hr" 

 LIMITS "25" "1000" 

  

EO-CONV-OPTI 

  

STREAM-REPOR NOZEROFLOW NOMOLEFLOW MASSFLOW STDVOLFLOW MASSFRAC  & 

     NOVOLFRAC PROPERTIES=THERMAL TXPORT 

  

PROPERTY-REP PARAMS PCES 
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Butter Recovery Block Report  

  

 

                   * BLOCK:  B1    MODEL: FLASH2        

 ------------------------------ 

   INLET STREAM:       S18   

   OUTLET VAPOR STREAM:   VAPOR   

   OUTLET LIQUID STREAM:  LIQ     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         768.562      768.562     0.147922E-15 

    MASS(KG/HR   )            50217.0      50217.0        0.156090E-11 

    ENTHALPY(GCAL/HR )    -30.6520     -27.0309    -0.118135  

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

   TWO    PHASE  TP  FLASH 

   SPECIFIED TEMPERATURE C                               56.9000   

   SPECIFIED PRESSURE BAR                              1.56483  

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

                        ***  RESULTS  *** 

   OUTLET TEMPERATURE C                                 56.900  

   OUTLET PRESSURE    BAR                               1.5648  

   HEAT DUTY          GCAL/HR                           3.6211  

   VAPOR FRACTION                                            0.98566  

  

  

  

   V-L PHASE EQUILIBRIUM : 

  

   COMP           F(I)        X(I)        Y(I)        K(I)    

   POS           0.44707E-02 0.31175     0.80867E-16 0.25940E-15 

   SOS           0.22633E-02 0.15782     0.19820E-16 0.12559E-15 

   POP           0.34659E-02 0.24168     0.12943E-15 0.53552E-15 

   N-BUTANE      0.96626     0.28163     0.97622      3.4664  

   WATER         0.23545E-01 0.71270E-02 0.23784E-01  3.3372    
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 BLOCK:  B2    MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          S3    

   OUTLET STREAM:         S2    

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          S4    

   OUTLET STREAM:         S9    

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT        RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         484.120      484.120      0.00000  

    MASS(KG/HR   )            15307.3      15307.3      0.00000  

    ENTHALPY(GCAL/HR )    -36.5401     -36.5401    -0.168505E-07 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 

  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED HOT OUTLET TEMP   

  SPECIFIED VALUE             C                    50.0000 

     LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 
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  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE     KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   S3        ----->|             HOT              |-----> S2    

   T=  8.0000D+01  |                                 |    T=  5.0000D+01 

   P=  3.9000D+00  |                                 |    P=  3.9000D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                |                                 | 

   S9        <-----|                COLD             |<----- S4    

   T=  4.7931D+01  |                                 |    T=  3.2220D+01 

   P=  4.0000D+00  |                                 |    P=  4.0000D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                -------------------------------------- 

  

   DUTY AND AREA: 

  CALCULATED HEAT DUTY        GCAL/HR               0.1235 

  CALCULATED (REQUIRED) AREA  SQM                   6.9773 

  ACTUAL EXCHANGER AREA       SQM                   6.9773 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8684 

  UA (DIRTY)                  CAL/SEC-K          1416.5346 

  

   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 

  LMTD (CORRECTED)            C                    24.2263 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

     HOTSIDE, TOTAL                 BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 
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                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                                                           | 

 HOT IN  |                           LIQ                          | HOT OUT 

 ------> |                                                        |------> 

   80.0  |                                                           |   50.0 

      |                                                           | 

 COLDOUT |                        LIQ                          | COLDIN  

 <------ |                                                           |<------ 

   47.9  |                                                           |   32.2 

      |                                                           | 

      ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C      KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.124      6.9773   24.2263   730.8684     1416.5346 

  

 HEATX COLD-TQCU B2    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP      !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !            !         !         ! 

 !============!============!============!============! 

 !     0.0 !  4.0000 !    47.9306 !  0.0 ! 

 !  5.8830-03 !  4.0000 ! 47.1877 !  0.0    ! 

 !  1.1766-02 !  4.0000 ! 46.4442 !  0.0    ! 

 !  1.7649-02 !  4.0000 ! 45.7003 !  0.0    ! 

 !  2.3532-02 !  4.0000 ! 44.9557 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  2.9415-02 !  4.0000 ! 44.2107 !  0.0    ! 

 !  3.5298-02 !  4.0000 ! 43.4651 !  0.0    ! 

 !  4.1181-02 !  4.0000 ! 42.7190 !  0.0    ! 

 !  4.7064-02 !  4.0000 ! 41.9724 !  0.0    ! 



 

 

217 

 

 !  5.2947-02 !  4.0000 ! 41.2253 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  5.8830-02 !  4.0000 ! 40.4776 !  0.0    ! 

 !  6.4713-02 !  4.0000 ! 39.7294 !  0.0    ! 

 !  7.0596-02 !  4.0000 ! 38.9808 !  0.0    ! 

 !  7.6479-02 !  4.0000 ! 38.2316 !  0.0    ! 

 !  8.2362-02 !  4.0000 ! 37.4819 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  8.8245-02 !  4.0000 ! 36.7317 !  0.0    ! 

 !  9.4128-02 !  4.0000 ! 35.9810 !  0.0    ! 

 !     0.1000 !  4.0000 ! 35.2298 !  0.0    ! 

 !     0.1059 !     4.0000 !    34.4781 !  0.0 ! 

 !     0.1118 !  4.0000 ! 33.7259 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.1177 !  4.0000 ! 32.9732 !  0.0    ! 

 !     0.1235 !  4.0000 ! 32.2201 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B2    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  3.9000 !    80.0000 !  0.0 ! 

 !  5.8830-03 !  3.9000 ! 78.5931 !  0.0    ! 

 !  1.1766-02 !  3.9000 ! 77.1841 !  0.0    ! 

 !  1.7649-02 !  3.9000 ! 75.7730 !  0.0    ! 

 !  2.3532-02 !  3.9000 ! 74.3597 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  2.9415-02 !  3.9000 ! 72.9443 !  0.0    ! 

 !  3.5298-02 !  3.9000 ! 71.5267 !  0.0    ! 

 !  4.1181-02 !  3.9000 ! 70.1069 !  0.0    ! 

 !  4.7064-02 !     3.9000 !    68.6850 !  0.0 ! 

 !  5.2947-02 !  3.9000 ! 67.2609 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  5.8830-02 !  3.9000 ! 65.8347 !  0.0    ! 

 !  6.4713-02 !  3.9000 ! 64.4062 !  0.0    ! 

 !  7.0596-02 !  3.9000 ! 62.9756 !  0.0    ! 

 !  7.6479-02 !  3.9000 ! 61.5428 !  0.0    ! 
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 !  8.2362-02 !  3.9000 ! 60.1077 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  8.8245-02 !  3.9000 ! 58.6704 !  0.0    ! 

 !  9.4128-02 !  3.9000 ! 57.2310 !  0.0    ! 

 !     0.1000 !  3.9000 ! 55.7893 !  0.0    ! 

 !     0.1059 !  3.9000 ! 54.3453 !  0.0    ! 

 !     0.1118 !  3.9000 ! 52.8991 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.1177 !  3.9000 ! 51.4507 !  0.0    ! 

 !     0.1235 !  3.9000 ! 50.0000 !  0.0    ! 

 ----------------------------------------------------- 

  

 BLOCK:  B3    MODEL: DECANTER      

 -------------------------------- 

   INLET STREAMS:      S28      S35     

   FIRST LIQUID OUTLET:   S1      

   SECOND LIQUID OUTLET:  S5      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         761.488      761.488     0.895774E-15 

    MASS(KG/HR   )            43503.8      43503.8     0.123104E-07 

    ENTHALPY(GCAL/HR )    -27.7535     -26.7198    -0.372458E-01 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000      KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

   LIQUID-LIQUID SPLIT, TP SPECIFICATION 

   SPECIFIED TEMPERATURE            C                      50.0000   

   SPECIFIED PRESSURE DROP          BAR                  0.0      

   CONVERGENCE TOLERANCE ON EQUILIBRIUM                    0.10000E-03 

   MAXIMUM NO ITERATIONS ON EQUILIBRIUM                    30 

   EQUILIBRIUM METHOD                        EQUATION-SOLVING 

   KLL COEFFICIENTS FROM                    OPTION SET OR EOS 

   KLL BASIS                                                MOLE 

   KEY COMPONENT(S):    WATER                               

   SOLID SPLIT FRACTIONS: 

   CISOLID SUBSTREAM 

    1ST LIQUID: 0.0000     2ND LIQUID: 1.0000  
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                        ***  RESULTS  *** 

  

   OUTLET TEMPERATURE   C                               50.000  

   OUTLET PRESSURE      BAR                             4.0000  

   CALCULATED HEAT DUTY GCAL/HR                         1.0337     

   MOLAR RATIO 1ST LIQUID / TOTAL LIQUID                  0.97618  

  

   L1-L2 PHASE EQUILIBRIUM : 

   COMP       F          X1         X2         K 

   N-BUTANE   0.97523    0.99900    0.0011775  0.0011787   

   WATER      0.024769   0.00099732 0.99882    1,001.51  

  

 BLOCK:  B4    MODEL: RADFRAC       

 ------------------------------- 

 INLETS   - STEAM2   STAGE   3 

            S14   STAGE   1 

 OUTLETS  - RECSOLV2 STAGE   1 

            BUTTER2  STAGE   3 

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         49.2742      49.2742      0.00000  

    MASS(KG/HR   )            7597.96      7597.96    -0.119703E-15 

    ENTHALPY(GCAL/HR )    -6.47939     -6.47939     0.326717E-07 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

  

  

                      ********************** 

                      ****  INPUT DATA  **** 

                      ********************** 

  

   ****   INPUT PARAMETERS   **** 

  

 NUMBER OF STAGES                                      3 

 ALGORITHM OPTION                                      STANDARD  

 ABSORBER OPTION                                    NO    

 INITIALIZATION OPTION                              STANDARD  

 HYDRAULIC PARAMETER CALCULATIONS                   NO    

 INSIDE LOOP CONVERGENCE METHOD                     BROYDEN 
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 DESIGN SPECIFICATION METHOD                        NESTED  

 MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS               25 

 MAXIMUM NO. OF INSIDE LOOP ITERATIONS                10 

 MAXIMUM NUMBER OF FLASH ITERATIONS                   30 

 FLASH TOLERANCE                                          0.000100000 

 OUTSIDE LOOP CONVERGENCE TOLERANCE                    0.000100000 

  

   ****   COL-SPECS   **** 

  

 MOLAR VAPOR DIST / TOTAL DIST                         1.00000  

 CONDENSER DUTY (W/O SUBCOOL)   GCAL/HR                0.0      

    REBOILER DUTY               GCAL/HR                0.0      

  

   ****    PROFILES   **** 

  

 P-SPEC       STAGE   1  PRES, BAR                  3.70000  

  

                       ******************* 

                       ****  RESULTS  **** 

                       ******************* 

  

  

   ***   COMPONENT SPLIT FRACTIONS   *** 

  

                          OUTLET STREAMS 

                          -------------- 

               RECSOLV2  BUTTER2 

 COMPONENT: 

 POS         .55895E-13   1.0000    

 SOS         .30277E-13   1.0000  

 POP         .10310E-12   1.0000  

 N-BUTANE    .99998    .20532E-04 

 WATER       .22018E-01   .97798  

  

  

   ***    SUMMARY OF KEY RESULTS *** 

  

 TOP STAGE TEMPERATURE       C                    100.618    

 BOTTOM STAGE TEMPERATURE    C                    149.085    

 TOP STAGE LIQUID FLOW       KMOL/HR               24.5013   

 BOTTOM STAGE LIQUID FLOW    KMOL/HR               45.3262   

 TOP STAGE VAPOR FLOW        KMOL/HR                3.94793  

 BOILUP VAPOR FLOW           KMOL/HR               37.1465   

 CONDENSER DUTY (W/O SUBCOOL)   GCAL/HR                0.0      

    REBOILER DUTY                  GCAL/HR                0.0      

  

   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
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 DEW POINT                    0.17927E-09  STAGE=  1 

 BUBBLE POINT                 0.54538E-09  STAGE=  1 

 COMPONENT MASS BALANCE       0.23093E-08  STAGE=  1 COMP=POS   

 ENERGY BALANCE               0.34556E-07  STAGE=  1 

  

  

   ****    PROFILES   **** 

  

   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 

         FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 

  

                                          ENTHALPY 

 STAGE TEMPERATURE   PRESSURE          KCAL/MOL        HEAT DUTY 

    C          BAR         LIQUID    VAPOR     GCAL/HR 

  

   1   100.62     3.7000    -209.86   -34.398              

   2   146.89     3.8000    -142.02   -55.725              

   3   149.09     3.9000    -139.95   -56.788              

  

 STAGE     FLOW RATE               FEED RATE            PRODUCT RATE 

         KMOL/HR                 KMOL/HR               KMOL/HR 

    LIQUID  VAPOR       LIQUID VAPOR MIXED      LIQUID VAPOR 

   1  24.50   3.948     11.0218                                3.9479 

   2  44.22   17.43                                                        

   3  45.33   37.15                         38.2523 45.3262        

  

 ****  MASS FLOW PROFILES  **** 

  

 STAGE     FLOW RATE               FEED RATE            PRODUCT RATE 

         KG/HR                   KG/HR                 KG/HR   

    LIQUID  VAPOR       LIQUID VAPOR MIXED      LIQUID VAPOR 

   1  7053.   195.6   6908.8320                              195.6173 

   2  7383.   339.3                                                        

   3  7402.   669.6                        689.1267  7402.3414        

  

                      ****   MOLE-X-PROFILE  **** 

   STAGE     POS        SOS        POP        N-BUTANE   WATER   

   1    0.14024    0.70994E-01   0.10872       0.25796E-01   0.65425  

   2    0.77702E-01   0.39336E-01   0.60238E-01   0.20998E-03   0.82251  

   3    0.75806E-01   0.38376E-01   0.58769E-01   0.14061E-05   0.82705  

  

                      ****   MOLE-Y-PROFILE  **** 

   STAGE     POS        SOS        POP        N-BUTANE   WATER   

   1    0.48648E-13   0.13340E-13   0.69564E-13   0.78623    0.21377  

   2    0.84845E-11   0.25158E-11   0.11224E-10   0.36264E-01   0.96374  

   3    0.10341E-10   0.30771E-11   0.13632E-10   0.24826E-03   0.99975  
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                      ****   K-VALUES        **** 

   STAGE     POS        SOS        POP        N-BUTANE   WATER   

   1    0.34689E-12   0.18790E-12   0.63985E-12 30.478       0.32674  

   2    0.10919E-09   0.63957E-10   0.18633E-09 172.70     1.1717  

   3    0.13641E-09   0.80182E-10   0.23197E-09 176.56     1.2088  

  

                      ****   MASS-X-PROFILE  **** 

   STAGE     POS        SOS        POP        N-BUTANE   WATER   

   1    0.41969    0.21938    0.31477    0.52090E-02   0.40948E-01 

   2    0.40092    0.20957    0.30069    0.73104E-04   0.88754E-01 

   3    0.39986    0.20902    0.29989    0.50042E-06   0.91233E-01 

  

                      ****   MASS-Y-PROFILE  **** 

   STAGE     POS        SOS        POP        N-BUTANE   WATER   

   1    0.84575E-12   0.23947E-12   0.11700E-11   0.92228    0.77724E-01 

   2    0.37539E-09   0.11494E-09   0.48042E-09   0.10826    0.89174  

   3    0.49420E-09   0.15184E-09   0.63027E-09   0.80052E-03   0.99920  

  

 BLOCK:  B5    MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          S26   

   OUTLET STREAM:         S7    

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          S30   

   OUTLET STREAM:         S31   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG                 

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         18233.3      18233.3      0.00000  

    MASS(KG/HR   )            443308.      443308.     0.393909E-15 

    ENTHALPY(GCAL/HR )    -1308.45     -1308.45    -0.386334E-11 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 
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   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 

  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED HOT VAPOR FRACTION  

  SPECIFIED VALUE                                      0.0000 

  LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 

  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K          730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE     KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   S26       ----->|             HOT              |-----> S7    

   T=  5.6900D+01  |                                 |    T=  9.7401D+00 

   P=  1.5648D+00  |                                 |    P=  1.5648D+00 

   V=  1.0000D+00  |                                 |    V=  0.0000D+00 

                |                                 | 

   S31       <-----|                COLD             |<----- S30   

   T=  2.3286D+00  |                                 |    T= -1.2222D+01 

   P=  4.4816D+00  |                                 |    P=  4.4816D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                   -------------------------------------- 

  

   DUTY AND AREA: 
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  CALCULATED HEAT DUTY        GCAL/HR               4.8756 

  CALCULATED (REQUIRED) AREA  SQM                 263.2219 

  ACTUAL EXCHANGER AREA       SQM                 263.2219 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8684 

  UA (DIRTY)                  CAL/SEC-K         53439.0426 

  

   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 

  LMTD (CORRECTED)            C                    25.3434 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

  HOTSIDE, TOTAL              BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 

  

                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                          |                          | 

 HOT IN  |          VAP          |          COND         | HOT OUT 

 ------> |                          |                          |------> 

   56.9  |                         27.4|                             | 9.7 

      |                          |                          | 

 COLDOUT |          LIQ          |          LIQ          | COLDIN  

 <------ |                          |                          |<------ 

 2.3  |                       0.7|                          |  -12.2 

      |                          |                          | 

         ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C      KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.545     19.1115   39.0154   730.8684     3879.9909 

  2          4.331    244.1104   24.2730   730.8684    49559.0517 

  

 HEATX COLD-TQCU B5    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              
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 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !         !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  4.4816 !  2.3286 !  0.0    ! 

 !     0.2322 !  4.4816 !  1.6372 !  0.0    ! 

 !     0.4643 !  4.4816 !  0.9454 !  0.0    ! 

 !     0.6965 !  4.4816 !  0.2533 !  0.0    ! 

 !     0.5450 !  4.4816 !  0.7051 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.9287 !  4.4816 ! -0.4390 !  0.0    ! 

 !     1.1609 !  4.4816 ! -1.1315 !  0.0    ! 

 !     1.3930 !  4.4816 ! -1.8240 !  0.0    ! 

 !  1.6252 !  4.4816 ! -2.5166 !  0.0    ! 

 !     1.8574 !  4.4816 ! -3.2093 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     2.0895 !  4.4816 ! -3.9021 !  0.0    ! 

 !     2.3217 !  4.4816 ! -4.5950 !     0.0 ! 

 !     2.5539 !  4.4816 ! -5.2879 !  0.0    ! 

 !     2.7860 !  4.4816 ! -5.9810 !  0.0    ! 

 !     3.0182 !  4.4816 ! -6.6741 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     3.2504 !  4.4816 ! -7.3674 !  0.0    ! 

 !     3.4826 !  4.4816 ! -8.0607 !  0.0    ! 

 !     3.7147 !  4.4816 ! -8.7541 !  0.0    ! 

 !     3.9469 !  4.4816 ! -9.4475 !  0.0    ! 

 !     4.1791 !  4.4816 !   -10.1411 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     4.4112 !  4.4816 !   -10.8347 !  0.0    ! 

 !     4.6434 !  4.4816 !   -11.5284 !  0.0    ! 

 !     4.8756 !  4.4816 !   -12.2222 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B5    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 
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 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  1.5648 !    56.9000 !  1.0000 ! 

 !     0.2322 !  1.5648 ! 44.5843 !  1.0000 ! 

 !     0.4643 !  1.5648 ! 31.9246 !  1.0000 ! 

 !     0.6965 !  1.5648 ! 18.9094 !  1.0000 ! 

 !     0.5450 !  1.5648 ! 27.4454 ! DEW>1.0000 ! 

 !------------+------------+------------+------------! 

 !     0.9287 !  1.5648 ! 10.7653 !  0.9772 ! 

 !     1.1609 !  1.5648 ! 10.7233 !  0.9185 ! 

 !     1.3930 !  1.5648 ! 10.6760 !  0.8599 ! 

 !     1.6252 !     1.5648 !    10.6227 !  0.8014 ! 

 !     1.8574 !  1.5648 ! 10.5620 !  0.7429 ! 

 !------------+------------+------------+------------! 

 !     2.0895 !  1.5648 ! 10.4924 !  0.6845 ! 

 !     2.3217 !  1.5648 ! 10.4121 !  0.6262 ! 

 !     2.5539 !  1.5648 ! 10.3188 !  0.5680 ! 

 !     2.7860 !  1.5648 ! 10.2096 !  0.5100 ! 

 !     3.0182 !  1.5648 ! 10.0817 !  0.4521 ! 

 !------------+------------+------------+------------! 

 !     3.2504 !  1.5648 !  9.9333 !  0.3945 ! 

 !     3.4826 !  1.5648 !  9.7676 !  0.3373 ! 

 !     3.7147 !  1.5648 !  9.6054 !  0.2805 ! 

 !     3.9469 !  1.5648 !  9.5068 !  0.2242 ! 

 !     4.1791 !  1.5648 !  9.5304 !  0.1682 ! 

 !------------+------------+------------+------------! 

 !     4.4112 !  1.5648 !  9.6134 !  0.1123 ! 

 !     4.6434 !  1.5648 !  9.6868 !  5.6217-02 ! 

 !     4.8756 !  1.5648 !  9.7401 !  0.0    ! 

 ----------------------------------------------------- 

  

 BLOCK:  B6    MODEL: PUMP          

 ---------------------------- 

   INLET STREAM:       LIQ   

   OUTLET STREAM:      LIQ-B   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         11.0218      11.0218      0.00000  

    MASS(KG/HR   )            6908.83      6908.83    -0.263285E-15 

    ENTHALPY(GCAL/HR )    -4.31378     -4.31302    -0.174802E-03 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         
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 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    6.00000  

 PUMP EFFICIENCY                                         0.75000  

 DRIVER EFFICIENCY                                       1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 

  

                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                         5.33874  

 PRESSURE CHANGE  BAR                                    4.43517  

 NPSH AVAILABLE   METER                               0.0      

 FLUID POWER  KW                                         0.65773  

 BRAKE POWER  KW                                         0.87697  

 ELECTRICITY  KW                                         0.87697  

 PUMP EFFICIENCY USED                                 0.75000  

 NET WORK REQUIRED  KW                                0.87697  

 HEAD DEVELOPED METER                                34.9481   

  

 BLOCK:  B7    MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          S32   

   OUTLET STREAM:         S29   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          S23   

   OUTLET STREAM:         S24   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

  

     *********************************************************************** 

  *                                                                     * 

  *     TEMPERATURE CROSS DETECTED IN TQ-CURVE                       *   

  *                                                                     * 

     *********************************************************************** 
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                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         31.7021      31.7021      0.00000  

    MASS(KG/HR   )            695.617      695.617      0.00000  

    ENTHALPY(GCAL/HR )    -2.04556     -2.04556    -0.326447E-08 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 

  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED HOT VAPOR FRACTION  

  SPECIFIED VALUE                                      0.0000 

  LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 

  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 



 

 

229 

 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   S32       ----->|             HOT              |-----> S29   

   T=  7.7114D+01  |                                 |    T=  3.2250D+01 

   P=  3.7000D+00  |                                 |    P=  3.7000D+00 

   V=  8.8985D-01  |                                 |    V=  0.0000D+00 

                |                                 | 

   S24       <-----|                COLD             |<----- S23   

   T=  5.6089D+01  |                                 |    T=  7.2200D+00 

   P=  1.0000D+00  |                                 |    P=  1.0000D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                   -------------------------------------- 

  

   DUTY AND AREA: 

  CALCULATED HEAT DUTY        GCAL/HR               0.0241 

  CALCULATED (REQUIRED) AREA  SQM                   1.4385 

  ACTUAL EXCHANGER AREA       SQM                   1.4385 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8684 

  UA (DIRTY)                  CAL/SEC-K           292.0369 

  

   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 

  LMTD (CORRECTED)            C                    22.9692 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

  HOTSIDE, TOTAL              BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 

  

                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                                                           | 

 HOT IN  |                           COND                         | HOT OUT 

 ------> |                                                           |------> 

   77.1  |                                                           |   32.2 

      |                                                           | 

 COLDOUT |                        LIQ                          | COLDIN  

 <------ |                                                           |<------ 

   56.1  |                                                        | 7.2 
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      |                                                           | 

         ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C      KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.024      1.4385   22.9692   730.8684      292.0369 

  

 HEATX COLD-TQCU B7    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !            ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  1.0000 !    56.0885 !  0.0 ! 

 !  1.1499-03 !     1.0000 !    53.8098 !  0.0 ! 

 !  2.2998-03 !  1.0000 ! 51.5257 !  0.0    ! 

 !  3.4498-03 !  1.0000 ! 49.2365 !  0.0    ! 

 !  4.5997-03 !  1.0000 ! 46.9420 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  5.7496-03 !  1.0000 ! 44.6425 !  0.0    ! 

 !  6.8995-03 !  1.0000 ! 42.3379 !  0.0    ! 

 !  8.0494-03 !  1.0000 ! 40.0284 !  0.0    ! 

 !  9.1994-03 !  1.0000 ! 37.7139 !  0.0    ! 

 !  1.0349-02 !  1.0000 ! 35.3947 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  1.1499-02 !  1.0000 ! 33.0707 !  0.0    ! 

 !  1.2649-02 !  1.0000 ! 30.7420 !  0.0    ! 

 !  1.3799-02 !  1.0000 ! 28.4088 !  0.0    ! 

 !  1.4949-02 !  1.0000 ! 26.0711 !  0.0    ! 

 !  1.6099-02 !  1.0000 ! 23.7290 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  1.7249-02 !  1.0000 ! 21.3826 !  0.0    ! 

 !  1.8399-02 !  1.0000 ! 19.0320 !  0.0    ! 

 !  1.9549-02 !  1.0000 ! 16.6774 !  0.0    ! 

 !  2.0699-02 !  1.0000 ! 14.3187 !  0.0    ! 

 !  2.1848-02 !  1.0000 ! 11.9562 !  0.0    ! 

 !------------+------------+------------+------------! 
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 !  2.2998-02 !  1.0000 !  9.5899 !  0.0    ! 

 !  2.4148-02 !  1.0000 !  7.2200 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B7    TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  3.7000 !    77.1137 !  0.8899 ! 

 !  1.1499-03 !  3.7000 ! 72.8190 !  0.8711 ! 

 !  2.2998-03 !  3.7000 ! 67.9596 !  0.8537 ! 

 !  3.4498-03 !  3.7000 ! 62.4328 !  0.8380 ! 

 !  4.5997-03 !  3.7000 ! 56.1202 !  0.8242 ! 

 !------------+------------+------------+------------! 

 !  5.7496-03 !  3.7000 ! 48.8936 !  0.8126 ! 

 !  6.8995-03 !  3.7000 ! 40.6320 !  0.8032 ! 

 !  8.0494-03 !  3.7000 ! 31.2532 !  0.7962 ! 

 !  9.1994-03 !  3.7000 ! 20.7562 !  0.7914 ! 

 !  1.0349-02 !  3.7000 !  9.2521 !  0.7885 ! 

 !------------+------------+------------+------------! 

 !  1.1499-02 !  3.7000 ! -3.0468 !  0.7869 ! 

 !  1.2649-02 !  3.7000 !   -15.8716 !  0.7861 ! 

 !  1.3799-02 !  3.7000 !   -28.9407 !  0.7855 ! 

 !  1.4949-02 !  3.7000 ! 31.7343 !  0.4722 ! 

 !  1.6099-02 !     3.7000 !    31.4823 !  0.4165 ! 

 !------------+------------+------------+------------! 

 !  1.7249-02 !  3.7000 ! 31.3848 !  0.3594 ! 

 !  1.8399-02 !  3.7000 ! 31.4011 !  0.3011 ! 

 !  1.9549-02 !  3.7000 ! 31.4976 !  0.2419 ! 

 !  2.0699-02 !  3.7000 ! 31.6481 !  0.1820 ! 

 !  2.1848-02 !  3.7000 ! 31.8327 !  0.1216 ! 

 !------------+------------+------------+------------! 

 !  2.2998-02 !  3.7000 ! 32.0367 !  6.0911-02 ! 

 !  2.4148-02 !  3.7000 ! 32.2496 !  0.0    ! 

 ----------------------------------------------------- 

  

 BLOCK:  B8    MODEL: FLASH2        

 ------------------------------ 
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   INLET STREAMS:      S13      S27     

   OUTLET VAPOR STREAM:   S6      

   OUTLET LIQUID STREAM:  S10     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         743.364      743.364      0.00000  

    MASS(KG/HR   )            43177.1      43177.1     0.168514E-15 

    ENTHALPY(GCAL/HR )    -25.4859     -25.4902     0.166887E-03 

 **  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

   TWO    PHASE  TP  FLASH 

   SPECIFIED TEMPERATURE C                               50.0000   

   PRESSURE DROP      BAR                              0.0      

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

                        ***  RESULTS  *** 

   OUTLET TEMPERATURE C                                 50.000  

   OUTLET PRESSURE    BAR                               6.0000  

   HEAT DUTY          GCAL/HR                         -0.42540E-02 

   VAPOR FRACTION                                          0.0000  

  

  

  

   V-L PHASE EQUILIBRIUM : 

  

   COMP           F(I)        X(I)        Y(I)        K(I)    

   N-BUTANE      0.99900     0.99900     0.97512     0.84947  

   WATER         0.99730E-03 0.99730E-03 0.24878E-01  21.709    

  

 BLOCK:  B9    MODEL: MIXER         

 ----------------------------- 

   INLET STREAMS:      MIXFIL2  MIXFIL1     CFG   

   OUTLET STREAM:      S17     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 
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    MOLE(KMOL/HR )         712.440      712.440      0.00000  

    MASS(KG/HR   )            46955.0      46955.0     0.154956E-15 

    ENTHALPY(GCAL/HR )     0.00000     -28.9395      1.00000  

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                  0.000100000 

   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 

  

 BLOCK:  B10   MODEL: PUMP          

 ---------------------------- 

   INLET STREAM:       S10   

   OUTLET STREAM:      S12     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )            743.364      743.364      0.00000  

    MASS(KG/HR   )            43177.1      43177.1      0.00000  

    ENTHALPY(GCAL/HR )    -25.4902     -25.4902     0.378440E-07 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR            

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    6.00000  

 PUMP EFFICIENCY                                      0.75000  

 DRIVER EFFICIENCY                                       1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 
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                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                        79.5748   

 PRESSURE CHANGE  BAR                                 0.0         

 NPSH AVAILABLE   METER                              16.7963   

 FLUID POWER  KW                                         0.0      

 BRAKE POWER  KW                                         0.0      

 ELECTRICITY  KW                                      0.0      

 PUMP EFFICIENCY USED                                    0.75000  

 NET WORK REQUIRED  KW                                0.0      

 HEAD DEVELOPED METER                                 0.0      

  

 BLOCK:  B11   MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          BUTTER2 

   OUTLET STREAM:         S3    

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          S37   

   OUTLET STREAM:         S18   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         813.888      813.888      0.00000  

    MASS(KG/HR   )            57619.3      57619.3      0.00000  

    ENTHALPY(GCAL/HR )    -37.2957     -37.2957     0.198867E-06 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

    NET STREAMS CO2E PRODUCTION   0.00000   KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 
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   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 

  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED HOT OUTLET TEMP   

  SPECIFIED VALUE             C                    80.0000 

  LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 

  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   BUTTER2   ----->|             HOT              |-----> S3    

   T=  1.4909D+02  |                                 |    T=  8.0000D+01 

   P=  3.9000D+00  |                                 |    P=  3.9000D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                |                                 | 

   S18       <-----|             COLD             |<----- S37   

   T=  5.1547D+01  |                                 |    T=  4.6999D+01 

   P=  6.0000D+00  |                                 |    P=  6.0000D+00 

   V=  3.9907D-02  |                                 |    V=  0.0000D+00 

                   -------------------------------------- 

  

   DUTY AND AREA: 

  CALCULATED HEAT DUTY        GCAL/HR               0.3001 

  CALCULATED (REQUIRED) AREA     SQM                   6.9950 

  ACTUAL EXCHANGER AREA       SQM                   6.9950 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8685 

  UA (DIRTY)                  CAL/SEC-K          1420.1278 
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   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 

  LMTD (CORRECTED)            C                    58.6902 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

  HOTSIDE, TOTAL              BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 

  

                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                          |                          | 

 HOT IN  |          LIQ          |          LIQ          | HOT OUT 

 ------> |                          |                          |------> 

  149.1  |                        113.6|                             |   80.0 

      |                          |                          | 

 COLDOUT |          BOIL         |          LIQ          | COLDIN  

 <------ |                          |                          |<------ 

   51.5  |                         51.6|                          |   47.0 

      |                          |                          | 

         ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C      KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.157      2.7337   78.4610   730.8684      554.9839 

  2          0.143      4.2614      46.0073   730.8684      865.1438 

  

 HEATX COLD-TQCU B11   TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 
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 !============!============!============!============! 

 !     0.0 !  6.0000 !    51.5467 !  3.9907-02 ! 

 !  1.4288-02 !  6.0000 ! 51.5422 !  3.6314-02 ! 

 !  2.8576-02 !  6.0000 ! 51.5396 !  3.2711-02 ! 

 !  4.2864-02 !  6.0000 ! 51.5388 !  2.9098-02 ! 

 !  5.7153-02 !  6.0000 ! 51.5395 !  2.5475-02 ! 

 !------------+------------+------------+------------! 

 !  7.1441-02 !  6.0000 ! 51.5417 !  2.1843-02 ! 

 !  8.5729-02 !  6.0000 ! 51.5452 !  1.8203-02 ! 

 !     0.1000 !  6.0000 ! 51.5500 !  1.4555-02 ! 

 !     0.1143 !     6.0000 !    51.5558 !  1.0900-02 ! 

 !     0.1286 !  6.0000 ! 51.5627 !  7.2374-03 ! 

 !------------+------------+------------+------------! 

 !     0.1429 !  6.0000 ! 51.5705 !  3.5690-03 ! 

 !     0.1568 !  6.0000 ! 51.5788 ! BUB>0.0 ! 

 !     0.1572 !  6.0000 ! 51.5658 !  0.0    ! 

 !     0.1715 !  6.0000 ! 51.1115 !  0.0    ! 

 !     0.1857 !  6.0000 ! 50.6566 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.2000 !  6.0000 ! 50.2012 !  0.0    ! 

 !     0.2143 !  6.0000 ! 49.7453 !  0.0    ! 

 !     0.2286 !  6.0000 ! 49.2888 !  0.0    ! 

 !     0.2429 !  6.0000 ! 48.8318 !  0.0    ! 

 !     0.2572 !  6.0000 ! 48.3742 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.2715 !  6.0000 ! 47.9161 !  0.0    ! 

 !     0.2858 !  6.0000 ! 47.4575 !  0.0    ! 

 !     0.3001 !  6.0000 ! 46.9984 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B11   TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  3.9000 !   149.0854 !  0.0 ! 

 !  1.4288-02 !  3.9000 !   145.9086 !  0.0    ! 

 !  2.8576-02 !  3.9000 !   142.7210 !  0.0    ! 

 !  4.2864-02 !  3.9000 !   139.5225 !  0.0    ! 
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 !  5.7153-02 !  3.9000 !   136.3130 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  7.1441-02 !  3.9000 !   133.0925 !  0.0    ! 

 !  8.5729-02 !  3.9000 !   129.8610 !  0.0    ! 

 !     0.1000 !  3.9000 !   126.6183 !  0.0    ! 

 !     0.1143 !  3.9000 !   123.3643 !  0.0    ! 

 !     0.1286 !  3.9000 !   120.0990 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.1429 !  3.9000 !   116.8223 !  0.0    ! 

 !     0.1568 !  3.9000 !   113.6284 !  0.0    ! 

 !     0.1572 !  3.9000 !   113.5340 !  0.0    ! 

 !     0.1715 !  3.9000 !   110.2342 !  0.0    ! 

 !     0.1857 !  3.9000 !   106.9228 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.2000 !  3.9000 !   103.5995 !  0.0    ! 

 !     0.2143 !  3.9000 !   100.2645 !  0.0    ! 

 !     0.2286 !  3.9000 ! 96.9174 !  0.0    ! 

 !     0.2429 !  3.9000 ! 93.5584 !  0.0    ! 

 !     0.2572 !  3.9000 ! 90.1872 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.2715 !  3.9000 ! 86.8038 !  0.0    ! 

 !     0.2858 !  3.9000 ! 83.4081 !  0.0    ! 

 !     0.3001 !  3.9000 ! 80.0000 !  0.0    ! 

 ----------------------------------------------------- 

  

 BLOCK:  B12   MODEL: MIXER         

 ----------------------------- 

   INLET STREAMS:      S20      S36     

   OUTLET STREAM:      S8      

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         56.1220      56.1220      0.00000  

    MASS(KG/HR   )            3262.00         3262.00      0.00000  

    ENTHALPY(GCAL/HR )     0.00000     -1.65021      1.00000  

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 
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   CONVERGENCE TOLERANCE                                     0.000100000 

   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 

  

 BLOCK:  B13   MODEL: PUMP          

 ---------------------------- 

   INLET STREAM:       S1    

   OUTLET STREAM:      S13     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         743.347      743.347      0.00000  

    MASS(KG/HR   )            43176.1      43176.1         0.00000  

    ENTHALPY(GCAL/HR )    -25.4904     -25.4853    -0.198827E-03 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    6.00000  

 PUMP EFFICIENCY                                         0.75000  

 DRIVER EFFICIENCY                                    1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 

  

                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                        79.5729   

 PRESSURE CHANGE  BAR                                    2.00000  

 NPSH AVAILABLE   METER                             -20.7902   

 FLUID POWER  KW                                      4.42072  

 BRAKE POWER  KW                                         5.89429  

 ELECTRICITY  KW                                         5.89429  

 PUMP EFFICIENCY USED                                 0.75000     

 NET WORK REQUIRED  KW                                5.89429  

 HEAD DEVELOPED METER                                37.5864   

 NEGATIVE NPSH MAY BE DUE TO VAPOR IN THE FEED OR UNACCOUNTED SUCTION HEAD. 

  

 BLOCK:  B15   MODEL: PUMP          

 ---------------------------- 
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   INLET STREAM:       S40   

   OUTLET STREAM:      S25     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         56.1220      56.1220      0.00000  

    MASS(KG/HR   )            3262.00      3262.00         0.00000    

    ENTHALPY(GCAL/HR )    -2.01341     -2.01257    -0.414395E-03 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000      KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    6.00000  

 PUMP EFFICIENCY                                         0.75000  

 DRIVER EFFICIENCY                                       1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 

  

                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                         5.45791  

 PRESSURE CHANGE  BAR                                    4.80000  

 NPSH AVAILABLE   METER                               0.0      

 FLUID POWER  KW                                      0.72772  

 BRAKE POWER  KW                                         0.97029  

 ELECTRICITY  KW                                         0.97029  

 PUMP EFFICIENCY USED                                    0.75000  

 NET WORK REQUIRED  KW                                0.97029  

 HEAD DEVELOPED METER                                81.8960   

  

 BLOCK:  B16   MODEL: DUPL          

 ---------------------------- 

   INLET STREAM:       VAPOR   

   OUTLET STREAM:      S26     

  

 BLOCK:  B17   MODEL: FSPLIT        

 ------------------------------ 

   INLET STREAM:       S12   
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   OUTLET STREAMS:     S16      S21      S22     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         743.364      743.364      0.00000  

    MASS(KG/HR   )            43177.1      43177.1    -0.168514E-15 

    ENTHALPY(GCAL/HR )    -25.4902     -25.4902    -0.519969E-11 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

  FRACTION OF FLOW              STRM=S16   FRAC=      0.77350  

                                   STRM=S21   FRAC=      0.20880  

  

                        ***  RESULTS  *** 

  

  STREAM= S16         SPLIT=       0.77350  KEY=  0 STREAM-ORDER=   1 

       S21                         0.20880        0                 2 

       S22                         0.017700       0                 3 

  

 BLOCK:  B19   MODEL: PUMP          

 ---------------------------- 

   INLET STREAM:       S29   

   OUTLET STREAM:      S28     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         3.94793      3.94793      0.00000  

    MASS(KG/HR   )            195.617      195.617      0.00000  

    ENTHALPY(GCAL/HR )   -0.166462    -0.166459    -0.187166E-04 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         
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                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    4.00000  

 PUMP EFFICIENCY                                         0.75000  

 DRIVER EFFICIENCY                                    1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 

  

                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                         0.32559  

 PRESSURE CHANGE  BAR                                    0.30000  

 NPSH AVAILABLE   METER                               0.0      

 FLUID POWER  KW                                         0.0027132  

 BRAKE POWER  KW                                         0.0036176  

 ELECTRICITY  KW                                         0.0036176  

 PUMP EFFICIENCY USED                                    0.75000  

 NET WORK REQUIRED  KW                                   0.0036176  

 HEAD DEVELOPED METER                                    5.09168  

  

 BLOCK:  B20   MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          S8    

   OUTLET STREAM:         S40   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          S38   

   OUTLET STREAM:         S39   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         1618.01      1618.01      0.00000  

    MASS(KG/HR   )            39012.0      39012.0      0.00000  

    ENTHALPY(GCAL/HR )    -116.562     -116.562       -0.122839E-10 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR            

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         
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                       ***  INPUT DATA  *** 

  

   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 

  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED HOT VAPOR FRACTION  

  SPECIFIED VALUE                                      0.0000 

     LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 

  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE     KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   S8        ----->|             HOT              |-----> S40   

   T=  5.3000D+01  |                                 |    T=  4.0012D+00 

   P=  1.2000D+00  |                                 |    P=  1.2000D+00 

   V=  1.0000D+00  |                                 |    V=  0.0000D+00 

                |                                 | 

   S39       <-----|                COLD             |<----- S38   

   T= -9.0640D-02  |                                 |    T= -1.2222D+01 

   P=  4.4816D+00  |                                 |    P=  4.4816D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 
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                -------------------------------------- 

  

   DUTY AND AREA: 

  CALCULATED HEAT DUTY        GCAL/HR               0.3632 

  CALCULATED (REQUIRED) AREA  SQM                  42.8818 

  ACTUAL EXCHANGER AREA       SQM                  42.8818 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8684 

  UA (DIRTY)                  CAL/SEC-K          8705.8140 

  

   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 

  LMTD (CORRECTED)            C                    11.5885 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

     HOTSIDE, TOTAL                 BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 

  

                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                          |                          | 

 HOT IN  |          VAP          |          COND         | HOT OUT 

 ------> |                          |                          |------> 

   53.0  |                          4.0|                             | 4.0 

      |                          |                          | 

 COLDOUT |          LIQ          |          LIQ             | COLDIN  

 <------ |                          |                          |<------ 

   -0.1  |                         -2.3|                             |  -12.2 

      |                          |                          | 

      ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C      KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.066      4.1175   21.9479   730.8684      835.9231 

  2          0.297     38.7643   10.4882   730.8684     7869.8909 

  

 HEATX COLD-TQCU B20   TQCURV INLET   

 ------------------------------------- 
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   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  4.4816 ! -9.0640-02 !  0.0    ! 

 !  1.7295-02 !  4.4816 !    -0.6677 !     0.0 ! 

 !  3.4590-02 !  4.4816 ! -1.2449 !  0.0    ! 

 !  5.1885-02 !  4.4816 ! -1.8221 !  0.0    ! 

 !  6.6048-02 !  4.4816 ! -2.2948 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  6.9180-02 !  4.4816 ! -2.3994 !  0.0    ! 

 !  8.6475-02 !  4.4816 ! -2.9767 !  0.0    ! 

 !     0.1038 !  4.4816 ! -3.5541 !  0.0    ! 

 !     0.1211 !  4.4816 ! -4.1316 !  0.0    ! 

 !     0.1384 !  4.4816 ! -4.7091 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.1557 !  4.4816 ! -5.2867 !  0.0    ! 

 !     0.1729 !  4.4816 ! -5.8643 !  0.0    ! 

 !     0.1902 !  4.4816 ! -6.4420 !  0.0    ! 

 !     0.2075 !  4.4816 ! -7.0198 !  0.0    ! 

 !     0.2248 !  4.4816 ! -7.5976 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.2421 !  4.4816 ! -8.1755 !  0.0    ! 

 !     0.2594 !     4.4816 !    -8.7534 !  0.0 ! 

 !     0.2767 !  4.4816 ! -9.3314 !  0.0    ! 

 !     0.2940 !  4.4816 ! -9.9095 !  0.0    ! 

 !     0.3113 !  4.4816 !   -10.4876 !  0.0    ! 

 !------------+------------+------------+------------! 

 !     0.3286 !  4.4816 !   -11.0657 !  0.0    ! 

 !     0.3459 !  4.4816 !   -11.6439 !  0.0    ! 

 !     0.3632 !  4.4816 !   -12.2222 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B20   TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 
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 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  1.2000 !    53.0000 !  1.0000 ! 

 !  1.7295-02 !  1.2000 ! 40.6738 !  1.0000 ! 

 !  3.4590-02 !  1.2000 ! 27.9963 !  1.0000 ! 

 !  5.1885-02 !  1.2000 ! 14.9556 !  1.0000 ! 

 !  6.6048-02 !  1.2000 !  4.0012 ! DEW>1.0000 ! 

 !------------+------------+------------+------------! 

 !  6.9180-02 !     1.2000 !     4.0012 !  0.9895 ! 

 !  8.6475-02 !  1.2000 !  4.0012 !  0.9313 ! 

 !     0.1038 !  1.2000 !  4.0012 !  0.8731 ! 

 !     0.1211 !  1.2000 !  4.0012 !  0.8149 ! 

 !     0.1384 !  1.2000 !  4.0012 !  0.7566 ! 

 !------------+------------+------------+------------! 

 !     0.1557 !  1.2000 !  4.0012 !  0.6984 ! 

 !     0.1729 !  1.2000 !  4.0012 !  0.6402 ! 

 !     0.1902 !  1.2000 !  4.0012 !  0.5820 ! 

 !     0.2075 !  1.2000 !  4.0012 !  0.5238 ! 

 !     0.2248 !  1.2000 !  4.0012 !  0.4656 ! 

 !------------+------------+------------+------------! 

 !     0.2421 !  1.2000 !  4.0012 !  0.4074 ! 

 !     0.2594 !  1.2000 !  4.0012 !  0.3492 ! 

 !     0.2767 !  1.2000 !  4.0012 !  0.2910 ! 

 !     0.2940 !  1.2000 !  4.0012 !  0.2328 ! 

 !     0.3113 !  1.2000 !  4.0012 !  0.1746 ! 

 !------------+------------+------------+------------! 

 !     0.3286 !  1.2000 !  4.0012 !  0.1164 ! 

 !     0.3459 !  1.2000 !  4.0012 !  5.8204-02 ! 

 !     0.3632 !  1.2000 !  4.0012 !  0.0    ! 

 ----------------------------------------------------- 

  

 BLOCK:  B21   MODEL: PUMP          

 ---------------------------- 

   INLET STREAM:       S7    

   OUTLET STREAM:      S35     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         757.540      757.540      0.00000  

    MASS(KG/HR   )            43308.2      43308.2      0.00000  

    ENTHALPY(GCAL/HR )    -27.5927     -27.5871    -0.204560E-03 
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                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

 OUTLET PRESSURE  BAR                                    4.00000  

 PUMP EFFICIENCY                                         0.75000  

 DRIVER EFFICIENCY                                       1.00000  

  

 FLASH SPECIFICATIONS: 

 LIQUID PHASE CALCULATION 

 NO FLASH PERFORMED 

 MAXIMUM NUMBER OF ITERATIONS                         30 

 TOLERANCE                                               0.000100000 

  

                        ***  RESULTS  *** 

 VOLUMETRIC FLOW RATE  CUM/HR                        72.7842   

 PRESSURE CHANGE  BAR                                    2.43517  

 NPSH AVAILABLE   METER                               0.0      

 FLUID POWER  KW                                         4.92338  

 BRAKE POWER  KW                                         6.56451  

 ELECTRICITY  KW                                         6.56451  

 PUMP EFFICIENCY USED                                    0.75000  

 NET WORK REQUIRED  KW                                6.56451  

 HEAD DEVELOPED METER                                41.7326   

  

 BLOCK:  B22   MODEL: MIXER         

 ----------------------------- 

   INLET STREAMS:      S17      S25     

   OUTLET STREAM:      S37     

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         768.562      768.562      0.00000  

    MASS(KG/HR   )            50217.0      50217.0      0.00000  

    ENTHALPY(GCAL/HR )    -30.9521     -30.9521     0.794885E-07 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         
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 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 

  

 BLOCK:  B24   MODEL: HEATX         

 ----------------------------- 

   HOT SIDE: 

   --------- 

   INLET STREAM:          RECSOLV2 

   OUTLET STREAM:         S32   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

   COLD SIDE: 

   ---------- 

   INLET STREAM:          LIQ-B   

   OUTLET STREAM:         S14   

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

                   ***  MASS AND ENERGY BALANCE  *** 

                                 IN           OUT     RELATIVE DIFF. 

 TOTAL BALANCE 

    MOLE(KMOL/HR )         14.9697      14.9697      0.00000  

    MASS(KG/HR   )            7104.45      7104.45     0.583760E-13 

    ENTHALPY(GCAL/HR )    -4.44882     -4.44882    -0.128774E-08 

  

                   ***  CO2 EQUIVALENT SUMMARY *** 

 FEED STREAMS CO2E          0.00000   KG/HR         

 PRODUCT STREAMS CO2E       0.00000   KG/HR         

 NET STREAMS CO2E PRODUCTION   0.00000      KG/HR         

 UTILITIES CO2E PRODUCTION  0.00000   KG/HR         

 TOTAL CO2E PRODUCTION      0.00000   KG/HR         

  

                       ***  INPUT DATA  *** 

  

   FLASH SPECS FOR HOT SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                     0.000100000 

  

   FLASH SPECS FOR COLD SIDE: 

   TWO    PHASE   FLASH 

   MAXIMUM NO. ITERATIONS                                30 

   CONVERGENCE TOLERANCE                                  0.000100000 

  

   FLOW DIRECTION AND SPECIFICATION: 
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  COUNTERCURRENT   HEAT EXCHANGER 

  SPECIFIED EXCHANGER DUTY    

  SPECIFIED VALUE             GCAL/HR               0.0065 

  LMTD CORRECTION FACTOR                               1.00000 

  

   PRESSURE SPECIFICATION: 

  HOT  SIDE PRESSURE DROP     BAR                   0.0000 

  COLD SIDE PRESSURE DROP     BAR                   0.0000 

  

   HEAT TRANSFER COEFFICIENT SPECIFICATION: 

  HOT LIQUID COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD LIQUID   KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD 2-PHASE  KCAL/HR-SQM-K       730.8684 

  HOT LIQUID COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT 2-PHASE   COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  HOT VAPOR  COLD VAPOR    KCAL/HR-SQM-K       730.8684 

  

                     ***  OVERALL RESULTS  *** 

  

   STREAMS: 

                   -------------------------------------- 

                |                                 | 

   RECSOLV2  ----->|             HOT              |-----> S32   

   T=  1.0062D+02  |                                 |    T=  7.7114D+01 

   P=  3.7000D+00  |                                 |       P=  3.7000D+00 

   V=  1.0000D+00  |                                 |    V=  8.8985D-01 

                |                                 | 

   S14       <-----|                COLD             |<----- LIQ-B   

   T=  5.8919D+01  |                                 |    T=  5.7061D+01 

   P=  6.0000D+00  |                                 |    P=  6.0000D+00 

   V=  0.0000D+00  |                                 |    V=  0.0000D+00 

                -------------------------------------- 

  

   DUTY AND AREA: 

  CALCULATED HEAT DUTY        GCAL/HR               0.0065 

  CALCULATED (REQUIRED) AREA  SQM                   0.3258 

  ACTUAL EXCHANGER AREA       SQM                   0.3258 

  PER CENT OVER-DESIGN                                 0.0000 

  

   HEAT TRANSFER COEFFICIENT: 

  AVERAGE COEFFICIENT (DIRTY) KCAL/HR-SQM-K       730.8684 

  UA (DIRTY)                  CAL/SEC-K            66.1387 

  

   LOG-MEAN TEMPERATURE DIFFERENCE: 

  LMTD CORRECTION FACTOR                               1.0000 
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  LMTD (CORRECTED)            C                    27.3568 

  NUMBER OF SHELLS IN SERIES                            1 

  

   PRESSURE DROP: 

  HOTSIDE, TOTAL              BAR                   0.0000 

  COLDSIDE, TOTAL             BAR                   0.0000 

  

                     ***  ZONE RESULTS  *** 

  

   TEMPERATURE LEAVING EACH ZONE: 

  

                                  HOT 

         ------------------------------------------------------------- 

      |                          |                          | 

 HOT IN  |          VAP          |          COND         | HOT OUT 

 ------> |                          |                          |------> 

  100.6  |                         92.7|                             |   77.1 

      |                          |                          | 

 COLDOUT |          LIQ          |          LIQ          | COLDIN  

 <------ |                          |                          |<------ 

   58.9  |                         58.7|                             |   57.1 

      |                          |                          | 

      ------------------------------------------------------------- 

                                  COLD 

  

   ZONE HEAT TRANSFER AND AREA: 

  

   ZONE       HEAT DUTY    AREA    LMTD    AVERAGE U    UA 

           GCAL/HR      SQM      C         KCAL/HR-SQM-K   CAL/SEC-K     

  1          0.001      0.0273   37.7116   730.8684        5.5412 

  2          0.006      0.2985   26.4099   730.8684       60.5975 

  

 HEATX COLD-TQCU B24   TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES   !  TEMP      !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  6.0000 !    58.9192 !  0.0 ! 

 !  3.1017-04 !  6.0000 ! 58.8308 !  0.0    ! 
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 !  6.2035-04 !  6.0000 ! 58.7424 !  0.0    ! 

 !  7.5228-04 !  6.0000 ! 58.7048 !  0.0    ! 

 !  9.3052-04 !  6.0000 ! 58.6540 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  1.2407-03 !     6.0000 !    58.5655 !  0.0 ! 

 !  1.5509-03 !  6.0000 ! 58.4771 !  0.0    ! 

 !  1.8610-03 !  6.0000 ! 58.3887 !  0.0    ! 

 !  2.1712-03 !  6.0000 ! 58.3002 !  0.0    ! 

 !  2.4814-03 !  6.0000 ! 58.2118 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  2.7916-03 !  6.0000 ! 58.1233 !  0.0    ! 

 !  3.1017-03 !  6.0000 ! 58.0348 !  0.0    ! 

 !  3.4119-03 !  6.0000 ! 57.9463 !  0.0    ! 

 !  3.7221-03 !  6.0000 ! 57.8578 !  0.0    ! 

 !  4.0323-03 !  6.0000 ! 57.7693 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  4.3424-03 !  6.0000 ! 57.6808 !  0.0    ! 

 !  4.6526-03 !  6.0000 ! 57.5923 !  0.0    ! 

 !  4.9628-03 !  6.0000 ! 57.5038 !  0.0    ! 

 !  5.2729-03 !  6.0000 ! 57.4152 !  0.0    ! 

 !  5.5831-03 !  6.0000 ! 57.3267 !  0.0    ! 

 !------------+------------+------------+------------! 

 !  5.8933-03 !  6.0000 ! 57.2381 !  0.0    ! 

 !  6.2035-03 !  6.0000 ! 57.1496 !  0.0    ! 

 !  6.5136-03 !  6.0000 ! 57.0610 !  0.0    ! 

 ----------------------------------------------------- 

  

 HEATX HOT-TQCUR B24   TQCURV INLET   

 ------------------------------------- 

   PRESSURE PROFILE:   CONSTANT2   

   PRESSURE DROP:      0.0      BAR           

   PROPERTY OPTION SET:   NRTL-RK   RENON (NRTL) / REDLICH-KWONG              

  

 ----------------------------------------------------- 

 !  DUTY   !  PRES      !  TEMP   !  VFRAC  ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !            !         !         !         ! 

 !  GCAL/HR   !  BAR       !  C      !         ! 

 !            !         !         !         ! 

 !============!============!============!============! 

 !     0.0 !  3.7000 !   100.6183 !  1.0000 ! 

 !  3.1017-04 !  3.7000 ! 97.3646 !  1.0000 ! 

 !  6.2035-04 !  3.7000 ! 94.0905 !  1.0000 ! 

 !  7.5228-04 !  3.7000 ! 92.6915 ! DEW>1.0000 ! 

 !  9.3052-04 !  3.7000 ! 92.3194 !  0.9963 ! 

 !------------+------------+------------+------------! 

 !  1.2407-03 !  3.7000 ! 91.6585 !  0.9899 ! 
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 !  1.5509-03 !  3.7000 ! 90.9803 !  0.9835 ! 

 !  1.8610-03 !  3.7000 ! 90.2841 !  0.9772 ! 

 !  2.1712-03 !  3.7000 ! 89.5693 !  0.9709 ! 

 !  2.4814-03 !  3.7000 ! 88.8351 !  0.9647 ! 

 !------------+------------+------------+------------! 

 !  2.7916-03 !  3.7000 ! 88.0807 !  0.9585 ! 

 !  3.1017-03 !  3.7000 ! 87.3053 !  0.9524 ! 

 !  3.4119-03 !  3.7000 ! 86.5081 !  0.9464 ! 

 !  3.7221-03 !  3.7000 ! 85.6882 !  0.9404 ! 

 !  4.0323-03 !  3.7000 ! 84.8446 !  0.9345 ! 

 !------------+------------+------------+------------! 

 !  4.3424-03 !  3.7000 ! 83.9764 !  0.9286 ! 

 !  4.6526-03 !  3.7000 ! 83.0825 !  0.9229 ! 

 !  4.9628-03 !     3.7000 !    82.1618 !  0.9172 ! 

 !  5.2729-03 !  3.7000 ! 81.2131 !  0.9115 ! 

 !  5.5831-03 !  3.7000 ! 80.2353 !  0.9060 ! 

 !------------+------------+------------+------------! 

 !  5.8933-03 !  3.7000 ! 79.2270 !  0.9005 ! 

 !  6.2035-03 !  3.7000 ! 78.1870 !  0.8951 ! 

 !  6.5136-03 !  3.7000 ! 77.1137 !  0.8899 ! 

 ----------------------------------------------------- 
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Appendix C - Material Safety Data Sheets 

 

This appendix includes the material safety data sheets for all major materials involved in the process. The 

MSDS forms are presented in the following order: 

 

Butane 

Water 

Ethylene Glycol 

Potassium Carbonate  

Bunker C Fuel 
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Appendix D - Supplemental Equipment Brochures 

 

This appendix includes supplemental equipment brochures for several pieces of equipment included in the 

process. The equipment brochures are presented in the following order: 

 

Boiler 

Centrifuge 

Destoner 

Filter 

Refrigerant Chiller 
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Reboiler: 
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Centrifuge: 
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Destoner: 
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Filter:
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Refrigerant Chiller: 
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