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Bio-Dodecanedioic Acid (DDDA) Production

Abstract

The demand for dodecanedioic acid (DDDA) is steadily increasing each year with demand expected to exceed
90.4 kilotons per month in 2023.11 DDDA is an intermediate chemical used in a variety of end products.
Thus, the increase in DDDA demand can largely be attributed to increasing demand for manufacturing nylon,
paints, adhesives, and powder coatings. Regionally, Asia Pacific has been observing the fastest growth of all

regions at over 6% CAGR.!2 The robust manufacturing base for nylon, along with a growing automotive
industry in India and China, will propel DDDA growth into the next decade. The current synthesis process for
DDDA relies on a multi step butadiene process. This pathway has large price volatility and supply/demand
imbalances due to using a petrochemical feedstock. This proposed process outlines a biologically-sourced
alternative to conventional DDDA production, and would be located in Malaysia to access regional organic
feedstocks. The proposed DDDA plant is designed to produce 14,000 metric tons per year of DDDA using
palm oil, and would be strategically located near rapidly expanding Asia Pacific markets. This project has an
estimated IRR of 24.12%, ROI of 18.20%, and a NPV of approximately $54.1 MM.
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University of Pennsylvania, School of Engineering and Applied Science
Department of Chemical and Biomolecular Engineering Penn
220 South 33" Street Engineering
Philadelphia, PA 19104
April 17, 2018

Dear Dr. Raymond Gorte and Professor Bruce Vrana,

Enclosed is a a design for the industrial production of dodecanedioic acid (DDDA) using
biological feedstocks. This design is based off of patented process technology developed by
biotechnology company Verdezyne, Inc. The proposed plant is to be located in an industrial
complex in Malaysia with adequate access to palm oil production and treatment infrastructure.
The plant is designed to produce 14,000 metric tons of DDDA per year that is competitive with
conventionally produced DDDA at a weight purity greater than 99%.

In order to produce DDDA, a genetically altered strain of Candida yeast will be grown on
a glucose feed of 70.5 g/L within progressively larger fermentation vessels. This cell mass will
then be transferred into one of six production fermentation vessels and induced to convert the
long chain fatty acids present in a palm oil feedstock into diacid products via changes in
environmental pH. Palm oil is to be fed at 120.5 g/L in line with lab-scale patent information.
After 24 hours in each of three growth fermenters and 120 hours converting feedstock to diacid
products in the production fermenter, the fermentation broth is fed to a surge tank for feed to
continuous downstream filtration of biomass. The resulting biomass cake, rich with DDDA and
other diacid impurities, is then dried and enters a dissolution stage to solubilize the desired
product. The ethyl acetate is the filtered and sent to the crystallization process. Ethyl acetate is
evaporated to crystalize the diacids, and is then condensed for recycle back to the dissolution
stage. The diacids are then separated using melt crystallization, where liquid DDDA is separated
from unmelted diacid impurity. The liquid DDDA is then cooled and fed to a flaker for final
collection of 99% pure DDDA crystals.

This report contains detailed process designs and descriptions, equipment and utilities
costing, economic analysis, and recommendations for the implementation of the proposed
design. The proposed plant was found to be economically viable, with an estimated IRR of
24.12% and a total NPV of approximately $54.1 MM. We recommend investing in this project.
The upstream batch processes were modeled using Excel mass balance and process scheduling,
while the continuous downstream processes were modeled using Aspen Plus v10. Cost estimates
for all equipment were obtained using Process Design Principles 3™ Edition, by Seider, Seader.

Sincerely,

Brandon Mills Meghavi Talati Greg Winter
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Section 1

Abstract



The demand for dodecanedioic acid (DDDA) is steadily increasing each year with
demand expected to exceed 90.4 kilotons per month in 2023."! DDDA is an intermediate
chemical used in a variety of end products. Thus, the increase in DDDA demand can largely be
attributed to increasing demand for manufacturing nylon, paints, adhesives, and powder coatings.
Regionally, Asia Pacific has been observing the fastest growth of all regions at over 6%
CAGR."? The robust manufacturing base for nylon, along with a growing automotive industry in
India and China, will propel DDDA growth into the next decade.

The current synthesis process for DDDA relies on a multi step butadiene process. This
pathway has large price volatility and supply/demand imbalances due to using a petrochemical
feedstock. This proposed process outlines a biologically-sourced alternative to conventional
DDDA production, and would be located in Malaysia to access regional organic feedstocks. The
proposed DDDA plant is designed to produce 14,000 metric tons per year of DDDA using palm
oil, and would be strategically located near rapidly expanding Asia Pacific markets. This project

has an estimated IRR of 24.12%, ROI of 18.20%, and a NPV of approximately $54.1 MM.
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Introduction & Objective Time Chart
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DDDA is a C12 dicarboxylic acid that is an intermediate in the production of antiseptics,
top-grade coatings, painting materials, corrosion inhibitors, and surfactants. Most notably,
DDDA is a major component of engineering plastics such as nylon 6,12.>' Driven by growth in
these industrial goods, especially in Asian Pacific markets, the demand for DDDA is projected to
grow by approximately 6% through 2023.>*

DDDA’s conventional synthesis pathway requires butadiene. Butadiene is first converted
to cyclododecatriene through a cyclotrimerization process. Additional multi-step chemical
processes including hydrogenation, air oxidation in the presence of boric acid, and further
oxidation by nitric acid, are required to reorganize and cleave the cyclic compound to produce
DDDA. This conventional petrochemical synthesis, while the industry standard, has several
negative externalities. As a feedstock, butadiene suffers from price volatility tied to crude oil
pricing. Low oil prices, expensive shipping costs, and supply-demand imbalances have serious
repercussions on the butadiene and elastomers markets. Roughly 98% of butadiene is produced
as a coproduct of ethylene, another major petrochemical product.>* Therefore, trends in
petrochemical product markets, such as softening demand in automotive-ethylene markets
compared to the rubber-butadiene markets, result in constant supply imbalances. Additionally,
butadiene rubber is used as a major feedstock in tires, with over 70% of available polymer
produced going into sidewalls and treads.>* This results in high prices for DDDA producers who
must compete with the automotive sector for feedstock. Bill Hyde, senior director of olefins and
elastomers for [HS Markit, points out of butadiene prices surges that “(it is) a combination of

planned or unplanned outages at butadiene plants, with strong demand at a time when inventories
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were low... I wouldn't say there was panic buying, but there was desperation throughout the
industry to get the material and do whatever they had to do to get it”.>*

Competition for available butadiene supply raises prices and ultimately drives up the
production cost of downstream products. As the demand for DDDA increases, conventional
synthesis pathways using butadiene are not expected to meet demand in a cost-effective manner.
This has driven interest in decoupling DDDA production form petrochemical pricing and
regional availability. Renewably sourced DDDA using plant-oil feedstocks has emerged as a
viable industrial alternative

This project proposes a Malaysian-based plant using fermentation processes to produce
DDDA using regionally sourced palm oil as a feedstock. Palm oil contains a combined 89%
Palmitic saturated acid, oleic monounsaturated acid, and linoleic polyunsaturated acid.>® These
fatty acids are specifically desirable for this fermentation pathway due to the need for long chain
fatty acids (C16-C18) for breakdown into to DDDA (C12 saturated diacid). The fermentation
pathway is discussed in greater detail in Section 10.2.

Palm oil is an ideal feedstock for this process, being a readily available and commercially
produced carbon source in the region. The project aims to situate the DDDA production plant
close to growing Asian markets via Malaysia. Considering that Malaysia currently accounts for
39% of the world’s palm oil production and 44% of exports, much of the processing,
distribution, and treatment infrastructure for this renewable process is already in place and ready
to be utilized.”” The creation of a DDDA production hub situated in these markets serves to

extract added value from existing agricultural development.
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The size of the global DDDA market is predicted to reach $450MM-$600MM by the year
2022**, Considering the growing demand for DDDA-derived products in rapidly expanding East
Asian markets, and the relative availability and lower cost of palm oil compared to butadiene, the
economic opportunities become apparent. Additional macro trends that this project’s
biosynthesis pathway addresses include flexible production, food vs. fuel/bio-materials
mitigation, and “green” manufacturing. The genetically engineered yeast used in the
fermentation can theoretically be fed any long chain fatty acid feedstock (coconut oil, corn oil,
palm kernel oil, soybean oil, etc.). This flexibility then allows for feedstocks not largely
consumed by humans to be strategically utilized. This further enables low-value byproducts of
palm oil processing to become a high-value “green” products, while reducing the demand for and
use of fossil resources.

The process begins with aerobic fermentation. Three growth fermenters are placed in
series and feed genetically engineered Candida sp, a yeast strain that displays high yield and
selectivity for DDDA production, into three production fermenters. Multiple fermenter trains are
required to meet the project’s annual production output of 14,000 metric tons (MT) per year. The
fermentation broth containing the secreted DDDA product is then fed to a surge tank for
continuous downstream separation and processing.

To achieve the desired product purity of 99%, several separation operations are done to
extract the DDDA from the fermentation broth and separate it from the biomass and diacid
coproducts that are produced. The fermentation broth is first filtered for cake, biomass and
insoluble DDDA. This cake is then dried and mixed with ethyl acetate to solubilize and separate

the valuable diacids. This feed is then processed to ensure only DDDA and no other diacids are

13



present in the final crystallized product. The final product is of industrial-use purity and is sold at
a competitive price point to Asia Pacific markets. The proposed plant is to be located close to
sustainably sourced palm oil extraction and processing farms due to feedstock viability and

wastewater treatment.
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Project Name
Project Champions
Project Leaders

Specific Goals

Project Scope

Deliverables

Bio-Dodecanedioic Acid (DDDA) Production
Dr. Sean Holleran, Professor Leonard Fabiano, Dr. Stephen Tieri
Meghavi Talati, Greg Winter, Brandon Mills

Develop a bio-based DDDA plant with a capacity of 14,000 MT/year
using regionally sourced palm oil as a feedstock

In-scope:

Cell growth
Sterilization of media and water fermenter feeds and fermenter
sterilization
Design of fed-batch fermentation processes
Design of continuous separation process to meet 99% DDDA purity
Market and profitability analysis

Out-of-scope:

e Procurement of genetically engineering yeast strain
e Packaging/distribution of DDDA powered product

Business Opportunity Assessment

e Examine the market for DDDA
e Comparison of bio-DDDA to conventionally produced competitors

Manufacturing Capability Assessment:

Timeline

e s the capital investment for plant development/construction
reasonable?

Complete design and economic analysis due by April 17, 2018
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The global commercial market for DDDA is expected to significantly grow over the next
decade due to its variety of applications and the expansion of Asian markets. In 2015, the total
market size for DDDA was 58.8 kilotons; by 2023, this market is expected to reach 90.4
kilotons, driven by estimated 5.5% CAGR.*! On a USD basis, this represents $599.5MM in
sales. Figure 4.1 shows the projected increase in the global DDDA market broken down by
market sector.** DDDA is used in a wide variety of chemical applications, and growth across
industrial chemicals markets including coatings, adhesives, corrosion inhibitors, and plastics all
contribute to the growth of demand for DDDA. Specifically, growth in markets for resins
constituted the majority of the DDDA market share, making up roughly 60% of the total
production on a mass basis in 2015.%*

Global DDDA Market, by Product, 2012-2022 (Kilotons)

| 392

M2 M3 2014 Zoe 2016 MY 20ME 0 20149 20200 2021 2022

®Resins  ®Powdercoatings  ®Adhesives  ®Lubricants  ® Others

Figure 4.1: DDDA market size and growth projections

One specific resin, nylon 612 is a leading driver in DDDA market growth due to
increasing demand and wide applicability in end-use industries such as fragrances, detergents,

greases, polyesters, coatings and adhesives. Nylon 612 is known to have optimal heating
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properties, allowing it to also be used in the production of engineering thermoplastics. Powder
coating and paint applications have also largely influenced DDDA market growth; these markets
are projected to grow at a 6.2% CAGR over the next decade, largely driven by expansion in
construction and automobile industries in emerging markets.**

Regionally, North America and Europe are the largest consumers of DDDA; collectively,
these regions accounted for 45% of the total mass of DDDA consumed in 2014.** The North
American market is expected to see substantial growth, while the European market expects only
modest growth due to the high manufacturing cost of nylon curbing manufacturing in Italy,
Germany and France.*® Growth in the Asia Pacific market is anticipated to have the greatest
growth potential of all regional markets. The emergence of industrial manufacturing hubs in
China and India and the rapid growth in demand for industrial paints and powder coatings are
responsible for this global trend.*” Due to its proximity to these markets, Malaysia was selected
as the location of the plant described in this project.

Trends toward environmentally-conscious manufacturing practices have emerged within
the chemical intermediates industry. This allows for innovations in biologically-sourced DDDA
to be both economically favorable, as well as forward-thinking in regards to regulatory
constraints. The first-mover advantage in regards to sustainably-sourced DDDA can be expected
to be of much interest within this market sector in near future.

The principal competitors present in the DDDA market are Invista, Cathay Industrial
Biotech, Sigma-Aldrich, Evonik, Santa Cruz Biotechnology, UBE Industries and Verdezyne.**
Traditionally, these incumbent manufacturers produce DDDA from butadiene using a multi-step

chemical process. Some disadvantages associated with this feedstock serve to highlight the
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benefits of a biologically-sourced alternative. Butadiene is a material that competes with fuel
applications; thus, petrochemical synthesis of DDDA competes for raw materials. Therefore,
butadiene faces extreme price volatility driven by its constrained supply and increasing demand
across other markets. Lastly, because petrochemicals are inherently unsustainable and energy
independence is becoming a topic of increased discussion, butadiene may not be the most
reliable and secure feedstock in decades to come.

Recently, government subsidies and consumer demand are shifting towards bio-based
and sustainable production. The proposed process of producing DDDA using renewable
feedstocks and a yeast catalyst, is more sustainable and has the opportunity to be economically
viable. This process is competitive with traditional butadiene production. In addition, the
possibility to utilize different commercial feedstocks (not examined in this report), offers added
flexibility that conventional production lacks. Feedstock flexibility further allows for the
elimination of food versus fuel conflicts should they arise and further isolation from price
volatility and supply constraints. Lastly, the proprietary biological engineering technology allows
for a high level of selectivity of the diacid produced.*’ Should market trends cause increased
price in short length diacids, a yeast strain selective to that diacid can be selected for with
minimal changes to downstream plant operations. With this in mind, bio-based DDDA is
projected to replace about 30% of the butadiene-based industry in the next few years.*!'

One potential disadvantage of using this bio-based route is deforestation and high water
usage. This process will incorporate palm oil as a main feedstock and the use of palm oil is a
leading cause of tropical deforestation. To combat claims of unsustainable practices, palm oil

should be purchased from vendors that are certified by the Roundtable on Sustainable Palm Oil
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(RSPO). RSPO Certification ensures that producers limit the land that may be developed for
palm oil, curbing deforestation according to the RSPO principles and Criteria (P&C)

standards.*!!
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The objective of this project is to produce 14,000 metric tons of DDDA per year. Several
co-products of DDDA, including adipic acid, suberic acid, and sebacic acid, are created as
undesired products of the fermentation process. While the genetically altered yeast strains can be
highly selective for the DDDA pathway, shorter length diacids (C6, C8, and C10 respectively)
will be made as well. The standard product purity of competitors for DDDA are as follows:
Cathay Industrial Biotech and Sigma-Aldrich, two major current incumbents, produce DDDA
with product purities of >99%.%"3? The remaining <1% of the product remain as unspecified
impurities. Thus, it can be concluded that the industry standard of DDDA purity using the
traditional butadiene method appears to be greater than 99%. In order to compete with
established competitors and meet customer requirements, it is essential that the bio-based

production route also have product purity near 100%.

The bio-DDDA produced in this process has a projected purity of approximately 99.8%.
The anticipated main impurities would consist of the other diacid by-products (suberic acid,
sebacic acid, and adipic acid) that were not successfully separated from the DDDA in the

crystallization operation, which is seen in Figure 12.7 - Section 500

This constructed process will produce an estimated 14,211 metric tons of DDDA per
year, meeting the target production goal of 14,000 metric tons of DDDA per year. This meets the
production target, while also building in a 1% buffer should there be unexpected downtime in the

batch operations.

Another general customer consideration includes the sustainability of DDDA. The

traditional butadiene pathway is non-renewable, while the palm oil pathway discussed is both
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biomass-derived and renewable. While not without its environmental impacts, which are
discussed in Section 21.1, this production pathway has several transportational and sourcing
benefits. Sustainable production allows governments and companies to address their ecological
impact while sourcing the same quality of material from their prior petrochemical-reliant
process. Should governments require the incorporation of more biomass-derived and sustainable
materials, this newly developed process more appropriately fits customer requirements than the

traditional butadiene process does.
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Section 6

Critical-to-quality (CTQ) Variables
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Section 6.1: Fermentation Temperature, Pressure, pH and Dissolved Oxygen

Patented information demonstrates the optimal fermentation conditions to be roughly 37
°C, 1 atm, and 0.5 -1.0 VVM.*! The fermentation process utilizes a genetically modified
Candida sp. yeast strain that can be fragile and susceptible to temperature, pressure, and
dissolved oxygen level changes. Deviations from ideal reactor conditions could lead to excessive
loss of yeast biomass due to death. Deviating from ideal conditions has been also been shown
from patented data to largely decrease the yield of DDDA while increasing the yield of other
unwanted diacids such as suberic acid, sebacic acid and adipic acid.®* This decrease in reaction
selectivity in the fermentation process is undesirable, as this would significantly raise energy
requirements and capital expenditures in the downstream filtration processes, which intend to
separate DDDA from unwanted byproducts.

Maintaining pH is also extremely important in the fermentation process, as yeast strains
typically have an optimal operating pH range. The patented data recommends operating at a pH
between about 5.5 to 7.5, while our specific production process is in the range of 5.8 to 6.0 using
a pH inducer.®* pH largely affects the metabolic processes of enzymes that are used in breaking
down sugars; thus, deviating from ideal pH conditions would significantly reduce the resulting
fermentation rate. pH is also used as the inducer for the metabolic switch from production of
biomass in the more grow fermenters (more basic) to production of diacid metabolites in the
production fermenter. This ability to transition metabolic conversion is due to the selective
engineering of the yeast strains. The process is detailed in patent US9517996B2, Purification of

Polycarboxylic Acids.**
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Section 6.2: Palm Oil Feed

Palm oil composition is important in order to ensure that an adequate supply of highly
saturated long-chain fatty acids is available for the biomass in the production fermenter. As
shown in Figure 10.1, palm oil is made up of largely saturated and monosaturated fatty acids
presented as triglyceride esters.®> This allows for high availability of carboxylic acids for
conversion to dicarboxylic acids. Due to the variability in biological feed stocks influenced by
conditions such as temperature, nutrient availability, and age at harvest, the distribution of
saturated versus unsaturated alkane chains can vary. Less saturated feedstocks would ultimately
require additional metabolic activity to hydrogenate, and can influence DDDA yields relative to
other diacid impurities. In order to ensure optimal conversion of palm oil, various feedstocks
should be sourced and distributor requirement sheets should be utilized. All feedstock deliveries
are to be homogeneously mixed prior to feed into the fermenters in order to further reduce
variation between batches. Mixing and aeration would also ensure that the water-palm oil
interface is increased and would prevent it from simply separating into distinct layers. This
ensures interfacial interactions between the biomass and the feedstock; for the purposes of this
process, the biomass can be thought of as a biocatalyst on which conversion of palm oil to
diacids occurs.

Section 6.3: Ethyl Acetate Recycle

Downstream crystallization vessels are optimized with design specifications. These
specifications specify a recycle stream that contains 99% of the condensed ethyl acetate and an
accompanying purge stream to stop accumulation. This is vital because the upstream

fermentation process requires a large amount of ethyl acetate in order to solubilize DDDA.
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Specifically, the total amount of ethyl acetate fed in is 27,809 kg/hr, with 11,830 kg/hr of new
ethyl acetate and 15,979 kg/hr of recycled ethyl acetate, indicating that recycled ethyl acetate
accounts for 57.4% of the total ethyl acetate required. In order to avoid the cost of purchasing

large amounts of fresh ethyl acetate upstream, an ethyl acetate recycle stream is utilized.

Section 6.4: Filtration

In between the fermentation and crystallization processes, filtration steps are included to
ensure optimal recovery of DDDA from biomass. The process includes two separate filtration
steps to recover the optimal amount of DDDA.

The first of the two steps involves drying the cake of all water content. The water present
in the slurry must be removed for the dissolution step later in the process. Water removal is
accomplished via vacuum rotary drum filters and evaporators. The vacuum rotary drums account
for 91.5% of water removal and the evaporator accounts for the remaining 8.5%. Specifically,
the water inlet to the drums is 12,822 kg/hr and the waste water outlet is 11,735 kg/hr. The
remaining 1,087 kg/hr of water left in the cake is removed by the evaporator. A dissolution step
is required to simplify the second step of the process, removing the biomass.

The dissolution step adds a substantial amount of ethyl acetate to convert DDDA and
other diacids from their solid state to their liquid state. The liquid diacids allow for the
centrifugation required to remove the remaining biomass. Design specifications require the ethyl
acetate flow rate to be 7 times greater than that of the diacids flow rate at 70°C to convert them
from the solid to liquid state.®® The diacids flow rate after the removal of water is 2,375 kg/hr;

therefore, the ethyl acetate needed is 16,625 kg/hr. The ethyl acetate flow rate meets design
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specifications, as the stream is 16,629 kg/hr. After the dissolution step, the stream is fed through
a decanter centrifuge to remove the biomass.

The decanter centrifuge is assumed to be 99.5% efficient in separating the diacids from
the biomass based on advice from industry consultants. The diacids flow rate out of the
centrifuge (liquid outlet) is 2,363 kg/hr with no biomass, while the solid outlet has all of the
biomass and a small percentage of diacids. The small percentage of diacids in the solid outlet
stream are passed through another centrifuge to recover as much DDDA and other diacids as
possible to meet production goals. The addition of a second centrifuge requires another
dissolution step prior to feeding into the centrifuge. The dissolution step falls under the same
design specifications as previously explained. The ethyl acetate recycle stream from
crystallization is mixed with a smaller ethyl acetate stream that is heated via heat exchanger. The
combined stream is split to provide at least 7 times ethyl acetate flow rate for dissolution. The
second decanter centrifuge is also assumed to be 99.5% efficient and removes all biomass from
the diacids. The two liquid outlets from the centrifuges are combined and fed into the

downstream crystallization process.
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Section 7
Product Concepts

N/A
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Section 8

Superior Product Concepts

N/A
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Section 9

Competitive Patent Analysis
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DDDA is an intermediate chemical used in a variety of end products, such as antiseptics,

top-grade coatings, surfactants, painting materials, plastics and more. As previously mentioned,
the global DDDA growth is expected to grow 5-6% annually, with much of this growth
stemming from increased demand for nylon 6,12.”! Traditionally, the synthetic route of
production has been the predominant method to produce DDDA, which is based on using
butadiene as the starting material. This synthesis is a multi-step chemical process. Outlined in a
patent owned by Invista Technologies, the process begins with a cyclotrimerization step, in
which butadiene is contacted with a catalyst which is responsible for trimerization and formation
of cyclododecatriene.”? Next, a reagent that contains oxygen oxidizes the cyclododecatriene into
epoxycyclododecatriene. Then, this substance undergoes reduction and rearrangement steps to
form a mixture of alcohol and ketone, or cyclododecanol and cyclododecanone, respectively.
Finally, another catalyst is introduced to the process with nitric acid, which together react with
the aforementioned products to form dodecanedioic acid (DDDA) and other unwanted
byproducts such as adipic acid, etc.”® Similarly, other patents outlining this process from
companies such as Exxon Mobil and DuPont have been in existence since 1959 and 1972
respectively.”#??

The main disadvantage associated with the traditional synthesis process is the utilization
of butadiene as a starting material. As previously mentioned, butadiene is a petrochemical that
suffers extreme price volatility and uncertainty of supply because of a serious supply-demand
imbalance. In addition, butadiene is a material that competes with fuel applications, further

limiting the supply that is available for processes like DDDA synthesis. Lastly, the butadiene

pathway presents a large environmental burden as it is associated with fossil fuel resources and
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higher greenhouse gas emissions. It is clear that the traditional DDDA synthesis is not the ideal
method of production in a climate where consumer demand is shifting to favor more sustainable
and bio-based chemicals.

To meet the consumer requirements of chemicals that are more sustainably produced and
renewable, a company called Verdezyne developed the first-ever DDDA production process that
does not utilize butadiene as a starting point. This fermentation process utilizes a microorganism
or yeast as the basis for the bio-based production route. Outlined in a patent filed in 2014 by
Verdezyne, the yeast can be used across a multitude of different commercial feedstocks.”® This
allows the flexibility to choose feedstocks that do not compete with food or fuel applications,
leading to the utilization of feedstocks that cost less and are not subject to price volatility or
uncertainty of supply. This flexibility also allows for the use of renewable and bio-based
feedstocks, which provides a huge competitive advantage over the traditional petrochemical
process. Ensuring the performance of the technology, Verdezyne’s patent also claims to target
DDDA with exceptionally high selectivity.’’ Lastly, the DDDA produced from this process is
identical in functionality and structure to the DDDA produced from the traditional butadiene
process.”® Thus, there is no change required to the downstream equipment or processes for
filtration and crystallization. If time were available for further economic analysis, the recovery of
adipic acid, suberic acid and sebacic acid from this process could be investigated in order to sell
these byproducts for profit. From both a chemical and an economic standpoint, the process
developed by Verdezyne has extreme advantages over the traditional process. This report will
further investigate the economic viability of scaling up and utilizing this process to produce

14,000 metric tons of DDDA per year.
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Section 10

Preliminary Process Synthesis
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Section 10.1: Growth Fermenter

In order to produce DDDA through metabolism of palm oil, cell biomass must first be
accumulated in the preceding three growth fermenters. All three growth fermenters (1m?, 10m’,
and 100m®) rely on the same assumptions regarding metabolism and conversion of the glucose
feed stock into biomass. It was determined that conventional dry mass conversion rates of
glucose substrate to cell mass would apply for the genetically modified Candida sp yeast strain.
Therefore the consumption of glucose was modeled using the stoichiometric balances below,
with a 0.4 selectivity towards Metabolic Pathway (1) and a 0.6 selectivity toward Metabolic
Pathway (2). Metabolic Pathway (2) represents conversion to biomass, where biomass is

modeled as CH,O . These balances were developed with the aid of Professor Vrana.
Metabolic Pathway (1) :  C.H,0,+60, — 6CO, +6H,0 Selectivity = 0.4
Metabolic Pathway (2) : CH,,0, — CH,0 Selectivity = 0.6

It is assumed that all nitrogen needs of the cell mass are met by the media and solubilized

gases supplied to the fermentation vessel via the agitator.
Section 10.2: Production Fermenter

Once adequate cell mass has accumulated in the growth fermenter and is transferred into
the 500m* production fermenter, the pH of the broth can be set to approximately 5.8 using NaOH
and a feed of long chain fatty acid feedstock (in this case palm oil) in order to induce a metabolic

shift towards diacid production.'®! Unlike the consumption of glucose, information surrounding
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the stoichiometric conversion of palm oil is not readily available. Additional complications arise

when taking into consideration the inhomogeneous nature of this feed stock.

Fatty acid content of palm oil (present as triglyceride esters)
Type of fatty acid pct

Myristic saturated C14 | 1.0%
Palmitic saturated C16 e 43.5%
Stearic saturated C18 i 4.3%
Cleic monounsaturated C18 - 36.6%
Linoleic polyunsaturated C18 I 9.1%
Other/Unknown i 5.5%

Figure 10.1: Table of palm oil fatty acid content

Palm oil is composed of a variety of fatty acids esterified with glycerol to form
triglycerides. These fatty acids concentrations vary depending on a multitude of environmental
factors. Therefore, in order to produce stoichiometric conversions, palm oil was modeled as
being a triglyceride consisting of its major component, the 16-carbon saturated fatty acid,
palmitic acid.'®* As shown in Figure 10.1, palm oil also has high concentrations of
monounsaturated C18 oleic acid, but for clarity and due to these fatty acids’ similarity, this was
omitted in the calculations. As seen in Figure 10.2, the fractional conversion of palm oil to diacid
products was based upon available patent information that highlight the yeast strains’ high level
of specificity surrounding conversion to an individual diacid.'®* Through inhibition of
B-oxidation metabolic pathways, the mixed chain-length fatty acid feedstock can be converted to

a single diacid product with a specificity of upwards of 90%.'%3

37



30.00

25.00 -

=
\ H
< 20.00
8= :
e -
T 15.00 -
e
[~ ’
g 1000
g . o
- - P / C14 Diacid
S ... ////////////// /" €12 Diacid
L 'y / Sebacic Acid
0.00 W %)’% /' Suberic Acid
y 4é — Adipic Acid
72 90
Time (h)

Figure 10.2: Diacid Product Distribution. Graph indicating the high fractional conversion of mixed chain-length
fatty acid feedstock to the desired diacid. In this case C14 diacid was selected, however this can changed through
selective genetic engineering of the inoculated yeast strain.

The production of DDDA and associated diacid coproducts was modeled using four
reactions, which are shown in Figure 10.3. The production of DDDA makes up the majority
(>90%) of the reactions taking place in the vessel once the diacid production has been induced
via the the pH change. The remaining coproduct reactions were determined by patent
information to be relatively evenly distributed.'®¢ It is important to note that the production of
additional biomass is considered to be negligible within the production fermenter and was thus
omitted. These reactions outlined in Figure 10.3 are believed to provide an adequate

approximation of palm oil conversion and are consistent with the extremely aerobic nature of the

process.
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Figure 10.3: Indication of fermentation stoichiometry used for feedstock conversion

Section 10.3: Biomass Separation & Dissolution

Due to the nature of the yeast strain used, all polycarboxylic acids formed in production
fermenter are produced extracellularly and precipitate into the fermentation broth. This broth is
then fed into a surge tank for continuous downstream processing. Determined from ASPEN data,
DDDA’s solubility in water is extremely low at 30 mg/L at 25°C. This is consistent for all
diacids within the broth. Therefore, the first stage of continuous downstream processing is the
filtration of the broth in order to cake the diacids and biomass. This was accomplished through
the use of two vacuum rotary drum filters operated in parallel. The resulting cake is roughly 30%
by weight water, and thus is conveyered to an evaporator operation in order to produce dry cake
for the dissolution operation. This water is can be vented to the atmosphere, while the filtered
water from the fermentation broth is safe for downstream sterilization and disposal in line with
industry standards for palm oil extraction and processing. This will be discussed in greater depth

in later sections.

While the diacids in this operation are extremely insoluble in water at all temperatures,

their solubility is much higher in heated organic solvents, as seen from ASPEN data in Figure
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10.4. By mixing the dry cake with 70°C ethyl acetate, the desired product is solubilized and then
the non-diacid impurities and cell mass are filtered off. This ethyl acetate can then be processed
to recover the final DDDA product. Further processing is required to purify the DDDA from

other diacid impurities.

Diacid Solubility in Ethyl Acetate

Salubility [gram/L]

%]
=]
)

Temperature [C]
e DDDA @ Seback Acid Suberic Acid Adipic Acid

Figure 10.4: Graph of diacid solubility in ethyl acetate as a function of temperature

Section 10.4: Evaporative Crystallization

The downstream processing of the ethyl acetate and solubilized diacid relies on the
evaporation of the organic solvent in order to crystallize out the product from a supersaturated
solution. The boiling point of ethyl acetate is 77°C at 1 atm. Using a evaporative crystallizer, the
mixture is heated to produce ethyl acetate vapor to be condensed and recycled, and a
supersaturated ethyl acetate slurry is fed to a direct heat rotary drier to fully dry the powered

ethyl acetate. Ths crystal mixture contains DDDA and quantities of sebacic acid, suberic, acid,
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and adipic acid. Unfortunately, due to the extremely similar solubilities of all four diacids, it was
infeasible to purify the DDDA during the evaporative crystallizer process. In order to produce
the desired >99% purity DDDA required of the project statement, a final downstream unit

operation is required to separate the various diacids by melting point.

Section 10.5: Melt Crystallization

As stated above, solubility variations were not deemed as an adequate or feasible method
by which to separate the diacid impurity (sebacic acid, suberic, acid, and adipic acid). The
cross-over between the DDDA and adipic acid solubility curves in Figure 10.4 further illustrates
this point. Therefore, the diacid separation took inspiration from the separation of para-xylene
from xylene mixture via crystallization as discussed by H.A. Mohameed.'"” By taking advantage
of the melting point variation between the diacids, liquid DDDA can be separated from the
higher melting point diacids. As shown in Table 10.1, DDDA has the lowest melting point of the
four diacids of interest. This runs opposite the para-xylene separation process (paraxylene has the

highest melting point); however, the same principle applies.

Table 10.1: Illustrates the variation of diacid melting temperatures

Diacid Melting Point [°C]
DDDA 127
Suberic Acid 141
Adipic Acid 152
Sebacic Acid 268

41



The melt crystallizer tank receives the powered diacids via conveyer belt and
continuously agitates them while heating them to a homogenous temperature of 135°C. This
allows for the DDDA to melt while minimizing the diacid impurity. However, this relies on the
assumption that the solubility of the other diacids in the liquid DDDA is negligible. While this is
a large assumption, no readily available information contradicts this statement. For the purposes

of the DDDA separation to achieve >99% purity, additional lab scale research is required.
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Section 11

Assembly of Database
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Section 11.1: Input Costs

In order to produce DDDA through this process, palm oil, glucose, water and media are
required as inputs. The water purchase price was obtained from Chapter 16 of Seider et. al,
2017.""! The prices of palm oil and glucose were found to be $0.696 per kg and $0.180 per kg
from commodity markets.'"*!'? The price of media was priced as $0.027 per kg, as derived from
patent data''. In addition, we found the palm oil price through online markets to range between

$5/kg to $10/kg, and utilized a middle price of $7/kg to provide a more realistic estimation.''

Section 11.2: Aspen Simulation Specifications

This process required modeling of the upstream fermentation process in Excel, whereas
the downstream filtration and crystallization processes were modeled in ASPEN Plus v10. Our
team first modeled the upstream batch process with SuperPro Designer v7.5; however, due to the
lack of kinetic information, it was more appropriate to model the process stoichiometry in Excel.
Our team then used ASPEN Plus v10 to model the entire continuous downstream process
consisting of filtration and crystallization. In order to account for non-ideal properties in the
simulation, the non-random two-liquid model (NRTL) was used. Following a guide to choose the
correct model from Separation Process Engineering written by Wankat, NRTL was chosen
because of the presence of water as a second liquid phase, the higher molecular weight
compounds present in our process, and the polar interactions that exist between the
compounds.'"* Our process consists of solid, liquid and gaseous interactions. For example,
DDDA product is recovered as a solid, the slurry entering the crystallization unit is in the liquid

phase, and the ethyl acetate is in the vapor phase after being evaporated from the crystallization
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unit. Because of all of these considerations, the equations of state generated by the NRTL model

most accurately match and represent the phase equilibria considerations in our process.'"’

The downstream design simulation is broken up into a filtration and crystallization
section. The filtration section mainly consists of four rotary drum filters and an evaporator in
order to separate out water and biomass from the mixture and recover DDDA into the ethyl
acetate stream; the final stream leaving this ASPEN simulation thus contains diacids solubilized
in ethyl acetate. Primarily, the four rotary drum filters are modeled by SSplit blocks. The first
SSplit block B1 models two rotary drum filters in series, in which water is separated out of the
incoming stream. The evaporator modeled by Flash2 block B2 is then necessary to remove all of
the remaining water after the first SSplit block. The heat exchanger used to model the heating up
of the ethyl acetate temperature to its optimal temperature is modeled by the Heater block B11.
The RStoic block B4 is used to model the solubilization of diacids into the ethyl acetate. The last
two SSplit blocks B5 and B7 then effectively separate the biomass out of the process and help

recover any DDDA that did not solubilize into the ethyl acetate in the previous steps.

The operating conditions for the rotary filters and the incoming ethyl acetate streams are
determined by the utilization of design specifications. The vacuum rotary drum filter is set to
operate so that the resulting wet cake contains 30% water by mass flow. The fresh ethyl acetate
stream is set to feed at a rate that will allow the combined ethyl acetate stream to be at a mass
flow rate that is seven times the flow of the solubilized diacids. This allows our team to control

for the solubility of diacids in the ethyl acetate stream.
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The downstream crystallization portion mainly is modeled by an initial evaporation stage,
an additional evaporation stage, a melting stage, a filtration step, and a cooling step. The primary
evaporative crystallization step is modeled mainly by RStoic block B1, Flash2 blocks B3 and B9
and SSplit block B7. These blocks collectively model the evaporation of most of the ethyl acetate
in the process and the subsequent crystallization of the DDDA and other diacids. Additionally,
Flash2 block B10 accounts for the condensation of the ethyl acetate vapor into liquid so that it
may be recycled earlier in the upstream filtration process. The next step contains another
evaporation process, in which the remaining ethyl acetate is vaporized from the remaining wet
cake of diacids. This process is modeled primarily by Flash2 blocks B13 and B14. After all of
the ethyl acetate is separated from the solid diacids, it is essential to separate DDDA from the
remaining diacids. This is depicted by the melt tank stage, in which RStoic block B18 models the
phase change of DDDA from solid to liquid. The tank is at a temperature in between the melting
point of DDDA and the other three diacids, which allows for the melting of solid DDDA into a
liquid. Next, the direct-heat rotary drum filter is modeled by SSplit block B20, which separates
the liquid DDDA from the rest of the diacids which are in solid form. Lastly, the flaker is
modeled by RStoic block B24. The main purpose of this block is to cool the DDDA liquid into a
solid to recover it as a final solid product. The reactor is set at 60°C. In addition to these main
blocks, there are several other pumps throughout the process to carry the streams through pipes.

These pipes are all operating at 3 bar.

Operating conditions for the evaporative crystallizers were determined by utilization of
design specifications and specifying the temperature. The evaporative crystallizer blocks were

modeled so that the resulting slurry contained 25% solid and 75% liquid ethyl acetate, in order

46



for the mixture to be transported. The temperature was also specified to be 86 °C to be above the

boiling point of ethyl acetate and ensure evaporation of the substance.
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Section 12

Process Flow Diagrams and Material Balance
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The process flow diagrams presented in the below Figures illustrate the process of
DDDA production and purification. Figures 12.1 through to 12.5 illustrate the batch-wise
production of biomass and DDDA and associated media sterilization process. Figures 12.1-12.3
shows a closeup of a single fermentation train, including all equipment required for a single seed
fermenter and pair of production fermenters. Figures 12.3-12.4 indicate how these batches are
scheduled and integrated into a continuous downstream purification process. Figures 12.6-12.7
outline the downstream purification and crystallization of DDDA. Associated Tables outlining

flow rate information are also included.
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Section 13
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Section 13.1: Feed & Feed Storage

Storage tanks are employed in order to ensure adequate supply of water and feedstock to
the fermentation process. The storage tanks were sized in such a way to ensure a one and a half
days supply of water, glucose solution, and palm oil to the process. This sizing ensures that with
a 24 hour cycle time, the storage tanks should never be much more than 50% depleted. This is
vital for ensuring that the annual batch goal is not affected by a shortage of available feedstock to
the fermenters. All feedstocks are mixed prior to feed to the fermenter in order to ensure
homogenous distribution of metabolites. All fermenters are filled prior to inoculation and are
supplied with the appropriate quantities of media and salts. See the scheduling Gantt chart in

Figure 12.5 for more information around the staggered nature of the batch feeding.
Section 13.2: Growth Fermenters

The fermentation process begins with the loading of 2.0 kg of genetically modified
Candida sp. yeast with appropriate media into the 1 m’ fermenter. For the purposes of this report,
this supply of starting biomass is assumed to be an upfront cost of lab scale production in rotary
flasks that does not factor into plant-scale production. This biomass is inoculated into a
continuously-agitated fermenter with a cooling jacket to ensure a stable temperature of 37°C and
adequate aeration of the vessel. Ambient air passes continuously through a multistage air
compressor at a rate of 34 m*/hr. This equates to just upwards of 0.57 VVM and is in line with
lab scale aeration rates outlined in patent material. These flow rate were analyzed to ensure
adequate supply of solubilized oxygen for conversion by the yeast strain; ten times the required

stoichiometric requirement of oxygen was bubbled into the fermenter at the advice of industry
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consultants. Biomass was considered to act as a biocatalyst and oxygen and substrate conversion
rates were determined to be within expected ranges for the yeast strain selected. Based on
lab-scale patent information, the feed concentration of solubilized glucose fed was 70.5 g/L."*!
This supply was expected to be nearly fully depleted at the onset of unloading from the current

tank to the loading of the next growth fermenter.

These conditions, as well as the feedstock and air flow rates were maintained for each
subsequent growth fermenter. That is, each ten times scale up of the fermenter was accompanied
by a ten times scale up of the ambient air and glucose feed. The 1m® growth fermenter, as well as
the 10m* and 100m? growth fermenter, has a holding time of 24 hours and produces biomass,
carbon dioxide, and water as outlined in Section 10.1. The growth rates in each of the fermenters
fell within the expected specific growth rate range (0.4-0.6 hr') for yeast strains. In addition to
the 24-hour fermentation time, the Gantt chart in Figure 12.5 accounts for the loading, unloading,
and cleaning/steaming time for each fermenter. The heat produced as a product of aerobic
combustion is managed by cooling jackets supplied with chilled water. This is vital for ensuring
adequate temperature control on vessels due to the relative fragility of the genetically altered
yeast strain used. Each batch, these chilled water jackets remove, 3.6 kW, 35.9 kW, and 358.9
kW of heat from the 1m?, 10m?, and 100m® fermenter respectively. These three fermenters
cumulative produce 3,608 kg for feed to the production fermenter. This mass, along with an
accompanying 83,295 kg of fermentation broth, is then pumped into the production fermenter for
conversion of palm oil feedstock into diacid feed stock. As shown in Figure 12.4 and Figure

12.5, two of these growth trains provide biomass to three production fermenter trains each. This
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is made possible due to the relative holding time of the growth fermenters compared to the

production fermenters.

Section 13.3: Production Fermenters

Each 500 m® production fermenter is inoculated with 3,608 kg of cell mass supplied by a
100 m* growth fermenter. Using pH control, these genetically engineered yeast cells can be
induced to convert carbon feed stocks into specific metabolites.'** As seen in patent data, long
chain fatty acids such as palm oil can be metabolized into extracellular diacid metabolites as a
product of pH induction to more basic conditions."** Keeping in line with lab scale reports,
conversion to biomass is bypassed within the production fermenter and the cells are modeled to
exclusively convert palmitic triglyceride to diacids, carbon dioxide, and water as outlined in
Section 10.2. The fermentation holding time is approximately 120 hours, over which ambient air
is fed at approximately 0.6 VVM (See Table 12.2). Similarly to the growth fermenters, the
feedstock/water mixture is continuously agitated and bubble in order to provide adequate mixing.
This is especially important for the palm oil/water interface due to their low solubility in each
other. For the purposes of modeling the fatty acid conversion within the fermenter, it is presumed
that the mass transfer interface between the yeast cell and the feedstock is adequate for full
conversion of palm oil during the 120 hour fermentation period. Further research to validate this
interfacial assumption should be done prior to project implementation. Should the palm oil not
fully be consumed, it is reasonable to assume, due to their relative specific gravities that
unconverted palm oil could be skimmed off the surge tank for recycle. After fermentation, the
diacid-rich broth of the six production trains is pumped to a surge tank for continuous

downstream filtration. These fermentation trains are scheduled in such a way that the surge tank
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is sized to accommodate two full batches while as the same time discharging broth at a rate of
one batch per 24 hours. This allows for accumulation variability and adds a volume buffer

should upstream or downstream complications arise.

Section 13.4: Separations/Filtration

The effluent stream from Section 300 is seen as a slurry and enters section 400 to remove
water and biomass. In practice, there is a high possibility the slurry contains monoacids and
hydroxy acids in addition to the biomass and diacids impurities. More data and equipment is
needed to remove all these impurities so for simplicity, it is assumed biomass, adipic acid (C6),
suberic acid (C8), and sebacic acid (C10) are the only impurities that need to be filtered from the

DDDA product.

Stream 1 is split evenly into two vacuum rotary drum filters. The drum filters collectively
remove 11,734 kg/hr of water out of the initial 12,822 kg/hr. In practice, a sample of the slurry is
tested to optimize what size drum and material is needed to perform the necessary filtration.
These drums can also be accompanied with a filter aid (diatomaceous earth or perlite) but we
have chosen not to utilize a filter aid due to the unknown effects of filter resistance, cake
resistance, and cake thickness."** The drums also remove a small amount of biomass and diacids,
0.7 kg/hr and 12 kg/hr respectively. The diacids lost will try to be recovered further downstream
in the centrifuges. Stream 2 and Stream 3 are recombined into Stream 4 and are now seen as a
wet cake. The wet cake is transported on a conveyor through an evaporator where it removes the
remaining 1,088 kg/hr of water (Stream 5). The now dried cake (Stream 6) is transported into a

mixing vessel to undergo dissolution.
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Stream 7 is introduced into Stream 6 in accordance with the design specifications
explained in Section 6.4. The ethyl acetate solubilizes DDDA and other diacids leaving the
biomass as the only solid left in the stream to be filtered A similar process occurs between
streams 11 and 15. Stream 7 is the result of the splitting of stream 14. The split on stream 14 is
0.99 to stream 7 and 0.01 to stream 15. The ethyl acetate in the process is a mix of the recycle
stream from section 500 (Stream 24) and an external feed passing through a heat exchanger
(Streams 12, 13). The pure ethyl acetate streams in this process after the heat exchanger are all at
70°C (Streams 7, 13, 14, 15, 24). 1,469.9 kg/hr of steam is required at 186 C to heat 737.26 kg/hr
of ethyl acetate from 25°C (Stream 12) to 70°C (Stream 13). The steam temperature is reduced
163°C after passing through the heat exchanger. Stream 14 is split to add ethyl acetate into

streams 6 and 11 before centrifugation.

After the dissolution step streams 8 and 16 are passed through a centrifugal pump
to prepare for centrifugation. Streams 9 goes through a large decanter centrifuge that separates
99% of the product DDDA from the biomass. Specifically, 2,126.6 kg/hr of DDDA is recovered
from the initial 2,137.8 kg/hr. The lost 11.2 kg/hr of DDDA goes through another dissolution
step (stream 15) and passes through a similar smaller centrifugal pump (stream 16). Stream 17,
the stream entering the decanter centrifuge effectively separates similarly to stream 9. The
centrifuge that stream 17 goes through is much smaller than the centrifuge stream 9 goes through
due to the lower flow rate. The total flow rate of stream 9 is 19154.5 kg/hr while stream 17 is

336 kg/hr. It is assumed both centrifuges operate equally efficient despite their different sizes.

The larger decanter centrifuges separates stream 9 into stream 10 (liquid outlet) and

stream 11 (solid outlet). The liquid outlet has ethyl acetate and now liquid DDDA and other
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diacids. The solid outlet has all the biomass and a small percentage of DDDA and diacids. The
option to recover this small percentage of diacids are considered due to the losses in the vacuum
rotary drum filters and the market price DDDA and its byproducts. The solid biomass in stream
11 is fed to the minor mixing tank in order to solubilize any remaining DDDA before treatment
in the smaller decanter centrifuge. The liquid outlets of both centrifuges (Stream 10, 18) are
combined (Stream 19) and sent downstream to the crystallization process (section 500). Stream
19 has a flow rate of 19,090 kg/hr. This flow rate is required to solubilize the 2,132 kg/hr of
DDDA that is leaving this process. The solubility of DDDA in this stream is upwards of 130
g/L. This is comparable to available patent regarding polycarboxylic acid purification

techniques.'*”

Section 13.5: Crystallization

The effluent stream from Section 400, Stream 19, enters Section 500 in order to initiate
crystallization and separate the DDDA from the ethyl acetate and three other diacids. Stream 19
enters the kettle evaporator and is heated to 86°C to evaporate 16,622 kg/hr ethyl acetate in
Stream 20 and send forward a 189,524 kg/hr mixture in Stream 21 containing crystallized
DDDA, suberic acid, sebacic acid and adipic acid in ethyl acetate. A temperature of 86°C was
used to ensure that the ethyl acetate in the mixture would sufficiently vaporize. Stream 20 is then
passed through a condenser in order to liquify the ethyl acetate into Stream 22 to allow it to be
recycled into Section 400 for reuse in filtration. Prior to recycling, Stream 22 first is combined
with Stream 40, which will be discussed later in this section; these two streams combine into
Stream 41 which is stored in a storage tank. The storage tank is maintained at 70°C and ambient

pressure in order to ensure the ethyl acetate remains in liquid form. Each tank is constructed so
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that it can contain two days flow to account for variability in upstream and downstream
production. The stream effluent, Stream 23, from the storage tank is then passed through a pump

at 3 bar, and this resulting Stream 24 is sent to Section 400 for recycle in filtration section.

Stream 21 is then split into two streams, 95% of which is recycled to the kettle
evaporator via Stream 25, and 5% continues onto the rotary filter via Stream 26. The purpose of
the recycle stream is to provide sufficient liquid to allow for 25% solids slurry in the effluent of
the kettle evaporator (Stream 21) so that it can transport co-product diacid solids. The recycle is
also present to provide a stream to pass the heat exchanger and heat the kettle evaporator. Next,
the rotary filter is intended as a secondary method to further separate out ethyl acetate before the
slurry is sent to the diacid dryer, recuing energy requirements needed to vaporize off more ethyl
acetate. Leaving the rotary filter as supernatant, there is 5,528 kg/hr of ethyl acetate that is
recycled via Stream 27 into the kettle evaporator. The purpose of this recycle stream is also to
provide sufficient liquid to allow for a 25% solids slurry in the effluent of the kettle evaporator
(Stream 21) so that it can transport co-product diacid solids. Next, Stream 28 also leaves the
rotary filter and contains a 3,948 kg/hr slurry of diacids and ethyl acetate which continues onto

the diacid dryer.

Stream 28 continues to the diacid dryer, where it is at a temperature of 115°C and
pressure of 1 bar. This diacid dryer is present in order to evaporate off the remaining ethyl
acetate from the wet cake of solid diacids. The vaporized ethyl acetate leaves in Stream 38, most
of which is combined with nitrogen gas in Stream 36 to create Stream 37. This incoming stream

commences the drying operation to evaporate the remaining ethyl acetate from the wet cake; it is

69



used as a gentle nitrogen sweep to help keep the ethyl acetate flowing out of the dryer. The dry

cake of solid diacids leaves the diacid dryer in Stream 29.

The melt tank is intended to take advantage of the diacid melting points in order to
separate the DDDA from the other diacids. The melt tank is kept at a temperature of 135°C,
which, as mentioned previously, is maintained because it is between the melting points of DDDA
and the other diacids (see Table 10.1).Then, Stream 28, the slurry of solid diacids in liquid
DDDA, is pumped forward to the rotary filter in order to separate the two phases. The rotary
filter results in two streams, Stream 31 and Stream 32. Stream 31, containing the solidified diacid
impurities leaves the system. Stream 32 leaves the rotary filter as liquid DDDA. 1t is split into
Stream 34 that is then sent forward to the flaker in order to chill the liquid DDDA into solid
DDDA and Stream 33 which is recycled to the melt tank in order to allow for enough liquid to
carry the solid co-product diacids. Stream 34 enters the flaker as a liquid and exits as solidified
DDDA in Stream 35 by maintaining the stream at a temperature of 60°C. The flow rate of solid
DDDA leaving the flaker for packaging and distribution is 1974 kg/hr. These meets the yearly

production goal of 14,000 MT/year assuming full plant capacity and a 300 day production year.
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Section 14

Energy Balance and Utility Requirements
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Section 14.1: Process Utilities

Table 14.1: Net utility requirements per batch/hour (where applicable) and per operating year by process unit and
utility type

Utility Process Equipment ID Quantity Quantity Quantity

(per hour) (per year) (Annual Cost)
Electricity P-001 42.9 (kWh) 154,486 (kW) $10,814
(80.07/kWh) P-002 4.5 16,043 $1,123
P-003 47.4 170,529 $11,937
P-004 178.0 640,939 $44,866
P-005 41.0 147,673 $10,337
P-006 219.1 788,612 $55,203
( 2 fermentation trains) P-101 1.8 x2 6,466 x2 $905
( 2 fermentation trains) P-102 18.0x2 64,937 x2 $9,091
( 2 fermentation trains) P-204 180.4 x2 649,619 x2 $90,947
( 6 fermentation trains) P-205 872.4 x6 3,140,706 x6 $1,319,097
P-301 191.4 688,912 $48,224
P-401 238.6 859,105 $60,137
P-402 42 15,070 $1,055
P-501 2,361.2 8,500,357 $595,025
P-502 49.2 177,077 $12,395
P-503 199.1 716,699 $50,169
P-504 54.1 194,795 $13,636
( 2 fermentation trains) CP-101 3.4x2 12,402 x2 $1,736
( 2 fermentation trains) CP-102 34.6 x2 124,667 x2 $17,453
( 2 fermentation trains) CP-103 346.3 x2 1,246,561x2 $174,519
( 6 fermentation trains) CP-201 979.2 x6 6,119,424 x6 $2,570,158
CP-501 979.2 3,523,996 $246,750
M-001 3.7 13,482 $944
M-002 17.3 62,346 $4,364
M-401 3,086.6 11,111,679 $777,818
M-402 0.7 2,685 $188
RF-401 8.2 29,530 $2,067
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Nitrogen
($0.01/1b)

Low Pressure Steam
(50 psig)

($7/1000 1b)

Chilled Water

(gal)

(80.1/1000 gal)

RF-402
RF-501
RF-502
CB-401
CB-402
CB-501
CF-401
CF-402
FL-501
Total
RD-501
Total
E-001
E-002
E-401
E-402
KE-501/E-501
RD-501
MT-501
Total
F-101 (x2)
F-102 (x2)
F-103 (x2)
F-201 (x6)
C-501
C-502

Total

8.2

8.2

7.33 (Ib/hr)

183 (Ib/hr)
2,549
2,850

70
6,022
632

360

98 (gal/hr)
980
9,803
48,120
43,073
5,010

(cost w/duplicates)
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29,530
29,530
10,738
40,268
40,268
26,845
53,690
40,268

32,214

52,780 (Ib/year)

1,319,137 (Ib/year)
18,352,002
20,517,039

506,483
43,355,801
4,551,280

2,588,613

7.03E+05 (gal/year)
7.06E+06
7.06E+07
3.46E+08
3.10E+08

3.61E+07

$2,067
$2,067
$752
$2,819
$2,819
$1,879
$3,758
$2,819
$2,255
$6,152,192
$590

$590
$7,915
$110,112
$123,102
$3,039
$260,135
$27,308
$15,532
$547,142

$70
$706
$7058
$34647
$31013
$3607

$258,168



Section 15

Equipment List and Unit Descriptions
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Section 15.1: Seed/Growth Fermenters

F-101, F-102 & F-103

Each seed fermenter (1m*) and both the small and large growth fermenters (10m? and
100m*) were designed to ensure appropriate scale-up to avoid stationary phase cell growth.
Following specifications in the patented processes, the growth retention time in each fermenter
was set to 24 hours.'”! This is in line with the the accepted specific growth rate of 0.5 hr'! and
results in an approximate 10 times scale up in total biomass. The working volume for each
fermenter was set to 85% of its total capacity and was sized in such as way that the water
produced in fermentation did not exceed these threshold. The glucose feedstock was fed into the
process at 70.5 g/L water and air was continuously feed at 0.5-0.6 VVM. The pH of the
fermenter is maintained at 5.8 using pH control systems and NaOH salts found in the
fermentation media. The conversational yield of glucose to biomass using the stoichiometry and
selectivity discussed in Section 10.1 was found to be 0.62 g dry cell mass/g glucose fed. The

exhaust gas (excess air and produced carbon dioxide) were vented to the atmosphere.

The heat produced via metabolism of the glucose feed was calculated based upon oxygen
consumption rates in each fermenter. The temperature of the seed fermenters were maintained at
37°C using an appropriately sized heating jacket fed with 98 gal/hr of chilled water entering at
7.22°C (45°F) and leaving at 15.56 (60°F). The area of the cooling jacket for the seed fermenter
was sized and found to require 4.12 ft* for appropriate heat transfer. This area supports the use of

a jacket to maintain temperature and did not require additional cooling coils to meet required
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heat transfer. This was found to be the case for all fermenters, and the 10 times scale up of each

growth fermenter was associated with a 10 times scale up of associated utilities.

The seed fermenters (F-101) are 2 feet in diameter by 14 feet tall. The first growth
fermenters (F-102) are 4 feet in diameter by 33 feet tall. The second growth fermenters (F-103)
are 12 feet in diameter by 33 feet tall. All fermenters are constructed of stainless steel 316 in
order to prevent against rust and corrosion.'>* The total bare module cost of the fermenters
indicated on their Unit Specification Sheet and in the Equipment Costing Summary (Table 17.1)
include the agitator and chilled water jackets. The combined total bare module cost for all growth

fermenter trains is roughly $5MM.

Section 15.2: Production Fermenters

F-201

In order to meet project production output, six production fermentation vessels are
utilized. Three production fermenters are fed using a single growth fermentation train and are
scheduled (see Figure 12.5) in such a way to produce an average of one batch per 24-hour
period. The growth retention time for the production fermenter set to 120 hours. This increased
length of time relative to the growth fermenters allows for the biomass present in the 500 m’
production vessels to consume and convert 79,000 kg/batch of palm oil into the diacid products
outlined in Section 10.2. The conversion of palm oil to DDDA was determined to be 0.75 g
DDDA/g palm oil fed and produced a diacid yield of approximately 130 g/L of diacid in the

fermentation broth. This represents a productivity of 0.9 g DDDA/L-hr over the 144 run time for
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a single production fermenter. This is in line with the expected fermentor productivity of 1

g/L-hr indicated by industry consultants.

Similar to the growth fermenters, the production fermenters were sized to ensure working
volume that did not exceed 85% total capacity. The palm oil feedstock was fed into the process
at 120.5 g/L water and air was continuously feed at 0.5-0.6 VVM. The pH of the fermenter is
maintained at 6.0 using pH control systems and NaOH salts found in the fermentation media.

The exhaust gas (excess air and produced carbon dioxide) were vented to the atmosphere.

The heat produced via metabolism of the glucose feed was calculated based upon oxygen
consumption rates in each fermenter. The temperature of the production fermenters were
maintained at 37°C using an appropriately sized heating jacket fed with 48,120 gal/hr of chilled
water entering at 7.22°C (45°F) and leaving at 15.56 (60°F). The area of the cooling jacket for
the production fermenter was sized and found to require 2,814 ft* for appropriate heat transfer.
This area supports the use of a jacket to maintain temperature and did not require additional
cooling coils to meet required heat transfer. Each production fermenter (F-201) is 18.6 feet in
diameter and 65 feet tall. All fermenters are constructed of stainless steel 316 in order to prevent
against rust and corrosion.'*? The total bare module cost for each production fermenter includes
the associated cost of its agitator and chilled water jackets. As indicated in the Unit Specification
Sheet and in the Equipment Costing Summary (Table 17.1), each production fermenter costs
$5.9MM. The combined total bare module cost for all production fermenter trains is

approximately $35.4MM.
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Section 15.3: Air Compressors

CP-101, CP-102, CP-103, & CP-201

The air compressors for the fermenters are required to feed air into each fermenter at 3.0
bar absolute. Pressure losses located between the air compressors and fermenters due piping,
control systems, filters, and the air spargers are accounted for and are estimated to represent a 1
bar pressure drop. This results in each compressor to have a requirement of 4.5 bar. Each
compressor was modeled as a multistage (two-stage) compressor. The air compressors in the
fermentation sections serve to sterilize and feed their associated volumetric flow rate of air into
the fermentation vessels via the agitators. In this section, air compressors CP-101, CP-102,
CP-103, and CP-201 each serviced two fermentation trains. Thus, each of these pumps was
costed for requiring twice the amount of utilities. In total, CP-101 requires 6.9 kWh, CP-102
requires 69.3 kWh, and CP-103 requires 692.5 kWh. This utility requirement is associated to the
required 10 times volumetric scale up of flow of air sparged into each fermentation tank.
Similarly, Pump-201 services the six production fermentation trains and was costed for requiring
six times the amount of utilities for a single production fermenter. In total, P-205 requires 4,000
kWh. Total, compressors account for approximately $3.5MM annually in utilities. Stainless steel

316 was selected for reliability and resistance to weathering.'>*

Section 15.4: Mixers

M-001 & M-002

These two mixing vessels create a stream of water and glucose (M-001) and palm oil and

water (M-002). The mixing vessels were sized and cost as pressure vessels with agitators made
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of stainless steel due to high corrosion and rust resistance.'*>” The maximum volume in M-001
and M-002 is 500 gallons and 2300 gallons respectively. M-001 is 7 feet in diameter, 33 feet in

length, and costs $21,6000. M-002 is 10 feet in diameter, 40 feet in length, and costs $3,84,500.
M-401 & M-402

These two mixing vessels are used to solubilize the diacids from the biomass. The mixing
vessels contain diacid and ethyl acetate at 70°C per operation recommendations.'> These mixing
vessels also contain agitators to ensure the proficient mixing of the cakes. The vessels were sized
and cost as vertical pressure vessels made of stainless steel. Both of these mixing tanks will be
constructed out of stainless steel to avoid corrosion from the heated ethyl acetate.'>’ The
maximum volume in M-401 and M-402 is 100 gallons and 2 gallons respectively. The M-401 is
3.3 feet in diameter, 16.4 feet in length, and costs $66,700. M-402 is 2 feet in diameter, 8 feet in

length, and costs $28,430.

Section 15.5: Storage Vessels

TK-001, TK-002, TK-003, TK-004, TK-501

Upstream storage vessels TK-001, TK-002, TK-003, and TK-004 were all sized in order
to ensure one and a half days supply of water, glucose solution, and palm oil. These sizes were
based upon the required volumes of associated feed required for the three growth ferments
(F-101, F-102, and F-103) and the production fermenter (F-201) and the cycle time of 24 hours.
The total storage of the four upstream tanks are 130m*, 15m?, 530 m?, and 145 m’® respectively.
Each tank was constructed from 316 stainless steel to ensure minimal corrosion.'>® TK-501, the

ethyl acetate recycle tank, is insulated and sized to feed 15,979 kg/hr of ethyl acetate back to the
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dissolution process in M-401. This vessel assumes a retention time of 30 min and is 7.7 feet in
diameter and 77 feet in height. The cost of all associated storage tanks in this plant is just under

$20MM.

Section 15.6: Rotary Drum

RF 401 & RF 402

The purpose of these two drums is to remove 70% of the water from the incoming slurry.
Professor Vrana recommended a capacity of 6,000 1b solids/ft*/day to calculate the size of the
drums. Although only a fraction of the drum is full at a given time the whole drum area is used
for estimated size. Calculations can be found in Appendix A. The filtering area was found to be
26 ft*. Two drums made of stainless steel will be purchased that meet the criteria of the
calculated filter area. In the event of failure, the drums are large enough where one drum can
remove the water from the slurry. Alar Corp. model AV330 was selected for these two drums.'>”
Because this model is a self-cleaning rotary filter, dead time to clean the drum is not considered.

This model drum cost is $116,900.
RF-501

The purpose of this drum is to remove a majority of ethyl acetate from the stream to
purify the DDDA before crystallization. A capacity of 6,000 Ib solids/ft*/day was used to
calculate the size of the drum. The filtering area was found to be 35.4 ft* and Alar Corp model

AV340 was selected for this drum.'>!° The cost of this drum is $127,700.
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RF 502

The purpose of this drum is to remove liquid DDDA from the other diacid impurities.
Similarly to RF-401 and RF-402, a capacity of 6,000 Ib solids/ft*/day was used to calculate the
size of the drum. See the Appendix for this calculation. The filtering area was found to be 2.4 ft*

and Alar Corp model AV110 was selected for this drum.'>!" This model drum cost is $114,850.

Section 15.7: Centrifuges

CF-401 & CF-402

These two centrifuges are used to filter off the biomass from the diacids. The streams
introduced into these centrifuges contain diacids in the liquid state due to dissolution as well as
solid biomass. The models for the centrifuges were selected based upon a volumetric flow rate
capacity. The volumetric flow rate into CF-401 is 97 gpm so a centrifuge with capacity of 120
gpm was selected. The model for CF-401 is Alfa Laval NX 418 Decanter.">'? Similarly, the
volumetric flow rate into CF-402 is 1.5 gpm so a centrifuge with a capacity of 40 gpm was
selected. The 40 gpm capacity is the smallest decanter centrifuge Dolfin Centrifuge provides.'>!

The model for CF-402 is Alfa Laval NX 314 Decanter. The costs of CF-401 and CF-402 are

$312,600 and $126,200 respectively.

Section 15.8: Heat Exchangers

E-001 & E-002

These two heat exchangers heat streams from 25°C to 37°C, the recommended

fermentation temperature.'>'* The design of the heat exchangers is fixed head shell-and-tube.
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Both sides are constructed with stainless steel to prevent rusting from the high temperature
steam.'>!* E-001 heats a stream containing water and glucose and E-002 heats a stream
containing water and palm oil. The steam required for both of these heat exchangers is calculated
as utility costs and can be found in Appendix A. The costs of E-001 and E-002 are $88,100 and

$38,900 respectively.

E-402

The purpose of this heat exchanger is to heat the ethyl acetate from 25°C to 70 °C so the
diacids can be dissolved in mixing vessel M-401 and M-402. This is accomplished with a fixed-
head shell-and-tube heat exchanger. Both sides were constructed of stainless steel to prevent rust.
Steam at 168°C would be introduced on the shell side of the exchanger. The heat duty required to
heat ethyl acetate was calculated was found to be 65000 BTU/hr. The log mean temperature
calculated was found to be 126.7 °C. Assuming an overall heat transfer coefficient of 120
BTU/hr-ft*-°F the heating area required was found to be 2.4 ft*. The cost of this equipment is

$150,800.

Section 15.9: Kettle Evaporator

KE-501

The kettle evaporator KE-501 is intended to evaporate ethyl acetate from the mixture of
diacids in ethyl acetate and to correspondingly crystallize the diacids. The kettle evaporator was
maintained at 86°C to be above the boiling point of ethyl acetate. In addition, the evaporator was
designed on ASPEN to result in an effluent stream that is at least 75% liquid ethyl acetate in

order to allow for the transport of diacid solids. This was designed on the advice of industry
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consultants. The evaporator was costed as a shell-and-tube heat exchanger. The total heat duty
required for evaporation of ethyl acetate was determined to be 1,629 kW and the log mean
temperature was found to be 174°F. Taking these two values into account and assuming an
overall heat transfer coefficient of 120 BTU/hr-ft*-°F, the heating area required was found to be
267 ft*. 6,022 Ib/hr of low pressure 50 psig steam was condensed at 137°C in order to meet the
heat duty required. The material of construction used was stainless steel because of its high
resistance to rusting and corrosion. The calculations for heat transfer associated with this piece of
equipment can be found in Appendix A and the total fixed and variable costs can be found in

Sections 17 and 14 respectively.

Section 15.10: Diacid Dryer

RD-501

The purpose of the diacid dryer is to evaporate the remaining ethyl acetate from the wet
cake of diacids. The dryer is maintained at a temperature of 115°C and atmospheric pressure.
The diacid dryer was modeled as a direct-heat rotary dryer and the cost was determined based on
guidelines in Chapter 16 of Seider et. al.'>'® The total heat duty required to evaporate the ethyl
acetate was 171 kW and the heat transfer coefficient was 120 BTU/hr-ft>-°F. Based on these
values, the surface area and log mean temperature were found to be 28 ft* and 173°F. In addition,
632 Ib/hr of 50 psig low pressure steam were supplied to meet the heat duty required for
evaporation. These calculations can be found in Appendix A. Lastly, the material of construction

was stainless steel because of its high resistance to corrosion and rusting.'>!”
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Section 15.11: Melting Tank

MT-501

The input to the melting tank consists of dry diacid solids. The purpose of the melting
tank is to melt the solid DDDA into liquid, while retaining the rest of the diacids as solids. In
order to maintain a temperature in between the diacid melting points, the melting tank is
maintained at 135°C and 3.4 bar. Based on the advice of Professor Vrana, the melting tank was
modeled as a vertical pressure vessel with an agitator. The diameter and length of the pressure
vessel were determined to be 1 and 10 meters based on a volumetric flow rate through the vessel
of 3.8 m’/hr and a length to diameter ratio of 10:1 . The agitator was modeled as a turbine and
was also costed according to the volumetric flow rate through the tank and a residence time of 30
minutes. In order to maintain the melting tank at the specified conditions, 360 Ib/hr of 50 psig
low pressure steam were utilized. Lastly, the material of construction was chosen to be stainless

steel 316 because of the high resistance to corrosion and rusting.'>'®

Section 15.12: Flaker

FL-501

The purpose of the flaker was to allow the liquid DDDA to cool to solid DDDA in order
to recover it as a final product. The flaker was maintained at a temperature of 60°C and
atmospheric pressure in order to ensure that the equipment was appropriately below the freezing
point of DDDA. Based on the advice of Professor Vrana, the flaker was modeled as a conveyor
belt with a bare module factor of 10 in order to account for the costs all of the peripheral

equipment. The volumetric flow rate of solids through the belt was 2.04 m*/hr and a residence
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time of 15 minutes was assumed. The length and width of the conveyor belt were then
determined to be 46 ft and 4.6 ft respectively based on the volumetric flow rate, the residence
time, and a length to width ratio of 10:1. Lastly, the electrical requirement was associated with

the motors to run the flaker and was approximated to be 8.9 kWh.

Section 15.13: Conveyor Belt

CB-401, CB-402 & CB-501

The three conveyor belts used in this process are CB-401, CB-402 and CB-501. These
conveyor belts are used in the transportation of solids. CB-501 is used in in order to transfer the
dry cake of diacids from the diacid dryer to the melt tank. It was maintained at 115°C and
atmospheric pressure. CB-401 is used to transfer the diacid cake from the rotary drums to the
evaporator and CB-402 is used to transfer the cake from the evaporator the mixer in the filtration
process. CB-401 was designed at a temperature of 37°C and pressure of 3.43 bar. CB-402
transports evaporator effluent and thus was designed to operate at a temperature of 70°C and
atmospheric pressure. The conveyor belts were costed according to Chapter 16 of Seider et. al,
2017; aresidence time of 15 minutes was assumed in order to find the length and width of each
belt.!>!” These calculations can be found in Appendix A. The electrical requirement for CB-501,

CB-401 and CB-402 were found to be 7.5 kWh, 11.2 kWh and 11.2 kWh respectively.

Section 15.14: Pumps

P-001, P-002, P-003, P-004, P-005, P-006, P-101, P-102, P-204, P-205 & P-301

The pumps involved in fermentation were intended to maintain a specific flow rate of

fluid through the pipes. In this section, Pumps P-101, P-102 and P-204 each serviced two
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fermentation trains. Thus, each of these pumps was costed for requiring twice the amount of
utilities. In total, P-101 requires 3.6 kWh, P-102 requires 36 kWh and P-204 requires 361 kWh.
Similarly, Pump-205 serviced six fermentation trains and was costed for requiring six times the
amount of utilities. In total, P-205 requires 5,234 kWh. A material of stainless steel 316 was
selected as it is more rust and corrosion resistant than most metals. In order to cost the pumps,
guidelines in Seider et. al were followed and centrifugal pump of Horizontal Split Case (HSC)
with 1 stage and a shaft rpm of 3,600 was chosen.'*?° The total fixed and variable costs of each

pump are outlined in sections 17 and 14 respectively.

P-401 & P-402

The pumps P-401 and P-402 were also intended to maintain a specific flow rate of fluid
through the pipes in the filtration portion of the process. Pump P-401 was modeled with ASPEN
to maintain a flow of 84 gpm using 239 kWh of electricity. Pump P-402 was also modeled with
ASPEN to maintain a flow rate of 1.5 gpm using 4.2 kWh of electricity. A material of stainless
steel 316 was selected as it is more rust and corrosion resistant than most metals. In order to cost
the pumps, guidelines in Seider et. al were followed and centrifugal pump of Horizontal Split
Case (HSC) with 1 stage and a shaft rpm of 3,600 was chosen.'>*! The total fixed and variable

costs of each pump are outlined in sections 17 and 14 respectively.

P-501, P-502, P-503 & P-504

The pumps P-501, P-502, P-503 and P-504 were intended to maintain a specific flow rate
of fluid through the pipes using a specific amount of electricity in the crystallization portion. For

example, pump P-503 was modeled with ASPEN to maintain a flow of 86 gpm in the
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crystallization process using 200 kWh of electricity. A material of stainless steel 316 was
selected as it is more rust and corrosion resistant than most metals. In order to cost the pumps,
guidelines in Seider et. al were followed and centrifugal pump of Horizontal Split Case (HSC)
with 1 stage and a shaft rpm of 3,600 was chosen.'*?* The total fixed and variable costs of each

pump are outlined in sections 17 and 14 respectively.
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Section 16

Unit Specification Sheets
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Water Storage Tank

Identification: Item Storage Tank]
Item No. TK-001
No. Required 1

Function: Store Supply Water

Operation: Batch

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID Supply 1

Temperature (°C)
Pressure (bar)
Mass Flow (kg/hr)
Component Mass Flow (kg/hr)
Water
Glucose

Palm Oil

25
1
3444 4

3444 4

Design Data:

Material of Construction:

316 Stainless

Diameter (ft) 8

Length (ft) 90

Total storage volume (ft*) 4523.9
Purchase Cost $482,300
Bare Module Cost $2,006,300
Comments:
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Water Storage Tank

Identification: Item Storage Tank]

Item No. TK-002,

No. Required 1
Function: Store Supply Water
Operation: Batch
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID Supply 25
Temperature (°C) 25
Pressure (bar) 1
Mass Flow (kg/hr) 14290.3
Component Mass Flow (kg/hr)

Water 14290.3
Glucose 0
Palm Oil 0

Design Data: Material of Construction: 316 Stainless

Diameter (ft) 13

Length (ft) 140

Total storage volume (ft*) 18582.5
Purchase Cost $1,313,200
Bare Module Cost $5,463,000
Comments:
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Glucose Solution Storage Tank

Identification: Item
Item No.

No. Required

Storage Tank]
TK-003
1

Function: Store Supply Glucose Solution
Operation: Batch
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID Supply 3
Temperature (°C) 25
Pressure (bar) 1
Mass Flow (kg/hr) 357.7
Component Mass Flow (kg/hr)
Water 107.3
Glucose 250.4
Palm Oil 0
Design Data: Material of Construction: 316 Stainless
Diameter (ft) 4
Length (ft) 40
Total storage volume (ft%) 502.7
Purchase Cost $131,500
Bare Module Cost $546,900
Comments:
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Palm Oil Storage Tank

Identification: Item Storage Tank]

Item No. TK-004

No. Required 1
Function: Store Supply Palm Oil
Operation: Batch
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID Supply 27
Temperature (°C) 25
Pressure (bar) 1
Mass Flow (kg/hr) 3292.5
Component Mass Flow (kg/hr)

Water 0
Glucose 0
Palm Oil 3292.5

Design Data: Material of Construction: 316 Stainless 316 Stainless

Diameter (ft) 8

Length (ft) 100

Total storage volume (ft%) 5026.5
Purchase Cost $508,900
Bare Module Cost $2,117,200
Comments:
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Water Pump

Identification: Item Pump

Item No. P-001

No. Required 1
Function: Pump Water from TK-001
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 1 2
Temperature (°C) 25
Pressure (bar) 1 3
Mass Flow (kg/hr) 3444 .4
Component Mass Flow (kg/hr)

Water 3444 .4
Glucose 0
Palm Oil 0

Design Data: Material of Construction: 316 Stainless

Head (ft) 100

Max Motor HP: 1560
Cost of Utilities/year: 42.9 kWh electricity $10,800
Purchase Cost $12,100
Bare Module Cost: $39,900
Comments:
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Water Pump

Identification: Item

Item No.

No. Required

Pump
P-004

Function: Pump Water from TK-002
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 25 26
Temperature (°C) 25
Pressure (bar) 1 3
Mass Flow (kg/hr) 14290.3
Component Mass Flow (kg/hr)
Water 14290.3
Glucose 0
Palm Oil 0
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 178.0 kWh $44,900
Purchase Cost $8,900
Bare Module Cost: $29,400
Comments:
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Glucose Pump

Identification: Item Pump
Item No. P-002
No. Required 1
Function: Pump Glucose Solution from TK-003
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 3 4
Temperature (°C) 25
Pressure (bar) 1 3
Mass Flow (kg/hr) 357.7
Component Mass Flow (kg/hr)
Water 107.3
Glucose 250.4
Palm Oil 0
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 4.5 kWh $1,100
Purchase Cost $40,700
Bare Module Cost: $134,200
Comments:
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Palm Oil Pump

Identification: Item Pump
Item No. P-005
No. Required 1
Function: Pump Palm Oil from TK-004
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 27 28
Temperature (°C) 25
Pressure (bar) 1 3
Mass Flow (kg/hr) 3292.5
Component Mass Flow (kg/hr)
Water 0
Glucose 0
Palm Oil 3292.5
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 41.0 kWh $10,300
Purchase Cost $12,300
Bare Module Cost: $40,600
Comments:
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Growth Feed Mixing Vessel

Identification: Item Vertical Vessel
Item No. M-001
No. Required 1
Function: Mix water and glucose solution
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID 2,4 5
Temperature (°C) 25 25
Component Mass Flow (kg/batch)
Water 85242 85242
Glucose 6010 6010

Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 7
Vessel Height (ft) 33
Final Working Volume (ft*) 1109.4
Pressure at Vessel Base (psia) 115
Resonance Time (hr) 0.5
Cost of Utilities/year: 3.7kWh $944
Purchase Cost $205,400
Bare Module Cost: $854,600
Associated Cost: Agitator $126,100
Total Bare Module Cost: $980,700

Comments:
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Production Feed Mixing Vessel

Identification: Item Vertical Vessel
Item No. M-002
No. Required 1
Function: Mix Water and Palm Oil
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID 26,28 29
Temperature (°C) 25
Component Mass Flow (kg/batch)
Water 342967 342967
Palm Oil 79020 79020

Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 10
Vessel Height (ft) 40
Final Working Volume (ft*) 2995.5
Pressure at Vessel Base (psia) 115
Resonance Time (hr) 0.5
Cost of Utilities/year: 17.3 kWh $4,400
Purchase Cost $359,900
Bare Module Cost: $1,497,000
Associated Cost: Agitator $302,000
Total Bare Module Cost: $1,799,000

Comments:
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Growth Fermenter Feed Pump

Identification: Item Pump
Item No. P-003
No. Required 1
Function: Pump Water/Glucose Mixture to E-001
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream Out)
Stream ID 5
Temperature (°C) 25
Pressure (bar) 3
Mass Flow (kg/hr) 3802.1
Component Mass Flow (kg/hr)
Water 3551.7
Glucose 250.4
Palm Oil 0
Design Data: Material of Construction 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 47.4 kWh $11,900
Purchase Cost $11,700
Bare Module Cost: $38,700
Comments:
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Production Fermenter Feed Pump

Identification: Item Pump
Item No. P-006]
No. Required 1
Function: Pump Palm Oil/Water Mixture to E-002
Operation: Batch
Type: Centrifugal
Materials Handled: Feed (Stream Out)
Stream ID 29
Temperature (°C) 25
Pressure (bar) 3
Mass Flow (kg/hr) 17582.8
Component Mass Flow (kg/hr)
Water 14290.3
Glucose 0
Palm Oil 3292.5
Design Data: Material of Construction 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 219.1 kWh $55,200
Purchase Cost $8,800
Bare Module Cost: $28,900
Comments:
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Growth Feed Heat Exchanger

Identification: Item Shell and tube heat exchanger
Item No. E-001
No. Required 1
Function: Heat Water/Glucose Mixture
Operation: Batch
Type: Shell and Tube
Materials Handled: Tube Side Shell Side
Stream IN 5
Steam
Stream OUT 6
Mass Flow Rate (kg/hr) 3802.1
Inlet Temp (°C) 25
Outlet Temp (°C) 37
Design Data: Heat Transfer Coefficient (BTU/°F-ft*-hr): 120
LMTD (°F): 258.2
Surface Area (ft?) 5.5
Heat Duty (BTU/hr): 169141.9
Material of Construction: 316 Stainless
Cost of Utilities/year: 183 Ib/hr steam $7,900
Purchase Cost $88,100
Bare Module Cost: $279,400
Comments:
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Production Feed Heat Exchanger

Identification: Item Shell and tube heat exchanger
Item No. E-002
No. Required 1
Function: Heat Palm oil/Water Mixture
Operation: Batch
Type: Shell and Tube
Materials Handled: Tube Side Shell Side
Stream IN 29
Steam
Stream OUT 30
Mass Flow Rate (kg/hr) 17582.8
Inlet Temp (°C) 25
Outlet Temp (°C) 37
Design Data: Heat Transfer Coefficient (BTU/°F-ft*-hr): 120
LMTD (°F): 98.6
Surface Area (ft?) 76
Heat Duty (BTU/hr): 2482676
Material of Construction: 316 Stainless
Cost of Utilities/year: 2549 1b/hr steam $110,100
Purchase Cost $38,900
Bare Module Cost: $123,300
Comments:
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Seed Fermenter [1m’]

Identification: Item Vertical Vessel,
Item No. F-101
No. Required 2
Function: Initial growth of biomass and media
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID S7,S10, S12 S13,S14
Temperature (°C) 37 37
Component Mass Flow (kg/batch)
Water 850 820
Glucose 54 0
Media 11 11
Biomass 2 34
Gas Flow Rate (m*/hr)
Air 0 0
Oxygen 0 7.5
Nitrogen 0 26.0
Carbon Dioxide 0 1.15
Water Vapor 0 1.55

Design Data:

Material of Construct

Stainless Steel 316

Vessel Diameter (ft) 2

Vessel Height (ft) 14

Final Working Volume (ft°) 44

Pressure at Vessel Base (psia) 115
Cost of Utilities/year: 98 gal/hr cooling water $70 x2
Purchase Cost $36,400 x2
Bare Module Cost: $158,000 x2
Associated Cost: Agitator & Cooling Jacket $6,600 x2
Total Bare Module Cost: $164,600 x2
Comments:
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Growth Fermenter [10m’]

Identification: Item Vertical Vessel
Item No. F-102
No. Required 2
Function: Continued growth of biomass and media
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID S8,S15,S17 S18,S19
Temperature (°C) 37 37
Component Mass Flow (kg/batch)
Water 8500 8203
Glucose 541 0
Media 125 125
Biomass 34 339
Gas Flow Rate (m*/hr)
Air 345.8 0
Oxygen 0 75.6
Nitrogen 0 260.7
Carbon Dioxide 0 11.6
Water Vapor 0 15.5
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 4
Vessel Height (ft) 33
Final Working Volume (ft*) 414.7
Pressure at Vessel Base (psia) 115
Cost of Utilities/year: 980 gal/hr cooling water $700 x2
Purchase Cost $111,000 x2
Bare Module Cost: $486,500 x2
Associated Cost: Agitator & Cooling Jacket $24,500 x2
Total Bare Module Cost: $511,000 x2

Comments:
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Growth Fermenter [100m?]

Identification: Item Vertical Vessel
Item No. F-103
No. Required 2
Function: Continued growth of biomass and media
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID S9,520,S22 S23,524
Temperature (°C) 37 37
Component Mass Flow (kg/batch)
Water 85000 82033
Glucose 5415 0
Media 1262 1262
Biomass 359 3608
Gas Flow Rate (m*/hr)
Air 3457.7 0
Oxygen 0 756.2
Nitrogen 0 2606.7
Carbon Dioxide 0 115.5
Water Vapor 0 115.2
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 12
Vessel Height (ft) 33
Final Working Volume (ft*) 3732.2
Pressure at Vessel Base (psia) 115
Cost of Utilities/year: 9803 gal/hr cooling water $7,000 x2
Purchase Cost $400,600 x2
Bare Module Cost: $1,966,300 x2
Associated Cost: Agitator & Cooling Jacket $412,500 x2
Total Bare Module Cost: $2,378,800

Comments:
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Production Fermenter [S00m’]

Identification: Item Vertical Vessel
Item No. F-201
No. Required 6
Function: Conversion of Palm Oil to Diacids
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID S24, S30, S32 S33,534
Temperature (°C) 37 37
Component Mass Flow (kg/batch)
Water 425000 341816
Glucose 0 0
Media/Salts 8773 8773
Biomass 3608 3608
DDDA 0 59358
Sebacic Acid 0 2198
Suberic Acid 0 2198
Adipic Acid 0 2198
Gas Flow Rate (m’/hr)
Air 16974 0
Oxygen 0 3712.3
Nitrogen 0 12796
Carbon Dioxide 0 360.2
Water Vapor 0 752.5

Design Data:

Material of Construction 316 Stainless

Vessel Diameter (ft) 18.6

Vessel Height (ft) 65

Final Working Volume (ft%) 17661.6

Pressure at Vessel Base (psia) 115
Cost of Utilities/year: 48120 gal/hr cooling water $34,600

Purchase Cost

Bare Module Cost:

$1,180,400 x6

$5,910,400 x6

Associated Cost:

Agitator and Cooling Jacket $1,000,000 x6

Total Bare Module Cost:

$6,910,400 x6

Comments:
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F-101 Air Compressor

Identification: Item Multi-stage compresson
Item No. CP-101
No. Required 1

Function: Pressurize air fed to F-101

Operation: Continuous

Type: 2-Stage Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID 11 12

Air Flow Rate (m*/hr) 344 34.4

Temperature (°C) 37

Pressure (bar) 3

Design Data: Material of Construction 316 Stainless
Head (ft) 10
Drive Type Electrical
Cost of Utilities/year: 6.9 kWh $1,700
Purchase Cost $34,100
Bare Module Cost: $73.,400
Associated Cost: HEPA Filters $

Comments:

Cost of HEPA filters included in bare module cost
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F-102 Air Compressor

Identification: Item Multi-stage compresson
Item No. CP-102
No. Required 1

Function: Pressurize air fed to F-102

Operation: Continuous

Type: 2-Stage Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID 16 17

Air Flow Rate (m*/hr) 345.8 345.8

Temperature (°C) 3

Pressure (bar) 37

Design Data: Material of Construction 316 Stainless
Head (ft) 10
Drive Type Electrical

Cost of Utilities/year: 69.3 kWh $17,500

Purchase Cost $82,000

Bare Module Cost: $176,300

Associated Cost: HEPA Filters $

Comments:

Cost of HEPA filters included in bare module cost
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F-103 Air Compressor

Identification: Item Multi-stage compresson
Item No. CP-103
No. Required 1

Function: Pressurize air fed to F-103

Operation: Continuous

Type: 2-Stage Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID 21 22

Air Flow Rate (m*/hr) 3457.7 3457.7

Temperature (°C) 37

Pressure (bar) 3

Design Data: Material of Construction 316 Stainless
Head (ft) 10
Drive Type Electrical

Cost of Utilities/year: 692.5 kWh $174,500

Purchase Cost $196,700

Bare Module Cost: $422.800

Associated Cost: HEPA Filters $

Comments:

Cost of HEPA filters included in bare module cost
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F-201 Air Compressor

Identification: Item Multi-stage compresson
Item No. CP-201
No. Required 1

Function: Pressurize air fed to F-201

Operation: Continuous

Type: 2-Stage Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID 31 32

Air Flow Rate (m*/hr) 16974 16974

Temperature (°C) 37

Pressure (bar) 3

Design Data: Material of Construction 316 Stainless
Head (ft) 10
Drive Type Electrical

Cost of Utilities/year: 3399.7 kWh $856,700

Purchase Cost $360,000

Bare Module Cost: $773,900

Associated Cost: HEPA Filters $

Comments:

Cost of HEPA filters included in bare module cost
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F-101 Products Pump

Identification: Item Pump
Item No. P-101
No. Required 1

Function: Pump output from F-101 to F-102

Operation: Continuous

Type: Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID 14 15

Temperature (°C) 37 37

Pressure (bar) 1 3

Mass Flow (kg/hr) 865
Component Mass Flow (kg/hr)
Water 820
Glucose 0
Media/Salts 11
Biomass 34
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 1.8 kWh $500
Purchase Cost $60,000
Bare Module Cost: $197,900
Comments:
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F-102 Products Pump

Identification: Item Pump
Item No. P-102
No. Required 1
Function: Pump output from F-102 to F-103
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 19 20
Temperature (°C) 37
Pressure (bar) 1 3
Mass Flow (kg/hr) 8687
Component Mass Flow (kg/hr)
Water 8203
Glucose 0
Media/Salts 125
Biomass 359
Design Data: Material of Construction 316 Stainless
Head (ft) 500
Max Motor HP: 1560
Cost of Utilities/year: 18.0 kWh $4,500
Purchase Cost $14,400
Bare Module Cost: $47,600
Comments:
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F-103 Products Pump

Identification: Item Pump
Item No. P-204
No. Required 1
Function: Pump output from F-103 to F-201
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 24
Temperature (°C) 37
Pressure (bar) 1 3
Mass Flow (kg/hr) 86903
Component Mass Flow (kg/hr)
Water 82033
Glucose 0
Media/Salts 1262
Biomass 3608
Design Data: Material of Construction 316 Stainless
Head (ft) 1000
Max Motor HP: 1560
Cost of Utilities/year: 180.4 kWh $45,500
Purchase Cost $9,200
Bare Module Cost: $30,300
Comments:
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F-201 Products Pump

Identification: Item Pump
Item No. P-205
No. Required 1
Function: Pump output from F-201 to S-301
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 34
Temperature (°C) 37
Pressure (bar) 1 3
Mass Flow (kg/hr) 420149
Component Mass Flow (kg/hr)
Water 34186 34186
Glucose 0 0
Media/Salts 8773 8773
Biomass 3608 3608
DDDA 59358 59358
Sebacic Acid 2198 2198
Suberic Acid 2198 2198
Adipic Acid 2198 2198
Design Data: Material of Construction 316 Stainless
Head (ft) 1000
Max Motor HP:
Cost of Utilities/year: 872.4 kWh $219,800
Purchase Cost $9,100
Bare Module Cost: $30,000
Comments:
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Surge Tank

Identification: Item Storage Tank]

Item No. §-301

No. Required 1
Function: Store fermented products
Operation: Batch to Continuous
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID Batchwise 35(S1)

See Figure 12.5
Temperature (°C) 37
Pressure (bar) 3
Mass Flow (kg/hr)
Component Mass Flow (kg/hr)
Water 12822.1
Glucose 0
Palm Oil 0

Design Data: Material of Construction 316 Stainless

Vessel Diameter (ft) 18.6

Vessel Height (ft) 65

Final Working Volume (ft®) 17661.6

Pressure at Vessel Base (psia) 115
Purchase Cost $ 1,606,300
Bare Module Cost $ 6,682,400
Comments:
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Surge Pump

Identification: Item Pump
Item No. P-301
No. Required 1
Function: Pump output from surge tank to RF-501 & RF-502
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 35 S1
Temperature (°C)
Pressure (bar) 3 3.43
Mass Flow (kg/hr) 15359.9 15359.9
Component Mass Flow (kg/hr)
Water 12822.1 12822.1
Glucose 0 0
Media/Salts 0 0
Biomass 150.2 150.2
DDDA 2148.5 2148.5
Sebacic Acid 79.7 79.7
Suberic Acid 79.7 79.7
Adipic Acid 79.7 79.7
Design Data: Material of Construction: 316 Stainless
Head (ft) 1000
Max Motor HP: 1560
Cost of Utilities/year: 191.4 kWh $48,200
Purchase Cost $8,800
Bare Module Cost: $29,200
Comments:
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Vacuum Rotary Drum Filter

Identification: Item Filtration System
Item No. RF-401 & RF-402]
No. Required 1 (each)
Function: Remove a majority of water from S1
Operation: Continuous
Type: Alar Corp AV330
Materials Handled: Feed (Stream In) Cake (Solid Out) Supernatant (Liq Out)
Stream ID S1 S4 S2/83
Temperature (°C) 37 37 37
Pressure (bar) 343 343 3.43
Mass Flow (kg/hr) 15359.9 3612.7 117472
Component Flow (kg/hr)
Water 12822.1 1087.6 11734.5
Glucose 0 0 0
Media/Salts 0 0 0
Biomass 150.2 149.5 0.7
DDDA 2148.5 2137.8 2137.8
Sebacic Acid 79.7 79.3 0.4
Suberic Acid 79.7 79.3 0.4
Adipic Acid 79.7 79.3 0.4

Design Data:

Material of Construction

Stainless steel

Pressure 1 bar

Diameter 3 fta

Length 3ft

Function height 3ft

Orientation Horizontal

Frac. of Drum Full 0.4

Speed 0.5 rpm

Capacity 2727.3 kg/ft*/day

Motor 13 hp
Cost of Utilities/year: 8.2 kWh $2,000 x2
Purchase Cost $116,900 x2
Bare Module Cost: $237,300 x2

Comments:

Quote from Alar Corp. This drum filter is auto cleansing so dead time is not considered
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Cake Dryer

Identification: Item Evaporator]
Item No. E-401
No. Required 1
Function: Dry remaining water residing in diacid cake
Operation: Continuous
Type:
Materials Handled: Feed (Stream In) Cake (Solid Out) Exhaust (Vapor Out)
STream ID S4 S6 S5
Temperature (°C) 37 37 115
Pressure (bar) 343 1 1
Mass Flow (kg/hr) 3612.7 2525.1 1087.6
Component Flow (kg/hr)
Water 1087.6 0 1087.6
Glucose 0 0 0
Media/Salts 0 0 0
Biomass 149.5 149.5 0
DDDA 2137.8 2137.8 0
Sebacic Acid 79.3 79.3 0
Suberic Acid 79.3 79.3 0
Adipic Acid 79.3 79.3 0
Heat Transfer Coefficient
Design Data: (BTU/°F-ft*-hr): 120
LMTD (°F): 217.7
Surface Area (ft?) 107.7
Heat Duty (BTU/hr): 2813795.6
Material of Construction: 316 Stainless
Cost of Utilities/year: 2850 Ib/hr steam $123,100
Purchase Cost $38,900
Bare Module Cost: $123,300
Comments:
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Cake Drying Belt

Identification: Item Pump
Item No. CB-401 & CB-402
No. Required 1 (each)
Function: Move moist cake through cake evaporator
Operation: Continuous
Type: Conveyor
Materials Handled: Feed (Pre-Dryer) Discharge (Post-Dryer)
Stream ID S4 S6
Mass Flow Rate (kg/hr) 3612.7 2525.1
Component Mass Flow (kg/hr)
Water 1087.6 0
Glucose 0 0
Media/Salts 0 0
Biomass 149.5 149.5
DDDA 2137.8 2137.8
Sebacic Acid 79.3 79.3
Suberic Acid 79.3 79.3
Adipic Acid 79.3 79.3
Design Data: Material of Construction 316 Stainless
Volume on Belt (ft%) 22.3
Height of Slurry (ft) 0.08
Length (ft) 51.7
Width (ft) 5.2
Cost of Utilities/year: 11.2 kWh $2,800 x2
Purchase Cost $190,400
Bare Module Cost: $306,500
Comments:
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Major Ethyl Acetate Mixing Vessel

Identification: Item Vertical Vessel
Item No. M-401
No. Required 1
Function: Add ethyl acetate to cake to solubilize diacids
Operation: Continuous
Materials Handled: Inlet Outlet
Temperature (°C) 70 70
Component Mass Flow (kg/batch)
Ethyl Acetate 16629
Biomass 149.5 149.5
DDDA 2137.8 2137.8
Sebacic Acid 79.3 79.3
Suberic Acid 79.3 79.3
Adipic Acid 79.3 79.3
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 3.3
Vessel Height (ft) 16.4
Final Working Volume (ft*) 138.7
Pressure at Vessel Base (psia) 115
Resonance Time (hr) 0.5
Cost of Utilities/year: 3086.6 kWh $777,800
Purchase Cost $62,600
Bare Module Cost: $260,300
Associated Cost: Agitator $50,700
Total Bare Module Cost: $311,000

Comments:
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Minor Ethyl Acetate Mixing Vessel

Identification: Item Vertical Vessel
Item No. M-402
No. Required 1
Function: Secondary dissolution step for those that failed to convert in M-401
Operation: Continuous
Materials Handled: Inlet Outlet
Temperature (°C) 70 70
Component Mass Flow (kg/batch)
Ethyl Acetate 86.8 174.1
Biomass 149.5 149.5
DDDA 11.2 11.2
Sebacic Acid 0.4 0.4
Suberic Acid 0.4 0.4
Adipic Acid 0.4 0.4
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 2
Vessel Height (ft) 8
Final Working Volume (ft*) 17.3
Pressure at Vessel Base (psia) 115
Resonance Time (hr) 0.5
Cost of Utilities/year: 0.7 kWh $200
Purchase Cost $28,000
Bare Module Cost: $116,400
Associated Cost: Agitator $5,500
Total Bare Module Cost: $121,900

Comments:
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Major Ethyl/Biomass Slurry Pump

Identification: Item Pump
Item No. P-401
No. Required 1
Function: Pump liquid diacids to C-401
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 8 9
Temperature (°C) 70 70
Pressure (bar) 5 1
Mass Flow (kg/hr) 19154.5
Component Mass Flow (kg/hr)
Ethyl Acetate 16629
Biomass 149.5
DDDA 2137.8
Sebacic Acid 79.3
Suberic Acid 79.3
Adipic Acid 79.3
Design Data: Material of Construction: 316 Stainless
Head (ft) 500
Max Motor HP: 1560
Utilities: 238.6 kWh $60,100
Purchase Cost $8,700
Bare Module Cost: $28.,800
Comments:
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Minor Ethyl/Biomass Slurry Pump

Identification: Item Pump
Item No. P-402
No. Required 1
Function: Pump liquid diacids to C-402
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID 16 17
Temperature (°C) 70
Pressure (bar) 5 1
Mass Flow (kg/hr) 336
Component Mass Flow (kg/hr)
Ethyl Acetate 174.1
Biomass 149.5
DDDA 11.2
Sebacic Acid 0.4
Suberic Acid 0.4
Adipic Acid 0.4
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 4.2 kWh $1,000
Purchase Cost $111,600
Bare Module Cost: $368,300
Comments:

123



Ethyl Acetate Heat Exchanger

Identification: Item Shell and tube heat exchanger
Item No. E-402
No. Required 1
Function: Heat feedstock ethyl acetate from 25 C to 70 C
Operation: Continuous
Type: shell and tube
Materials Handled: Tube Side Shell Side
Stream IN S12
Steam
Stream OUT S13
Mass Flow Rate (kg/hr) 737.26
Inlet Temp (°C) 25 186
Outlet Temp (°C) 70 163
Design Data: Heat Transfer Coefficient (BTU/°F-ft*-hr): 120
LMTD (°C): 126.7
Surface Area (ft?) 2.4
Heat Duty (BTU/hr): 64942.12
Material of Construction: 316 stainless
Cost of Utilities/year: 70 Ib/hr steam $3,000
Purchase Cost $150,300
Bare Module Cost: $478,000
Comments:
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Major Centrifuge

Identification: Item Filtration System
Item No. CF-401
No. Required 1
Function: Separate biomass from liquid diacids
Operation: Continuous
Type: Alfa Laval NX 418 Decanter
Materials Handled: Feed (Stream In) Cake (Solid Out) Supernatant (Liq Out)
STream ID S9 S11 S10
Temperature (°C) 70 70 70
Pressure (bar) 1 1 1
Mass Flow (kg/hr) 19154.5 249.1 18905.4
Component Flow (kg/hr)
Ethyl Acetate 16629.4 87.2 16542.2
Biomass 149.5 149.5
DDDA 2137.8 11.2 2126.6
Sebacic Acid 79.3 0.4 78.9
Suberic Acid 79.3 04 78.9
Adipic Acid 79.3 04 78.9
Design Data: Capacity 120 GPM

Material of Construction:

316 Stainless

Speed 4000 rpm

Motor 20 hp

Voltage 460 V
Cost of Utilities/year: 14.9 kWh $3,800
Purchase Cost $312,600
Bare Module Cost: $634,700
Comments:
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Minor Centrifuge

Identification: Item Filtration System
Item No. CF-402
No. Required 1
Function: Second pass for diacids caught in solid out from CF-401
Operation: Continuous
Type: Alfa Laval NX314 Decanter
Materials Handled: Feed (Stream In) Cake (Solid Out) Supernatant (Liq Out)
STream ID S17 S20 S18
Temperature (°C) 70 70 70
Pressure (bar) 1 1 1
Mass Flow (kg/hr) 336 151 185
Component Flow (kg/hr)
Ethyl Acetate 174.5 1.7 172.7
Biomass 149.5 149.5
DDDA 11.2 0.1 11.1
Sebacic Acid 0.4 04
Suberic Acid 0.4 0.4
Adipic Acid 0.4 0.4
Design Data: Capacity 40 GPM
Material of Construction: 316 Stainless
Speed 3250 rpm
Motor 15 hp
Voltage 460 V
Cost of Utilities/year: 11.2 kWh $2,800
Purchase Cost $126,200
Bare Module Cost: $256,200
Comments:
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Kettle Evaporator

Identification: Item Heating Vessel
Item No. KE-501 & E-501
No. Required 1
Function: Evaporate ethyl acetate from stream
Operation: Continuous
Type:
Materials Handled: Tube Side Shell Side
Stream IN S19,5827,S25
Steam
Stream OUT S21
Mass Flow Rate (kg/hr) 5976
Inlet Temp (°C) 70
Outlet Temp (°C) 86
Design Data: Heat Transfer Coefficient (BTU/°F-ft*-hr): 120
LMTD (°F): 173.6
Surface Area: (ft%) 266.8
Length (ft) 131.2
Diameter (ft) 13.1
Heat Duty (BTU/hr): 5559150.3
Material of Construction: 316 Stainless
Resonance Time (hr) 0.5
Cost of Utilities/year: 6022 1b/hr steam $260,100
Purchase Cost $108,700
Bare Module Cost: $344,700
Comments:
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Kettle Evaporator Pump

Identification: Item Pump
Item No. P-501
No. Required 1
Function: Pump solution from KE-501 to RF-501
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID S21 S25,526
Temperature (°C) 86 95.47/86.13
Pressure (bar) 1.34 3.76
Mass Flow kg/hr
Component Mass Flow (kg/hr)
Ethyl Acetate 142143 142143
DDDA 42637 42637
Sebacic Acid 1581 1581
Suberic Acid 1581 1581
Adipic Acid 1581 1581
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 2361.2 kWh $595,000
Purchase Cost $9,900
Bare Module Cost: $32,900
Comments:
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Major Ethyl Acetate Condenser

Identification: Item Condenser
Item No. C-501
No. Required 1
Function: Condense evaporated ethyl acetate
Operation: Continuous
Type:
Materials Handled: Tube Side Shell Side
Stream IN S20
Chilled Water
Stream OUT S22
Mass Flow Rate (kg/hr) 15045
Inlet Temp (°C) 86
Outlet Temp (°C) 76.73
Design Data: Heat Transfer Coefficient (BTU/°F-ft-hr) 120
LMTD (°F): 109.7
Surface Area (ft%) 408.7
Heat Duty (BTU/hr): -5381953.2
Material of Construction: 316 Stainless
Cost of Utilities/year: 43073 gal/hr cooling water $31,000
Purchase Cost $47,300
Bare Module Cost: $149,900
Comments:

129



Diacid/Ethyl Acetate Rotary Filter

Identification: Item Evaporator
Item No. RF-501
No. Required 1
Function: Remove a majority of ethyl acetate from diacids
Operation: Continuous
Type: Alarp Corp AV340
Materials Handled: Feed (Stream In) Recycle Slurry
STream ID S26 S27 S28
Temperature (°C) 86.13 86.13 86.13
Pressure (bar) 3.76 3.43 3.76
Mass Flow (kg/hr)
Component Flow (kg/hr)
Ethyl Acetate 7107 5528 1579
DDDA 2132 0 2131.8
Sebacic Acid 79.1 0 79.1
Suberic Acid 79.1 0 79.1
Adipic Acid 79.1 0 79.1

Design Data:

Material of Construction

Stainless steel

Pressure 1 bar
Diameter 3ft
Length 4 ft
Function height 3ft
Orientation Horizontal
Frac. of Drum Full 0.4
Speed 0.5 rpm
Capacity 2727.3 kg/ft*/day
Motor 11 hp
Cost of Utilities/year: 8.2 kWh $2,000
Purchase Cost $127,700
Bare Module Cost: $259,200
Comments: Drum is auto cleansing so dead time is not considered




Diacid Slurry Pump

Identification: Item Pump
Item No. P-502
No. Required 1
Function: Pump output from RF-501 to RD-501
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID S28
Temperature (°C) 86.13
Pressure (bar) 3.43 3.76
Mass Flow (kg/hr)
Component Mass Flow (kg/hr)
Ethyl Acetate 1579
Biomass 0
DDDA 2131.8
Sebacic Acid 79.1
Suberic Acid 79.1
Adipic Acid 79.1

Design Data:

Material of Construction:

316 Stainless

Head (ft) 100

Max Motor HP: 1560
Cost of Utilities/year: 49.2 kWh $12,400
Purchase Cost $13,000
Bare Module Cost: $43,600
Comments:
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Diacid/Nitrogen Rotary Dryer

Identification: Item Filtration System
Item No. RD-501
No. Required 1
Function: Dry ethyl acetate from solid diacids
Operation: Continuous
Type:
Materials Handled: Slurry Solids Exhaust
Stream ID S28, S37 S29 S38
Temperature (°C) 86.13/115 115 115
Pressure (bar) 3.43/1.7 1.7 1.7
Mass Flow (kg/hr)
Component Flow (kg/hr)
Nitrogen 29.86 0 29.86
Ethyl Acetate 1599.7 0 1599.7
DDDA 2131.8 2131.8 0
Sebacic Acid 79.1 79.1 0
Suberic Acid 79.1 79.1 0
Adipic Acid 79.1 79.1 0
Design Data: Material of Construction 316 Stainless
Diameter (ft) 7.7
Length (ft) 77
Volume (%) 3553.8
Resonance Time (hr) 0.5
Cost of Utilities/year: 632 1b/hr steam $27,300
Purchase Cost $83,600
Bare Module Cost: $172,300

Comments:




Nitrogen Compressor

Identification: Item Multi-stage compresson
Item No. CP-501
No. Required 1
Function:
Operation: Continuous
Type: 2-Stage Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID S38 540,543
Temperature (°C) 115 76.73/115
Pressure (bar) 1.7 1.7/2.74
Gas Flow Rate (m%/hr)
Component Mass Flow (kg/hr)
Ethyl Acetate 1599.7 1577/20.7
Nitrogen 29.86 0/26.5
Design Data: Material of Construction 316 Stainless
Head (ft) 100
Drive Type Electrical
Cost of Utilities/year: 1958.3 kWh $493,400
Purchase Cost $356,000
Bare Module Cost: $773,900
Associated Cost: HEPA Filters $

Comments:

Pricing of HEPA filters included in bare module cost
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Minor Ethyl Acetate Condenser

Identification: Item Condenser
Item No. C-502
No. Required 1

Function: Condense evaporated ethyl acetate to be recycled

Operation: Continuous

Type:

Materials Handled: Tube Side Shell Side

Stream IN

Chilled Water

Stream OUT 5S40

Mass Flow Rate (kg/hr) 1577

Inlet Temp (°C) 115

Outlet Temp (°C) 76.73

Design Data:

Heat Transfer Coefficient (BTU/°F-ft**hr):
LMTD (°F):

Surface Area (ft%)

Heat Duty (BTU/hr):

Material of Construction:

120
136.01
38.4
-606028.6

316 Stainless

Cost of Utilities/year: 5010 gal/hr cooling water $3,600
Purchase Cost $42.100
Bare Module Cost: $133,500
Comments:
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Diacid Transport Belt

Identification: Item Conveyor Bell
Item No. CB-501
No. Required 1
Function: Transport solid diacids into MT-501
Operation: Continuous
Type:
Materials Handled: Feed (Pre-Dryer)
Stream ID S29
Mass Flow Rate (kg/hr) 2369..3
Component Mass Flow (kg/hr)
DDDA 2132
Sebacic Acid 79.1
Suberic Acid 79.1
Adipic Acid 79.1
Design Data: Material of Construction 316 Stainless
Volume on Belt (ft*) 21
Height of Slurry (ft) 0.08
Length (ft) 50
Width (ft) 5
Cost of Utilities/year: 7.5 kWh $1,900
Purchase Cost $73,500
Bare Module Cost: $118,300
Comments:
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Diacid Melting Tank

Identification: Item Vertical Vessel with Heating]
Item No. MT-501
No. Required 1
Function: Melt DDDA
Operation: Batch
Materials Handled: Inlet Outlet
Stream ID S29 S$30,S33
Temperature (°C) 115 135.2
Pressure (bar) 1.01 2.74
Component Mass Flow (kg/batch)
DDDA 2132 6080
Sebacic Acid 79.1 79.3
Suberic Acid 79.1 79.3
Adipic Acid 79.1 79.3
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 0.33
Vessel Height (ft) 33
Final Working Volume (ft*) 10
Cost of Utilities/year: 360 Ib/hr steam $15,500
Purchase Cost $6,200
Bare Module Cost: $25,900
Associated Cost: Agitator $17,400
Heating Jacket $22,400
Total Bare Module Cost: $65,700
Comments:
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Ethyl Acetate Recycle Tank

Identification: Item Vertical Vessel with Heating]
Item No. TK-501
No. Required 1

Function: Store condensed ethyl acetate to be recycled back into S13

Operation: Batch

Materials Handled:z Inlet Outlet

Stream ID S41 S23,542

Temperature (°C) 76.73 76.73

Pressure (bar) 1.38 1.34,1.7

Component Mass Flow (kg/batch)

Ethyl Acetate 16141 15979,161
DDDA 0 0
Nitrogen 0 0
Design Data: Material of Construct 316 Stainless
Vessel Diameter (ft) 8
Vessel Height (ft) 40
Final Working Volume (ft*) 74330
Pressure at Vessel Base (psia) 115
Purchase Cost $ 206,100
Bare Module Cost: $ 857,500
Associated Cost: Agitator $
Heating Jacket $
Total Bare Module Cost: $
Comments: Cost of agitator and heating jacket included in bare module cost
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Ethyl Acetate Recycle Pump

Identification: Item Pump
Item No. P-503
No. Required 1
Function: Recycle ethyl acetate into S13
Operation: Continuous
Type: Centrifugal
Materials Handled: Feed (Stream In) Discharge (Stream Out)
Stream ID S23 S24
Temperature (°C) 76.73
Pressure (bar) 1.34 3
Mass Flow (kg/hr)
Component Mass Flow (kg/hr)
Ethyl Acetate 15979
DDDA 0
Sebacic Acid 0
Suberic Acid 0
Adipic Acid 0
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 199.1 kWh $50,200
Purchase Cost $8,700
Bare Module Cost: $28,600
Comments:
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Diacid Pump

Identification: Item Pump
Item No. P-504
No. Required 1

Function: Pump diacids from MT-501 to RF-502

Operation: Continuous

Type: Centrifugal

Materials Handled: Feed (Stream In) Discharge (Stream Out)

Stream ID S30

Temperature (°C) 135.2

Pressure (bar) 1.01 343

Mass Flow (kg/hr)

Component Mass Flow (kg/hr)

Ethyl Acetate 0
Biomass 0
DDDA 4106
Sebacic Acid 79.2
Suberic Acid 79.2
Adipic Acid 79.2
Design Data: Material of Construction: 316 Stainless
Head (ft) 100
Max Motor HP: 1560
Cost of Utilities/year: 54.1 kWh $13,600
Purchase Cost $30,400
Bare Module Cost: $101,500

Comments:
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Vacuum Rotary Drum Filter

Identification: Item Filtration System
Item No. RF-502
No. Required 1
Function: Separate liquid DDDA from other diacid impurities
Operation: Continuous
Type: Alar Corp AV110
Materials Handled: Feed (Stream In) Impurities (Solid Out) Product (Liq Out)
Stream ID S30 S31 S32
Temperature (°C) 135.2 135.2 135.2
Pressure (bar) 343 1.01 2.74
Mass Flow (kg/hr) 4343 395 3948
Component Flow (kg/hr)
DDDA 4106 158 3948
Sebacic Acid 79.2 79 0.2
Suberic Acid 79.2 79 0.2
Adipic Acid 79.2 79 0.2

Design Data:

Material of Construction

Stainless steel

Pressure 1 bar
Diameter 1ft
Length 1ft
Function height 1ft
Orientation Horizontal
Frac. of Drum Full 0.4
Speed 0.5 rpm
Capacity 2727.3 kg/ft*/day
Motor 4 hp
Cost of Utilities/year: 3.0 kWh $800
Purchase Cost $114,800
Bare Module Cost: $233,100
Comments: Drum is auto cleansing so dead time is not considered
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DDDA Flaker

Identification: Item Conveyer Bellf
Item No. FL-501
No. Required 1
Function: Crystallize liquid DDDA
Operation: Continuous
Type:
Materials Handled: Feed (Pre-Dryer) Discharge (Post-Dryer)
Stream ID S34 S35
Temperature (°C) 135.2 60
Mass Flow Rate (kg/hr) 1974.15
Component Mass Flow (kg/hr)
DDDA 1974
Sebacic Acid 0.05
Suberic Acid 0.05
Adipic Acid 0.05
Design Data: Material of Construction: 316 Stainless
Length 46.5
Width 4.6
Cost of Utilities/year: 8.9 kWh $2,300
Purchase Cost $63,300
Bare Module Cost: $632,800
Comments:
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Section 17

Equipment Cost Summary
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Table 17.1: Equipment Costing Summary

Process Equipment ID

TK-001

TK-002

TK-003

TK-004

TK-501

S-301

P-001

P-002

P-003

P-004

P-005

P-006

P-101

P-102

P-204

P-205

P-301

P-401

P-402

P-501

P-502

P-503

P-504

CP-101

CP-102

CP-103

CP-201

CP-501

Type

Storage

Storage

Storage

Storage

Storage

Storage

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Process Machinery

Compressor

Compressor

Compressor

Compressor

Compressor

Cp, Purchase Cost ($)
$482,300
$131,500

$1,313,200
$508,900
$206,100
$1,606,300
$12,100
$40,700
$11,700
$8,900
$12,300
$8,800
$60,000
$14,400
$9,200
$9,100
$8,800
$8,700
$111,600
$9,900
$13,000
$8,700
$30,400
$34,100
$82,000
$196,600
$360,000

$10,700
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Bare Module Factor

4.16

4.16

4.16

4.16

3.30

3.30

3.30

3.30

3.30

3.30

2.15

2.15

Cbm, Bare Module Cost ($)

$2,006,300

$546,900

$5,463,000

$2,117,200

$857,500

$6,682,400

$39,900

$134,200

$158,000

$29,400

$40,600

$28,900

$197,900

$47,600

$30,300

$30,000

$29,200

$28,800

$368,300

$32,900

$43,600

$28,600

$101,500

$73,400

$176,300

$422,800

$773,900

$23,000



E-001

E-002

E-401

E-402

M-001

M-002

M-401

M-402

F-101 (x2)

F-102 (x2)

F-103 (x2)

F-201 (x6)

RF-401

RF-402

RF-501

RF-502

CB-401

CB-402

CB-501

CF-401

CF-402

KE-501/E-501

C-501

C-502

RD-501

MT-501

FL-501

Heater

Heater

Heater

Heater

Mixing Vessel

Mixing Vessel

Mixing Vessel

Mixing Vessel

Growth Fermenter

Growth Fermenter

Growth Fermenter

Growth Fermenter

Rotary Filter

Rotary Filter

Rotary Filter

Rotary Filter

Conveyer Belt

Conveyer Belt

Conveyer Belt

Centrifuge

Centrifuge

Kettle Evaporator

Condenser

Condenser

Diacid Dryer

Melting Tank

Flaker

$88,100
$38,900
$38,900
$150,800
$215,700
$384,500
$66,700
$28,400
$36,400
$111,000
$400,600
$1,180,400
$116,900
$116,900
$127,700
$114,800
$112,000
$78,300
$73,500
$312,600
$126,200
$108,700
$47,300
$42,100
$83,600
$17,400

$63,300
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4.28

4.28

4.28

4.28

4.16

4.16

4.16

4.16

2.03

3.17

2.06

3.5

$279,400

$123,200

$123,300

$478,000

$980,700

$1,799,000

$311,000

$121,900

$158,000

$486,500

$1,966,300

$5,910,400

$237,300

$237,300

$259,200

$233,100

$180,400

$126,100

$118,300

$634,700

$256,200

$344,700

$149,900

$133,600

$172,300

$65,700

$632,800
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Figure 17.1: Total Bare Module Cost for Plant Equipment. Cost is continually summed throughout the figure. Size of bar represents relative cost
of equipment listed

In order to build this plant, there is a total capital investment (TCI) required of
approximately $106 MM is required. $69 MM of this total will be spent towards purchasing and
installing equipment pieces such as fermenters, heaters, compressors, and more. There is a
breakdown of the capital investment in Figure 17.1 by the type of equipment. The majority of
equipment investment is allocated to the equipment associated with the two fermentation
production trains. This seems logical as the six production fermentation vessels are responsible

for the value creation stage of the proposed design.
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Section 17.1: Unit Costing Considerations
Section 17.1.1: Pumps, Compressors and Agitator

The pumps, compressors and the agitator in this section were all costed according to the
equations in Table 16.32 of Seider et. al, 2017.""' The purchase costs for the pumps required the
flow rates through each pump in gallons per minute and the pressure head in feet for each pump.
In order to cost each compressor, the flow through each compressor in cubic feet per minute was
required. Lastly, in order to cost the agitator, the agitator horsepower was required. Each of these
unit costing inputs was either retrieved from ASPEN simulation results or was calculated by

supplementary equations in Chapter 16 of Seider et. al, 2017.""*
Section 17.1.2: Heat Exchangers and Condensers

The four heaters were costed according to the heat exchanger equations in Chapter 16 of
Seider et. al, 2017."" In order to use these equations, the surface area in square feet and the
material of construction (stainless steel) were required. This same process was required for
condensers.

In order to calculate the required surface area of the heat exchangers, the weighted heat
capacity of all stream components, the mass flow rates of the stream, and the desired temperature
change must all be known. For heat exchangers, as opposed to evaporators, no information
regarding phase change heat of vaporization was required. This heat duty, the log mean
temperature difference of the stream and the heating fluid, as well as an estimated heat transfer
coefficient for the device used, allowed for an estimated surface area to be determined. This

value was then used to inform the purchase cost of said equipment and bare module factors were
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taken into consideration. In order to calculate the surface area of condensers, the total sensible
and latent heat was divided by the log mean temperature difference and the heat transfer
coefficient. More in-depth calculations can be found in the Appendix.

Section 17.1.3: Kettle Evaporator and Diacid Dryer

In order to cost the kettle evaporator, the equation for a shell-and-tube heat exchanger
was utilized from Chapter 16 in Seider et. al, 2017.""* In order to determine the purchase cost,
the surface area and material of construction of the heat exchanger were required. The surface
area in square feet was determined by dividing the total sensible and latent heat by the heat
transfer coefficient and the log mean temperature difference. The material of construction was
again chosen to be stainless steel.

Costing of the diacid dryer was done according to the equation for a direct-heat rotary
dryer in Chapter 16 of Seider et. al, 2017. In order to cost the diacid dryer, the surface area in
square feet was required. Calculating the surface area was performed similarly to the kettle
evaporator sizing process; the sum of the sensible and latent heat transferred was divided by the
heat transfer coefficient and the log-mean temperature difference. The total heat included the
heat required to heat the ethyl acetate, vaporize it and heat the vapor to the temperature of the
vessel.

Section 17.1.4: Melting Tank and Flaker

In order to find the purchase cost of the melting tank, equations for a vertical pressure
vessel and agitator were utilized from Chapter 16 from Seider et. al, 2017."7 In addition, a
multiplier was added to account for a heating jacket, as advised by Professor Vrana. In order to

cost the vertical pressure vessel, the diameter and length of the tank, the maximum allowable
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pressure, and the material of construction were required. The diameter and length were
determined by specifying the volumetric flow rate and the residence time of the tank. The
maximum allowable pressure was determined by specifying the tank temperature, and the
material of construction was set to be stainless steel.

In order to cost the flaker, Professor Vrana advised our team to determine the purchase
cost of a conveyor belt with similar dimensions, and to utilize a bare module cost of 10 in order
to account for all of the peripheral equipment required. The equation to cost a conveyor belt was
found in Chapter 16 of Seider et. al, 2017.'"° The surface area of the conveyor belt was required

and was determined by evaluating the volumetric flow rate of material passing through the

flaker.

Section 17.1.5: Rotary Filter, Conveyer Belt, and Centrifuges

The purchase costs for rotary filters, conveyer belts and centrifuges were calculated
according to equations in Section 16 of Seider et. al, 2017.""7 In order to cost the rotary filters,
the surface area in square feet was required. This was determined by evaluating the flow of
solids through the filters and comparing this to filtering area specifications on a size chart by
ALAR Engineering Corporation.'”* In order to determine the purchase costs of conveyor belts,
the width and length of the conveyor belt were required. These dimensions were calculated from
from the flow rate of material traveling on the belt. Lastly, to evaluate the purchase cost of the
centrifuges, the flow rate of solids through each centrifuge was required and was obtained from

ASPEN simulation process results.
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Section 17.1.6: Storage Tanks

The purchase costs of the storage tanks were determined by using equations for Vertical
Pressure Vessels in Chapter 16 of Seider et. al, 2017.""° In order to cost for the storage tanks, the
diameter, length, maximum allowable stress in psi and material of construction of the vessels
were required. The diameter and length were calculated by sizing for the volume of the tank and
utilizing a length to diameter ratio of 10, as advised by Professor Vrana. The material of
construction was assumed to be stainless steel and the maximum allowable stress was

determined by the temperature of the vessel.
Section 17.1.7: Fermenters, Mixing Vessels, and Agitators

The fermenters were costed according to vertical pressure vessel and agitator equations in
Chapter 16 of Seider et. al, 2017."7'° In order to confirm the accuracy of this equipment fit, the
surface area correlated to heat transfer was calculated and compared to the vessel size to confirm
that the vessel was appropriate for sizing the fermenter. Then, a factor of 1.15 was multiplied to
account for the cost of the heating jacket, as advised by Professor Vrana. An agitator was also
costed based on Table 17.2 provided by Dr. Bockrath.

The mixing vessel costs were also calculated according to equations for vertical pressure
vessels and agitators in Chapter 16 of Seider et. al, 2017. As mentioned previously, the
dimensions of the tank and material of construction were required to determine the cost of the
tank. The dimensions of the tank were found from the volumetric flow through the vessel and the

material of construction was set to be stainless steel.
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Table 17.2 : Fermentation agitator sizing table courtesy of Dr. Bockrath
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Section 18

Fixed Capital Investment Summary
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The total capital investment for the plant was calculated according to the process outlined
in Chapter 17 of Seider et. al, 2017."*' The total bare module cost for equipment was calculated
by multiplying the total purchase cost of the equipment times the bare-module factor. The total
bare module cost for all fermentation, filtration and crystallization equipment was calculated to
be $69 MM.

The costs included in the total capital investment are the costs associated with site
preparation, service facilities, contractor fees, land and plant start-up. Table 18.1 shows each

component of the total capital investment and the method in which each was calculated.

Table 18.1: Total Capital Investment (TCI) Components. This table demonstrates the various components of TCI
and their method of calculation.

Component of Total Capital Investment Method of Calculation
Cost of Site Preparations = 5% of Total Bare Module Costs
Cost of Service Facilities | 5% of Total Bare Module Costs
Cost of Contingencies and Contractor Fees = 18% of Direct Permanent Investment
Cost of Land | 2% of Total Depreciable Capital

Cost of Plant Start-Up | 10% of Total Depreciable Capital

Finally, a summary of the total investment required for this project is included in Table
18.2. The total permanent investment required in order to start up the plant is $100 MM. As
seen, the total bare module cost of equipment makes up the majority of this initial investment

with $69 MM.
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Table 18.2: Total Capital Investment Breakdown. This table outlines the components of the total investment

required for the startup of the plant.

Investment Summary

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

Total Bare Module Costs:

Direct Permanent Investment

Cost of Site Preparations:
Cost of Service Facilities:

Direct Permanent Investment

Total Depreciable Capital

Cost of Contingencies & Contractor Fees

Total Depreciable Capital

Total Permanent Investment

Cost of Land:
Cost of Royalties:
Cost of Plant Start-Up:

Total Permanent Investment - Unadjusted
Site Factor
Total Permanent Investment

Allocated Costs for utility plants and related facilities:

@ @ oY R R Y O

o

50,151,429
1,248,446

17,673,377

3,453,666
3,453,666

13,676,518

1,793,143

8,965,717

59,073,323

75,950,655

89.657.173

100,416,033
1.00

100,416,033
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Section 19

Operating Costs- Cost of Manufacturing

154



Section 19.1: Variable Operating Costs
The total variable operating costs are broken up into raw materials, utilities and general

expenses, as outlined in Chapter 17 of Seider et. al, 2017."' The raw materials for this plant are
water, glucose, palm oil, media salts and ethyl acetate, as outlined in Table 19.1. In total, the raw
materials constitute $17.7MM of the total variable operating costs. The utilities costs are
composed of costs for low pressure steam, cooling water, electricity and nitrogen, as shown in
Table 19.2. The utilities cost make up a total of about $6.96MM. Lastly, the general expenses are
broken down into selling/transfer expenses, direct research, allocated research, administrative
expenses and management incentive compensation. The method in which these are calculated are

outlined in Table 19.3. General expenses make up a total of $11.5MM.

Table 19.1: Raw Material Costs. This table outlines the total annual costs of raw materials in the process

Raw Material Estimated Cost ($/kg) Required Ratio (/Ib of Total Annual Cost
DDDA) ($MM/year)
Water ($0.00027) 0.65 kg/lb DDDA ($0.00550MM)
Glucose (5$0.180) 0.046 kg/lb DDDA (30.259MM)
Palm Oil (30.696) 0.60 kg/lb DDDA ($13.1MM)
Media Salts ($0.027) 0.067 kg/lb DDDA ($0.0567MM)
Ethyl Acetate ($0.80) 0.17 kg/lb DDDA ($4.28MM)
Total ($17.7MM)

The cost of process water was found to be $0.00027/kg from Table 17.1 in Seider et. al,

2017." Palm oil and glucose prices are determined by global commodities prices. These

commodity prices determined the cost of palm oil and glucose to be $0.696/kg and $0.180/kg

155



respectively.'”*'”* The ethyl acetate price was found on Alibaba as $800 per metric ton."-

Lastly, the cost of media salts was determined by performing a weighted average of the cost of

each component part in the media.'*”

Table 19.2: Utilities Costs. This table demonstrates the annual utilities costs.

Utilities Cost Required Ratio
(per Ib DDDA)
Low Pressure Steam ($0.006/1b) 2911
Cooling Water ($0.0001/gal) 82.40
Electricity ($0.07/kWh) 2.81
Nitrogen ($0.01/1b) 0.0017
Total

Quantity (per Total Cost
year) ($/0p-yr)
91.2MM Ib ($0.55MM)
2.58MM gal ($0.26MM)
87.7MM kWh ($6.14MM)
0.053MM 1b (50.00050MM)
($6.96MM)

The costs of low pressure steam, cooling water and electricity were determined from

Table 17.1 of Seider et. al, 2017."° The cost of nitrogen was given by Professor Vrana to be

$0.01/1b. As seen in Table 19.2, utilities constitute about $6.96M of variable costs. Electricity

alone is the largest contributor to the utilities cost and accounts for about 88% of the entire cost.

Table 19.3: General Expense Data. This table outlines the components of General Expenses and their estimated

annual costs

Component of General Expenses Relationship to
Sales
Selling/Transfer Expenses 3.0%
Direct Research 4.8%
Allocated Research 0.50%
Administrative Expense 2.0%
Management Incentive Compensation 1.3%
Total 11.6%
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Total Annual Cost
(8/yr)

($2.98MM)
($4.77MM)
($0.50MM)
($1.99MM)
($1.24MM)

($11.5MM)



As seen in Table 19.3, the components of general expenses are calculated in relation to
the sales of the plant. This data was obtained from Chapter 17 of Seider et. al, 2017."" General

expenses associated with the plant make up $11.5MM of variable costs.

Section 19.2: Fixed Operating Costs
The total fixed operating costs are broken up into operations, maintenance and operating
overhead.

Table 19.4. Fixed Operations Costs. This table demonstrates the estimated total annual costs tied to labor-related
operations

Operations (labor-related) Estimated Cost Total Annual Cost
(SMM/yr)

Direct Wages and Benefits $40/operator hour ($2.08MM)

Direct Salaries and Benefits 15% of Direct Wages and Benefits ($0.31MM)

Operating Supplies and Services 6% of Direct Wages and Benefits ($0.12MM)

Technical Assistance to $60,000/yr/operating shift ($1.50MM)

Manufacturing
Control Laboratory $65,000/yr/operating shift ($1.63MM)
Total ($5.64MM)

As seen in Table 19.4, the total fixed operations cost is $5.64 MM. The number of daily
operating shifts was assumed to be five, which each shift containing five operators. These
assumptions were based on data from Table 17.3 in Seider et. al, 2017 for batch and continuous

operations.'

157



Table 19.5. Fixed Maintenance Costs. This table displays the components of site maintenance and their estimated
total annual costs.

Maintenance Estimated Cost Total Annual
Cost (SMM/yr)
Wages and Benefits 4.5% Total Depreciable Capital ($4.03MM)
Salaries and Benefits = 25% of Maintenance Wages and Benefits ($1.01MM)
Materials and Services | 100% of Maintenance Wages and Benefits ($4.03MM)
Maintenance Overhead 5% of Maintenance Wages and Benefits ($0.20MM)
Total ($9.28MM)

The next component of fixed operating cost is the maintenance associated with the plant,
as outlined in Table 19.5. The total maintenance cost contributes $9.28 MM and makes up the
largest portion of the fixed operating cost. The method of calculating each component of

maintenance is displayed in Table 19.5.

Table 19.6 Fixed Operating Overhead, Taxes, and Insurance Costs. This table demonstrates total estimated annual
costs related to operating overhead, taxes and insurance.

Operating Overhead, Taxes, Estimated Cost Total Annual
and Insurance Cost (SMM/yr)

General Plant Overhead | 7.1% of Maintenance and Operations Wages and Benefits ($0.528MM)
Mechanical Department Services = 2.4% of Maintenance and Operations Wages and Benefits ($0.178MM)
Employee Relations Department = 5.9% of Maintenance and Operations Wages and Benefits ($0.439MM)
Business Services | 7.4% of Maintenance and Operations Wages and Benefits ($0.550MM)

Property Taxes and Insurance 2% of Total Depreciable Capital ($1.79MM)

Total ($3.49MM)
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Lastly, the combination of operating overhead costs, taxes and insurance are shown in
Table 19.6. These costs constitute $3.49MM and make up the smallest portion of the fixed

operating costs.

The total annual fixed operating cost, as seen in Tables 19.4-19.6 is $18.4MM. The total

operating costs, including both fixed and variable, is about $36MM.
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Section 20

Profitability Analyses - Business Case
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Section 20.1: Plant Base Case Profitability

The production of DDDA as a metabolite of genetically engineered yeast using palm oil
feedstock shows considerable potential as a profitable venture within the Asia Pacific chemicals
market. The viability of this project is dependent on the ability to find funds or venture capital
financing for the considerable upfront total capital investment associated with the process

equipment.

The total capital investment for this project is $107 MM. The working capital associated
with this project is relatively low; this is due to the assumption supported by consultants that the
construction time for the project will be approximately one year. Working capital is defined as
the cost of current assets (DDDA inventory, accounts receivable, raw materials stores, etc.)
minus the cost of liabilities such as accounts payable. With this definition in mind, the ratio of
current assets to liabilities over the first three years of construction/scale up was found to be
5.64:1, clearly indicating the ability to pay back investors even on a short-term basis. The present

value of the working capital is approximately $6.3 MM and is outlined in Table 20.1.

Table 20.1: Summary of working capital requirements for the proposed project over the first three years of
production (the capacity factors during this time were 0%, 50%, and 67% respectively)

Working Capital
2019 2020 2021
Accounts Receivable $ 4088138 $ 1362713 % 1,362,713
Cash Reserves $ 1042489 § 34749 § 347 496
Accounts Payable $ (1014715) § (338,238) % (338,238)
DDDA Inventory $ 545085 §$ 181695 § 181,695
Raw Materials $ 48586 % 16,195 § 16,195
Total $ 4709582 $ 1,569,861 §$ 1,569,861
Present Value at 15% $ 4095289 § 1187.040 § 1,032,209
Total Capital Investment $ 106,730,571
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Following the first two years of operational scale up from 50%, the DDDA production
plant will operate at 100% production capacity for 300 days each year. This allows for a
production buffer by building in the assumption of production that does not necessarily operate
continuously 365 days per year. This is an important assumption for this plant due to the strong
reliance on batch process scheduling for the upstream fermentation process. Should these
operations not be optimally scheduled at all times, downtime can occur, increasing the batch
cycle time and driving down capacity.

Table 20.2 outlines several measures of profitability both at the onset of construction and
for the third production year, the first year where the plant is operating at its maximum
production capacity. Over the lifetime of the plant, the internal rate of return (IRR) is calculated
to be 24.12%. This is approximately 1.6 times the nominal interest rate specified of 15%. The

return on investment for this project is 18.20%.

Table 20.2: Profitability metrics for the DDDA production process. These measures of profitability use the
averaged, base case pricing calculations and a nominal interest rate of 15%. Deviations from these values will be
discussed in the sensitivity analysis.

Profitability Measures

The Internal Rate of Return (IRR) for this project is 24.12%

The Net Present Value (NPV) of this project in 2018 is $ 54,081,800

ROI Analysis (Third Production Year)

Annual Sales 82,898,350

Annual Costs (48,560,623)
Depreciation (8,033,283)
Income Tax (6,313,067}
Net Earnings 19,991,378
Total Capital Investment 109,835,198
ROI 18.20%

162



While this project offers a positive ROI, in order to understand the value creation

opportunities of this project, they must be put in perspective relative to the larger chemical
industry and other alternative investment opportunities. Over the pass three years (2017-2015),
the S&P 500, an American stock market index based on the market capitalizations of 500 large
companies having common stock listed on the NYSE or NASDAQ, had an average returns of
11.72%.2*! Evonik, a major player in the DDDA market and a major global manufacturer of
specially chemicals averaged 8.99% total returns over the last three years.?** While other
industries may provide stronger year-over-year returns, the Dow Jones Industrial Average had
returns of 25.08% in 2017.2°? This project clearly represents a profitable and market competitive

investment, especially within the specialty chemicals marketspace.

The net present value (NPV) of the base case profitability analysis was determined to be

approximately $54.1 MM. The assumptions for this base case is that DDDA is sold at a price of
$7/kg, a competitive price consistent with butadiene sourced DDDA, and the price controlling

raw material (palm oil) costs $696/metric ton.** These assumptions resulted in a year over year
revenue of $98.5 MM at the capacity factor of 100% for 300 days per year. Figure 20.1 outlines
the cumulative free cash flow generated over the 15-year operation period. Based on this figure,

the breakeven period for this investment takes place during the fourth fiscal quarter of 2025.
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Figure 20.1: Cumulative discounted free cash flow for the DDDA production plant over a 15 year production
lifespan assuming base case pricing structure for DDDA and palm oil

The profitability of this project as it is currently represented has a strong dependency on
the length of the construction period for the production plant. Due to the high direct permanent
investment and negative cash flows associated with site construction and the absence of DDDA
production, the ROI for the project is strongly based on how quickly 100% capacity can be
reached. Moving forward, exhaustive construction scheduling should be ensured in order to

protect against this externality.
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Section 20.2: Fixed & Variable Cost Sensitivity
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Figure 20.2: Cumulative discounted cash flow as a function of changing fixed and variable costs. Sensitivity for a
100% increase in fixed cost and a 15% increase in variable costs were explored.

Figure 20.2 outlines the strong dependency of the project to changes in the cost of
equipment relative to changes in the cost of raw materials. This process relies heavily upon
multistep fermentation, separation, and purification processes. These processes rely upon many
expensive units of equipment, specifically the fermentation tanks, and this sensitivity is clearly
indicated by the $20 MM deficit produced by the 2 times increase in fixed costs. Comparatively,
minor (<15%) fluxuations in variable costs do not appear to have nearly as strong of an influence
on profitability; water, glucose, palm oil, and ethyl acetate are relatively low cost inputs relative
to the value creation of the fermentation process. This variable costs influence on profitability is

also a product of the utilities, specifically low pressure steam in the evaporation operations.
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Further analysis of the influence of variation in raw materials pricing is discussed in Section

20.3.

Section 20.3: DDDA Sale Price Sensitivity

— Project NPV Current Design ® Not Profitable
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Figure 20.3: Effect of DDDA sale price on overall project profitability. The Current Design dot represents the base
case pricing structure. The price of the manipulated variable was adjusted in order to find the price at which the
project is no longer viable given no other changes to the process.

Figure 20.3 shows the strong dependence of project profitability on the sale price of
DDDA. This dependency is not particularly surprising considering sale price is one of the
strongest sliders for overall revenue. In this case, the breakeven price, the price at which the
DDDA production plant will generate no profit over its 15-year production lifespan, is $5.68/kg
DDDA. This price is below the average sale price of DDDA by $1.32/kg as of April 2018.
Currently, bulk distributors can expect to sell one ton of 98.9% purity DDDA for $7,900/ton

($7.9/kg).**> With the demand for DDDA growing at 5-6% annually and a market with strong
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inverse price swings related to butadiene availability (see Section 20.4), the sales price of DDDA
is only expected to rise. While the base case of this profitability analysis assumed a conservative
sale price of $7/kg, this plant could feasible have NPV approaching $100 MM. Should the sale
price of DDDA stay locked in at $8/kg across the 15 year life cycle of the plant, the ROI would

be 25.15%.

Section 20.4: Palm Qil Sale Price Sensitivity
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Figure 20.4: Effect of palm oil sale price on overall project profitability. The Current Design dot represents the base
case pricing structure. The price of the manipulated variable was adjusted in order to find the price at which the
project is no longer viable given no other changes to the process.

By a considerable margin, palm oil represents the largest raw material input for the

production of DDDA. 0.6 kg (1.32 Ib) of palm oil are required to produce 1.00 Ib of DDDA.
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other the process water, this represents the largest mass contribution to the feedstock per pound
of product produce. Water however, is considerably cheaper than the fat acid feedstock; As
shown in Figure 20.4, palm oil costs approximately $696/MT ($0.70/kg). The only raw material
input to the process more expensive than palm oil is ethyl acetate, the organic solvent used in
purification, at $0.80/kg. Due to the approximate 99% recycle of ethyl acetate outlined in the
Sections 13, the quantity of ethyl acetate per pound of product is far lower than palm oil at 0.17
kg (0.37 1b) per 1.00 Ib DDDA. Therefore, sensitivity to variation in palm oil was the raw

material analyzed for sensitivity.

s1600 | MotProfitable

Commodities Price of Palm Qil {$/Metric Ton)

Figure 20.5: Outlines that profitable pricing region for palm oil relative to 15 years of Asian Pacific palm oil pricing.
There appears to be not historic context in which palm oil prices alone would result in this project becoming
unprofitable.

Figure 20.4 and Figure 20.5 clearly indicate that the process is much more insensitive to
palm oil prices than DDDA prices. Palm oil prices would need to reach historic highs in order to

the be the sole contributor to hindering project viability. $696/MT was selected as the base case
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palm oil price point because it was a medium price, and because it was the most recently quoted

price for palm oil in the region.

Section 20.5: Palm Oil vs Butadiene Price Variability

Conventional vs Sustainable Feedstock Volatility

53,500 BO%
&0 vin
uuuuuu
4%
52 500
ffffff
E:Tc
&7 000
uuuuuu
0%
51,500
-20%
51,000
A0%
5500 i
> 0%
50 BO%
é‘. & ‘:6.' \9} o:“ .5‘:‘ (\59.: k,g.. .‘5" \,‘»‘o" ab ".5).: lﬁfe K‘;_\E‘ S \\f; 5:5: ;23 H_@ .‘9
LY e - N ] b 2 , oy ¥ =l e P iy o W i3
O G W o @ P g & o P A N B
Palm Qil (5/MT) Butadiene (5/MT) Palm Oil % Change — Butadiene % Change

Figure 20.6: Feedstock Volatility over 3 years. The trend present in this figure is estimated to be cyclic. Variations
in the peaks may occur.

As discussed in the Section 4: Market and Competition Analysis, butadiene pricing is
very susceptible to price swings due changes in crude oil production. This price volatility does
not affect this process, but is a far more important sensitivity for conventional petrochemical
production. Comparing the month to month price fluctuation of palm oil to butadiene highlights
the value added of having a reliable feedstock supply. Should palm oil prices have price
fluctuation of 60% similar to butadiene in summer of 2009, it becomes clear that its price could

feasibly approach the Not Profitable line in Figure 20.5. While the conversion efficiency and

170



mass ratio of butadiene for conventional DDDA production are not within the scope of this
project, it is clear that raw materials sensitivity is much more of a consideration for the
petrochemical synthesis of DDDA than the biological synthesis of DDDA. Under the base case

pricing discussed, this project will produce value for shareholders and stakeholders.
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Section 21

Other Important Considerations
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Section 21.1 Environmental Considerations
DDDA and the other diacid impurities have no substantial negative environmental

impact.”’"! Water contamination is not a concern because the diacids are readily biodegradable,
with low bioaccumulation potential. Wastewater treatment is largely focused on treating
biomass, media, and salts since there is no known toxicity of diacids in water.*'

This process evaporates a large amount of water vapor, nitrogen, and ethyl acetate. The
biggest concern being the release of ethyl acetate, a volatile organic compound. Ethyl acetate
released from this plant can cause significant air pollution and health effects further explained in
Section 21.3. This process aims to minimize the release of ethyl acetate by condensing the vapor
and recycling it.

Deforestation related to utilizing palm oil is a major environmental concern that is further
explained in Section 21.4. This DDDA process will increase demand for palm oil, which will
result in more deforestation. This domino effect is only regulated by the market size of DDDA
that is subject to stringent regulations on volatile organic compounds (VOC) emissions.
However, our team is choosing to purchase palm oil from vendors that are certified by the
Roundtable on Sustainable Palm Oil (RSPO). RSPO Certification ensures that producers are
limiting the land that may be developed for palm oil, curbing deforestation according to the

RSPO principles and Criteria (P&C) standard.*'*

Section 21.2 Process Controller Considerations
All the fermenters require height and temperature controllers. The temperature needs to

be maintained across all seed, growth, and production fermenters to ensure a stable environment
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for the conversion of palm oil to DDDA. Height controllers are needed to maximize the output
from each fermenter ensuring our annual production goal is met.

The filtration section requires a valve before the rotary drums and a controller on the
ethyl acetate stream leading into the mixing vessels. The valve before the drums will be kept
open so they both operate in parallel. In the case a drum fails the valve will be closed, switching
flow to the working drum will the failed drum undergoes maintenance. The controller on the
ethyl acetate stream is set to meet design specifications explained in Section 6.4.

No controllers or valves are necessary for the crystallization part of the process. All
equipment is running continuously. Failure of equipment in this part of the process will have to
be maintenanced in the 60 days of non-operating time.

Section 21.3 Safety and Health Concerns

Primary health concern is the high exposure to ethyl acetate. The amount of ethyl acetate
recycling through the plant can cause a number of adverse health problems in short term and
long term exposure. Short term exposure can induce nausea and vomiting while long term
exposure can induce eye, lung heart, kidney, or liver problems. The allowable exposure to ethyl

acetate for workers over an 8 hour shift is 200 ppm.*!*

Section 21.4 Plant Location, Startup, and Layout

The proposed plant will be located in Malaysia, preferably near a water treatment facility.
Deforestation is a concern to plant palm to meet the current demands of DDDA. The plant will
preferably be near a palm farm to provide feedstock and reduce transportation costs. The layout
of the plant needs to be designed in a way which prioritizes worker safety and mitigates the risks

of high exposure to VOCs. The plant needs to meet Malaysia regulations for VOC emissions,
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building codes, and wastewater treatment. The startup cost for the plant includes site preparation,

service facilities, land cost and contractor fees as explained in section 18.
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Conclusion and Recommendations
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Analysis of the proposed process design suggests that the biological synthesis of
dodecanedioic acid (DDDA) warrants further investigation of viability and more rigorous
economic analysis. As dictated by the project objective, 14,000 metric tons of DDDA were
modeled to be produced per year for sale to Asian Pacific markets. The product was of greater
than 99% purity and met or exceeded known customer requirements set by conventionally
sourced DDDA. Economic analysis estimates the NPV of the project to be $54.1MM with an
IRR of 24.12%. Prior to continued development of the described process, design calculations and
processes (see Appendix A) should be revised to confirm accuracy. Assumptions surrounding
equipment capacities and operating costs should additionally be refined.

Areas for additional model optimization include the fermentor, evaporation utilities, and
water usage. A kinetic model of fermentation may serve as a more accurate model of growth
rates and allow for the optimization of feedstock supply. Additional integration of heat utilities
outside of heated organic solvent recycle may help to push down annual utilities costs. Finally,
reprocessing of water in the fermentation units may allow for decreased feed of process water to
existing regional palm oil extraction and water treatment infrastructure. Additional patent data
must first be explored prior to implementation of the aforementioned model optimizations.

Separation of the diacid impurities (sebacic acid, suberic acid, adipic acid) from DDDA
in ethyl acetate by solubility was determined to be infeasible due to their similar solubility
properties. For this reason, the diacid melt crystallization unit was designed to take advantage of
the diacids’ different melting points to purify DDDA. This design was based upon industry
consultant recommendations to analyze para-xylene separation from an m-xylene mixture.

Should the window for melt crystallization be infeasible in practice, or should the diacid
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impurities simply solubilize into the liquid DDDA, the diacid purification technique will have to
be re-designed. Currently no research is apparent that refutes the feasibility of the process
described in this proposed design.

The profitability of the proposed design relies most heavily upon the market price of
DDDA and the total capital costs associated with multiple fermentation trains required to meet
production goals. Sensitivity analysis indicates that a 20% decrease in the sale price of DDDA
for the modeled base cae could endanger the project viability. Similarly, a sizable (>50%) change
in the calculated fixed cost of the equipment would have the same effect. While the former does
not appear likely to occur due to the rising demand for DDDA relative to conventional supply,
more rigorous analysis of total permanent capital is recommended to ensure the costs associated
with equipment were not underestimated.

We caution against using optimistic cost information, keeping in mind associated
uncertainties in the proposed design. However, based upon all available data provided, we do

recommend investing in this project.
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Appendix A: Sample Calculations

Fermentation Reaction Calculations

The following chemical reactions were derived using elemental balances. Certain species such as
biomass and palm oil fatty acid triglycerides were given approximated stoichiometries for the

purposes of balance simplification

Growth Pathway (1) :  C.H,,0,+60, — 6CO, +6H,0 Selectivity = 0.4

Growth Pathway (2) : CH,,0,— CH,O Selectivity = 0.6

Production Pathways: DDDA, Sebacic acid, Suberic Acid, and Adipic Acid (Figure 10.3)

2CH0,(C,H5,0,) ,+380, — 7C,H,,0,+24CO, +24H,0 Selectivity = 0.9

2 CoH O((C oHyy0,) 5 +590, — 1C,,H 40, +38CO, + 38H,0 Selectivity = 0.033

2 CH O((C Hyy0,) 5 + 800, — 1CeH,,0, + 52C0, + 52H,0 Selectivity = 0.033

2 CoH,04(C H3,0,) 5 + 1010, — TCH,,0, + 66CO, + 66H,0 Selectivity = 0.033

Fermentation Air Feed Calculations

kg air feed m3 air vessle 1 vessle volumes
— X X , = , =VVM
batch 1.1455 kg air m3 batch minutes minute
Sample Calculation: 1m’ growth fermenter
946.9 kg air feed o m?3 air o vessle 1 vessle volumes 0.57
X = = 0.
batch 1.1455 kg air  1m3 24 % 60 min minute

Filtration Calculations
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Drum Size:
Slurry stream 1 from section 400 has a solids flow rate of 2898.31 kg/hr. The solids are only
diacids and biomass.

2898.31 kg . 6000 /b

Filter Area= solids flow rate/ capacity=

hr . fP—day
_ 289831 kg . frfoday . 221h o 24hr
hr 600016 ~ kg day

=25.5 ft* (round up to manufactured sizes)
Filter Area= 28.3 ft* (diameter: 3 feet, length: 3 feet)

Batch to Continuous Transition Calculation

In order to avoid build up of volume of fermentation broth to be processed in the
continuous downstream processes, the flow rates used in the Aspen filtration report were set by
the upstream production rate. This ensured that the surge tank would not need to be much larger
than a factor larger than the size of a single batch.

Batch volume _ 420m®

Averaged inlet flow = = Required Downstream Processing Time

Cycle Time 24 hours " hours

Dissolution Calculations

Per patent information and solubility information outlined in Section 10, the ethyl acetate flow
rate was set to 7 times greater than the flow rate of diacids. The solubility of diacids in the
dissolution step was then calculated to ensure full solubilization of the products. The solubilities
were found to be within the accept range for the diacids at the given temperature.

Example Calculations: M-401

Diacid flowrate = 2375.6 —9—
hour

Required Ethyl Acetate = 2375.6 —9— x 7 93¢ _ 16699 2
hour kg diacid

Ethyl Acetate feed = 16629.9 — Eth Ac Recycle = 757.26 —hi‘zr

1m? 1000 L diacid
g g daacd

Diacid Sol = (2375.6 —9— x 22°°9) + (16629.9 -9 x x &=Ly = 12
1m Leth ac

hour 1kg hour 902 kg eth ac

Fermentation Cooling Jacket Sizing & Heat Duty
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The heat duty of all fermenters was calculated based upon the combustion of oxygen.
This calculation and information regarding the cooling utility, chilled water, was used the size
the area of the heating jacket. These heat transfer areas were compared to the internal area of the
vessels in which they were required to fit, and were confirmed in all cases to be smaller. The heat
transfer coefficient was estimated based on material to be 120 BTU/hr*ft**F. This indicated that
additional cooling coils were not required in order to maintain the internal temperature of the
vessels. The quantity of utilities duty on each vessel was also calculated and informed utilities
calculations is Section 14.

Sample Calculations: F-103

. mmol 0, combusted kf BTU fhr BTU
Chilled Water Heat Duty = 2870000 X 0.45 =359.0 kW x 341214 —— = 1224950 —
hour mmaol (0, combusted kw hour
LMTD = (THL'TL - TCout) - (THout - TCin) _ (98-6 - 80) - (77 - 60) — 24.7°F
Ln(THi‘n — TC[)ut Ln(986 - 80)
THaut - TCin 77 — 60
Q 1224950 l?guur .
Surface Area(4) = U< LMID — BTU = 413.3ft
hr °

120 FIZ + °F X 24.7°F

Q 359 kW g kg gal

Utility mass flow (m) =

= 10307= = 37107 — = 9803 —
hr hr

Co AT 4 4791« (15.56°C — 7.22°C)
g*°F

Heating/Evaporation Calculation & Sizing

The heat duty associated with preheating and reheating liquids throughout this process
were calculated using low pressure steam. Using the flow rates of the streams being heated, their
heat capacities, and the desired temperature change across the heat exchangers, the heat duty Q
was calculated. It was assumed in all calculations that low pressure steam was fed into all heat
exchangers as saturated steam at its vapor pressure. Low pressure steam was assumed to
condense across the heat exchanger, releasing heat related to its heat of vaporization at the
specified temperature and pressure. No heat transfer losses were factored into these calculations.
Future considerations should seek to insert real-world inefficiencies into these heat transfer
calculations.

Sample Calculations: E-402
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93310 kg/hour = 689.6kW = 2353100 %

_ Msiream _
LP Steam Heat Duty (Q) B Cp weighted AT B 2.22;X(37°C—25°C)
kg+K

(THin - TCout) - (THout - TCin) - (186 - 37) - (163 - 25)

LMTD = T —T 186 —37 = 143°C = 258°F
Ln( Hin Cout) Ln( )
Thout — Tcin 163 — 25
0 2353100 fgui ,
Surface Area(A) = T IMTD — BTU =76 ft

120 —Ar_ « 258°F
ft? «°F

Q  689.6kW 032 kg 554 lb
AHyp 2147 kJ/kg 7 s

Utility mass flow (m) = >

The evaporation units in this process were calculated similarly to the heating calculations
above, but included additional calculations to account for the required phase change across the
block. The heat transfer coefficient was estimated based on material to be 120 BTU/hr*{t2*F. A
general outline of these calculations can be seen below.

Sample Calculations: E-401

Water Evap= 1088 kg/hr = 60422 mol/hr Q=33145 kJ/hr=9.21 kW

Liquid heating Total Q=771 kW=2630723 BTU/hr

inlet temp=37 C

outlet temp= 100 C T hot in= 186 C=336.8 F

Q=286256.32 kJ/hr=79.52 kW T hot out= 163 C=3254F
T cold in=37 C=98.6 F

Vaporization T cold out= 115 C=239 F

Q=245616.33 kJ/hr= 682.27 kW LMTD=172.6 F

Gas Heating U= 120 BTU/hr-ft>-F

inlet temp= 100 C Q=U*A*LMTD

outlet temp= 115 C A=127 ft*

Conveyor Belt Sizing Calculations

The need to feed solid materials at points throughout this process requires the sizing of
conveyor belts for materials transport. The volumetric flow rate of materials was used to find the
required length and width of these pieces of equipment. This informed later costing analysis
using Process Design Principles 3" Edition, by Seider, Seader.
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Sample Calculation: CB-401

m3

hour

Volumetric Flow Across Belt = 3.613
Resonance Time = 0.25 hours

Required Belt Volume = Resonance Time = Flow Rate = 0.9m3 = 31.9ft3

1k
Belt Surface Area = Belt Volume * Slurry Depth = 31.9 ft3 + 1 in X 12fin = 383 ft?

L
Belt — Ratio = 10
elt 77 Ratio

Belt Length = 62 ft Belt Width = 6.2ft

Appendix B: Excel, Aspen Plus Input Summary, Block Report, and Stream Reports

Fermentation Excel Spreadsheet
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seed frm growth

B 256.8

£ 256.6

Fermentor One

water [LITERS)

water
glucose
media
air
biomass
coz
nitragen
arMgen

Fermentor Two

water [LITERS]

water
glucose
media
air
biomass
coz
nitrogen
oRygen

160
768
108
105.5
S

0w waw o

2 zaturation

1m™3
Labin mediain
85,000

.32z

1870

22.00
gram cellil
in stream

1332
gmediall
awerall

10m™3

Fermin 2 mediain

20,443

Nn.322 T3,657.36

34,230

4172
gram celliL
in stream

13.37
gmediall
awverall

production fermentation

glucose
oRygeEn £ 3232.4
bicmass
Coz
water
Densities
water 000 gl F 32324
|
waterin glucozein  airin exchaust out
TES.000 47,435
53933
346,524
F1.640
713870
207,10
F0.50 g26.62 g65.71
g ghucil m3 m3
instream  inlet gas autlet gas
waterin glucozein  airin exchaust out
T.673.552 426,595
541,408
3,505,813
317626
T.I66.278
2.073,005
TO.50 §298.40 &720.65
g gluciL m3 m3
instream  inlet gas autlet gas
Z87. 1630433
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15352 gll palm ail
1350.4 glL oRygEn
732 all coz
4824 alL water
141372 all oooaA
5236 alL Sebacic acid
52,36 alL Suberic acid
52,36 gL Adipic acid

0all Bicmass

| 02 saturation

ferm out 1

86,60 ocoupany
320,445
322
34,230
It 1.864E+06
auT 1.861E+06
4.7z

gram celllL
in stream

fermout 1

86. 76 ocoupany

3,657
353.075
1M 18TIE+O7
ouT 186TE+DT
43,77

gram cellil
in stream



Fermentor Three 100m™3

Fermin 2 mediain
water [LITERS]
water 58,203,343
glucose -
media T3657 1136.530.53
air
biomass 353,075
coz
nitrogen
axygen
4377 13.37
gram celllL gmediallL
in stream awerall

PRODUCTION FERMENTOR 500m™3

Fermin 2 mediain
water [LITERS) 425000
water 82,033,354
glucose -
media 1.136,531 T.510,963
air
biomass 3607573
coz
nitrogen
axygen
Pralm il
oooaA

Sebacic acid
Suberic acid
Adipic acid
43.93 17.67
gram celllL gmediallL
in stream awerall

glucosein air in enchaust out ferm out 1
86. 78 ocoupany
4,266,016
5,474,164 -
1.136.591
35,053,600
3.607.573
376,310
71,663,545 IM 1.8T1E+08
20,730,331 auT 1.86TE+03
T70.50 82385.25 87207.83 43.38
ggluciL m3 m3 gram celliL
in stre.am inlet gas outlet gas in stre.am
palm oilin air in enchaust out ferm out 1

8378 ocoupany

103,435,745 341,615,777

7.510,969
2.333.205,383
3.607.573
43,511,054
1.758,9364.635
510,253,038
T3.013,508.40
59,357.842
2,135,433
2138433 IN 2. FTO0E+03
21358433 OUT 2. TTSE+03
230,40 2036544.51 21454166 10.55
g palm aillL m3 m3 gram celliL
in stre.am inlet gas outlet gas in stre.am
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Filtration Input Summary

P

;Input Summary created by Aspen Plus Rel. 36.0 at 10:24:00 Tue Apr 10,
2018

iDirectory \\nestor\winterg\CBE 459- Senior Design\filtration final
Filename C:\Users\winterg\AppData\Local\Temp\~ap6bl5.txt

;

DYNAMICS
DYNAMICS RESULTS=0ON

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' HEAT=Gcal &
MOLE-CONC='mol/1l' PDROP=bar SHORT-LENGTH=mm

DEF-STREAMS MIXCISLD ALL
SIM-OPTIONS MASS-BAL-CHE=YES ADSCNVG=NO
MODEL-OPTION

DESCRIPTION "
Solids Simulation with Metric Units
C, bar, kg/hr, kmol/hr, Gecal, cum/hr.

Property Method: None

Flow basis for input: Mass

DATABANKS 'APV100 PURE35' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' &
/ "APV100 INORGANIC' / 'NISTV100 NIST-TRC' / &
'APV100 HYSYS' / NOASPENPCD

PROP-SOURCES 'APV100 PURE35' / 'APV100 AQUEOUS' / &
'APV100 SOLIDS' / 'APV100 INORGANIC' / &
'NISTV100 NIST-TRC' / 'APV100 HYSYS'

COMPONENTS
DDDA C12H2204-N3 /
SEBAC-01 C10H1804 /
SUBER-01 C8H1404-D1 /
ADIPI-01 C6H1004-D1 /
WATER H20 /

ETHYL-01 C4H802-3 /
DEXTR-01 C6H1206 /
BIOMASS FE /
NITROGEN N2

CISCLID-COMPS DDDA SEBAC-01 SUBER-01 ADIPI-01 BIOMASS

SCOLVE
RUN-MCDE MODE=SIM

FLOWSHEET
BLOCK B3 IN=F6 F7POST OUT=F8
BLOCK B5 IN=F¢% OUT=F10 F11
BLOCK Bl IN=F1 QUT=F3 F2
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BLOCK B2 IN=F3 F4 OUT=F5 F6

BLOCK B4 IN=F8 QUT=F9

BLOCK B6 IN=F11 F12 OUT=F13

BLOCK B7 IN=F13 OUT=WASTE F14

BLOCK B8 IN=F14 F10 OUT=F16

BLOCK B10 IN=RECYCLE NEWETHYL OUT=F7PRE
BLOCK B1ll IN=F7PRE OUT=F7POST

PROPERTIES SOLIDS
ESTIMATE ALL

PROP-SET ALL-SUBS VOLFLMX MASSVFRA MASSSFRA RHOMX MASSFLOW &
TEMP PRES UNITS:'kg/cum' SUBSTREAM=ALL
"Entire Stream Flows, Density, Phase Frac, T, B"

STREAM F1
SUBSTREAM MIXED TEMP=37. PRES=35. <psig> MASS-FLOW=12822.,1
MASS-FRAC WATER 1.
SUBSTREAM CISOLID TEMP=37. PRES=35. <psig> MASS-FLOW=2537.8
MASS-FRAC DDDA 0.8466 / SEBAC-01 0.0314 / SUBER-01 &
0.0314 / ADIPI-01 0.0314 / BIOMASS 0.0592

STREAM F2
SUBSTREAM MIXED TEMP=37. PRES=1l. &
MASS-FLOW=149000. <Mtons/year>
MASS-FRAC WATER 1.

STREARM F4
SUBSTREAM MIXED TEMP=20. PRES=10. <psig> &
VOLUME-FLOW=10. <cuft/min>
MASS-FRAC NITROGEN 1.

STREAM F7PRE
SUBSTREAM MIXED TEMP=70. PRES=1. MASS-FLCW=11830.
MASS-FRAC ETHYL-01 1.

STREAM F12
SUBSTREAM MIXED TEMP=70. PRES=1. MASS-FLOW=2000.
MASS-FRAC ETHYL-01 1.

STREAM NEWETHYL
SUBSTREAM MIXED TEMP=25. PRES=1. MASS-FLOW=11830.
MASS-FRAC ETHYL-01 1.

STREAM RECYCLE
SUBSTREAM MIXED TEMP=77. PRES=3. MASS-FLOW=15979.4
MASS-FRAC ETHYL-01 1.

BLOCK B3 MIXER
PARAM

BLOCK B6 MIXER
PARAM

BLOCK B8 MIXER
PARAM

BLOCK B10 MIXER
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PARAM

BLOCK Bll HEATER
PARAM TEMP=70. PRES=4. DPPARMOPT=NO

BLOCK BZ FLASHZ
PARAM TEMP=115. PRES=1.

BLOCK B4 RSTOIC

PARAM TEMP=70. PRES=0. HEAT-OF-REAC=YES

STOIC 1 CISOLID DDDA -1. / MIXED DDDA 1.

STOIC 2 CISOLID SEBAC-01 -1. / MIXED SEBAC-01 1.

STOIC 3 CISOLID SUBER-01 -1. / MIXED SUBER-01 1.

STOIC 4 CISOLID ADIPI-01 -1. / MIXED ADIPI-01 1.

CONV 1 CISOLID DDDA 1.

CONV 2 CISOLID SEBAC-01 1.

CONV 3 CISOLID SUBER-01 1.

CCNV 4 CISOLID ADIPI-01 1.

HEAT-RXN REACNO=1 CID=DDDA H-REAC=21755.7 PHASE=L / &
REACNO=2 CID=SEBAC-01 H-REAC=13198. PHASE=L / REACNO=3
CID=SUBER-01 H-REAC=17540.7 PHASE=L / REACNO=4 &
CID=ADIPI-01 H-REAC=14551. PHASE=L

BLCCK Bl SSPLIT
FRAC MIXED F3 0.4
FRAC CISOLID F3 0.995

BLOCK B5 SSPLIT
FRAC MIXED F11 0.2
FRAC CISOLID F11 0.899
DEF-KEY KEYNO=1 COMPS=DDDA SEBAC-01 SUBER-01 ADIPI-01
DEF-KEY KEYNO=2Z COMPS=BICOMASS

BLOCK B7 SSPLIT
FRAC MIXED WASTE 0.2
FRAC CISOLID WASTE 1.

DESIGN-SPEC EAFEED

DEFINE SOLIDSIN STREAM-VAR STREAM=F6 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE TARGSOLD LOCAL-PARAM INIT-VAL=0.2

DEFINE DDDA MASS-FLOW STREAM=F6 SUBSTREAM=CISOLID &
COMPONENT=DDDA UOM="kg/hr"

DEFINE AA MASS-FLOW STREAM=F6 SUBSTREAM=CISOLID &
CCMPONENT=ADIPI-01 UOM="kg/hr"

DEFINE SEBA MASS-FLOW STREAM=F6 SUBSTREAM=CISOLID &
COMPONENT=SEBAC-01 UOM="kg/hr"

DEFINE SUBA MASS-FLOW STREAM=F6 SUBSTREAM=CISOLID &
CCMPONENT=SUBER-01 UOM="kg/hr"

DEFINE EA STREAM-VAR STREAM=F7POST SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

SPEC " (DDDA+AA+SEBA+SUBA) / (DDDA+AA+SEBA+SUBA+EA)"™ TO "0.1"

TOL-SPEC "0.0001"

VARY STREAM-VAR STREAM=NEWETHYL SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="tonne/year"

LIMITS "50000" "200000"

EC-CONV-0OPTI

CALCULATOR BIOMCAKE
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om0

DEFINE SOLIDSIN STREAM-VAR STREAM=F9 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE MOISTURE LOCAL-PARAM

DEFINE LIQUIDIN STREAM-VAR STREAM=F9 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE FRAC BLOCK-VAR BLOCK=B5 SENTENCE=FRAC VARIABLE=FRAC
ID1=MIXED ID2=F1l1

DEFINE CAKELIQ LOCAL-PARAM

MOISTURE = 0.4
CAKELIQ = SOLIDSIN/ (1-MOISTURE)*MOISTURE
FRAC = CAKELIQ/LIQUIDIN

READ-VARS SOLIDSIN LIQUIDIN

WRITE-VARS MOISTURE FRAC CAKELIQ

EXECUTE BEFORE BLOCK B5

CALCULATOR CAKEWSH1

DEFINE NEWFEED STREAM-VAR STREAM=NEWETHYL SUBSTREAM=MIXED
VARIABLE=MASS-FLOW UOM="kg/hr"
DEFINE SOLIDS1 STREAM-VAR STREAM=F6 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"
DEFINE BIOMASS MASS-FLOW STREAM=F6 SUBSTREAM=CISOLID &
COMPONENT=BIOMASS UOM="kg/hr"
DEFINE RECYCLE MASS-FLOW STREAM=RECYCLE SUBSTREAM=MIXED &
CCMPONENT=ETHYL-01 UCM="kg/hr"
NEWFEED = (7* (SOLIDS1-BIOMASS))-RECYCLE
READ-VARS SOLIDS1 BIOMASS RECYCLE
WRITE-VARS NEWFEED

CALCULATOR CAKEWSH2

DEFINE EAFEEDZ STREAM-VAR STREAM=F12 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE SOLIDS STREAM-VAR STREAM=F11 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE ETHYL MASS-FLOW STREAM=F11 SUBSTREAM=MIXED &
COMPONENT=ETHYL-01 UOM="kg/hr™
EAFEED2 = 7 * (SOLIDS-ETHYL)

READ-VARS SOLIDS

WRITE-VARS EAFEED2

CALCULATOR FERMCAKE

om0

DEFINE SOLIDSIN STREAM-VAR STREAM=F1 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE MOISTURE LOCAL-PARAM

DEFINE LIQUIDIN STREAM-VAR STREAM=F1 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE FRAC BLOCK-VAR BLOCK=Bl SENTENCE=FRAC VARIABLE=FRAC
ID1=MIXED ID2=F3

DEFINE CAKELIQ LOCAL-PARAM

MOISTURE = 0.3
CAKELIQ = SOLIDSIN/ (1-MOISTURE) *MOISTURE
FRAC = CAKELIQ/LIQUIDIN

READ-VARS SOLIDSIN LIQUIDIN

WRITE-VARS MOISTURE FRAC CAKELIQ

EXECUTE BEFORE BLOCK Bl

CALCULATOR FILTERZ2

DEFINE SOLIDSIN STREAM-VAR STREAM=F13 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"
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DEFINE MOISTURE LOCAL-PARAM

DEFINE LIQUIDIN STREAM-VAR STREAM=F13 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE FRAC BLOCK-VAR BLOCK=B7 SENTENCE=FRAC VARIABLE=FRAC &
ID1=MIXED IDZ=WASTE

DEFINE CAKELIQ LOCAL-PARAM

MOISTURE = 0.4
CAKELIQ = SOLIDSIN/ (1-MOISTURE) *MCISTURE
FRAC = CAKELIQ/LIQUIDIN

READ-VARS SOLIDSIN LIQUIDIN

WRITE-VARS MOISTURE FRAC CAKELIQ

o0

CONVERGENCE CETHACE SECANT
SPEC EAFEED

STREAM-REPOR MOLEFLOW MASSFLOW PROPERTIES=ALL-SUBS
PROPERTY-REP PCES

PROP-TABLE SOLUB-1 FLASHCURVE

IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr' &
HEAT-TRANS-C='kcal/hr-sgm-K' PRESSURE=bar TEMPERATURE=C &
VOLUME=cum DELTA-T=C HEAD=meter MASS-DENSITY='kg/cum' &
MOLE-ENTHALP='"kcal/mol' MASS-ENTHALP='kcal/kg' HEAT=Gcal &
MOLE-CONC='mol/1' PDROP=bar SHORT-LENGTH=mm

BLOCK-OPTION FREE-WATER=NO

MASS-FLOW ETHYL-01 11830.

VARY PRES

RANGE VARVALUE=LIST LIST=1.013250000

VARY TEMP

RANGE VARVALUE=RANGE LOWER=0 UPPER=100.0000000 NPOINT=20

PARAM NPHASE=2

ANALYSIS ANAL-TYPE=SOLUB SOLUTE=DDDA SEBAC-01 SUBER-01 &
ADIPI-(01

DISABLE
DESIGN-SPEC EAFEED

~

~
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Filtration Block Report

BLOCK: Bl MODEL: SSPLIT
INLET STREAM: F1l
CUTLET STREAMS: F3 F2
PRCPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

*¥*%* MASS AND ENERGY BALANCE ***

IN ouT RELATIVE
DIFE.
TCTAL BALANCE
MOLE (KMOL/HR )} 725151 T@5:1:51 0.00000
MASS (KG/HR ¥ 1535%2.9 15359.8 0.00000
ENTHALPY (GCAL/HR ) —51..2816 -51.2816 =

0.138557E-15

**%  C02 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000 KG/HR
PRODUCT STREAMS COZ2E 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL COZE PRODUCTION 0.00000 KG/HR

¥x¥ INPUT DATA #kX

FRACTION OF FLOW

SUBSTRM= STRM= FRAC=
MIXED F3 0.084825
CISOLID F3 0.99500

F**x RESULTS **%

STRM= F3 SUBSTRM= MIXED SPLIT FRACT= 0.084825
CISOLID 0.99500
STRM= F2 SUBSTRM= MIXED SPLIT FRACT= 091518
CISOLID 0.0050000
BLOCK: B2 MCDEL: FLASH2
INLET STREAMS: F3 F4
COUTLET VAPOR STREAM: F5
OUTLET LIQUID STREAM: F6
PRCPERTY OPTICN SET: SOLIDS IDEAL LIQUID / IDEAL GAS

***  MASS AND ENERGY BALANCE  **x*

IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 74.9083 74.9083 0.00000
MASS (KG/HR ) 3645.99 3645.99
0.249451E-15
ENTHALPY (GCAL/HR ) -6.94453 -6.19001 -0.108650
**%  (CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
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***  TINPUT DATA
TWO PHASE TP FLASH

* kK

SPECIFIED TEMPERATURE C 115.000
SPECIFIED PRESSURE BAR 1.00000
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
**% RESULTS ***
QUTLET TEMPERATURE & 115.00
OUTLET PRESSURE BAR 1.0000
HEAT DUTY GCAL/HR 0.75452
VAPOR FRACTION 1.0000
V-L PHASE EQUILIBRIUM
CcoMP F(I) X(I) Y (I) K(I)
WATER 0.98072 0.99988 0.98072
1.6887
NITROGEN 0.19281E-01 0.18958E-04 0.1%281E-01
751 w2
BLOCK: B3 MODEL: MIXER
INLET STREAMS: F6 F7POST
OUTLET STREAM: FB8
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS
**%  MASS AND ENERGY BALANCE ***
IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 202.091 202.091 0.00000
MASS (KG/HR ) 19154.5 19154.5 0.00000
ENTHALPY (GCAL/HR ) -24.0336 -24.0336
0.118392E-08
***  C02 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL COZ2E PRODUCTION 0.00000 KG/HR
*k% TNPUT DATA ***
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000

OUTLET PRESSURE: MINIMUM OF INLET STREAM PRESSURES

BLOCK: B4 MODEL: RSTOIC
INLET STREAM: F8
CUTLET STREAM: F9

PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

**%%* MASS AND ENERGY BALANCE ***
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IN ouT GENERATION RELATIVE

DIFFE.

TOTAL BALANCE

MOLE (KMOL/HR ) 202.091 202.091 0.195156E-15
0.00000

MASS (KG/HR ) 19154.5 19154.5
0.00000

ENTHALPY (GCAL/HR ) -24.0336 -24.0867
0.220392E-02

**%%  COZ2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/ER

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

**k* INPUT DATA ***
STOICHIOMETRY MATRIX:

REACTION # L
SUBSTREAM MIXED

DDDA 1.00
SUBSTREAM CISOLID
DDDA -1.00

REACTION # 2
SUBSTREAM MIXED
SEBAC-01 1.00
SUBSTREAM CISOLID
SEBAC-01 -1.00

REACTION # 32
SUBSTREAM MIXED
SUBER-01 1.00
SUBSTREAM CISOLID
SUBER-01 -1.00

REACTION # 4:
SUBSTREAM MIXED
ADIPI-01 1.00
SUBSTREAM CISOLID
ADIPI-01 -1.00

REACTION CONVERSION SPECS: NUMBER= 4
REACTION # S
SUBSTREAM:CISOLID KEY COMP:DDDA CONV FRAC: 1.000

REACTION # 2:
SUBSTREAM:CISOLID KEY COMP:SEBAC-01 CONV FRAC: 1.000
REACTICN # 3
SUBSTREAM:CISOLID KEY COMP:SUBER-01 CONV FRAC: 1.000
REACTION # 4:
SUBSTREAM:CISOLID KEY COMP:ADIPI-01 CONV FRAC: 1.000

HEAT OF REACTION SPECIFICATIONS:

REACTION REFERENCE HEAT OF
NUMBER COMEONENT REACTION
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DDDA

SEBAC-01
SUBER-01
ADIPI-01

=W b=

TWO PHASE TP FLASH
SPECIFIED TEMPERATURE C
PRESSURE DROP BAR
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
SIMULTANEQOUS REACTIONS

GENERATE COMBUSTION REACTIONS FOR FEED SPECIES NO
*%* RESULTS *+**
OUTLET TEMPERATURE c
OUTLET PRESSURE BAR
HEAT DUTY GCAL/HR
VAPOR FRACTION
HEAT OF REACTIONS:
REACTION REFERENCE HEAT OF
NUMBER COMPONENT REACTION
KCAL/MOL
1 DDDA 21756.
? SEBAC-01 13198.
3 SUBER-01 17541.
4 ADIPI-01 14951.
REACTION EXTENTS:
REACTION REACTION
NUMBER EXTENT
KMOL/HR
1 9.2823
2 0.39203
3 0.45517
4 0.54254
V-L PHASE EQUILIBRIUM
COMP F(I) X (I) Y (I)
ETHYL-01 1.0000 1.0000 1.0000
0.79401
BLOCK: BS MODEL: SSPLIT
INLET STREAM: Fo
OUTLET STREAMS: F10 Fl1
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

* %k

DIFF.
TOTAL BALANCE
MOLE (KMOL/HR )

MASS AND ENERGY BALANCE

202.091

KCAL/MOL
21756.
13198.
17541.
14951.

70.0000

0.0

30

* %k

IN ouT

202.091
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70.000
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0.0000

K(I)

RELATIVE
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MASS (KG/HR ) 19154.5 19154.5 -
0.189928E-15
ENTHALPY (GCAL/HR ) -24 .0867 -24.0867 0.00000
*¥*x*  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZ2E 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 COZE PRODUCTION 0.00000 KG/HR
*%%  INPUT DATA ***
KEY= 1 CPT.= DDDA
SEBAC-01
SUBER-01
ADIPI-01
KEY= 2 CPT.= BIOMASS
FRACTION OF FLOW
SUBSTRM= STRM= FRAC=
MIXED F11 0.0052438
CISOLID F11 0.99000
*%x%  RESULTS ***
STRM= F10 SUBSTRM= MIXED SPLIT FRACT= 0.99476
CISOLID 0.0100000
STRM= F11 SUBSTRM= MIXED SPLIT FRACT= 0.0052438
CISOLID 0.99000
BLOCK: B6 MODEL: MIXER
INLET STREAMS: Fl1 Fl2
CUTLET STREAM: F13
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS
*%*  MASS AND ENERGY BALANCE ***
IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 4.68535 4.68535 0.00000
MASS (KG/HR ) 334.850 334.850
0.169758E-15
ENTHALPY (GCAL/HR ) -0.237168 -0.237168

0.214301E-07

* x ok

FEED STREAMS COZE 0.00000
PRODUCT STREAMS COZE 0.00000
NET STREAMS COZE PRODUCTION 0.00000
UTILITIES CO2E PRODUCTION 0.00000
TOTAL CO2E PRODUCTION 0.00000
**%  INPUT DATA
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS

CONVERGENCE TOLERANCE
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C02 EQUIVALENT SUMMARY ***

KG/HR
KG/HR
KG/ER
KG/HR
KG/HR
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CUTLET PRESSURE: MINIMUM OF INLET STREAM PRESSURES

BLOCK: B7 MODEL: SSPLIT
INLET STREAM: F13
CUTLET STREAMS: WASTE Fl4
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

*** MASS AND ENERGY BALANCE ***

IN QuT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 4.68535 4.68535 0.00000
MASS (KG/HR ) 334.850 334.850
0.169758E-15
ENTHALPY (GCAL/HR ) -0.237168 -0.237168 =

0.117029E-15

**k*  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TCTAL CO2E PRODUCTION 0.00000 KG/ER

**%  INPUT DATA ***

FRACTION OF FLOW

SUBSTRM= STRM= FRAC=
MIXED WASTE 0.52800
CISOLID WASTE 1.00000

*xk  RESULTE %%

STRM= WASTE SUBSTRM= MIXED SPLIT FRACT= 0.52800
CISCOLID 1.00000
STRM= F14 SUBSTRM= MIXED SPLIT FRACT= 0.47200
CISCLID 0.0
BLCCK: B8 MODEL: MIXER
INLET STREAMS: Fl4 F10
OUTLET STREAM: Fl6
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS
*** MASS AND ENERGY BALANCE ***
IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 199.356 199.356 0.00000
MASS (KG/HR ) 18995.0 18995.0 0.00000

ENTHALPY (GCAL/HR ) -24,0734 -24.0734
0.231418E-07

*%%  CO2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZ2E PRODUCTION 0.00000 KG/HR
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TCTAL COZE PRODUCTION 0.00000

***  INPUT DATA
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

* kK

KG/HR

CUTLET PRESSURE: MINIMUM OF INLET STREAM PRESSURES

BLCCK: BlO MODEL: MIXER
INLET STREAMS: RECYCLE NEWETHYL
OUTLET STREAM: F7PRE
PROPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

*%*  MASS AND ENERGY BALANCE  ***

IN
DIFF.
TCOTAL BALANCE
MOLE (KMOL/HR ) 188.742
MASS (KG/HR ) 16629.4
ENTHALPY (GCAL/HR ) -21.2434

0.259389E-08

ouT

188.742
16629.4
-21.2434

***%  CO0Z2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000
PRODUCT STREAMS CO2E 0.00000
NET STREAMS COZE PRODUCTION 0.00000
UTILITIES CO2E PRODUCTION 0.00000
TOTAL CO2E PRODUCTION 0.00000

*** INPUT DATA
TWO PHASE FLASH

MAXIMUM NO. ITERATIONS

CONVERGENCE TOLERANCE

CUTLET PRESSURE: MINIMUM OF INLET STREAM PRESSURES
BLOCK: Bl1l MODEL: HEATER

INLET STREAM: F7PRE

CUTLET STREAM: F7POST

PRCPERTY OPTION SET: SOLIDS IDEAL LIQUID / IDEAL GAS

B

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

**%  MASS AND ENERGY BALANCE  ***

IN
DIEE,
TCTAL BALANCE
MOLE (KMOL/HR ) 188.742
MASS (KG/HR ) 16629.4
ENTHALPY (GCAL/HR ) -21.2434

0.199614E-02

ouT

188.742
16629.4
ok 2850

k%%  C02 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000
PRODUCT STREAMS CO2E 0.00000
NET STREAMS COZE PRODUCTION 0.00000
UTILITIES COZ2E PRODUCTION 0.00000
TOTAL CO2E PRODUCTION 0.00000

*** INPUT DATA
TWO PHASE TP FLASH
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KG/HR
KG/HR
KG/HER
KG/HR
KG/HR

30

0.000100000

30

0.

RELATIVE

0.00000
0.00000

000100000

RELATIVE

0.00000
0.00000



SPECIFIED TEMPERATURE C 70.0000
SPECIFIED PRESSURE BAR 4.00000
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE

0.000100000

**% RESULTS ***

CQUTLET TEMPERATURE c 70.000
CUTLET PRESSURE BAR 4.0000
HEAT DUTY GCAL/HR -0.42430E-01
OUTLET VAPOR FRACTION 0.0000

V-L PHASE EQUILIBRIUM

COMP F(I) X(I) Y(I) K(I)
ETHYL-01 1.0000 1.0000 1.0000
0.18850
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Fl E10 F1i F1Z FI13

STREAM ID
FROM :
TO
CLASS:
MIXCISLD
TOTAL STREAM:
KG/HR
334.8499
GCAL/HR
0.2372
SUBSTREAM: MIXED
PHASE:
MIXED
COMPCONENTS :
DDDA
4.8674-02
SEBAC-01
2.0557-03
SUBER-01
2.3868-03
ADIPI-01
2.8450-03
WATER
ETHYL-01
1.9794
DEXTR-01
BIOMASS
NITROGEN
CCMPONENTS :
DDDA
11.2099
SEBAC-01
0.4158
SUBER-01
0.4158
ADIPI-01
0.4158
WATER
ETHYL-01
174.4010
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
2.0354
KG/HR
186.8582
CUM/HR
0.2187
STATE VARIABLES:
TEMP c
70.0000
PRES
1.0000
VFRAC

BAR

KMOL/HR

KG/HR

Fl

Bl

MIXCISLD

1.5360+04

-51.2816

LIQUID

0

L7347

.0

1.2822+04

0

2

.0
.0
.0
<0

.7347

1.2822+04

12.

374

3

0

9508

0000

4264

LD

F10

B5

B8

MIXCISLD
1.8907+04

=23, 8611

MIXED

9.2336

0.3800

0.4528

05397

187.7524
0.0
o)
0.0

(=]

2126,.5491
78.8727
78.8727
78.8727

0.0
1.6542+04

o oo
o oo

198.3685
1.8905+04

2171508

70.0000
1.0000

0.0
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B5

B6

MIXCISLD
247.6494

-0.1255

MIXED

4.8674-02

2055003

2.3868-03

2.8450-03

0.0
0.9897

o
o

11,2099

0.4158

0.4158

0.4158

87.2005

o o
oo

1.0457

99.6577

0.1147

70.0000

1.0000

F12 F13
—— B6
B6 B7
MIXCISLD
87.2005

=06 =

LIQUID

o
(el
o
w
-]

(=]
[=]
(=)

87.2005

0.0 0.
0.0
0.0 0.

(=]

0.9857

87.2005

0.1041

70.0000

1.0000

0.0 0.

(==

(=]



LFRAC 1.0000 0.9465 0.9465
0.9725
SFRAC 0.0 5.3517-D2 5.3517-02
2.7494-02
ENTHALPY:
KCAL/MOL -68.0463 -120.7910 -120.7910
116.8945
KCAL/KG -3777.1463 -1267.4267 -1267.4267
RO B\
GCAL/HR -48.4309 =g3.9611 -0.1263
0.2379
ENTROPY :
CAL/MOL-K -38.2583 -151.4349% -151.4349
132.1841
CAL/GM-K =2..1:23% -1.5890 -1.5890
1.4398
DENSITY:
MOL/CC 5.4957-02 9.1200-03 9.1200-03
9.3060-03
KG/CUM 990.0530 869.1749 869.1749
854.3282
AVG MW 18.0153 95.3041 95.3041
91.8042
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 9.3290 0.0 0.0
SEBAC-01 0.3940 0.0 0.0
SUBER-01 0.4575 0.0 0.0
ADIPI-01 0.5453 0.0 0.0
WATER 0.0 0.0 0.0
ETHYL-01 0.0 0.0 0.0
DEXTR-01 0.0 0.0 0.0
BICMASS 2,6902 2.6767-02 2.6499
2.6499
NITROGEN 0.0 0.0 0.0
COMPONENTS: KG/HR
DDDA 2148.5015 0.0 0.0
SEBAC-01 79.6869 0.0 0.0
SUBER-01 79.6869 0.0 0.0
ADIPI-01 79.6869 0.0 0.0
WATER 0.0 0.0 0.0
ETHYL-01 0.0 0.0 0.0
DEXTR-01 0.0 0.0 0.0
BICMASS 150.2378 14949 147 . 9917
147.9917
NITROGEN 0.0 0.0 0.0
TOTAL FLOW:
KMOL/HR 13.4159% 2.6767-02 2.6499
2.6499
KG/HR 2537.8000 1.4949 147.9917
147.9917
CUM/HR 2.0329 1.8785-04 1.8597-02
1.8597-02
STATE VARIABLES:
TEMP c 37.0000 70.0000 70.0000
70.0000
PRES BAR 3.4264 1.0000 1.0000
1.0000
VFRAC 0.0 0.0 0.0
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-1280.0171

=0.1116

-111.8447

-1.2694

9.5109-03
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LFRAC
SFRAC
1.0000
ENTHALPY:
KCAL/MOL
0.2865
KCAL/KG
5.1303
GCAL/HR
7.5925-04
ENTROPY :
CAL/MOL-K
0.8949
CAL/GM-K
1.6023-02
DENSITY:
MOL/CC
0.1425
KG/CUM
7957.8207
AVG MW
55.8470

| il e

000

-212.4807

-1123.2606

-2.8506

-688.8238

-3.6414

6.5994-03

1248.3652

189.1642

TOTAL STREAM PROPERTIES:

*%%  ALL PHASES
MASSFLOW KG/HR
DDDA
11.2099
SEBAC-01
0.4158
SUBER-01
0.4158
ADIPI-01
0.4158
WATER
ETHYL-01
174.4010
DEXTR-01
BIOMASS
147.9917
NITROGEN
VOLFLMX CUM/HR
0.2373
MASSVERA
MASSSFRA
0.4792
RHOMX KG/CUM
1410.9847
TEMP C
70.0000
PRES BAR
1.0000

Fl4 Fl6é F2 F3 F4

STREAM ID
FROM :
TO

B

2148.5015

79.6869

79.6869

79.6869

1.2822+04
0.0

0.0
150.2378

0.0
14,9837

o
(e

0.1652

1025.1044

37.0000

3.4264

Fl4
B7
B8

G0

1.0000
0.2865
5.1303

7.6692-06

0.8949

1.6023-02

0.1425
7957.8207

55.8470

2126.5491
78.8727
78.8727
78.8727

0.0
1.6542+04

0.0
1.4949
0.0
225531
0:1251
869.2361

70.0000

1.0000

Flé6
B8

216

0.
£

0.

S

0
0000

2865

1303

7.5925-04

0.

8949

1.6023-02

T35

L1

Ll

1858,

70,

F2
B1

.1425

8207

8470

2099

.4158

.4158

.4158

.2005

o010

+ 2333

.6479

4646

0000

.0000

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

837.9697

70.0000

1.0000

F3
Bl
B2

Fa
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CLASS: MIXCISLD

MIXCISLD
TOTAL STREAM:
KG/HR 88.1971
33.2499
GCAL/HR -0.1123
4,1283-05
SUBSTREAM: MIXED
PHASE: MIXED
VAPCR
COMPONENTS: KMOL/HR
DDDA 2.2974-02
SEBAC-01 9.7030-04
SUBER-01 1.1266-03
ADIPI-01 1.3428-03
WATER 0.0
ETHYL-01 0.9343
DEXTR-01 0.0
BICMASS 0.0
NITROGEN 0.0
1.1869
COMPCONENTS: KG/HR
DDDA 5.2911
SEBAC-01 0.1962
SUBER-01 0.1962
ADIPI-01 Q.. 1962
WATER 0.0
ETHYL-01 82.3173
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
33.2499
TOTAL FLCOW:
KMOL/HR 0.9607
1.1869
KG/HR 88.1971
33.2499
CUM/HR 0.1032
16..9900
STATE VARIABLES:
TEMP € 70.0000
20.0000
PRES BAR 1.0000
13027
VFRAC 0.0
1.0000
LFRAC Q9725
SFRAC 2,7494-02
ENTHALPY :
KCAL/MOL -116.8945
3.4782-02
KCAL/KG =1273,3022
1.2416
GCAL/HR -0.1123
4.1283-05
ENTROPY :
CAL/MOL-K -132.1841
1.1484
CAL/GM=-K -1.4398
4.0996-02

MIXCISLD

1.8995+04

-24

.0734

MIXED

21315

79

795
2

0

COOoOmMOoOOOoO0Ow

.2566
.3909
. 4539
.5410

.6867

8401
.0690
0890
0690
.0

1.6624+04

0
0
0

198

.0
.0
oAl

3292

1.8994+04

21

69

1

0.

0

.8541

.9999

.0000

0

.9466

5.3392-02

=120
-1267

-24

—151

217

Wi

.4540

.0734

.3421

.5883

MIXCISLD

1.1747+04

-44

w33l

LIQUID

651

o
w
COODOHEOO O

=
=
COoO0O0O-1OoO0 00O

cooCcWOoOO OO
=
N}
=

(%]
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3621

1.1734+04

11.

3

=

-68.

-37717.

=44,

=58z

8523

0000

.4264

L0000

0463

1463

3228

2583

L1237

MIXCISLD

3612.73%6

-6.9445 -

LIQUID
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COoOO0OO0OO0O0OOOo0
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DENSITY:

MOL/CC 9.3060-03 9.1209-03 5.4957-02
6.9860-05
KG/CUM 854.3282 8§69.1048 990.05%0
1.9570
AVG MW 91.8042 95.2873 18.0153
2840135
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 0.0 0.0 4.6645-02
SEBAC-01 0.0 0x0 1970003
SUBER-01 0.0 0.0 2287303
ADIPI-01 0.0 0.0 2.7263-03
WATER 0.0 0.0 0.0
ETHYL-01 0.0 0.0 0.0
DEXTR-01 0.0 0.0 0.0
BIOMASS 0.0 2616702 1345102
NITROGEN 0.0 0.0 0.0
COMPONENTS: KG/HR
DDDA 0.0 0.0 10.7425
SEBAC-01 0.0 0.0 0.3984
SUBER-01 0.0 0.0 0.3984
ADIPI-01 0.0 0.0 0.3984
WATER 0.0 0.0 0.0
ETHYL-01 0.0 0.0 0.0
DEXTR-01 0.0 0.0 0.0
BICMASS 0.0 1.4949 0.7512
NITROGEN 0.0 0.0 0.0
TOTAL FLOW:
KMOL/HR 0.0 2.6767-02 6.7079-02
KG/HR 0.0 1.49249 12.6890
CUM/HR 0.0 1.8785-04 1.0164-02
STATE VARIABLES:
TEMP G MISSING 69.9899 37.0000
MISSING
PRES BAR MISSING 1.0000 3.4264
1.7027
VFRAC MISSING 0.0 0.0
MISSING
LFRAC MISSING 0.0 0.0
MISSING
SFRAC MISSING 1.0000 1.0000
MISSING
ENTHALPY :
KCAL/MOL MISSING 0.2865 -212.4807
MISSING
KCAL/KG MISSING 5.1303 -1123.2606
MISSING
GCAL/HR MISSING 7.6692-06 -1.4253-02
MISSING
ENTROPY :
CAL/MOL-K MISSING 0.8%49 -088.8238
MISSING
CAL/GM-K MISSING 1.6023-02 -3.6414
MISSING
DENSITY:
MOL/CC MISSING 0.1425 6.5994-03
MISSING
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990.058%0

18.0153
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2137.,75%0

13.3488
2525.1110
2.0227
37.0000

3.4264

1.0000

-212.4807

-1123.2606

-2.8364

-688.8238

-3.6414

6.5994-03
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KG/CUM MISSING
MISSING
AVG MW MISSING
MISSING
TOTAL STREAM PROPERTIES:
*%%  ALIL PHASES *k ok
MASSFLOW KG/HR
DDDA Lo e b
SEBAC-01 0.1962
SUBER-01 0.1962
ADIPI-01 0.1962
WATER 0.0
ETHYL-01 82.3173
DEXTR-01 0.0
BIOMASS Q=0
NITROGEN 0.0
33.2499%
VOLFLMX CUM/HR 0.1032
16.9901
MASSVFRA 0.0
1.0000
MASSSFRA 6.6667-02
RHOMX KG/CUM 854 ,3282
1.9570
TEMP C 70.0000
20.0000
PRES BAR 1.0000
1.7027
F5 F6 F7 F7POST F7PRE
STREAM ID F5
F7PRE
FROM : B2
TO ' -
CLASS: MIXCISLD
MIXCISLD
TOTAL STREAM:
KG/HR 1120.8785
1.6629+04
GCAL/HR -3.4423
21.2434
SUBSTREAM: MIXED
PHASE: VAPCR
LIQUID
COMPCONENTS: KMOL/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 60.3726
ETHYL-01 0.0
188.7421
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 1.1869

COMPONENTS: KG/HR

7957.

55.

2131..
79
T
T8

B

8208

8470

8401
0690
0690
0690
0

1.6624+04

0.
1
0

21.

869.

69.

Fé

B2
B3

MIXCISLD

2525

=7

0

.4849
.0

8543

.1248

1658

9999

.0000

1110

7477

MISSING

OO0 00O

oo
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1248.3652

189.1642

10.7425
0.3984
0.3984
0.3984

1.1734+04
0.0
0.0
0.7512
0.0

11.8625

0.0

1.0802-03
990.2804

37.0000

3.4264

F7

MIXCISLD

2.2815+04

-29.2041

LIQUID

w oo o oo
oo o0o oo

533

o o
o o

1248.3652

189.1642

2137.7590
79.2885
79.2885
79.2885

1087.6286

CO00O00O000O

149.4866

%1213

0.6989 0.
1157.4532

37.0000

3.4264

F7POST

Bl1 B10O
B3 Bl1
MIXCISLD

1.6629+04

=21, 2859 =
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DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01

1.6629+04
DEXTR-01
BICMASS
NITROGEN

TOTAL FLOW:
KMOL/HR

188.7421
KG/HR

1.6629+04
CUM/HR

20.0030

STATE VARIAB
TEMP C

75.0633
PRES BAR

1.0000
VFRAC
LFRAC

1.0000
SFRAC

ENTHALPY :
KCAL/MOL

112.5525
KCAL/KG

1277.4620
GCAL/HR

21.2434

ENTROPY :
CAL/MOL-K

111.2040
CAL/GM-K

1. 2622

DENSITY:
MOL/CC

9.4357-03
KG/CUM

831.3439

AVG MW

88.1063

SUBSTREAM: C

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS :
DDDA
SEBAC-01

LES:

ISOLID
KMOL/HR

KG/HR

61

1120

1986

=0

=3071

OO O OO

=899

SOD0D

.8785

.5522

.0000

.0000

.0000

9183

.0741

.4423

.0662

.4430

3.0987-05

Oiz

18.

STRUCTURE :

(w]

[=NelolsNoleRelelel

5642

2081

OO0 000000

(=]

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 2.2815+04
0. 0.0
0.0 0.0
0.0 0.0
0x0 258.9533
0.0 2.2815+04
0.0 27.2270
MISSING 70.0000
1.0000 1.0000
MISSING 0.0
MISSING 1.0000
MISSING 0.0
MISSING -112.7776
MISSING -1280.0171
MISSING -292.2041
MISSING -111.8447
MISSING -1.2694
MISSING 9.5109-03
MISSING 837.9697
MISSING 88.1063
CONVENTIONAL
92823 0.0
0.3920 0.0
0.4552 0.0
0.5425 0.0
0.0 0.0
0.0 0.0
0.0 0.0
2.6767 0.0
0.0 0.0
2137.7590 0.0
79.2885 0.0
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19.8448

70.0000

4.0000

1.0000

~112.7776

-1280.0171

-21.2859
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-1.2694

9.5109-03

837.9697
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SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
MISSING
PRES BAR
1.0000
VFRAC
MISSING
LFRAC
MISSING
SFRAC
MISSING
ENTHALPY :
KCAL/MOL
MISSING
KCAL/KG
MISSING
GCAL/HR
MISSING
ENTROPY :
CAL/MOL-K
MISSING
CAL/GM-K
MISSING
DENSITY:
MOL/CC
MISSING
KG/CUM
MISSING
AVG MW
MISSING

[=]

COoOOoOOoCOCOOoO

COOoOOO OO

oo

MISSING

L.

0000

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

TOTAL STREAM PROPERTIES:

*** ALL PHASES
MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
1.6629+04
DEXTR-01
BIOMASS
NITROGEN
VOLFLMX CUM/HR
20.0030
MASSVFRA
MASSSFRA

108

33
1986

0

o O o a0
OO OO0

.2499
.6522

.0000
.0

795

-208.

-1088.

.3488
oL 10
.0628
.0000

.0000

.0000

8396

1528

E BT

.7870

.5408

6.4711-03

1224.

189.

2137
79
7D
T
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7590

.2885
.2885
.2885

. 4866

.0628

.0000
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MISSING
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MISSING
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RHCMX KG/CUM 0.5642
831.3438
TEMP Cc 115.0000
75.0633
PRES BAR 1.0000
1.0000
F8 F9 NEWETHYL RECYCLE WASTE
STREAM ID F8
WASTE
FROM : B3
TO 3 B4
CLASS: MIXCISLD
MIXCISLD
TOTAL STREAM:
KG/HR 1.9154+04
246.6528
GCAL/HR -24.0336
0.1249
SUBSTREAM: MIXED
PHASE: LIQUID
MIXED
COMPONENTS: KMOL/HR
DDDA 0.0
2.5700-02
SEBAC-01 0.0
1.0854-03
SUBER-01 0.0
1.2602-03
ADIPI-01 0.0
1.5021-03
WATER 0.0
ETHYL-01 188.7421
1.0451
DEXTR-01 0.0
BICOMASS 0.0
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 0.0
5.9188
SEBAC-01 0.0
{.2185
SUBER-01 0.0
0.2195
ADIPI-01 0.0
0.2195
WATER 0.0
ETHYL-01 1.6629+04
92,0837
DEXTR-01 00
BICMASS 0.0
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 188.7421
1.0747
KG/HR 1.6629+04
98.6611

1224.0849

115.0000

1.0000

F9
B4
B5
MIXCISLD

1.9154+04

-24.0867

MIXED

9.2823

0.3920

0.4552

0.5425

188.7421

0.0
.0
0.0

o

2137.7590

79.2885

79.2885

79.2885

0.0
1.6629+04

ooo
= o ]

199.4142

1.9005+04

222

837.9697
70.0000

1.0000

NEWETHYL

B10O
MIXCISLD

649.9710

-0.8460

LIQUID

T237T7L

=]
(e}

0.0

0.0
649.9710

0.0
.0
0.0

o

Te3TIL

649.9710

837.9697
70.0000

4.0000

RECYCLE

B10O
MIXCISLD

1.5979+04

=20.3973

LIQUID

181.3650

(]
o

0.0

0.0
1.5979+04

o oo
ooe
(=N el

181.3650

1.5979+04
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CUM/HR
0.1158
STATE VARIAB
TEMP C
70.0000
PRES
1.0000
VFRAC
LFRAC
0.9725
SFRAC
2.7494-02
ENTHALPY :
KCAL/MOL
116.8945
KCAL/KG
1273.3022
GCAL/HR
0.1256
ENTROPY :
CAL/MOL-K
132.1841
CAL/GM-K
1.4398
DENSITY:
MOL/CC
§.3060-03
KG/CUM
854.3282
AVG MW
91.8042

BAR

SUBSTREAM: C
COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
2.6499
NITROGEN
COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
147.9917
NITROGEN
TOTAL FLCOW:
KMOL/HR
2.6499
KG/HR
147.9917

20.0182 21.8656 0.7273
LES:
75.5731 70.0000 25.0000
1.0000 1.0000 1.0000
0.0 0.0 0.0
1.0000 0.9465 1.0000
0.0 5.3517-02 0.0
-112.5297 =-120.7910 =-114.6852
-1277.2032 -1267.4267 -1301.6681
-21.2391 -24.0874 -0.8460
~111.1396 -151.4349 -117.7300
-1.2614 -1.5890 =1.3362
9.4281-03 9.1200-03 1.0143-02
830.6721 869.1749 893.6285
88.1063 95.3041 88.1063
ISOLID STRUCTURE: CONVENTICNAL
KMOL/HR
9.2823 0.0 0.0
0.3920 0.0 0.0
04552 0.0 0.0
0.5425 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 B0 0.0
2.6767 2.6767 0.0
0.0 0.0 0.0
KG/HR
2137.7590 0.0 0.0
79.2885 0.0 0.0
79.2885 0.0 0.0
79.2885 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
149.4866 149.4866 0.0
0.0 0.0 0.0
13.3488 2.6767 0.0
2525.1110 149.4866 0.0
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19.2805

77.0000

3.0000

1.0000

-112.4657

-1276.4774

=20::3973

=110 ,.9597

~1:2594

9.4067-03

828.7871

88.1063
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CUM/HR
1.8597-02

STATE VARIABLES:

TEMP C
70.0000
PRES
1.0000
VFRAC
LFRAC
SFRAC
1.0000
ENTHALPY :
KCAL/MOL
0.2865
KCAL/KG
5.1303
GCAL/HR
7.5925-04
ENTROPY :
CAL/MOL-K
0.8949
CAL/GM-K
1.6023-02
DENSITY:
MOL/CC
0.1425
KG/CUM
7957.8207
AVG MW
55.8470

BAR

2.0424

i1

1.0000

(=]
(=]

1.0000

-209.3450

-1106.6839

-2.7945

—679.3033

-3.5911

6.5358=-03

1236.3639

189.1642

TOTAL STREAM PROPERTIES:

*%* ALL PHASES
MASSFLOW KG/HR

DDDA
5.9188

SEBAC-01
0.2185

SUBER-01
0.2195

ADIPI-01
9.2185

WATER

ETHYL-01
92.0837

DEXTR-01

BIOMASS
1479917

NITROGEN
VOLFLMX CUM/HR
0.1341
MASSVERA
MASSSFRA
0.6267
RHOMX
1839.5824
TEMP C
70.0000

KG/CUM

*x K

2137, 7580

79.2885

79.2885

79.2885

0.0
1.6629+04

0.0
149.4866

0.0
22.0615

[=
[=

0.1318

868.2294

75:5731

1.8785-02

70.0000
1.0000
0.0

.0
.0000

= o

0.2865
5.1.303

7.6692-04

0.8949

1.6023-02

0.1425
7957.8207

55.8470

2137.7590
75.2885
79.2885
79.2885

0.0
1.6629+04

0.0
149.4866

0.0
21.8843
0.1318
875.2596

70.0000

224

MISSING

1.0000
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

893.6285

25.0000

MISSING

3.0000
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

0.0
0.0
1.5979+04
0.0
0.0
0.0

19.2805

0.0
0.0

828.7871

77.0000

oo

oo



PRES BAR
1.0000

Fl

STREAM ID
FRCM :
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPCONENTS: KMOL/HR

DDDA

1.0000 1.0000

Fl

Bl
MIXCISLD

1.5360+04
-51.2816

LIQUID

~3
i
cocooroOoOO
cocoo~NooooO
w
=%
~]

H
.
3%
OO0 0O WO o oo
B @ o W RN e w0 e
L e o2 S iz < Y o R o Ao T e
+
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711.7347
1.2822+04
12.9508
37.0000
L4264
.0
.0000
.0

[l i e RN VS RN |

-68.0463
-3777.1463
-48.4309

-38.2583
=2:1.2379

5.4957-02
890.0580
18.0153

STRUCTURE: CONVENTIONAL

9.3290
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SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

.3940
4575
.5453

.6902

oNOOoO O OO O

2148.5015
79.6869
79.6869
79.6869

150.2378

13.4159
2537.8000
2.0329

.0000
L4264
]
.0
.0000

O CWw -

-212.,4807
-1123.2606
-2.8506

-688.8238
-3.6414

6.5994-03
1248.3652
189.1642

TOTAL STREAM PROPERTIES:

*%%*  ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVEFRA

MASSSFRA

RHOMX KG/CUM

TEMP &

PRES BAR

* x K

2148.5015
79.6869
79.6869
79.6869

1.2822+04

0.0
0.0
150.2378
0.0
14.9837
0.0
0.1652

1025.1044

37.0000
3.4264

226



F2

STREAM ID F2
FROM : Bl
TO : —_——
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.1747+04
GCAL/HR =44 _.3371
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 651.3621
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 1.1734+04
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 651.3621
KG/HR 1.1734+04
CUM/HR 11.8523
STATE VARIABLES:
TEMP C 37.0000
PRES BAR 3.4264
VFRAC [t 0|
LFRAC 1.0000
SFRAC 0.0
ENTHALPY :
KCAL/MOL -68.0463
KCAL/KG =-3777.1463
GCAL/HR -44.3228
ENTROPY :
CAL/MOL-K -38.2583
CAL/GM-K =2.1237
DENSITY:
MOL/CC 5.4957-02
KG/CUM 990.0590
AVG MW 18:0153
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 4.6645-02
SEBAC-01 1.9700-03
SUBER-01 2.2873=-03
ADIPI-01 2.7263-03
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WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES  BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY :

MOL/CC
KG/CUM
AVG MW

KG/HR

R o« .
oo OO

[y
.
[9%)
OO OO

|
o
]

=

[=Nelelelelelolloello)

.71425
.3984
.3984
.3984
.0
214
.0
<1512
.0

6.7079-02
12.6890

1.0164-02
37.0000

L4264

.0

50

.0000

H OO W=l

-212.4807
=1 123.2606
=1 425302

-688.8238
-3.6414

6.5994-03
1248.3652
189.1642

TOTAL STREAM PROPERTIES:

LR

ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHCMX KG/CUM

TEMP €

PRES BAR

B3

*ox ok

10.7425
0.3984
0.3984
0.3984

1.1734+04
0.0
0.0
0.. 7532
0.0

11.8625
0.0

1.0802-03
990.2804

37.0000

3.4264
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STREAM ID B3

FROM : Bl
TO ¥ B2
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 3612.7396
GCAL/HR -6.9445
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-O01 0.0
WATER 60.3726
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 1087.6286
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 60.3726
KG/HR 1087.6286
CUM/HR 1.0985
STATE VARIABLES:
TEMP C 37.0000
FRES BAR 3.4264
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0
ENTHALPY :
KCAL/MOL -68.0463
KCAL/KG =3777:1463
GCAL/HR -4.1081
ENTROPY :
CAL/MOL-K -38.2583
CAL/GM-K -2,1237
DENSITY:
MOL/CC 5.4957-02
KG/CUM 990.058%0
AVG MW 18,0153
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 9.2823
SEBAC-01 0.3920
SUBER-01 0.4552
ADIPI-01 0.5425
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
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BICMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-O01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP G
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

2137..
79
78
79

149

13
2525

= OO W

=
-1123
-2

-688
=Fu

67867

7590

.2885
.2885
.2885

.4866

.3488
.1110
.0227

.0000
.4264
.0
0
.0000

.4807
.2606
.8364

.8238

6414

6.5994-03

1248.
189.

TOTAL STREAM PROPERTIES:

*** ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHCMX KG/CUM

TEMP C

PRES BAR

F4

STREAM ID
FRCM :
TO

*xk

21.37.

F4

3652
1642

Ao

.2885
.2885
.2885

6286

4866

L1213

.6989

4532

.0000
L4204

B2
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CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
COMPONENTS: KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MCL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

MIXCISLD

33.2499
-4.1283-05

VAPOR

POQOOOOOOOoO
HFOoOoODOoOOoOOOOoOoO

869

0
0
0
0
.0
0
0
0
2

WO oo o OO oo

499

1.1869
33.2499
16.9901

0.0000
1.7027
1.0000
0.0
0.0

-3.4782-02
-1.2416
-4.1283-05

=1.1484
-4.0996-02

6.9860-05
1.9570
28.0135

TOTAL STREAM PROPERTIES:

*x% ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-O01
WATER
ETHYL-01
DEXTR-01
BIOMASS

COO0O0O0O0COC
COO0OOoC OO OO0
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NITROGEN
VOLFLMX CUM/HR
MASSVFRA
MASSSFRA
RHCMX KG/CUM
TEMP C
PRES BAR

ES

STREAM ID
FROM :
TO =
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE :

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
CCOMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMCL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP c
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM

KG/HR

33.2499
16.9901
1.0000

1.9570
20.0000
1.7027

F3
B2

MIXCISLD

1120.8785
-3.4423

VAPOR

(23]
PoOoOoOoOOoOCocoo
RPOODOWOoO OoOoOo

o

Do

(23]

869

0
0
0
0
1087.
0
0
0
3

3 499

61.5595
1120.8785
1886.6522

115.0000
1.0000
1.0000
0.0
0.0
=55,9183

-3071.0741
-3.4423

-8.0662
-0.4430

3.0987-05
0.5642
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CONVENTIONAL

AVG MW 18.2081
TOTAL STREAM PROPERTIES:
**%  ALL PHASES *E K
MASSFLOW KG/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 1087.6286
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 0.0
NITRCGEN 33.2499
VOLFLMX CUM/HR 1986.6522
MASSVFRA 1.0000
MASSSFRA 0.0
RHOMX KG/CUM 0.5642
TEMP C 115.0000
PRES BAR 1.0000
F6
STREAM ID F6
FROM B2
TO B3
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 2525.1110
GCAL/HR -2.7477
SUBSTREAM: CISOLID STRUCTURE :
COMPONENTS: KMOL/HR
DDDA 9.2823
SEBAC-01 0.3920
SUBER-01 0.4552
ADIPI-01 0.5425
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 2.6767
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 2137.7590
SEBAC-01 79.2885
SUBER-01 79,2885
ADIPI-01 79.2885
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 149.4866
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 13.3488
KG/HR 2525.1110
CUM/HR 2.0628
STATE VARIABLES:
TEMP C 115.0000
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PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTRCPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

= oo+

-205
-1088.
-2

-669
=3

.0000
.0
.0
.0000

.8396

1528

s AT

. 7870
.5408

6.4711-03

1224.
189.

TOTAL STREAM PROPERTIES:

**% ALL PHASES i

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP C

PRES BAR

F7

STREAM ID
FROM
TO .
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:
COMPCONENTS: KMOL/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-O01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
COMPCNENTS: KG/HR
DDDA

2137,

F7

0949
1642

7590

.2885
.2885
.2885

4866

.0628

.0000

0949
0000

.0000

MIXCISLD

2.2815+04

=29,

2041

LIQUID

OO0 WooO o oo

o

OO0 WwWOoOOoO O OO

o

234



SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMCL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

s8]

.

o]
O oo oo o
el o e ol
OO OoOWUL OO OO

+

o

f1=%

258.9533
2.2815404
272270
70.0000
1.0000
0.0
1.0000
0.0

-112.7776
-1280.0171
-29.2041

-111.8447
-1.2694

9.5109-03
837.9697
88.1063

TOTAL STREAM PROPERTIES:

**x* ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHCMX KG/CUM

TEMP C

PRES BAR

F7POST

STREAM ID

FRCM

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

3%

[a%]

.

b
O~NO OO0 WO OoOOo0 oo
OO OO UNO OO OO

2%} +
~J (=]
] =

Oz
837.9687
70.0000
1.0000

F7POST
Bll

B3
MIXCISLD

1.6629+04
-21.2859
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SUBSTREAM: MIXED
PHASE:
CCMPOMNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-O01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP G
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

KMOL/HR

KG/HR

LIQUID

OO WO O OO0
OO ~-1Oo OO OO

H
.
(<)}
(=R e el e ilelleio e
T S T T
OO O WO OO0 OoOo
+
=
s

188.7421
1.6629+04
19.8448

.0000
.0000
.0
.0000
.0

O OO

=112
-1280
=&%

L1776
.0171
.2859

-111.8447
-1.2694

9.5109-03
837.9687
88.1063

TOTAL STREAM PROPERTIES:

* Kk k

ALL PHASES
MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-(1
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
VOLFLMX CUM/HR
MASSVFRA
MASSSFRA

*x ok

+
o
=%

ey
.
Lo ()]
COoOWOoOOoOOoOOMHOOoOOOoOCo
. e e e e DI e s s e

COMOOOWwWwoOOoOOoOOooOo
fiss
=
@
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RHCMX KG/CUM
TEMP c
PRES BAR

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS: KMOL/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

COMPONENTS: KG/HR
DODDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP ¢
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

837.9697
70.0000
4.0000

F7PRE
B1O

Bll
MIXCISLD

1.6629+04
-21.2434

LIQUID

COoOQCWwoOoOoOoo
C OO~ OoOO0OOC OO

,_x
.
(o)}
[=R el e lels oo
W m w N & e e e
OO O WwWoOoOOoOOoo
+
o
s

188.7421
1.6629+04
20.0030

75.0633
1.0000
0.0
1.0000
0.0

-112.5525
-1277.4620
-21.2434

-111.2040
=Ll 022

9.4357-03
831.3439
68.1063

TOTAL STREAM PROPERTIES:
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* &

ALL PHASES
MASSFLOW KG/HR

* kK

DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 0.0
ETHYL-01 1.6629+04
DEXTR-01 0.0
BIOMASS 0.0
NITROCGEN 0.0
VOLFLMX CUM/HR 20.0030
MASSVFRA 0.0
MASSSFRA 0.
RHOMX KG/CUM 831.3439
TEMP C 75.0633
PRES BAR 1.0000
F8
STREAM ID F8
FRCM : B3
TO B4
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.9154+04
GCAL/HR -24.0336
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 0.0
ETHYL-01 188.7421
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 0.0
ETHYL-01 1.6629+04
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
TOTAL FLCW:
KMOL/HR 188.7421
KG/HR 1.6629+04
CUM/HR 20.01%92
STATE VARIABLES:
TEMP c 75.5731
PRES BAR 1.0000
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0
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ENTHALPY :

KCAL/MOL -112.5297
KCAL/KG =1277.2032
GCAL/HR 21,2891
ENTROPY :
CAL/MOL-K -111.1396
CAL/GM-K -1.2614
DENSITY:
MOL/CC 9.4281-03
KG/CUM 830.6721
AVG MW 88.1063
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 9.2823
SEBAC-01 0.3920
SUBER-01 0.4552
ADIPI-01 0.5425
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 2.6767
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 2137.7590
SEBAC-01 79,2885
SUBER-01 79.2885
ADIPI-01 79.2885
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BICMASS 149.4866
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 13.3488
KG/HR 2525.1110
CUM/HR 2.0424
STATE VARIABLES:
TEMP C 75.5731
PRES BAR 1.0000
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL -209.3450
KCAL/KG -1106.6839
GCAL/HR =2:7945
ENTROPY :
CAL/MOL-K -679.3033
CAL/GM-K -3.5911
DENSITY:
MOL/CC 6.5359-03
KG/CUM 1286:3638
AVG MW 189.1642
TOTAL STREAM PROPERTIES:
***  ALL PHASES X
MASSFLOW KG/HR
DDDA 21377850
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SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVEFRA

MASSSFRA

RHOMX KG/CUM

TEMP c

PRES BAR

F9

STREAM ID

FRCM

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOCL
KCAL/KG

KMOL/HR

KG/HR

79.2885
79.2885
79.2885
0.0
1.6629+04
0.0
149.4866
0.0
22.0615
0.0
0.1318
868.2294
15.5731
1.0000

Eg
B4
B5
MIXCISLD

1.9154+04
-24.0867

MIXED

.2823
.3920
.4552
.5425
.0
.7421
.0
.0
.0

=
@
OO0 ®®MOOC oW

2137 . 7580
79.2885
79.2885
79.2885

0.0
1.6629+04
0.0
0.0
0.0

199.4142
1.9005+04
21.8656

70.0000
1.0000
0.0
0.9465

5238 17=02

-120.7910
-1267.4267
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GCAL/HR
ENTROPY :

CAL/MOL-K

CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS : KMOL/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
COMPONENTS ¢
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

KG/HR

-24.0874

-151.4349
-1.5890

9.1200-03
869.1749
95.3041

STRUCTURE :

OCNOOCOCOOOO
CAHhOOOOOOO

[ay
s
CWOoOOoOCOOOoOOo

O OO C O OO0

25767
149.4866
1.8785-02
70.0000
.0000
.0
.0
.0000

P OoOOFOo

0.2865
5 E303
7.6692-04

0.8949
1.6023-02

0.1425
7957 .8207
55.8470

TOTAL STREAM PROPERTIES:

* k& * kK

ALL PHASES
MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01

2137.7520
79.2885
.2885

79.2885

CONVENTICONAL
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WATER 0.0
ETHYL-01 1.6629+04
DEXTR-01 0.0
BIOMASS 149.4866
NITROGEN 0.0
VOLFLMX CUM/HR 21.8843
MASSVERA 0.0
MASSSFRA 0, 134:8
RHOMX KG/CUM 875.2596
TEMP & 70.0000
PRES BAR 1.0000
F10
STREAM ID F10
FROM BS
TO B8
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.8907+04
GCAL/HR =23.9611
SUBSTREAM: MIXED
PHASE: MIXED
COMPONENTS: KMOL/HR
DDDA 9.233%
SEBAC-01 0.3900
SUBER-01 0.4528
ADIPI-01 Bwb89d
WATER 0.0
ETHYL-01 187.7524
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
COMPCNENTS: KG/HR
DDDA 2126.5491
SEBAC-01 78.8727
SUBER-01 78.8727
ADIPI-01 78.8727
WATER 0.0
ETHYL-01 1.6542+04
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
TOTAL FLOW:
KMCL/HR 198.3685
KG/HR 1.8905+04
CUM/HR 21.7509
STATE VARIABLES:
TEMP 6 70.0000
PRES BAR 1.0000
VFRAC 0.0
LFRAC 0.9465
SFRAC 5.3517-02
ENTHALPY :
KCAL/MOL -120.7910
KCAL/KG -1267.4267
GCAL/HR -23.9611
ENTROPY :
CAL/MOL-K =151.4349
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CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

SUBSTREAM: CISOLID
KMOL/HR

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP  C
PRES  BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:

MOL/CC
KG/CUM
AVG MW

KG/HR

—1.5880
9.1200-03
869.1749
95.3041

STRUCTURE :

(=t ReleleleRelelel
I
o
[ye]

OO0 OCOO0OOO0O

OrPrOCOoOCCOoOo
[a R = e B o B o S B o 1 o i e
o
L=
o

2.6767-02
1.4949
1.8785-04
70.0000
1.0000
0.0
0.0
1.0000

0.2865
5:1303
7.6692-06

0.8949
1.6023-02

0.1425
78957 .8207
55.8470

TOTAL STREAM PROPERTIES:

**x%  ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01

2126.5491
78.8727
78.8727
78.8727

0.0
1.6542+04
0.0

CONVENTIONAL
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BIOMASS
NITROGEN
VOLFLMX CUM/HR

MASSVEFRA
MASSSFRA

RHOMX KG/CUM
TEMP c

PRES BAR

Fl1

STREAM ID
FROM :
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:
COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP €
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC

KMOL/HR

KG/HR

1.4949

21,7511

0.1251
869.2361
70.0000
1.0000

Fl1

BS

Bb6
MIXCISLD

247.6494
=012 55

MIXED

4.8674-02

2.0557-03

2.3868-03

2.8450-03
0.0

.9897

.0

.0

.0

[= N o Ne e

[y

.2099
.4158
.4158
.4158

fos]
OO JO o OO
o

.2005

1.0457
99.6577
0.1147

70.0000
1.0000
0.0
0.9465

5.3517=02

=120 910
-1267.4267
-0.1263

-151.4349
-1.5890

9.1200-03
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KG/CUM
AVG MW

SUBSTREAM: CISOLID
KMOL/HR

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICOMASS
NITROGEN

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:

MOL/CC
KG/CUM
AVG MW

KG/HR

869.1749
95.3041

STRUCTURE :

oOMNO O OO COOoO
OO O OO OC OO

=
[1=9
(=N e e Nollelle o]

917

CWOoOOoOOoOOoOOoOOoOO0

2.64%9
147.9917
1.8597-02

70.0000
1.0000
0.0
0.0
1.0000

0.2865
5. 308
7.5925-04

0.8949
1.6023-02

0.1425
7857.8207
55.8470

TOTAL STREAM PROPERTIES:

*%**  ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

11.2099
0.4158
0.4158
0.4158

87.2005

147.9917

0.1333

CONVENTIONAL
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MASSVEFRA
MASSSFRA
RHOMX KG/
TEMP C
PRES BAR

Fl2

STREAM ID
FRCM :
TO :
CLASS:
TOTAL STREAM
KG/HR
GCAL/HR
SUBSTREAM: M
PHASE:
COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIAB
TEMP  C
PRES  BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

CcuM

IXED

KMOL/HR

KG/HR

LES:

-1280

0.0
0.6479
1858.4646
70.0000
1.0000

Fl2

B6
MIXCISLD

87.2005
-0.111%6

LIQUID

COoOCOoOCCOoOC OO0
COO0OWOoOOoOOoOOoOOo

[ee]
OO OO0 OO CO
OO ONOOOOO

.2005
0.1041

0.0000
1.0000
0.0
1.0000
0.0
-112.71776
S0 T
=0 1116
-111.8447
-1.2694

9.5109-03

837.9697
88.1063
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TOTAL STREAM PROPERTIES:

*%x*  ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-(1
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP c

PRES BAR

F13

STREAM ID
FROM
TC H
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

* ok k

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC

COO0O0OQ0OO0O-1JO0O 00T OO
O OO0OONOOOOO
o
(=]

o

o0

[9%)

-1
<

2687
70.0000
.0000

J—

F13

B6

B7
MIXCISLD

334.8498
-0.2372

MIXED

4.8674-02

2:09597~03

2.3868-03

2.8450-03
0.0

.97%4

.0

.0

.0

o oo

.2099
.4158
.4158
.4158

.4010

2.0354
186.8582
0.2187

70.0000
1.0000
0.0
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LFRAC 0725

SFRAC 2.7494-02
ENTHALPY:
KCAL/MOL -116.8945
KCAL/KG =1273.3022
GCAL/HR -0.2379
ENTROPY :
CAL/MOL-K -132.1841
CAL/GM-K -1.4398
DENSITY:
MOL/CC 9.3060-03
KG/CUM 854.3282
AVG MW 91.8042
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 2.6499
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 0.0
SEBAC-01 0.0
SUBER-01 0.0
ADIPI-01 0.0
WATER 0.0
ETHYL-01 0.0
DEXTR-01 0.0
BIOMASS 147.9917
NITROGEN 0.0
TOTAL FLOW:
KMOL/HR 2.6499
KG/HR 147.9917
CUM/HR 1.8597-02
STATE VARIABLES:
TEMP C 70.0000
PRES BAR 1.0000
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL 0.2865
KCAL/KG 5.1303
GCAL/HR 7.5925-04
ENTROPY :
CAL/MOL-K 0.8949
CAL/GM-K 1.6023-02
DENSITY:
MOL/CC o 8, 7. G
KG/CUM 7857.8207
AVG MW 55.8470

TOTAL STREAM PROPERTIES:

*%* ALL PHASES i
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MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITRCGEN

VOLFLMX CUM/HR

MASSVERA

MASSSFRA

RHOMX KG/CUM

TEMP C

PRES BAR

F14

STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICOMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMCL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP (&
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :

11.2099
0.4158
0.4158
0.4158

174.4010

147.9917

0.2373

0.4782
1410.9847
70.0000
1.0000

Fl4

B7

B8
MIXCISLD

88.1971
-0.1123

MIXED

2.2974-02
9.7030-04
1.1266-03
1.3428-03
.0
.9343
.0
.0
.0

(=]

o O O o

L2911
.1962
« L9652
.1962
.0
9173
.0
.0
.0

oo
oo NhNOoOOCOoOOoOWm

0.9607
€8.1971
0.1032

70.0000
1.0000
0.0
0.9725

2.7494-02

249



KCAL/MOL -116.8945

KCAL/KG -1273.3022

GCAL/HR -0.,1123
ENTROFPY :

CAL/MOL-K -132.1841

CAL/GM=-K -1.4398
DENSITY:

MOL/CC 9.3060-03

KG/CUM 854.3282
AVG MW 91.8042

TOTAL STREAM PROPERTIES:

*** ALL PHASES Lt
MASSFLOW KG/HR

DDDA 5.2911
SEBAC-01 0.1962
SUBER-01 0.1962
ADIPI-01 0.1962
WATER 0.0
ETHYL-01 82.31.73
DEXTR-01 0.0
BIOMASS 0.0
NITROGEN 0.0
VOLFLMX CUM/HR 0.1032
MASSVFRA 0.0
MASSSFRA 6.6667-02
RHCOMX KG/CUM 854.3282
TEMP C 70.0000
PRES BAR 1.0000
Fle
STREAM ID Fle
FROM : B8
TO s S
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.8995+04
GCAL/HR -24.0734
SUBSTREAM: MIXED
PHASE: MIXED
COMPONENTS: KMOL/HR
DDDA 9.2566
SEBAC-01 0.3909
SUBER-01 0.4539
ADIPI-01 0.5410
WATER 0.0
ETHYL-01 188.6867
DEXTR-01 0.0
BICMASS 0.0
NITROGEN 0.0
COMPONENTS: KG/HR
DDDA 2131.8401
SEBAC-01 79.0690
SUBER-01 79.0690
ADIPI-01 79.0690
WATER 0.0
ETHYL-01 1.6624+04
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DEXTR-01 0.0

BICMASS 0.0

NITROGEN 0.0
TOTAL FLOW:

KMOL/HR 199.3292

KG/HR 1.8994+04

CUM/HR 218541
STATE VARIABLES:

TEMP C 6359959

PRES BAR 1.0000

VFRAC 0.0

LFRAC 0.9466

SFRAC 5339202
ENTHALPY :

KCAL/MOL -120.7722

KCAL/KG -1267.4540

GCAL/HR -24.0734
ENTROPY :

CAL/MOL-K -151.3421

CAL/GM-K -1.5883
DENSITY:

MOL/CC 2.1209-03

KG/CUM 869.1048
AVG MW 95.2873

SUBSTREAM: CISOLID
CCMPONENTS :

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

COMPONENTS :

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

TOTAL FLOW:

KMOL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

O~ o OO OO CO

OO O OO0 OO

O~ OO0 0 OO 0CO
|
(=]
~

OB OO O O0O0O0O0O
o
B
{te]

2,.6767-02

1

L4949

1.8785-04

STATE VARIABLES:

TEMP C

PRES BAR

VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

6

0
5

9
L
0.
0
1

+9999
.0000
0
o]
.0000

.2865
.1303

7.6692-06

STRUCTURE: CONVENTIONAL
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ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

0.8949
1.6023-02

0.1425
7957.8208
55.8470

TOTAL STREAM PROPERTIES:

* ok ok

ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP @

PRES BAR

NEWETHYL

STREAM ID

FRCM :

TO ¥

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPCNENTS &
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

COMPCNENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-O01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

KG/HR

kA h

KMOL/HR

2131.8401
79.0690
79.0690
79.0650

0.0
1.6624+04
0.0
1.4949
0.0
21.8543
0.0
0.1248
869.1658
699929
1.0000

NEWETHYL

B10O
MIXCISLD

649.9710
-0.8460

LIQUID

[=eReRENNelle ol e R
OO O WOOoOOo OO

o
s
COO0OWOoOOoOOoOOo

COOoOWwWOoOOoOOoOOOo
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TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

73771
.9710
Q. 7273

.0000
.0000

.0000
.0

=114 6852
-1301.6681
-0.8460

-117.7300
w3362

1.0143-02
893.6285
88.1063

TOTAL STREAM PROPERTIES:

**% ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP &

PRES BAR

RECYCLE

STREAM ID

FRCM

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER

*H K

OO0 CcCOoO OO0 WwWoOoOOooOo
OO OO WOwo OO OO
<4
=
=

=]

o

[#%)
L]

.6285
.0000
.0000

\S]
Ll B 1

RECYCLE

B10O
MIXCISLD

1.5979+04
-20.3973

LIQUID

KMOL/HR

[oNeleleNe]
o OO OO0
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ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
CCMPONENTS :
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

KG/HR

181.3650

H
.
w
DO OoOWwWoOoOCoCaOo
W 8 ] w w %W
OO WOoOOoOOoO OO
+
o
B

181.3650
1.5979+04
19.2805

.0000
.0000
.0
.0000
50

o PO W

-112.4657
-1276.4774
=20.3973

-110.9597
=1 2594

9.4067-03
828.7871
88.1063

TOTAL STREAM PROPERTIES:

*%%  ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP c

PRES BAR

STREAM ID

=
@
o
w

0.
828.7871
77.0000
3.0000

T
.
(S}

W oOOOoOWwWoO oo oo
I T TR, R R T
ONODODOoOWYWOOO OO
+
o
s

WASTE
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FRCM
TO H
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP c
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM=-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS: KMOL/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS

B7

MIXCISLD

246.6528
-0.1249

MIXED

2.5700-02

1.0854-03

1266203

502103
0.0

.0451

.0

.0

.0

o0 o

.9188
22195
.2 105
.2195
.0
.0837
]
.0
.0

o
COoOCNOCOCOCOW

1.0747
98.6611
0.1155

70.0000
1.0000
0.0
0.9725

2.7494-02

-116.8945
—-1273.3022
-0.1256

-132.1841
-1.4398

9.3060-03
854.3282
91.8042

STRUCTURE: CONVENTIONAL

MOOODOOOoOO
HNO OO OO OO
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NITROGEN

COMPONENTS: KG/HR

DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BICMASS
NITROGEN
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP c
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

o
]

[y
o
(=N N el e Nelle el ool

WO OoOOoOOoOOoOOO0o

2.6499
147.9917
1.8597-02
70.0000
.0000
.0
<0
.0000

B OO

0.2865
5.1303
7.5925-04

0.8949
1.6023-02

0.1425
7957.8207
55.8470

TOTAL STREAM PROPERTIES:

***% ALL PHASES

MASSFLOW KG/HR
DDDA
SEBAC-01
SUBER-01
ADIPI-01
WATER
ETHYL-01
DEXTR-01
BIOMASS
NITROGEN

VOLFLMX CUM/HR

MASSVFRA

MASSSFRA

RHOMX KG/CUM

TEMP C

PRES BAR

.9188
.2185
e 95
.2195

.0837

=
=Y o
COoOCO-NOoONOOOoOOoCW

2917

<1341

.6267
.5824
.0000
.0000

iy

@0
-~ W
o W

[
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Crystallization Flowsheet

3]

[}] [

[} —— P =)

818

Ethyl Acetate Recycle Diacid Dryer

[#]

B20

Melt Tank Rotary Filter Flaker

Cool Liquid DDDA to Solid

Mixed Diacids Co-Product
on roftating Chil Rol

Stream - AA, Suberic,
Sebacic solids, with liquid
DDDA
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Crystallization Input Summary

;Input Summary created by Aspen Plus Rel. 36.0 at 10:33:58 Tue Apr 10,
2018

;Directory \\nestor\winterg\CBE 459- Senior Design\crystalizer final
(1)_2 Filename C:\Users\winterg\AppData\Local\Temp\~ap898c.txt

-

DYNAMICS
DYNAMICS RESULTS=0N

IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr' &
HEAT-TRANS-C='kcal/hr-sgm-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 SHORT-LENGTH=mm

DEF-STREAMS MIXCISLD ALL
SIM-OPTIONS MASS-BAL-CHE=YES NPHASE=2
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 'APV100 PURE3S5' / 'APV100 AQUEOUS' / 'APV100 SOLIDS' &
/ 'APV100 INORGANIC' / 'APESV100 AP-ECS' / &
'NISTV100 NIST-TRC' / 'APV100 POLYMER' / &
'APV100 ASPENPCD' / 'APV100 POLYPCSF'

PROP-SOURCES 'APV100 PURE35' / 'APV100 AQUEOUS' / &
'APV100 SOLIDS' / 'APV100 INORGANIC' / 'APESV100 AP-EOS' &
/ 'NISTV100 NIST-TRC' / 'APV100 PCLYMER' / &
'APV100 ASPENPCD' / 'APV100 POLYPCSF'

COMPONENTS
DDDA C12H2204-N3 /
ETHYLACE C4H802-3 /
ADIPI-01 C6EH1004-D1 /
SUBER-01 CBH1404-D1 /
SEBAC-01 C10H1804 /
N2 N2 /
02 02 /
WATER H20

CISOLID-COMPS DDDA ADIPI-01 SUBER-01 SEBAC-01
MOIST-COMPS ETHYLACE

SOLVE
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RUN-MODE

FLOWSHEET
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK

B2
B3
B6
B4
Bl
B3
B7
B8
B9
B13
B10
Bl4
B12
B15
B18
B20
BZ23
B22
BZ1
B24
B19
Bl6
Bl1
B27

MODE=SIM

IN=3 10 12 OUT=4
IN=7 OUT=9 8
IN=9 0OUT=10

IN=6 OUT=7

IN=1 OUT=3 52
IN=4 52 QUT=5 6 S5
IN=8 QUT=13 11
IN=11 OUT=12
IN=5 0UT=14 15

IN=13
IN=22
IN=21
IN=19
IN=23
IN=27
IN=29
IN=34
IN=33
IN=30
IN=36
IN=28
IN=S53
IN=51
IN=25

PROPERTIES NRTL

PROP-DATA NRTL-1

IN-UNITS MET VOLUME-FLOW='cum/hr'
HEAT-TRANS-C="'kcal/hr-sgm-K'

20 oUT=21
15 0UT=16
ouT=23 22
26 0UT=20
OUT=24 25
35 oUT=28
ouT=31 30
QUT=35 36
OUT=34

ouT=32 33
ouUT=37

ouT=29
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OUT=PURGE RECYCLE

OUT=53
ouUT=26

ENTHALPY-FLO="'Gcal/hr'
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"'

PDROP=bar SHORT-LENGTH=mm
PROP-LIST NRTL

BPVAL

0.

BPVAL

0.

BPVAL

0.

BFVAL

0

BPFVAL

0.

BPVAL

DEF-SUBS-ATTR PSD

N2 02 -.1967330000 2.275480000

0 -208.3142000 -157.1450000
N2 .3489860000 .
0 -208.3142000 -157.1450000

ETHYLACE WATER -3.719800000 1286.138300
0 0.0 0.0 0.0 70.40000000

WATER ETHYLACE 9.463200000 -1705.683000
0 0.0 0.0 0.0 70.40000000

ADIPI-01 WATER -5.751810000 2005.%30000
0 0.0 0.0 4.999000000 143.1500000

WATER ADIPI-01 1.031130000 -32.23590000
0.0 0.0 0.0 4.999000000 143.1500000

02

PSD

HEAT=Gcal MOLE-CONC='mol/l' &

.1000000000 0.0 0.0

1299710000 .1000000000 0.0 0.0 &

IN-UNITS ENG SHORT-LENGTH=in
INTERVALS 10
SIZE-LIMITS 0 <mu> / 50 <mu> / 100 <mu> / 150
200 <mu> / 250 <mu> / 300 <mu> / 350 <mu>
450 <mu> / 500 <mu>

STREAM 1

SUBSTREAM MIXED TEMP=70.

PRES=3.
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.3829340000

.3829340000

<mu> / &
/ 400 <mu> /

&

&

&

&



MASS-FLOW DDDA 2131.84 / ETHYLACE 16624.5 / ADIPI-01 &
79.069 / SUBER-01 79.069 / SEBAC-01 79.069

STREAM 6
SUBSTREAM MIXED TEMP=86 PRES=1.34301335 MASS-FLOW=70775.9704
MASS-FRAC ETHYLACE 1
SUBSTREAM CISOLID TEMP=E86 PRES=1.34301335 &
MASS-FLOW=23591.9901
MASS-FRAC DDDA 0.500250125 / ADIPI-01 0.166583292 / &
SUBER-01 0.166583292 / SEBAC-01 0.166583292

STREAM 10

SUBSTREAM MIXED TEMP=106.933031 PRES=3.75617845 &
MASS-FLOW=60159.0274

MASS-FRAC ETHYLACE 1

SUBSTREAM CISOLID TEMP=106.933031 PRES=3.75617845 &
MASS-FLOW=20053.0091

MASS-FRAC DDDA 0.500250125 / ADIPI-01 0.166583292 / &
SUBER-01 0.166583292 / SEBAC-01 0.166583292

STREAM 12
SUBSTREAM MIXED TEMP=86.1380435 PRES=3.42641505 &
MASS-FLOW=8257.12141
MASS-FRAC ETHYLACE 1

STREAM 19
SUBSTREAM MIXED TEMP=20. PRES=10. <psig> &
VOLUME-FLOW=1. <cuft/min>
MASS-FRAC N2 1.

STREAM 20
SUBSTREAM MIXED TEMP=38.4186536 PRES=1.06227223 &
MASS-FLOW=47.5279059
MASS-FRAC ETHYLACE 0.407211118 / N2 0.592788882
STREAM 35
SUBSTREAM MIXED TEMP=135.22685 PRES=3.42641505 &
MASS-FLOW=758.596515
MASS-FRAC DDDA 1
DEF-STREAMS HEAT 52
DEF-STREAMS HEAT S5

BLOCK B2 MIXER
PARAM

BLOCK Bl12 MIXER
PARAM

BLOCK BS5 FSPLIT
FRAC 8 0.05

BLOCK B15 FSPLIT
FRAC 24 0.1

BLOCK Blé FSPLIT
FRAC RECYCLE 0.989

BLOCK B23 FSPLIT
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FRAC 35 0.5

BLOCK B6é HEATER
PARAM PRES=0. <psia> DUTY=3586. <MBtu/hr> DPPARMOPT=NO

BLOCK B3 FLASHZ
PARARM TEMP=86. VFRAC=0.2Z2

BLOCK B9 FLASH2
PARAM PRES=0. <psi> VFRAC=0.0001

BLOCK B10 FLASE2
PARAM PRES=0. <psi> DUTY=0. <MBtu/hr>

BLOCK E13 FLASH2
PARAM TEMP=115. PRES=1.

BLOCK Bl4 FLASH2
PARAM TEMP=35. PRES=0. <psi>

BLOCK B21 FLASH2
PARAM PRES=0. <psi> DUTY=0. <Btu/hr>

BLOCK Bl RSTOQIC

PARAM TEMP=70. PRES=0. <psia> HEAT-OF-REAC=YES

STOIC 1 MIXED DDDA -1. / CISOLID DDDA 1.

STOIC 2 MIXED SUBER-01 -1. / CISOLID SUBER-01 1.

STOIC 3 MIXED SEBAC-01 -1. / CISOLID SEBAC-01 1.

STOIC 4 MIXED ADIPI-01 -1. / CISOLID ADIPI-O01 1.

CONV 1 MIXED DDDA 1.

CONV 2 MIXED SUBER-01 1.

CONV 3 MIXED SEBAC-01 1.

CONV 4 MIXED ADIPI-01 1.

HEAT-RXN REACNO=1 CID=DDDA H-REAC=-21755.7 <Btu/lbmol> / &
REACNQO=2 CID=SUBER-01 H-REAC=-13198. <Btu/lbmol> / &
REACNO=3 CID=SEBAC-01 H-REAC=-17540.7 <Btu/lbmol> / &
REACNO=4 CID=ADIPI-01 H-REAC=-14951. <Btu/lbmol>

BLOCK B18 RSTOQIC
PARAM TEMP=135. PRES=0. <psig> HEAT-OF-REAC=YES
STOIC 1 CISOLID DDDA -1. / MIXED DDDA 1.
CCNV 1 CISOLID DDDA 1.
HEAT-RXN REACNO=1 CID=DDDA H-REAC=21755.7

BLOCK B24 RSTOIC
PARAM TEMP=60. PRES=0. <psig> HEAT-0OF-REAC=YES
STOIC 1 MIXED DDDA -1. / CISOLID DDDA 1.
CONV 1 MIXED DDDA 1.
HEAT-RXN REACNO=1 CID=DDDA H-REAC=-21755.7

BLOCK B4 PUMP
PARAM DELP=35. <psi>

BLOCK BS PUMP
PARAM PRES=35. <psig>

BLOCK Bl1l PUMP
PARAM PRES=3.

BLOCK B19 PUMP
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PARAM

BLOCK B22
PARAM

BLOCK B27
PARAM
SB

BLOCK B7 S
FRAC M
FRAC C

BLOCK B20
FRAC M
FRAC C

DESIGN-SPE
DEFINE

CO

DEFINE

CO

DEFINE

CO

DEFINE

CO

SPEC " (AA+SUBRA+SEBCA) / (DDDA+AA+SUBRA+SEBCA)" TO "0.25"

TOL~SP

VARY BLOCK-VAR BLOCK=B23 SENTENCE=FRAC VARIABLE=FRAC ID1=35

LIMITS

EC-CONV-0P

CALCULATOR

DEFINE SOLIDSIN STREAM-VAR STREAM=8 SUBSTREAM=CISOLID

VA
DEFINE
DEFINE

VA

DEFINE FRAC BLOCK-VAR BLOCK=B7 SENTENCE=FRAC VARIABLE=FRAC

ID
DEFINE

MOIS
CAKE
FRAC
READ-V
WRITE-
EXECUT

oo 0

CALCULATOR
DEFINE

co

DEFINE

CO

DEFINE

CO

DEFINE
DEFINE

DEFINE TEMP BLOCK-VAR BLOCK=B3 VARIABLE=TEMP SENTENCE=PARAM

PRES=25. <psig>

PUMP
PRES=35. <psig>

COMPR
TYPE=ISENTROPIC DELP=25. <in-water> SB-MAXIT=30
-TOL=0.0001

SPLIT
IXED 13 0.12
ISOLID 13 1.

SSPLIT
IXED 31 0.4
ISOLID 31 1.

C PRODRECY

DDDA MASS-FLOW STREAM=28 SUBSTREAM=MIXED &
MPONENT=DDDA UOM="kg/hr"

A2 MASS-FLOW STREAM=28 SUBSTREAM=CISOLID &
MPONENT=ADIPI-01 UOM="kg/hr"

SUBRA MASS-FLOW STREAM=28 SUBSTREAM=CISOLID &
MPONENT=SUBER-01 UOM="kg/hr"

SEBCA MASS-FLOW STREAM=28 SUBSTREAM=CISOLID &
MPONENT=SEBAC-01 UOM="kg/hr"

G G001
ng.5" mQ. g5
TI
CFUGE1

RIABLE=MASS-FLOW UOM="kg/hr"

MOISTURE LOCAL-PARAM

LIQUIDIN STREAM-VAR STREAM=8 SUBSTREAM=MIXED
RIABLE=MASS-FLOW UOM="kg/hr"

1=MIXED ID2=13
CAKELIQ LOCAL-PARAM

TURE = 0.4

LIQ = SOLIDSIN/ (1-MOISTURE)*MOISTURE
= CAKELIQ/LIQUIDIN

ARS SOLIDSIN LIQUIDIN

VARS MOISTURE FRAC CAKELIQ

E BEFORE BLOCK B7

CRYSTVAP

DDDALIQ MASS-FLOW STREAM=4 SUBSTREAM=MIXED &
MPONENT=DDDA UOM="kg/hr"

DDDASLD MASS-FLOW STREAM=4 SUBSTREAM=CISOLID
MPONENT=DDDA UOM="kg/hr"

ETACIN MASS-FLOW STREAM=4 SUBSTREAM=MIXED &
MPONENT=ETHYLACE UOM="kg/hr"

SLURRY LOCAL-PARAM

TOTLIQ LOCAL-PARAM
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mEmEEmmEEmmm OO0 OO0 00000000

ucM="c"

DEFINE SOLETAC LOCAL-PARAM
DEFINE SOLVVAP LOCAL-PARAM
DEFINE ETACOUT LOCAL-PARAM
DEFINE VFRAC BLOCK-VAR BLOCK=B3 VARIABLE=VFRAC &

SENTENCE=PARAM
DEFINE MWDDDA LOCAL-PARAM

DEFINE MWETAC LOCAL-PARAM
DEFINE AASLD MASS-FLOW STREAM=4 SUBSTREAM=CISOLID &

COMPONENT=ADIPI-01 UOM="kg/hr"

DEFINE SUBRASLD MASS-FLOW STREAM=4 SUBSTREAM=CISOLID &

CCOMPONENT=SUBER-01 UOM="kg/hr"

DEFINE SEBCASLD MASS-FLOW STREAM=4 SUBSTREAM=CISOLID &

COMPONENT=SEBAC-01 UOM="kg/hr"
DDDALIQ = DDDA mass flow in Liquid phase, kg/hr
DDDASLD = DDDA mass flow in Solid phase, kg/hr
ETACIN = Ethyl Acetate mass flow in Liquid phase, kg/hr
ETACOUT = Ethyl Acetate mass flow in crystallizer Liquid phase,

g/hr

SLURRY = Mass fraction of Solids in crystallizer liquid out, frac
TOTLIQ = Mass flow of liquid phase in crystallizer liquid out, frac
TEMP = Cyrstallization/Flash temperature, €C

SOLETAC = DDDA scolubility in Ethyl Acetate, mass frac

SOLVVAP = required solvent flow to vaporize, kg/hr

TLIQIN = Total liquid feed to flash, kg/hr

VFRAC = Flash Vapor fraction, mole frac

MWDDDA = 203.304

MWETAC = 88.1063

MWAA = 146.143

MWSUBRA = 174,197

MWSEBCA = 202.251

SOLETAC = 0.0011*EXP(0.0653*TEMP) *0

SLURRY = 0.25

TOTLIQ = (DDDASLD+SUBRASLD+SEBCASLD+AASLD)/SLURRY* (1-SLURRY)

ETACOUT = TOTLIQ* (1 - SOLETAC)

SOLVVAP = ETACIN - ETACOUT

VFRAC = (SOLVVAP/MWETAC)/(DDDALIQ/MWDDDA+ETACIN/MWETAC)
READ-VARS DDDASLD ETACIN DDDALIQ AASLD SUBRASLD SEBCASLD

WRITE-VARS TOTLIQ SLURRY SOLETAC SOLVVAP ETACOUT VFRAC &

MWDDDA MWETAC TEMP
EXECUTE BEFORE BLOCK B3

CALCULATOR ROTYFLTR

om0

DEFINE SOLIDSIN STREAM-VAR STREAM=29 SUBSTREAM=CISOLID &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE MOISTURE LOCAL-PARAM

DEFINE LIQUIDIN STREAM-VAR STREAM=29 SUBSTREAM=MIXED &
VARIABLE=MASS-FLOW UOM="kg/hr"

DEFINE FRAC BLOCK-VAR BLOCK=B20 SENTENCE=FRAC VARIABLE=FRAC &
ID1=MIXED IDZ2=31

DEFINE CAKELIQ LOCAL-PARAM

MOISTURE = 0.4
CAKELIQ = SOLIDSIN/ (1-MOISTURE)*MOISTURE
FRAC = CAKELIQ/LIQUIDIN

READ-VARS SOLIDSIN LIQUIDIN

WRITE-VARS MOISTURE FRAC CAKELIQ
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CONVERGENCE CPRDRECY SECANT
SPEC PRODRECY

CONVERGENCE C-MLRECY BROYDEN
TEAR 12

CONVERGENCE C-55 BROYDEN
TEAR 6 1E-005

CONVERGENCE CDDDAREC BROYDEN
TEAR 35

CONVERGENCE CS523 BROYDEN
TEAR 20

CONV-CRDER C-S5 C-MLRECY
STREAM-REPOR MOLEFLOW MASSFLOW
PROPERTY-REP NOPARAM-PLUS

PROP-TABLE PURE-1 PROPS

IN-UNITS MET VOLUME-FLOW='cum/hr' ENTHALPY-FLO='Gcal/hr' &
HEAT-TRANS-C='kcal/hr-sgm-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='mocl/1l' &
PDROP=bar SHORT-LENGTH=mm

ANALYSIS ANAL-TYPE=PURE PURE-PROP='PL' UNITS='psia' &
PURE-PHASES= L

MOLE-FLOW DDDA 1 / ETHYLACE 1

PROPERTIES NRTL FREE-WATER=STEAM-TA SOLU-WATER=3 &
TRUE-COMES=YES

VARY TEMP

RANGE VARVALUE=RANGE LOWER=(0 UPPER=150. INCR=5.

VARY PRES

RANGE LIST=1.013250000

PARAM

~

~
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Crystallization Block Report

BLOCK Bl MODEL: RSTOIC
INLET STREAM: 1
CUTLET STREAM: 3
CUTLET HEAT STREAM: 52
PROPERTY OPTION SET: NRTL

* ok ok

IN

DIEE;

TOTAL BALANCE

MOLE (KMOL/HR ) 199.329
0.142587E-15

MASS (KG/HR ) 18993.5
0.191538E-15

ENTHALPY (GCAL/HR ) -24.0580

0.513393E-02

* ok

FEED STREAMS CO2E

PRODUCT STREAMS CO2E

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL COZE PRODUCTION

ok ok

STOICHIOMETRY MATRIX:

REACTION #
SUBSTREAM
DDDA
SUBSTREAM
DDDA

Lz
MIXED
-1.00
CISOLID

1.00

REACTION #
SUBSTREAM
SUBER-01
SUBSTREAM
SUBER-01

23
MIXED
-1.00
CISQLID

1.00

2z
MIXED
-1.00
CISQLID
1.00

REACTION #
SUBSTREAM
SEBAC-01
SUBSTREAM
SEBAC-01

REACTION #
SUBSTREAM
ADIPI-01
SUBSTREAM
ADIPI-01

4
MIXED
-1.00
CISOLID

1.00

REACTION CONVERSION SPECS: NUMBER=

REACTION # iy
SUBSTREAM:MIXED

REACTION # 23
SUBSTREAM:MIXED
REACTION # 3:

INPUT DATA

KEY COMP:DDDA

RENON (NRTL) / I

MASS AND ENERGY BALANCE

ouT

199.329

189983.5

-23.9345

0.00000
0.00000
0.00000
0.00000
0.00000

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

* ko

4

CONV FRAC:

KEY COMP:SUBER-01 CONV FRAC:
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DEAL GAS

ok ok

GENERATION

-0.112215E-14

COZ2 EQUIVALENT SUMMARY ***

1.000

1.000

RELATIVE



SUBSTREAM: MIXED KEY COMP:SEBAC-01 CONV FRAC: 1.000
REACTION # 4:
SUBSTREAM:MIXED KEY COMP:ADIPI-01 CONV FRAC: 1.000

HEAT OF REACTION SPECIFICATIONS:

REACTION REFERENCE HEAT OF
NUMBER COMFONENT REACTION
KCAL/MOL
1 DDDA -12.087
2 SUBER-01 = 733322
3 SEBAC-01 -9.7448
4 ADIPI-O1 -8.3061

TWO PHASE TP FLASH

SPECIFIED TEMPERATURE C 70.0000
PRESSURE DROP BAR 0.0

MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
SIMULTANEOQOUS REACTIONS

GENERATE COMBUSTION REACTIONS FOR FEED SPECIES NO

*** RESULTS %%

OUTLET TEMPERATURE (8 70.000
OUTLET PRESSURE BAR 3.0000
HEAT DUTY GCAL/HR =0,12351
VAPOR FRACTION 0.0000

HEAT OF REACTIONS:

REACTION REFERENCE HEAT OF
NUMBER COMFONENT REACTION
KCAL/MOL
1 DDDA -12.087
2 SUBER-01 . 332
3 SEBAC-01 -9.7448
4 ADIPI-O1 -8.3061

REACTICN EXTENTS:

REACTION REACTION
NUMBER EXTENT
KMOL/HR
9.2566
0.45391
0.39095
0.54104

= o

V-L PHASE EQUILIBRIUM

COMP F(I) X(I) Y(I) K(I)
ETHYLACE 1.0000 1.0000 1.0000

0.26467

BLCCK: B2 MODEL: MIXER
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INLET STREAMS: 3 10 12
QUTLET STREAM: 4

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

*** MASS AND ENERGY BALANCE ***

IN ouT
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 1996.92 1996.92
0.227724E-15
MASS (KG/HR ) 204569. 204569.
ENTHALPY (GCAL/HR ) -254.467 -254.467

0.327769E-07

*¥k  COZ2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRODUCT STREAMS COZE 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

k% INPUT DATA &%
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
OUTLET PRESSURE: MINIMUM OF INLET STREAM PRESSURES

BLCCK: B3 MODEL: FLASH2
INLET STREAM: 4
INLET HEAT STREAM: 52
QUTLET VAPOR STREAM: 5
CUTLET LIQUID STREAM: &6
OQUTLET HEAT STREAM: 55
PROPERTY OQPTION SET: NRTL RENCN (NRTL) / IDEAL GAS

**% MASS AND ENERGY BALANCE ***

IN ouT
DIEFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 1996.92 1996.92
0.545473E-08
MASS (KG/HR ) 204569, 204569.
0.306442E-08
ENTHALPY (GCAL/HR ) —254.344 =254, 344

0.619220E-08

***  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/ER
TOTAL COZ2E FPRODUCTION 0.00000 KG/HR

**%  TNPUT DATA ***
TWO PHASE TV FLASH
SPECIFIED TEMPERATURE C
VAPOR FRACTION
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
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RELATIVE

0.00000

30
0.000100000

RELATIVE

86.0000
0.095714

30
0.000100000



* kK

RESULTS

* ko

OUTLET TEMPERATURE € 86.000
OUTLET PRESSURE BAR 1.3430
HEAT DUTY GCAL/HR 052872
NET DUTY GCAL/HR 0.40521
VAPOR FRACTION 0.95714E-01
V-L PHASE EQUILIBRIUM
COMP F(I) X(I) Yi(E) K(I)
ETHYLACE 1.0000 1.0000 1.0000
1.0000
BLOCK B4 MODEL: PUMP
INLET STREAM: 6
OQUTLET STREAM: 7
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
***  MASS AND ENERGY BALANCE  ***
IN ouT RELATIVE
DIFE.
TOTAL BALANCE
MOLE (KMOL/HR ) 1826.16 1826.16 0.00000
MASS (KG/HR 1 189524. 189524. 0.00000
ENTHALPY (GCAL/HR ) -236.108 -236.095 =

0.566014E-04

* x &

C02 EQUIVALENT

FEED STREAMS COZ2E 0.00000
PRODUCT STREAMS COZE 0.00000
NET STREAMS CO2E PRODUCTION 0.00000
UTILITIES COZE PRODUCTION 0.00000
TOTAL CO2E PRODUCTION 0.00000
*** INPUT DATA
PRESSURE CHANGE BAR
DRIVER EFFICIENCY
FLASH SPECIFICATIONS:
2 PHASE FLASH
MAXIMUM NUMBER OF ITERATIONS
TCLERANCE
*%** RESULTS

VCOLUMETRIC FLOW RATE CUM/HR
PRESSURE CHANGE BAR

NPSH AVAILABLE METER

FLUID POWER KW

BRAKE POWER KW

ELECTRICITY KW

PUMP EFFICIENCY USED

NET WORK REQUIRED KW

HEAD DEVELOPED METER

MODEL: FSPLIT
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SUMMARY ***
KG/HR
KG/HR
KG/ER
KG/HR
KG/HR

* Kk

* ko

2.41317
1.00000

30
0.000100000

173.846
2.41317
0.0

11.6533
15.5424
15.5424
0.74977
15.5424
30.0957



INLET STREAM: 7
OUTLET STREAMS: 9 8

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

*** MASS AND ENERGY BALANCE ***

IN ouT
DIFFE.
TOTAL BALANCE
MOLE (KMOL/HR ) 1826.16 1826.16
MASS (KG/HR ) 189524. 1895214.
ENTHALPY (GCAL/HR ) -236.095 -236.095

0.240765E-15

***  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS COZ2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

***  INPUT DATA ***

FRACTION OF FLOW STRM=8 FRAC=

*** RESULTS ***

STREAM= 9 SPLIT= 0.95000 KEY=
ORDER= 2
8 0.050000
1
BLOCK: B6 MODEL: HEATER
INLET STREAM: 9
OUTLET STREAM: 10
PROPERTY OPTION SET: NRTL RENCN (NRTL) / IDEAL GAS

*%%  MASS AND ENERGY BALANCE  ***

IN ouT
DIFE
TCTAL BALANCE
MOLE (KMOL/HR ) 1734.85 175485
MASS (KG/HR ) 180048. 180048.
0.161645E-15
ENTHALPY (GCAL/HR ) -224.290 =223.387

0.402896E-02

**%x  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL COZ2E FRODUCTION 0.00000 KG/HER

***  INPUT DATA ***
TWO PHASE PQ FLASH
PRESSURE DROP BAR
SPECIFIED HEAT DUTY GCAL/HR
MAXIMUM NO. ITERATIONS
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0.00000
0.00000

0.050000

STREAM-

RELATIVE

0.00000

0.0
0.90366



CONVERGENCE TOLERANCE
0.000100000

*%% RESULTS **%*

QUTLET TEMPERATURE c 95.473
OUTLET PRESSURE BAR 307562
OUTLET VAPOR FRACTION 0.0000

V-L PHASE EQUILIBRIUM

coMp F(I) X(I) Y(I) K(I)
ETHYLACE 1.0000 1.0000 1.0000
0.47556
BLCCK: B7 MODEL: SSPLIT
INLET STREAM: 8
OUTLET STREAMS: 13 Lol
PROPERTY OPTION SET: NRTL RENCN (NRTL) / IDEAL GAS

*%%  MASS AND ENERGY BALANCE *%*

IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 81.3080 91.3080 0.00000
MASS (KG/HR ) 9476.19 9476.19 0.00000
ENTHALPY (GCAL/HR ) -11.8047 -11.8047

0.150478E-15

**%  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/ER
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL COZ2E PRODUCTION 0.00000 KG/ER

xhE  IMPUT DATA: s
FRACTION OF FLOW
SUBSTRM= STRM= FRAC=
MIXED 13 0.22222
CISOLID 13 1.00000

¥+ RESULTS ***

STRM= 13 SUBSTRM= MIXED SPLIT FRACT= 0.22222
CISOLID 1.00000
STRM= 11 SUBSTRM= MIXED SPLIT FRACT= 0.77778
CISOLID 0.0
BLCCK: B8 MODEL: PUMP
INLET STREAM: 11
OUTLET STREAM: 12
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

270



***  MASS AND ENERGY BALANCE  ***

DIFF.
TCTAL BALANCE
MOLE (KMOL/HR )
MASS (KG/HR )
ENTHALPY (GCAL/HR )
0.275341E-05

62.

IN

7398

5527.78
-7.02260

ouT

62.7398
5527.78
—TF02262

**%%  CO2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE

PRODUCT STREAMS CO2E

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL CO2E PRODUCTION

0.
.00000
.00000
.00000
.0oo00

oo oo

00000

*** TINPUT DATA

OUTLET PRESSURE BAR
DRIVER EFFICIENCY

FLASH SPECIFICATIONS:

2 PHASE FLASH

MAXIMUM NUMBER OF ITERATIONS
TCLERANCE

* k&

VOLUMETRIC FLOW RATE CUM/HR
PRESSURE CHANGE BAR

NPSH AVAILABLE METER

FLUID POWER EW

BRAKE POWER KW

ELECTRICITY KW

PUMP EFFICIENCY USED

NET WORK REQUIRED KW

HEAD DEVELOPED METER

RESULTS

RENON (NRTL)

¥ de ok

ER

KG/ER
KG/HR
KG/HR
KG/HR
KG/HR

*%% MASS AND ENERGY BALANCE ***

BLOCK B9 MODEL: FLASH2
INLET STREAM: L}
OUTLET VAPOR STREAM: 14
OUTLET LIQUID STREAM: 15
PROPERTY OPTION SET: NRTL

DIFFE,

TOTAL BALANCE
MOLE (KMOL/HR )
MASS (KG/HR )
0.241804E-15
ENTHALPY (GCAL/HR )
0.671984E-01

IN

170.761
15045.1

=17

8301

ouT

170.761
15045.1

-19.1146

**%  COZ2 EQUIVALENT SUMMARY ***

FEED STREAMS CO2E

PRODUCT STREAMS CO2E

NET STREAMS COZE PRODUCTION
UTILITIES COZ2E PRODUCTION
TOTAL CO2E PRODUCTION

0.
.00000
.00000
.00000
.00000

(=R e i)

ogooc
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KG/HR
KG/HR
KG/HR
KG/HR
KG/HR

B
L.

30
0.

6.
=%
30.
-0.
-0.
=04

0.
=g
=iy

/ IDEAL GAS

RELATIVE

0.00000
0.00000

42642
00000

000100000

76219
32976
0333
061942
022344
022344
36072
022344
11357

RELATIVE

0.00000



**%  INPUT DATA ***
TWO PHASE PV FLASH

PRESSURE DROP BAR 0.0

VAPOR FRACTION 0.000100000
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000

*** RESULTS ***

CQUTLET TEMPERATURE c 86.000
CUTLET PRESSURE BAR 1.3430
HEAT DUTY GCAL/HR -1.2845
VAPOR FRACTION 0.10000E-03

V-L PHASE EQUILIBRIUM

COMP F(I) X(I) Y (I) K(I)
ETHYLACE 1.0000 1.0000 1.0000
1.0000
BLOCK: Bl10 MODEL: FLASH2
INLET STREAMS: 22 15

QUTLET VAPOR STREAM: 16
OUTLET LIQUID STREAM: S1
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

*** MASS AND ENERGY BALANCE | ***

IN ouT RELATIVE
DIEE,
TCTAL BALANCE
MOLE (KMOL/HR ) 188.657 188.657 0.00000
MASS (KG/HR ) lee2l.1 16621.1 0.00000
ENTHALPY (GCAL/HR ) =21 1580 -21.1580

0.455045E-13

k%%  C0Z2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/ER

PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

**% TNPUT DATA ***
TWO PHASE PQ FLASH

PRESSURE DROP BAR 0.0

SPECIFIED HEAT DUTY GCAL/HR 0.0

MAXTIMUM NO. ITERATIONS 30

CONVERGENCE TOLERANCE 0.000100000
kddk (REBULTS: *i#

CUTLET TEMPERATURE (& 76.732

CUTLET PRESSURE BAR 1.0000

VAPOR FRACTION 0.28938E-01

V-L PHASE EQUILIBRIUM

272



COMP F(I)
ETHYLACE 0.99993
0.29760
N2 0.71176E~
1422.5
BLOCK: Bll MODEL: PUMP
INLET STREAM: s1
CUTLET STREAM: S3

PROPERTY OPTION SET: NRTL
*%%* MASS

DIFE.
TOTAL BALANCE
MOLE (KMOL/HR )
MASS (KG/HR )
ENTHALPY (GCAL/HR )
0.875778E-04

X(I) Y(I) K(I)
1.0000 0.99760
04 0.16892E-05 0.24029E-02
RENON (NRTL) / IDEAL GAS
AND ENERGY BALANCE *#**

IN ouT RELATIVE
183.198 183.198 0.00000
16140.9 16140.9 0.00000

—20.5878 -20.5860 =

*%%  COZ2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE

PRODUCT STREAMS COZE

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL CO2E PRODUCTION

0.
.00000
.00000
.00000
.00000

oo oo

ooooo

*** INPUT DATA

OUTLET PRESSURE BAR
DRIVER EFFICIENCY

FLASH SPECIFICATIONS:

2 PHASE FLASH

MAXIMUM NUMBER OF ITERATIONS
TCLERANCE

* &k

RESULTS

VOLUMETRIC FLOW RATE CUM/HR

PRESSURE CHANGE BAR
NPSH AVAILABLE METER
FLUID POWER KW

BRAKE POWER KW
ELECTRICITY KW

PUMP EFFICIENCY USED
NET WORK REQUIRED KW
HEAD DEVELOPED METER

BLOCK: Bl2 MODEL: MIXER
INLET STREAMS: 19
QUTLET STREAM: 20
PROCPERTY OPTION SET: NRTL

26

RENCN

B

* ok

KG/ER
KG/HR
KG/HR
KG/HR
KG/HR

1

2

(NRTL) / IDEAL GAS

*%%  MASS AND ENERGY BALANCE  ***

DIFF.
TOTAL BALANCE

IN

273

ouT

3.00000
1.00000

30
0.000100000

9.4375
2.00000
0.0
1.07986
2.09693
2.09693
0.:5145%7
2.08693
4.5597

RELATIVE



MOLE (KMOL/HR )
0.158544E-04

MASS (KG/HR )
0.162986E-04

ENTHALPY (GCAL/HR )

0.171420E-04

1.30050 1.30048

50.5276 50.5267

-0.247168E-01

* ok k

CO2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000 KG/ER
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS COZ2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/ER
TCTAL CO2E PRODUCTION 0.00000 KG/HR
*¥%%  INPUT DATA  ***
TWO PHASE FLASH
MAXIMUM NO. ITERATIONS

CONVERGENCE TOLERANCE
CUTLET PRESSURE:

MODEL: FLASH2
INLET STREAMS: 13 20
OUTLET VAPOR STREAM: 21
CUTLET LIQUID STREAM: 27
PROPERTY OPTION SET: NRTL

L

IN
DIFF.
TOTAL BALANCE

MOLE (KMOL/HR ) 29.8687
0.118945E-15

MASS (KG/HR ) 3998.94
0.227434E-15

ENTHALPY (GCAL/HR ) -4,.80687

0.387242E-01

* %k

RENON

(NRTL)

MASS AND ENERGY BALANCE

MINIMUM OF INLET STREAM PRESSURES

* %k

ouT

29.8687

3998,91

-4.62073

CO2 EQUIVALENT SUMMARY ***

FEED STREAMS COZ2ZE 0.00000 KG/HR
PRODUCT STREAMS COZ2E 0.00000 KG/HR
NET STREAMS COZ2E PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
**%  TNPUT DATA ***
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE C
SPECIFIED PRESSURE BAR
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
k*%  RESULTS #*%*
OUTLET TEMPERATURE s
COUTLET PRESSURE BAR
HEAT DUTY GCAL/HR

VAPOR FRACTION

274

-0.247164E-01 =

30
0.000100000

/ IDEAL GAS

RELATIVE

115.000
1.00000
30
0.000100000

115.00
1.0000
0.18614
1.0000



V-L PHASE EQUILIBRIUM

COMP F(I) X(I) YT K(I)
ETHYLACE 0.94456 0.999%0 0.94456
3.0511
N2 0.55441E-01 0.10225E-03 0.55441E-01
1751.2
BLOCK Bl4 MODEL: FLASH2
INLET STREAM: 20,
OUTLET VAPOR STREAM: 23
OUTLET LIQUID STREAM: 22
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
**%* MASS AND ENERGY BALANCE  ***
IN ouT RELATIVE
DIFF.
TCTAL BALANCE
MOLE (KMOL/HR ) 19.2261 19.2261 0.00000
MASS (KG/HR I 1629.89 1629.89 -
0.558009E-15
ENTHALPY (GCAL/HR ) -1.87909 =223

0.934230E-01

%k ok

C02 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES CQOZE PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
**%  TNPUT DATA ***
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE C
PRESSURE DROP BAR
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
*kxk  RESULTS ex%
OUTLET TEMPERATURE C
QUTLET PRESSURE BAR
HEAT DUTY GCAL/HR
VAPOR FRACTION
V-1 PHASE EQUILIBRIUM
comMp F(I) X (I) Y.(T)
ETHYLACE 0.94456 0.99925 0.19849
0.19863
N2 0.55441E-01 0.74962E-03 0.80151
1069.2
BLOCK B15 MODEL: FSPLIT
INLET STREAM: 23
OUTLET STREAMS: 24 25
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
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35.0000
0.0

30
0.000100000

35.000
1.0000
-0.19364
0.68298E-01
K(I)



* %k

DIFF.
TCTAL BALANCE
MOLE (KMOL/HR )
0. 169097E-1LS
MASS (KG/HR )
0.135477E-15
ENTHALPY (GCAL/HR )

* %k

FEED STREAMS CO2E

PRODUCT STREAMS COZE

NET STREAMS COZ2E PRODUCTION
UTILITIES COZE PRODUCTION
TOTAL COZ2E PRODUCTION

* Kk k

FRACTION OF FLOW

* kK

STREAM= 24 SPLIT=
ORDER= 1
25
2
BLOCK Blé MODEL: FSPLIT
INLET STREAM: 53
QUTLET STREAMS: PURGE
PROPERTY OPTION SET: NRTL
L mss
DIFE.

TOTAL BALANCE
MOLE (KMOL/HR )
MASS (KG/HR )
ENTHALPY (GCAL/HR )
0.345158E-15

* ok
FEED STREAMS COZ2E
PRODUCT STREAMS COZE
NET STREAMS CO2E PRODUCTION
UTILITIES COZE PRODUCTION
TCTAL COZE PRODUCTION

ok ok

FRACTION OF FLOW

* kK

STREAM= PURGE SPLIT=

ORDER= 2

MASS AND ENERGY BALANCE

-0.275263E-01

* % K

IN ouT
1.31312 1.31312
52.4473 52.4473

CO2 EQUIVALENT SUMMARY ***

* Kk

AND ENERGY BALANCE

IN ouT
183.198 183.198
16140.9 16140.9

-20.5860 -20.5860

C02 EQUIVALENT SUMMARY ***

0.00000 KG/HR

0.00000 KG/HR

0.00000 KG/HR

0.00000 KG/HR

0.00000 KG/HR
INPUT DATA ***

STRM=RECYCLE FRAC=
RESULTS  ***
0.0100000 KEY=

276

-0.275263E-01

0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
0.00000 KG/HR
INPUT DATA ***
STRM=24 FRAC=
RESULTS ***
0.100000 KEY= 0
0.90000 0
RECYCLE
RENON (NRTL) / IDEAL GAS

0

RELATIVE

0.00000

0.100000

STREAM-

RELATIVE

0.00000
0.00000

0.9%000

STREAM-—



RECYCLE 0.99000 0
1
BLOCK B18 MODEL: RSTOIC
INLET STREAMS: 27 35
QUTLET STREAM: 28
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

* x ok

DIFF.
TOTAL BALANCE
MOLE (KMOL/HR }

0.00000
MASS (KG/HR )

0.209429E-15
ENTHALPY (GCAL/HR )

0.494491E-02

* %k k

FEED STREAMS COZE
PRODUCT STREAMS CO2E

NET STREAMS COZE PRODUCTION
UTILITIES COZE PRODUCTION

TCTAL CO2E PRODUCTION

STOICHIOMETRY MATRIX:

REACTION # 1%
SUBSTREAM MIXED
DDDA 1.00
SUBSTREAM CISOLID
DDDA -1.00

-4.95055

* x K

MASS AND ENERGY BALANCE
IN ouT

19.2125 19.2125 0.00000

4342.74 4342.74

-4.92607

C0O2 EQUIVALENT SUMMARY ***

0.00000 KG/HR
.0ooo00 KG/HR
.00000 KG/ER
.00000 KG/HR
.00000 KG/HR

o o oo

* kA * kK

INPUT DATA

GENERATION

REACTICN CONVERSION SPECS: NUMBER=
REACTION # 12

SUBSTREAM:CISOLID KEY COMP:DDDA

HEAT OF REACTION SPECIFICATIONS:

REACTION
NUMBER

REFERENCE
COMPONENT

DDDA

TWO PHASE TP FLASH
SPECIFIED TEMPERATURE C
SPECIFIED PRESSURE BAR
MAXIMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
SIMULTANEQUS REACTIONS

GENERATE COMBUSTION REACTIONS FOR FEED SPECIES

* k&

RESUL

QUTLET TEMPERATURE c

27

TS

7

CONV FRAC: 1.000

HEAT OF
REACTICN
KCAL/MOL
21756.

13

3

NO

* ok ok

RELATIVE

5.000
101325

0
0.000100000

135.00



CUTLET PRESSURE BAR
HEAT DUTY GCAL/HR
VAPOR FRACTION

HEAT OF REACTIONS:

REACTION REFERENCE
NUMBER COMPONENT
i DDDA

REACTION EXTENTS:

REACTION REACTION
NUMBER EXTENT
KMOL/HR
: 9.2566
BLOCK: B19 MODEL: PUMP
INLET STREAM: 28
QUTLET STREAM: 29
PROPERTY OPTION SET: NRTL

RENON

HEAT

OF

REACTION
KCAL/MOL
21756.

(NRTL) / IDEAL GAS

**% MASS AND ENERGY BALANCE ***

IN
DIEE:
TOTAL BALANCE
MOLE (KMOL/HR ) 19,2125
MASS (KG/HR )] 4342.74
ENTHALPY (GCAL/HR ) -4.92607

0.101173E-03

ouT

1.9/ 2125
4342.74
-4.,92557

**%  CO0Z2 EQUIVALENT SUMMARY ***

FEED STREAMS COZE 0..
.00000
.00000
.00000
.00000

PRODUCT STREAMS CO2E

NET STREAMS CO2E PRODUCTION
UTILITIES CO2E PRODUCTION
TOTAL CO2E PRODUCTION

oo oo

0ao000

***  INPUT DATA

OUTLET PRESSURE BAR
DRIVER EFFICIENCY

FLASH SPECIFICATIONS:

2 PHASE FLASH

MAXIMUM NUMBER OF ITERATIONS
TOLERANCE

*** RESULTS

VOLUMETRIC FLOW RATE CUM/HR
PRESSURE CHANGE BAR

NPSH AVAILABLE METER

FLUID POWER KW

BRAKE POWER KW

ELECTRICITY KW

PUMP EFFICIENCY USED

NET WORK REQUIRED XKW

278

* kK

* kK

KG/HR
KG/HR
KG/ER
KG/ER
KG/HR

1.0132
201.41
0.0000

RELATIVE

0.00000
0.00000

2.+73634
1.00000

30
0.000100000

2192
.72369
.0

LT3 T
.57962
0.57962
0.29566
0.57962

oo oW



HEAD DEVELOPED METER 153231

BLOCK B20 MODEL: SSPLIT
INLET STREAM: 29
CUTLET STREAMS: 31 30
PROPERTY OPTION SET: NRTL RENCN (NRTL) / IDEAL GAS

* %k * %k

MASS AND ENERGY BALANCE

IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 19.2125 19.2125
0.184917E-15
MASS (KG/HR ) 4342 .74 4342 .74
0.209429E-15
ENTHALPY (GCAL/HR ) ~4.::92557 -4.92557
0.180320E-15
*%% (C02 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZ2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR
*¥%%*  TNPUT DATA ***
FRACTION OF FLOW
SUBSTRM= STRM= FRAC=
MIXED 31 0.038519
CISOLID 31 1.00000
k%%  RESULTS **%
STRM= 31 SUBSTRM= MIXED SPLIT FRACT= 0.038519
CISOLID 1.00000
STRM= 30 SUBSTRM= MIXED SPLIT FRACT= 0.96148
CISOLID 0.0
BLOCK: B2l MODEL: FLASHZ
INLET STREAM: 30
CUTLET VAPOR STREAM: 32
OUTLET LIQUID STREAM: 33
PROPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
*x*  MASS AND ENERGY BALANCE ***
IN ouT RELATIVE
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 17.1399 137.31393 0.00000
MASS (KG/HR ) 3947.39 3947.39 0.00000
ENTHALPY (GCAL/HR ) -4.41802 -4.41802

0.438226E-08

* %k

FEED STREAMS COZ2E
PRODUCT STREAMS COZE

C02 EQUIVALENT SUMMARY ***
0.00000 KG/HR
0.00000 KG/HR

279



NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES COZE 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 GCAL/HR 0.0
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
wxk RESULTS H%%
QUTLET TEMPERATURE L 1:35.122:
OUTLET PRESSURE BAR 2.7369
VAPOR FRACTION 0.0000
BLCCK: B22 MODEL: PUMP
INLET STREAM: 33
OUTLET STREAM: 34
PROPERTY OPTION SET: NRTL RENCN (NRTL) / IDEAL GAS
*%%  MASS AND ENERGY BALANCE *%*
IN ouT RELATIVE
DIFE.
TCTAL BALANCE
MOLE (KMOL/HR ) 17,1399 17513899 0.00000
MASS (KG/HR )] 3947.39 3947.39 0.00000
ENTHALPY (GCAL/HR ) -4.41802 -4.41782 =
0.433873E-04
**%  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/ER
PRODUCT STREAMS CO2E 0.00000 KG/HR
NET STREAMS COZE PRODUCTION 0.00000 KG/HR
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL COZ2E PRODUCTION 0.00000 KG/ER
*** INPUT DATA ***
OUTLET PRESSURE BAR 3.42642
DRIVER EFFICIENCY 1.00000
FLASH SPECIFICATIONS:
2 PHASE FLASH
MAXIMUM NUMBER OF ITERATIONS 30
TOLERANCE 0.000100000
k. RESULTS S
VOLUMETRIC FLOW RATE CUM/HR 3.44145
PRESSURE CHANGE BAR 0.68948
NPSH AVAILABLE METER 0.0
FLUID POWER KW 0.065911
BRAKE POWER EW 0.22293
ELECTRICITY KW 0.22293
PUMP EFFICIENCY USED 0.29566
NET WORK REQUIRED KW 0.22293
HEAD DEVELOPED METER 6:12957

280



BLOCK: B23 MODEL: FSPLIT

INLET STREAM: 34
OUTLET STREAMS: 35 36
PROPERTY OPTION SET: NRTL RENCN (NRTL) / IDEAL GAS

**% MASS AND ENERGY BALANCE ***

IN ouT
DIEF.
TOTAL BALANCE

MOLE (KMOL/HR ) 171399 1i+1399
0.509280E-12

MASS (KG/HR ) 3947.39 3947.39
0.509423E-12

ENTHALPY (GCAL/HR ) -4.41782 -4.41782

0.426314E-11

*¥*% COZ2 EQUIVALENT SUMMARY ***
FEED STREAMS COZ2E 0.00000 KG/HR
PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TCTAL CO2E PRODUCTION 0.00000 KG/HR

*%%  TINPUT DATR *%*x%
FRACTION OF FLOW STRM=35 FRAC=

xx® RESULTS %%

STREAM= 35 SELIT= 0.50000 KEY= 0
ORDER= .
36 0.50000 0
2
BLCCK: B24 MODEL: RSTOIC
INLET STREAM: 36
OUTLET STREAM: 37
PRCPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS
**%%  MASS AND ENERGY BALANCE  ***
IN ouT GENERATION
DIFF.
TOTAL BALANCE
MOLE (KMOL/HR ) 8.56995 8.56995 0.00000
0.00000
MASS (KG/HR ) 1973.70 1973.70
0.00000
ENTHALPY (GCAL/HR ) -2.20891 -2.28286

0.323944E-01

***  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS CO2E 0.00000 KG/HR

PRODUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

*%%  INPUT DATA ***
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0.50000

STREAM-

RELATIVE



STOICHIOMETRY MATRIX:

REACTION # T
SUBSTREAM MIXED
DDDA =1.00
SUBSTREAM CISOLID
DDDA 1.00

REACTION CONVERSION SPECS: NUMBER= 1
REACTIOCN # IEH
SUBSTREAM:MIXED KEY COMF:DDDA CONV FRAC: 1.000

HEAT OF REACTION SPECIFICATIONS:

REACTION REFERENCE HEAT OF
NUMBER COMFPONENT REACTICN
KCAL/MOL
1 DDDA -21756.

TWO PHASE TP FLASH

SPECIFIED TEMPERATURE C 60.0000
SPECIFIED PRESSURE BAR 1.01325
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
SIMULTANEOUS REACTIONS

GENERATE COMBUSTION REACTIONS FOR FEED SPECIES NO

*%¥ SRESULTS. H*%¥

CUTLET TEMPERATURE Cc 60.000
OQUTLET PRESSURE BAR 1.0132
HEAT DUTY GCAL/HR -186.52
VAPOR FRACTION 0.0000

HEAT OF REACTIONS:

REACTION REFERENCE HEAT OF
NUMBER COMPONENT REACTION
KCAL/MOL
1 DDDA -21756.

REACTION EXTENTS:

REACTION REACTION
NUMBER EXTENT
KMOL/HR
1 8.5700
BLOCK: B27 MODEL: COMPR

INLET STREAM: 25

QUTLET STREAM: 26

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

**%* MASS AND ENERGY BALANCE ***

282



IN ouT RELATIVE

DIFE.
TOTAL BALANCE
MOLE (KMOL/HR ) 1.18181 1.18181 0.00000
MASS (KG/HR 1 47.2026 47.2026 0.00000
ENTHALPY (GCAL/HR ) -0.247737E-01 -0.247127E-01 =

0.246251E-02

***%  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZE 0.00000 KG/HR

PRCDUCT STREAMS COZE 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/ER
UTILITIES CO2E PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

xXE TWPUT DATH - *Ex

ISENTROPIC CENTRIFUGAL COMPRESSOR

PRESSURE CHANGE BAR 0.062272
ISENTROPIC EFFICIENCY 0.72000
MECHANICAL EFFICIENCY 1.00000

*kk RESULTS **x

INDICATED HORSEFPOWER REQUIREMENT KW 0.070949
BRAKE HORSEPOWER REQUIREMENT KW 0.070949
NET WORK REQUIRED KW 0.070949
PCWER LOSSES KW 0.0
ISENTROPIC HORSEPOWER REQUIREMENT KW 0.051084
CALCULATED OUTLET PRES BAR 1.06227
CALCULATED OUTLET TEMP C 39.6578
ISENTROPIC TEMPERATURE C 38.3556
EFFICIENCY (POLYTR/ISENTR) USED 0.72000
OUTLET VAPOR FRACTION 1.00000
HEAD DEVELOPED, METER 397.281
MECHANICAL EFFICIENCY USED 1.00000
INLET HEAT CAPACITY RATIO 1.21.913
INLET VOLUMETRIC FLOW RATE , CUM/HR 30.2786
OUTLET VOLUMETRIC FLOW RATE, CUM/HR 28.9344
INLET COMPRESSIBILITY FACTOR 1.00000
OUTLET COMPRESSIBILITY FACTOR 1.00000
AV. ISENT. VOL. EXPONENT 1.21845
AYV. ISENT. TEMP EXPONENT 1.21845
AV. ACTUAL VOL. EXPONENT 1., 33039
AV. ACTUAL TEMP EXPONENT 1.33039

BLOCK: EARECPMF MODEL: PUMP

INLET STREAM: 17
QUTLET STREAM: 18
PRCPERTY OPTION SET: NRTL RENON (NRTL) / IDEAL GAS

*** MASS AND ENERGY BALANCE ***

IN ouT RELATIVE
DIEE.
TOTAL BALANCE
MOLE (KMOL/HR ) 212151 20125151 0.00000
MASS (KG/HR ) 18691.8 18691.8 0.00000
ENTHALPY (GCAL/HR ) -23.8416 -23.8392 =

0.102408E-03
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***  CO2 EQUIVALENT SUMMARY ***
FEED STREAMS COZ2E 0.00000 KG/HR

PRODUCT STREAMS COZ2E 0.00000 KG/HR
NET STREAMS CO2E PRODUCTION 0.00000 KG/HR
UTILITIES COZE PRODUCTION 0.00000 KG/HR
TOTAL CO2E PRODUCTION 0.00000 KG/HR

*** INPUT DATA ***
OUTLET PRESSURE BAR 3.42642
DRIVER EFFICIENCY 1.00000

FLASH SPECIFICATIONS:

2 PHASE FLASH

MAXIMUM NUMBER OF ITERATIONS 30
TCLERANCE 0.000100000

xxXE CRESULTS: *%%

VOLUMETRIC FLOW RATE CUM/HR 22.5095
PRESSURE CHANGE BAR 2.42642
NPSH AVAILABLE METER 0.0

FLUID POWER KW 1.51715
BRAKE POWER KW 2.83954
ELECTRICITY KW 2.83954
PUMP EFFICIENCY USED 0.53429
NET WORK REQUIRED KW 2.83954
HEAD DEVELOPED METER 29.7960
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SUBSTREAM ATTR PSD

INTERVAL LOWER
1 0.0
2 5.0000-
3 1.0000-
4 1.5000-
5 2.0000-
6 2.5000-
7 3.0000-
8 3.5000-
9 4.0000-

10 4.5000-

1= 00 Bk A2 14

STREAM ID

FROM

TO

CLASS:
MIXCISLD

CONV. MAX. REL. ERR:

TOTAL STREAM:
KG/HR
3948.4119
GCAL/HR
4.7822
SUBSTREAM: MIXED
PHASE:
LIQUID
COMPONENTS :
DDDA
ETHYLACE
9257
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
CCMPCNENTS :
DDDA
ETHYLACE
1579.3648
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
17.9257
KG/HR
1579.3648

KMOL/HR

HE

KG/HR

TYPE: PSD

LIMIT

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

05
04
04
04
04
04
04
04
04

1

Bl
MIXCISLD

0.0

1.8994+04

-24.0580

MIXED

9.2566
188.6868

.5410
.4539
.3909
.0
5]
.0

OO0 O Qoo

2131.8400
1.6625+04

79.0690

79.06%0

79.0690
0.0
0.0
0.0

199.3283

1.8994+04

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

10
Bb
B2
MIXCISLD
0.0
1.8005+05

-223.3866

LIQUID

0.0
1532.6447

oo oo oo
oo o oo

0.0
1.3504+05

oo o O0o0o
o B cm B oo o v Bl oo

1532.6447

1.3504+05
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER
11 12
B7 BB
B8 B2
MIXCISLD MIXCISLD
0.0 -7.7068-11
5827, 77TeF 5527776
=1 02208 -7.0226
LIQUID LIQUID
0.0 0.0
62.7398 62.7388
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
5527.7767 5527.7767
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
6227398 62.77398
5527.7767 -5527.77617

1.3
B7
B13

0.

o000 0o

OO o oo

oo o 0ooO

0

(=8 o I o Y o R o Rl e

o



CUM/HR 21.8184
1.9321
STATE VARIABLES:
TEMP C 70.0000
86.1327
PRES  BAR 3.0000
3.7562
VFRAC 0.0
LFRAC 0.9466
1.0000
SFRAC 5.3392-02
ENTHALPY :
KCAL/MOL -120.6947
111.9320
KCAL/KG -1266.6404
1270.4197
GCAL/HR -24.0580
2.0065
ENTROPY :
CAL/MOL-K -151.1162
109.4806
CAL/GM-K -1.5859
1.2426
DENSITY:
MOL/CC 9.1358-03
9.2780-03
KG/CUM 870.5280
817.4534
AVG MW 95.2873
88.1063
SUBSTREAM: CISOLID
COMPONENTS: KMOL/HR
DDDA 0.0
9.2566
ETHYLACE 0.0
ADIPI-01 0.0
0.5410
SUBER-01 0.0
0.4539
SEBAC-01 0.0
0.3910
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
2131.8371
ETHYLACE 0.0
ADIPI-01 0.0
79.0702
SUBER-01 0.0
79.0692
SEBAC-01 00
79.0699
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:

167.8986

95.4729

3.7562

1.0000
-111.4761
-1265.2458

=170~ 8333

-108.2618

-1.2288

9.1284-03
804.2694

88.1063

175.8756

0.0
10.2799

§.6243
7.4281
0.0
0.0
0.0
4.0505+04

0.0
1502.3338

1502.3288

1502.3288

o oo
o oo

286

i

=0

L7622

S

.7562

.0000

9320

4197

.0226

.4806

.2426

9.2780-03

817.

88.

STRUCTURE: CONVENTIONAL

0.

4534

1063

=13Lx

=170

77.

-109

=l

<1621

- L2563

.4264

.0000

.4814

.2426

9.2781-03

817.

88

4624

.1063

(=]

(=]

(=)

(=]



KMOL/HR 0.0 202.2079
10.6425

KG/HR 0.0 4.5012+04
2369.0472

CUM/HR 0.0 38.5360
2.0234
STATE VARIABLES:

TEMP C MISSING 95.4729
86.1327

PRES BAR 3.0000 3.7562
3.7562

VEFRAC MISSING 0.0

LFRAC MISSING 0.0

SFRAC MISSING 1.0000
1.0000
ENTHALPY:

KCAL/MOL MISSING -259.7981
260.8119

KCAL/KG MISSING -1167.0964
1171.6506

GCAL/HR MISSING =52.,.5332
20187
ENTROPY :

CAL/MOL-K MISSING -843.9810
846.7665

CAL/GM-K MISSING -3.7914
3.8039
DENSITY:

MOL/CC MISSING 5.2472-03
5.2587-03

KG/CUM MISSING 1168.0470
1708279
AVG MW MISSING 222.6021
222.6021

14 15 36 17 18

STREAM ID 14 HEs;
FRCM : B9 B9
EARECFM
TO s et B10O
CLASS: MIXCISLD MIXCISLD
MIXCISLD
TOTAL STREAM:
KG/HR 1.5045 1.5044+04
1.8692+04
GCAL/HR -1.7830-03 -19.1128
23.8392
SUBSTREAM: MIXED
PHASE: VAPOR LIQUID
LIQUID
COMPCNENTS: KMOL/HR
DDDA 0.0 0.0
ETHYLACE 1.7076-02 170.7441
212.1505
ADIPI-01 0.0 0.0
SUBER-01 0.0 0.0
SEBAC-01 0.0 0.0
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MISSING
MISSING
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

16
B10O

MIXCISLD

480.2170

-0.5702

VAPOR

5.4463

o oo
o oo

MISSING

3.4264
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

17

EARECPMP
MIXCISLD

1.8692+04

-23.8416

LIQUID

0.0
212.1505

o oo
oo o

18

[

oo

oo

(=]



N2
3.6023-04
02
WATER
CCMPONENTS :
DDDA
ETHYLACE
1.8692+04
ADIPI-01
SUBER-01
SEBAC-01
N2
1.0091-02
02
WATER
TOTAL FLOW:
KMOL/HR
2321508
KG/HR
1.8692+04
CUM/HR
22.5185
STATE VARIABLES:
TEMP C
76.9752
PRES
3.4264
VFRAC
LFRAC
1.0000
SFRAC
ENTHALPY :
KCAL/MOL
112.3688
KCAL/KG
1275.3796
GCAL/HR
23.8392
ENTROFPY :
CAL/MOL-K
110.6834
CAL/GM-K
1.2562
DENSITY:
MOL/CC
9.4212-03
KG/CUM
830.0657
AVG MW
88.1062

KG/HR

BAR

19 20 20 22 23

STREAM ID

FROM

TO

CLASS:
MIXCISLD

=]
o

0.0
.5045

[= N = el =
(= e B i ]

o
=]

1.7076-02

1.5045

0.3797

86.0000

1.3430

=

.0000
0.0

0.0

-104.4156

-1185.1093

-1.7830-03

-88.5519

=1.:0051

4.4976-05

3.9626

88.1063

B12
MIXCISLD

0.0
1.5044+04

o ooo
oo oo

()
o

170.7441
1.5044+04

18.3989

86.0000

1.3430

1.0000

0.0
-111.9384
-1270.4924

=19.1128

-109.4880

-1.2428

9.2801-03
817.6384

88.1063

20

Bl12

B13
MIXCISLD

288

1.3118-02
0.0
0.0

479,

oo oo

(=)
(=]

5.4594
480.2170

158.8149

76.7317

1.0000

=

0000

-104.4424

-1187.3596

.5702

.5044

-1.0062

3.4376-05

3.0238

87.9619

21

B13

Bl4
MIXCISLD

3.6023-04
0.0
0.0

0.0
1.8692+04

0.0
0.0
0.0
10H0 L

91-02

0.0
0.0
212.1508

1.8692+04

22,5085

76.7313

1.0000

1.0000

-112.3804
=Ll 02

-23.8416

=1 107155

-1.2566

9.4250-03
830.3976

88.1062

22

Bl4

B10
MIXCISLD

23
B14
B15



CONV. MAX. REL. ERR:
TOTAL STREAM:

KG/HR
52.4473

GCAL/HR
2.7526-02

SUBSTREAM: MIXED
PHASE:
VAPOR
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
0.2606
ADIPI-O01
SUBER-01
SEBAC-01
N2
L0526
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
22.9636
ADIPI-01
SUBER-01
SEBAC-01
N2
29,4837
02
WATER
TOTAL FLOW:
KMOL/HR
13131
KG/HR
52.4473
CUM/HR
33.6428
STATE VARIABLES:
TEMP C
35.0000
PRES BAR
1.0000
VFRAC
1.0000
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
20.9626
KCAL/KG
524.8374
GCAL/HR
2.7526-02
ENTROPY :
CAL/MOL-K
17.1453
CAL/GM-K
0.4293
DENSITY:

0

B

-4,1283-06 -2.

0

3250

VAPOR

[=]

o

(=]

o

0
0

[= e o)

w o oo
w o oo

187

=

250

o

.1187

.3250

.6990

.0000

L7027

.0000

.0
.0

-3.4782-02

=1

2416

-4.1283-06

1.

1484

-4.0996-02

1.7447-05

50

D267

4716-02

VAPOR

(=]

50

31

38.

L

L.

0.

0

3

-489

HOOoOoO

.3005

.5267

.1214

4936

0623

0000

0
.0

.0056

L1741

-2.4716-02

=15

-0

289

.5185

.3994

0.

1629.

1

0

8915

8791

VAPOR

18z

(=]

1600.

o

19,

1629.

620.

115

e

L

0.
0.

=00

=115%5

il

=80.

-0.

HOOOoO

w o oo

2261

8915

4676

0000

0ooo

0000

7359

8897

8791

2691

9468

0

1577,

-2

.0

4442

0452

LIQUID

0s
i B 5

O OO

123

1577,

oo oo

o O

s,

1577

35

2

wo oo

0
8996

0
0
0
8-02

.0
.0

.0

0680

762

(oo an ]

9130

.4442

83T

.0000

.0000

.0000

~LT38

.5269

.0452

.2492

.3201

o O

o o



MOL/CC
3.9031-05

KG/CUM
1.5589
AVG MW
39.9411

24 25 26 27

STREAM ID
FROM
TO
CLASS:
MIXCISLD
TOTAL STREAM
KG/HR
4342.7442
GCAL/HR
4.9261
SUBSTREAM: M
PHASE:
SCLID
CCMPCNENTS :
DDDA
17.8266
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS :
DDDA
4105.5341
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
0z
WATER
TOTAL FLOW:
KMOL/HR
17.8266
KG/HR
4105.5341
CUM/HR
3591
STATE VARIAB
TEMP C
135.0000
PRES BAR
1.0133
VFRAC
LFRAC
SFRAC
1.0000
ENTHALPY :

28

IXED

KMOL/HR

KG/HR

LES:

6.9860-05

1.9570

28.0135

24
Bl5

MIXCISLD

5.2447

-2.7526-03

VAPOR

0.0

2.6064-02
0.0

OIODID D
=
o
w
o

[=]
(=]

QO NOOCON
o

0.1313

5.2447

3.3643

35.0000

1.0000

=

.0000

(=]
(=]

4.

0897-05

1.5928

38.8525

25

B15

B27
MIXCISLD

47.2026

.4774-02

VAPOR

o o0 000 oo
o =)

oo oo O oo
(==

1.1818

47.2026

30.2786

35.0000

1.0000

=

.0000

(=]
o

290

3.0987-05

2.6269

84.7747

26

B27

Bl12
MIXCISLD

47.2026

.4713-02

VAPOR

[ coocoooo
(=] o=

oo o oo
o

1.1818

47.2026

28.9344

39,6578

.0623

et

000

1.0042-02

884.3424

88.0613

27

B13

B18

MIXCISLD
2369.0472

-2.7416

MISSING

(=] oo CcOoOC OO ()
[e] COoOCc OO OO (=]

(= e B o i o B o R o]
[ I e B e B i S o Y e Y i

MISSING
1.0000
MISSING

MISSING
MISSING

28
B18
B19

OO0 OO0 O0O0

[=NeNells ol el

o O

coCococooQ

[ an I e B on B oo Y e B e

(=]



KCAL/MOL -20.9626 -20.9626 -20.9109
257.7885
KCAL/KG -524.8374 -524.8374 -523.5449
1119.3385
GCAL/HR =2.7526~03 =2.4774-02 ~=2.4713-02
4.5955
ENTROPY :
CAL/MOL-K =17,.:1453 =17 183 =17..0990
870.8997
CAL/GM-K -0.4293 —0..4293 -0.4281
3.781b
DENSITY:
MOL/CC 3.9031-05 3.9031-05 4.0844-05
4.9807-03
KG/CUM 1.5589 1.5589 1.6314
1147.0777
AVG MW 39.9411 39.9411 39.9411
230.3043
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR
DDDA 0.0 0.0 0.0
ETHYLACE 0.0 0.0 0.0
ADIPI-01 0.0 0.0 0.0
0.5410
SUBER-01 0.0 0.0 0.0
0.4539
SEBAC-01 0.0 0.0 0.0
0.3910
N2 0.0 0.0 0.0
02 0.0 0.0 0.0
WATER 0.0 0.0 0.0
COMPONENTS: KG/HR
DDDA 0.0 0.0 0.0
ETHYLACE 0.0 0.0 0.0
ADIPI-01 0.0 0.0 0.0
79.0702
SUBER-01 0.0 0.0 0.0
79.0699
SEBAC-01 0.0 0.0 0.0
79.0699
N2 0.0 0.0 0.0
02 0.0 0.0 0.0
WATER 0.0 0.0 0.0
TOTAL FLOW:
KMCL/HR 0.0 0.0 0.0
1.3859
KG/HR 0.0 0.0 0.0
23872101
CUM/HR 0.0 0.0 0.0
0.1904
STATE VARIABLES:
TEMP C MISSING MISSING MISSING
135.0000
PRES BAR 1.0000 1.0000 1.0623
1.0133
VFRAC MISSING MISSING MISSING
LFRAC MISSING MISSING MISSING
SFRAC MISSING MISSING MISSING
1.0000

291

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

9.2566
0.0

0.5410
0.4539

0.3910

o oo
o oo

2031 38371
0.0
79.0702
79.0699

79.0699

o OO
o O o

10.6425

2369.0472

2.0384

115.0000

1.0000

= oo
oo o

(=]

oo

[=]

oo



ENTHALPY :
KCAL/MOL
238.5366
KCAL/KG
1393.6593
GCAL/HR
0.3306
ENTROPY :
CAL/MOL-K
574.8695
CAL/GM-K
33587
DENSITY:
MOL/CC
7.2804-03
KG/CUM
1246.1054
AVG MW
171.1585

293 30 3% 32

STREAM ID

FROM

TO k

CLASS:

MIXCISLD

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:
MISSING
COMPONENTS :
DDDA
ETHYLACE
ADIPI-O01
SUBER-01
SEBAC-01
N2
0z
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
NZ
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP €
MISSING

KMOL/HR

KG/HR

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

29

B1S

B20
MIXCISLD

4342 ,7442

-4.9256

SOLID

266

OO OO0 C OO -]

8
0
0
.0
0
0
0
0

4105.5341

5
0
0
.0
0
0
0
0

C OO0 COO00O

17.8266
4105.5341
3.5783

135.2144

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

3

Bl

B2
MIXCISLD

1.8994+04
-24.0580

LIQUID

(e8]
(=2
o]

OO0 o000 OC oo
oo ooCcoo o

0

1.6625+04

cOCoOoOOCOO0O
(= B e B o Y o W 0

188.6868
1.6625+04
19.8033

70.0000

292

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

30

B20

B21
MIXCISLD

3947.3941
-4.4180

SCLID

[eo i en e i oo B e i an B an I

3%947.

oo oo oo

17.1399
3947.3941
3.4415

135.2144

—257.6120

<3157 .25

-2.7416

-838.2033

-3+7655

5.2211-03

1162.2332

222.6021

31
B20

MIXCISLD

395.3501

-0.5076

SOLID

867

OO0 O0OCOOoOC
COoO OO0 O0Oc

400

OO0 COO0o0OoO
[ B o B e v R e e e Y

0.6867
158.1400
0.1379

135.2144

32
B21

< O

o

OO oo oCcCOoOo0oO

COO0OOoC OO0 O0O

[ an I e B on B o e o Y o ]

Lo e Bl an B o B o o B o B e |

(=]



PRES
2.7369
VFRAC
MISSING
LFRAC
MISSING
SFRAC
MISSING
ENTHALFY:
KCAL/MOL
MISSING
KCAL/KG
MISSING
GCAL/HR
MISSING
ENTROPY :
CAL/MOL-K
MISSING
CAL/GM-K
MISSING
DENSITY:
MOL/CC
MISSING
KG/CUM
MISSING
AVG MW
MISSING

BAR

SUBSTREAM: C
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
(o)
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIAB
TEMP C
MISSING
PRES
2.7369
VFRAC
MISSING
LFRAC
MISSING

BAR

ISOLID
KMOL/HR

KG/HR

LES:

2.7369 3.0000 2.7369
0.0 0.0 0.0
0.0 1.0000 0.0
1.0000 0.0 1.0000
=257.7619 -—=112.6957 =257.%0819
=11TH293 12700876 -=1119:2234
-4.5350 -21.2642 -4.4180
-870.8347 -111.6061 -870.8347
-3.7812 -1.2667 -3.7812
4.9804-03 9.5281-03 4.9804-03
1147.0135 839.4815 1147.0135
230.3043 88.1063 230.3043
STRUCTURE: CONVENTIONAL
0.0 9.2566 0.0
0.0 0.0 0.0
0.5410 0.5410 0.0
0.4539 0.4539 0.0
0.3910 0.3909 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 2131.8400 0.0
0.0 0.0 0.0
19.0702 79.0690 0.0
79.0699 79.0690 0.0
79.0699 79.0690 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
1..2859 10.6425 0.0
237.2101 2369.0470 0.0
0.1904 2.0151 0.0
135.2144 70.0000 MISSING
2.7369 3.0000 MISSING
0.0 0.0 MISSING
0.0 00 MISSING
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-257

=111:0

.7369

.0000

.7619

.2234

L1770

.8347

.7812

4.9804-03

1147.

230

79
79
78

OO0 OO0 OoO0O

0135

.3043

.5410
+4539
23910

.0702
.06539
.0659

<3850
2101
.1904
.2144

- 7369

(=]

OO0 OO0 0C

COO0OO00000

cCoOCcoO0oo0ooC
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SFRAC
MISSING
ENTHALPY :
KCAL/MOL
MISSING
KCAL/KG
MISSING
GCAL/HR
MISSING
ENTROPY :
CAL/MOL-K
MISSING
CAL/GM-K
MISSING
DENSITY :
MOL/CC
MISSING
KG/CUM
MISSING
AVG MW
MISSING

33 34 35 36 37

STREAM ID
FROM

TO .
CLASS:
MIXCISLD

CONV. MAX.
TOTAL STREAM:
KG/HR
1973.6970
GCAL/HR
2.2829
SUBSTREAM: MIXED
PHASE:
MISSING
CCMPCNENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPCNENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR

KMOL/HR

KG/HR

REL. ERR:

1.0000 1.0000
=238.5181 —-262.5134
=1393.5513 =1179.2937
-0.3306 —2..7938
-574.8242 -851.6117
-3.3584 —-3.:8257
7.2801-03 5.2813-03
1246.0458 1175.6308
171.1585 222.6022
33 34
B21 B22
B22 B23
MIXCISLD MIXCISLD
0.0 0.0
3047.3941 3947,3941
-4.4180 -4.4178
SOLID SOLID
17::1.399 141399
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
3947.3941 3947.3941
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
171399 191399

294

MISSING 1.0000
MISSING -238.5181
MISSING -1393.5513
MISSING -0.3306
MISSING -574.8242
MISSING -3.3584
MISSING 7.2801-03
MISSING 1246.0458
MISSING 171.1585
35 36
B23 B23
B18 B24
MIXCISLD MIXCISLD
=Tw0074=1e 0.0
1973.6970 1973.6970
=2.2089 -2.2089
SOLID SOLID
8.5700 8.5700
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1973.6970 1973.6970
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
8.5700 8.5700

37

B24

COOO0O000O0

(o« NeieleNoNo e

OO OO0 Q00O 00

o

(= = o B o o o Nl

o



KG/HR 3947
CUM/HR 3
STATE VARIABLES:
TEMP C 135
MISSING
PRES BAR 2
1.0133

VFRAC 0.

MISSING

LFRAC o I

MISSING
SFRAC 1
MISSING
ENTHALPY :
KCAL/MOL =20,
MISSING
KCAL/KG =1119
MISSING
GCAL/HR -4
MISSING
ENTROPY :
CAL/MOL-K -870
MISSING
CAL/GM-K =3
MISSING
DENSITY:

.3941
.4415

.2144

.7369

.0000

.7619

.2234

.4180

.8347

.7812

MOL/CC 4.9804-03

MISSING

KG/CUM 1147.

MISSING

AVG MW 230.

MISSING

SUBSTREAM: CISOLID
COMPCNENTS: KMOL/HR
DDDA 0
8.5700
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
1973.6970
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMCL/HR
8§.5700

o

KG/HR Q:

1973.6970

C OO 0000

eeoleloleleNe]

o

0135

3043

STRUCTURE :

.0

o C O OO0 OoOO0OO0O

OO O OO oo

3947.
L4415

135

=287

<] 18

3941

.3047

. 4264

.0000

7508

1748

.4178

.8073

b

4.9803-03

1146.

230

0

(=]
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coooooo

oo Cc oo oo

9864

3043

.0

(=] (=N e Nolollellel]

OO0 00O

1973.

135,

=287

il k-

6970

L7208

3047

.4264

.0

.0

.0000

7508

1748

.2088%

8073

L7811

4.9803-03

1146.

230..

CONVENTIONAL

(=] coocoooo

oo oo oo

9864

3043

j=] OO0 OC OO0 0

(o I o B o B o 2 oo BN Y o

1973.6970
1.7208

135.3047

3.4264

1.0000

-257.7508

-1119.1748

-2.2089

-870.8073

—3: A 8L

4.9803-03

1146.9864

230.3043

CO o000 00
o000 00

OO C OO COo
OO0 OO0 oo

(=R e

COOo0O0O0OO0OO0O
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o O
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CUM/HR
1.6876
STATE VARIABLES:
TEMP C
60.0000
PRES  BAR
1.0133
VFRAC
LFRAC
SFRAC
1.0000
ENTHALPY :
KCAL/MOL
266.3800
KCAL/KG
1156.6436
GCAL/HR
2.2829
ENTROPY :
CAL/MOL-K
894.0951
CAL/GM-K
3.8822
DENSITY:
MOL/CC
5.0782-03
KG/CUM
1169.5323
AVG MW
230.3043

STREAM ID

FROM :

A1)

CLASS:
MIXCISLD

CONV. MAX. REL. ERR:

TOTAL STREAM:
KG/HR

9476.1886
GCAL/HR

11.8047

SUBSTREAM: MIXED

PHASE:

LIQUID

COMPONENTS: KMOL/HR
DDDA
ETHYLACE

80.6655
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

COMPONENTS: KG/HR

MISSING

27369
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

4

B2

B3
MIXCISLD

2.0457+05

-254.4672
LIQUID

0.0
1784.0714

[>NelleNe el
oo OO0 O

MISSING

3.4264
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

5
B3
B9
MIXCISLD
0.0
1.5045+04

~13..8301
VAPOR

0.0
17207611

CcCoOoOoCOoOQ0oO
cooooo
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MISSING
MISSING
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

3
B3
B4
MIXCISLD
-7.6014-07
1.8952+05

-236.1083
LIQUID

0.0
1613.3103

coocooo
OO0 o000

MISSING

3.4264
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

-
B4
BS
MIXCISLD

1.8952+05

-236.0850

LIQUID

1613.3103

OO COoOO0Co
Lo I e B i 5 e B i e}

B5
B7

o o

COoOOoCCOO0O0O

oo
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DDDA
ETHYLACE
7107.1415
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMCL/HR
80.6655
KG/HR
7107.1415
CUM/HR
8.6942
STATE VARIA
TEMP C
86.1327
PRES
2. 7562
VFRAC
LFRAC
1.0000
SFRAC
ENTHALPY :
KCAL/MOL
111.9320
KCAL/KG
1270.4197
GCAL/HR
9.029]
ENTROPY :
CAL/MOL-K
109.480¢6
CAL/GM-K
1.2426
DENSITY:
MOL/CC
9.2780-03
KG/CUM
817.4534
AVG MW
88.1063

BA

SUBSTREAM:
CCOMPONENTS @

DDDA
9.2566

ETHYLACE

ADIPI-01
0.5410

SUBER-01
0.4539

SEBAC-01
0.3910

N2

02

WATER
COMPONENTS :

0.0 0.0 0.0
1.5719+05 1.5045+04 1.4214+05
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
1784.0714 170.7611 1613.3103
1.5719+405 1.5045+04 1.4214+05
194.5494 3796.7486 173.8456
BLES:
92.8832 86.0000 86.0000
R 3.0000 1.3430 1.3430
0.0 1.0000 0.0
1.0000 0.0 1.0000
0.0 0.0 0.0
-111.6036 -104.4156 -111.9384
-1266.6922 -1185.1083 —1270.4924
-199.1088 =17.8301 —=180.5914
-108.5990 —-88.5519 -109.4930
=tu2326 10051 -1.2428
9.1703-03 4.4876-05 9.2801-03
807.9590 3.9626 817.6384
88.1063 88.1063 88.1063
CISOLID STRUCTURE: CONVENTIONAL
KMOL/HR
185.1322 0.0 185.1322
0.0 0.0 0.0
10.8209 0.0 10.8209
9.0782 0.0 9.0782
7.8190 0.0 7.8190
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
KG/HR
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0.0
1.4214+05

oo O o oo
SO oo OO

1613.3103
1.4214+05

173.8849

86.1327

3.7562

1.0000

-111.9320

—1270.4137

-180.5810

-109.4806

-1.2426

9.2780-03

817.4534

88.1063

185.1322

0.0
10.8208

9.0782

7.8180

o oo
Do O

(=]

(=N ool il

(== ol el
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DDDA 4.2637+04

2131.8371
ETHYLACE 0.0
ADIPI-01 1581.4028
79.0702
SUBER-01 1581.3978
79.0699
SEBAC-01 1581.3978
79.0699
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 212.8504
10.6425
KG/HR 4.7381404
2369.0472
CUM/HR 40.5375
2.,0234
STATE VARIABLES:
TEMP C 92.8832
86.1327
PRES BAR 3.0000
3.756%
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
1.0000
ENTHALPY:
KCAL/MOL -260.0813
260.8119
KCAL/KG -1168.3685
1171.6506
GCAL/HR -55.3584
2..07T59
ENTROPY :
CAL/MOL-K -844.7519
846.7665
CAL/GM-K -3.7949
3.8039
DENSITY :
MOL/CC 5.2507-03
5.2597-03
KG/CUM 1168.8181
1170.8279
AVG MW 222.6021
222.6021
9 PURGE RECYCLE S1 S3
STREAM ID 9
FROM : B5
TO : B6
CLASS: MIXCISLD
MIXCISLD
TOTAL STREAM:
KG/HR 1.8005+405
1.6141+04

MISSING

1.3430
MISSING
MISSING
MISSING
MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
MISSING

MISSING

PURGE
Blo

MIXCISLD

161.4086

298

4.2637+04

0.0
1581.4040

1581.3987

1581.3987

o oo
o oo

212.8504

4.7381+04

40.4665

86.0000
1.3430
0.0

0
1.0000

o

-260.8261

-1171.7146

-55.5169

-846.8062

-3.8041

5.2599-03

1170.8674

222.6021

RECYCLE
Bl6

MIXCISLD

1.5979+04

4.2637+04

0.0
1581.4040

1581.3987

15813987

< OO
o OO

212.8504

4.7381+404

40.4679

86.1327

3.7562

o O
o O

1.0000

~260.8119

-1171.6506

—585.:5139

-846.7665

-3.8039

P AhcTL b A

1190.8278

222.6021

sl

B10O

B1l1l
MIXCISLD

1.6141+04

=]

o O

s3
Bll
Bl6

=]
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GCAL/HR -224.2902
20.5860
SUBSTREAM: MIXED
PHASE: LIQUID
LIQUID
COMPONENTS: KMOL/HR

DDDA 0.0

ETHYLACE 1532.6447
183.1974

ADIPI-01 0.0

SUBER-01 0.0

SEBAC-01 0.0

N2 0.0
3.0946-04

02 0.0

WATER 0.0
COMPONENTS: KG/HR

DDDA 0.0

ETHYLACE 1.3504405
1.6141+04

ADIPI-01 0.0

SUBER-01 0.0

SEBAC-01 0.0

N2 0.0
8.6689-03

02 0.0

WATER 0.0
TOTAL FLOW:

KMOL/HR 1532.6447
183.1977

KG/HR 1.3504405
1.6141+04

CUM/HR 165.1907
19.4442
STATE VARIABLES:

TEMP C 86.1327
76.9403

PRES  BAR 3.7562
3.0000

VFRAC 0.0

LFRAC 1.0000
1.0000

SFRAC 0.0
ENTHALPY :

KCAL/MOCL -111.9320
112.3705

KCAL/KG -1270.4197
1275.3983

GCAL/HR -171.5520
20.5860
ENTROPY :

CAL/MOL-K -109.4806
110.6880

CAL/GM-K -1.2426
1.2563
DENSITY:

MOL/CC 9.2780-03
9.4217-03

KG/CUM 817.4534
830.1133

-0.2059
LIQUID

0.0
1.8320

0.0
0.0
0.0
3.0846-

46-06

0.0
0.0

0.0
161.4085

0.0
0.0
0.0
689-

8.6689-05

0.0

0.0

1.8320
161.4086

0.1944

76.9403

3.0000

1.0000
-112.3705
=1275., 3083

-0.2059

-110.6880

-1.2563

9.4217-03

8301133

299

-20.3802
LIQUID

0.0
181.3654

0.0
0.0
0.0
3.0636-

36-04

1.5979+04

wooo

0
0
0
8

8.5823-03

0.0
0.0
181.3657

1. 597904

19.2497

76.9403

3.0000

1.0000
-112.3705
-1275.3983

-20.3802

-110.6880

=1.2563

9.4217-03

830.1133

-20.5878
LIQUID

0.0
183.1974
0.0
0.0
0.0
3.0946-04

0.0

0.0

0.0
1.6141+04
0.0
0.0
0.0
6

8.6689-03

0.0
0.0
183.1977

1.6141+04

19.4375

TowT3ER

1.0000

1.0000
-112.3804
-1275.5100

-20.5878

=1 10::70.55

-1.2566

9.4250-03

830.3971

oo



AVG MW
88.1062

SUBSTREAM: CISOLID

CCMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02
WATER

COMPCONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02
WATER

TOTAL FLOW:

KMOL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

STATE VARIABLES:

TEMP G
MISSING

PRES BAR

3.0000
VFRAC
MISSING
LFRAC
MISSING
SFRAC
MISSING
ENTHALPY:
KCAL/MOL
MISSING
KCAL/KG
MISSING
GCAL/HR
MISSING
ENTROPY :

CAL/MOL-K

MISSING
CAL/GM-K
MISSING
DENSITY:
MOL/CC
MISSING
KG/CUM
MISSING
AVG MW
MISSING

88.1063

STRUCTURE :

175.8756
0.0
102725
8.6243
7.4281
0.0
0.0
0.0
4.0505404
0.0
15023338
1502.3288
1502.3288
0.0
0.0
0.0

202.2079
4.5012+04
38.4445
86.1327
3.7562
0.0
0.0

1.0000

=280.8119
-1171.6506

=52.7382

-846.7665

-3.8039

5.2597-03
1170.8279

222.6021

88.1062 88.1062
CONVENTIONAL
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
00 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 Q.0
MISSING MISSING
3.0000 3.0000
MISSING MISSING
MISSING MISSING
MISSING MISSING
MISSING MISSING
MISSING MISSING
MISSING MISSING
MISSING MISSTNG
MISSING MISSING
MISSING MISSING
MISSING MISSING
MISSING MISSING
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88.1062

OO0 OO0 OoO OO
OO 00O OO0 0O

(= o I o oo B o B o Bl B o
C OO0 O0OO0O000O

o oo
o OO

MISSING

1.0000

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING

MISSING
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STREAM ID 52

FROM : Bl
TO ¥ B3
CLASS: HEAT

STREAM ATTRIBUTES:

HEAT

0 GCAL/HR 0. 0235
TBEG C 70.0000
TEND C 70.0000

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER

1
STREAM ID i
FROM : ===
TO x Bl
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.8994+04
GCAL/HR -24.0580
SUBSTREAM: MIXED
PHASE: MIXED
COMPONENTS: KMOL/HR
DDDA 9.2566
ETHYLACE 188.6868
ADIPI-O01 0.5410
SUBER-01 0.4539
SEBAC-01 0.3909
N2 0.0
0z 0.0
WATER 0.0
COMPCNENTS: KG/HR
DDDA 2131.8400
ETHYLACE 1.6625+404
ADIPI-01 79.0690
SUBER-01 79.06%90
SEBAC-01 79.06%90
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 199.3293
KG/HR 1.8994+04

-0.4052
86.0000
92.8832

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4,0000-04
4.5000-04
5.0000-04

301

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



CUM/HR

STATE VARIABLES:

TEMP o
PRES
VFRAC
LFRAC
SFRAC
ENTHALPY :

KCAL/MOL

KCAL/KG
GCAL/HR
ENTROPY :

CAL/MOL-K
CAL/GM=-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR PSD

BAR

TY

21.8184

70.0000
3.0000
0.0
0.9466

5.3392-02

-120.6947
-1266.6404
-24.0580

=158 3162
-1 .5859

9. 1358=03
870.5280
9552873

PE: PSD

INTERVAL
1

O W -doh Wi

=

STREAM ID
FRCOM :
TO :
CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

b W NN = EW;

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02
WATER

COMPONENTS :

DDDA
ETHYLACE
ADIPI-01

KMOL/HR

KG/HR

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

3
Bl
B2

MIXCISLD

1.8994+04
-24.0580

LIQUID

@
on
@

OO0 OO0 C O ®o
O OO O OO

0.0
1.6625+04
0.0

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
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SURER-01 0.0

SEBAC-01 0.0

N2 0.0

02 0.0

WATER 0.0
TOTAL FLOW:

KMOL/HR 188.6868

KG/HR 1.6625+04

CUM/HR 19.8033
STATE VARIABLES:

TEMP C 70.0000

PRES  BAR 3.0000

VFRAC 0.0

LFRAC 1.0000

SFRAC 0.0
ENTHALPY :

KCAL/MOL -112.6957

KCAL/KG -1279.0876

GCAL/HR -21.2642
ENTROPY :

CAL/MOL-K -111.6061

CAL/GM-K -1.2667
DENSITY:

MOL/CC 9.5281-03

KG/CUM 839.4815
AVG MW 88.1063
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR

DDDA 9.2566

ETHYLACE 0.0

ADIPI-01 0.5410

SURER-01 0.4539

SEBAC-01 0.3909

N2 0.0

02 0.0

WATER 0.0
COMPONENTS: KG/HR

DDDA 2131.8400

ETHYLACE 0.0

ADIPI-01 79.0690

SUBER-01 79.0690

SEBAC-01 79.0690

N2 0.0

02 0.0

WATER 0.0
TOTAL FLOW:

KMOL/HR 10.6425

KG/HR 2369.0470

CUM/HR 2.0151
STATE VARIABLES:

TEMP C 70.0000

PRES  BAR 3.0000

VFRAC 0.0

LFRAC 0.0

SFRAC 1.0000
ENTHALPY:

KCAL/MOL -262.5134

KCAL/KG -1179.2937

GCAL/HR -2.7938
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ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR PSD

-851.6117
=3, B287

5.2813-03
1175.6308
222.6022

TYPE: PSD

INTERVAL
1

O WO -1 Wk

=

STREAM ID
FRCM

TO

CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

Bl W WP =W,

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPCNENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMCL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

STATE VARIABLES:

TEMP C

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

4
B2
B3

MIXCISLD

2.0457+05
-254.4672

LIQUID

0.
1784.

o
OO O O OO OO
<3
=
S

OO OO0

1.5719+05

OO C OO0 OO
OO o OO

1784.0714
1:5719405
194.5494

92.8832

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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PRES BAR 3.0000
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0
ENTHALPY :
KCAL/MOL =111.6036
KCAL/KG -1266.6922
GCAL/HR -199.1088
ENTRCPY :
CAL/MOL-K =-108.5980
CAL/GM-K -1.2326
DENSITY:
MOL/CC 9.1703-03
KG/CUM 807.9590
AVG MW 88.1063
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPCNENTS: KMOL/HR
DDDA 185.1322
ETHYLACE 0.0
ADIPI-01 10.8209
SUBER-01 9.0782
SEBAC-01 7.8190
N2 Q.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 4.2637+04
ETHYLACE 0.0
ADIPI-01 1581.4028
SUBER-01 1581.3978
SEBAC-01 1581.3978
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 212.8504
KG/HR 4.7381404
CUM/HR 40.5375
STATE VARIABLES:
TEMP C 92.8832
PRES BAR 3.0000
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL -260.0813
KCAL/KG -1168.3685
GCAL/HR -55.3584
ENTROPY :
CAL/MOL-K -844.7519
CAL/GM-K -3.7949
DENSITY:
MOL/CC 5.2507-03
KG/CUM 1168.8181
AVG MW 222.6021

SUBSTREAM ATTR PSD TYPE: PSD
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INTERVAL LOWER LIMIT

1 0.0
2 5.0000=05
3 1.0000-04
4 1.5000-04
5 2.0000-04
] 2.5000-04
7 3.0000-04
8 3.5000-04
9 4,0000-04
10 4.5000-04
STREAM ID
FROM
TO 3
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
0z
WATER

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

5

B3

B9
MIXCISLD

1.5045+04
-17.8301

VAPOR

o
=
=

COOC O OO0
COO o OO0

1.5045+04

[=NeNollelellellelle]

[a B e B eo B o S o

170.7611
1.5045+04
3796.7486

86.0000
.3430
.0000
.0
.0

oo RF F o

-104.4156
-1185.1093
=1 7=8301

-88.5519
-1.0051

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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DENSITY:
MOL/CC
KG/CUM

AVG MW

4.4976-05
3.9626
88.1063

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL

O W -da s W

e

STREAM ID
FROM :
TO -
CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

b W W NN =W,

CONV. MAX. REL. ERR:
TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02
WATER

COMPCNENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02

WATER

TOTAL FLOW:

KMCL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

STATE VARIABLES:

TEMP C

PRES BAR

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

6

B3

B4
MIXCISLD

=7.6014-07

1.8952+05
-236.1083

LIQUID
0.0

1613.3103
0.

[= N e Nelee
OO o000

1.4214405

OO OO CONO

(ol B e BN B o ]

1613.3103
1.4214+05
173.8456

86.0000
1.3430

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

KG/HR

KMOL/HR

o o

.0
.0000
0

=111.9384
-1270.4924
-180.5914

-102.4980
-1.2428

9.2801-03
817.6384
88.1063

STRUCTURE: CONVENTICNAL

185.1322
0.0
10.8209
9.0782
7.8180
0.0
0.0
0.0
4.2637+04
0.0
1581.4040
1581.3987
1581..3987
0.0
0.0
0.0

212.8504
4.7381+04
40.4665

.0000
.3430
.0
.0
.0000

8

O o ;g

-260.8261
=LITE 7146
-55.5169

-846.8062
-3.8041

2239903
1170.8674
222.6021

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL

LOWER LIMIT

UPPER
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1 0.0
2 5.0000-05
3 1.0000-04
4 1.5000-04
5 2.0000-04
6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
b
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM=-K
DENSITY:

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

7
B4
B5
MIXCISLD

1.8952+05
-236.0950

LIQUID
0.

1613.
0.

—
o
(3]

OO0 C oo
OO OCOOoOO Wo

1.4214+405

[=NeNelellellelbiEel

o OoOoo O

1613.3103
1.4214+05
173.8849
86.1327
.7562
.0
.0000
.0

o O Wwo

-111.9320
-1270.4197
-180.5810

-109.4806
-1.2426

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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MOL/CC
KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPCNENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP G
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY :
MOL/CC
KG/CUM
AVG MW

KG/HR

SUBSTREAM ATTR PSD TY

9.2780-03
817.4534
88.1063

STRUCTURE: CONVENTIONAL

185.1322
0.0
10.8209
9.0782
7.8180
0.0
0.0
0.0
4.2637+04
0.0
1581.4040
1581.3987
1581.3987
0.0
0.0
0.0

212.8504
4.7381+04
40.4679
86.1327
.7562
.0
.0
.0000

O o Wwo

-260.8119
-1171.6506
=55.5139

-846
~3

.7665
.8039

5-2597-03
1170.. 8279
222.6021

PE: ESD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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STREAM ID 8

FROM : BS
TO £ B7
CLASS: MIXCISLD
TOTAL STREAM:

KG/HR 9476.1886

GCAL/HR -11.8047
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR

DDDA 0.0

ETHYLACE 80.6655

ADIPI-O01 0.0

SUBER-01 0.0

SEBAC=-01 Bl

N2 0.0

02 0.0

WATER 0.0
COMPONENTS: KG/HR

DDDA 0.0

ETHYLACE 7107.1415

ADIPI-01 0.0

SUBER-01 0.0

SERAC-01 0.0

N2 0.0

02 0.0

WATER 0.0
TOTAL FLOW:

KMOL/HR 80.6655

KG/HR 7107.1415

CUM/HR 8.6942
STATE VARIABLES:

TEMP C 86.1327

PRES BAR 3.7562

VEFRAC 0.0

LFRAC 1.0000

SFRAC 0.0
ENTHALPY :

KCAL/MOL -111.9320

KCAL/KG -1270.4197

GCAL/HR -9.0291
ENTROPY :

CAL/MOL-K -109.4806

CAL/GM-K -1.2426
DENSITY:

MOL/CC 9.2780-03

KG/CUM 817.4534
AVG MW 88.1063
SUBSTREAM: CISQLID STRUCTURE: CONVENTIONAL
COMPCNENTS: EMOL/HR

DDDA 9.2566

ETHYLACE 0.0

ADIPI-01 0.5410

SUBER-01 0.4539

SEBAC-01 0.3910
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N2
0z
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIAB
TEMP G
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD TYPE:

KG/HR

LES:

c OO
o O O

2131.8371

79
75
79

.0702
.0699
.0699

.6425
2369.0472
2.0234

«1327
.7562
.0
0
.0000

H OO WwWonh

-260
-1171
-2

» 8118
.6506
W o

-846
=3

.7665
.8039

52597083
1170.8279
222.6021

PSD

INTERVAL
1

O Wo WU s N

=

STREAM ID
FRCM

TO

CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

= WP =,

TOTAL STREAM:

KG/HR
GCAL/HR

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

9
BS
B6

MIXCISLD

1.8005+05
-224.2902

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

312

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



SUBSTREAM: MIXED
PHASE:
COMPCONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP (o
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTRCPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
NZ
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-O01
SUBER-01
SEBAC-01
N2
0z

LIQUID

0

1532,

0

1.3

1552
1.35
165

8

O HFH O WO

=T1X
-1270
=170

-109
=1

9.27
817
88

STRUCTURE :

175
0

8
7
0
0
0

4.05
0
1502
1502
1502
0
0

OO oo

o CocCOoOCOoOu o

-0

6447
.0

0

0

0

0

0

.0
04+05
.0

O OO0

L6447
04405
L1807

AL
.7562
.0
.0000
.0

.9320
.4197
.5520

.4806
.2426

80-03
.4534
.1063

.8756
.0
L2799
.6243
.4281
.0
.0
.0

05+04
.0
.3338
.3288
.3288
.0
.0

CONVENTIONAL
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WATER 0.0
TOTAL FLOW:

KMOL/HR 202.2079

KG/HR 4.5012+04

CUM/HR 38.4445
STATE VARIABLES:

TEMP C 86.1327

PRES BAR 3l 5E2

VFRAC 0.0

LFRAC 0.0

SFRAC 1.0000
ENTHALPY :

KCAL/MOL -260.8119

KCAL/KG -1171.6506

GCAL/HR -52.7382
ENTROPY :

CAL/MOL-K -846.7665

CAL/GM-K -3.8039
DENSITY:

MOL/CC 5.2597=03

KG/CUM 1170.8279
AVG MW 222.6021
SUBSTREAM ATTR PSD TYPE: PSD

314

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

INTERVAL LOWER LIMIT UPPER LIMIT
1 0.0 METER 5.0000-05
2 5.0000-05 METER 1.0000-04
3 1.0000-04 METER 1.5000-04
4 1.5000-04 METER 2.0000-04
5 2.0000-04 METER 2.5000-04
6 2.5000-04 METER 3.0000-04
7 3.0000-04 METER 3.5000-04
8 3.5000-04 METER 4,0000-04
9 4.0000-04 METER 4.5000-04
10 4.5000-04 METER 5.0000-04
10
STREAM ID 10
FROM : B6
TO 2 B2
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.8005+05
GCAL/HR -223.3866
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 1532.6447
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0



COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:

MOL/CC
KG/CUM
AVG MW

KG/HR

SUBSTREAM: CISOLID
CCMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLCW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

KG/HR

KMOL/HR

1.3504+05

[=NeNelleleloR0 Nl
oSO O OO

1532.6447
1.3504+05
167.8986

95.4729
3.7562
0.0
1.0000
0

.0

a1 I
-1265
~170

.4761
.2458
.8533

-108
-1

.2618
.2288

9.1284-03
804.2694
88.1063

STRUCTURE:

175.8756
0.0
10.27¢9
8.6243
7.4281
0.0
0.0
0.0

4.0505+04
0.0
1502.3338
1502.3288
1502.3288
0.0
0.0
0.0

202.2079
4.5012+04
38.5360

95.4729
3.7562
0.0
0.0
1.0000

CONVENTICNAL
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ENTHALPY :

KCAL/MOL =25 T8
KCAL/KG -1167.0964
GCAL/HR -52.5332
ENTROPY :
CAL/MOL-K -843.9810
CAL/GM-K =3 1914
DENSITY:
MOL/CC 5.2472-03
KG/CUM 1168.0470
AVG MW 222.6021
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT UPPER LIMIT
1 0.0 METER 5.0000-05 METER
2 5.0000-05 METER 1.0000-04 METER
3 1.0000-04 METER 1.5000-04 METER
4 1.5000-04 METER 2.0000-04 METER
2 2.0000-04 METER 2.5000-04 METER
6 2.5000-04 METER 3.0000-04 METER
7 3.0000-04 METER 3.5000-04 METER
8 3.5000-04 METER 4.0000-04 METER
9 4.0000-04 METER 4.5000-04 METER
10 4.5000-04 METER 5.0000-04 METER
11
STREAM ID 11
FROM : B7
TO : B8
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR S5527. 7767
GCAL/HR -7.0226
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 62.7398
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 5527.7787
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 62.7398
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KG/HR 552717187

CUM/HR 6.7622
STATE VARIABLES:

TEMP C 86.1327

PRES  BAR 3.7562

VFRAC 0.0

LFRAC 1.0000

SFRAC 0.0
ENTHALPY:

KCAL/MOL -111.9320

KCAL/KG -1270.4197

GCAL/HR -7.0226
ENTROPY :

CAL/MOL-K -109.4806

CAL/GM-K -1.2426
DENSITY:

MOL/CC 9.2780-03

KG/CUM 817.4534
AVG MW 88.1063

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4,5000-04 METER

12

STREAM ID 12

FROM : B8

TO x B2
CLASS: MIXCISLD

CONV. MAX. REL. ERR: -7.7068-11
TOTAL STREAM:
KG/HR SELTT 76T
GCAL/HR -7.0226
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA
ETHYLACE 6
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR

[o%)
{Xe]
[e=]

O OCOoONO
COOCOO0OoO--JOo

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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DDDA 0.0
ETHYLACE 55270187
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
TOTAL FLOW:
KMCL/HR 62.7398
KG/HR 58201187
CUM/HR 6.7621
STATE VARIABLES:
TEMP c 86.1263
PRES BAR 3.4264
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0
ENTHALPY :
KCAL/MOL -111.9323
KCAL/KG -1270.4232
GCAL/HR -7.0226
ENTROPY :
CAL/MOL-K -109.4814
CAL/GM-K -1.2426
DENSITY:
MOL/CC 9.2781-03
KG/CUM 817.4624
AVG MW 88.1063
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
STREAM 1D 13
FRCM : B7
TO B13
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 3948.4119
GCAL/HR -4.7822
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0

UPPER LIMIT
5.0000-0% METER
1.0000-04 METER
1.5000-04 METER
2.0000-04 METER
2.5000-04 METER
3.0000-04 METER
3.5000-04 METER
4.0000-04 METER
4.5000-04 METER
5.0000-04 METER
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ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02

WATER

CCMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

0z
WATER

TOTAL FLOW:

KMOL/HR
KG/HR
CUM/HR

KG/HR

STATE VARIABLES:

TEMP C
PRES
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :

CAL/MOL-K

CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

BAR

SUBSTREAM: CISOLID

CCMPONENTS :

DDDA
ETHYLACE
ADIPI-O01
SUBER-01
SEBAC-01
N2

0z

WATER

COMPONENTS :

CDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

0z

WATER

TOTAL FLOW:

KMOL/HR
KG/HR

KMOL/HR

KG/HR

OO OO
COOOoCOOoOWw

1579.

[=Nelele el
COO0OO0OOO0OWwo

1.7:::9257
1579.3648
1..9321

1327
.7562
50
.0000
.0

OO Wwo

=-111,9320
-1270.4197
-2.00865

-109.4806
-1.2426

9.2780-03
817.4534
88.1063

STRUCTURE :

.2566
.0
.5410
4539
.3910
.0
.0
.0

OO OO0 COOoOw

2131.8371
79.0702
190698
79.0699

10.6425
2369.0472

CONVENTIONAL
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CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM=-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

2.0234

1327
e T
.0
.0
.0000

H OO WwWon

-260.8119
-1171.6506
-2.7757

-B846.7665
-3.8039

5.2597-03
1170.8279
222.6021

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
14
STREAM ID 14
FROM : B9
TO ¥ e
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.5045
GCAL/HR -1.7830-03
SUBSTREAM: MIXED
PHASE: VAPOR
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 1.7076-02
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 1.5045
ADIPI-01 0.0

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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SUBER-01

SEBAC-01

N2

02

WATER
TOTAL FLOW:

KMOL/HR

KG/HR

CUM/HR

STATE VARIABLES:

TEMP C
PRES
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR PSD

BAR

It

oo C oo
(el o B o Y B ]

1.7076-02
1.5045
0.3797

.0000
.3430
.0000
.0
0

O HFO

-104.4156
=I1g5+:1093
-1.7830-03

=B88.5519
-1.0051

4.4976-05
3.9626
88.1063

PE: BSD

INTERVAL

O W W Wk

oy

15

STREAM ID
FRCM :
TO %
CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

B W W NN =W

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01

KMOL/HR

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

15

BY

B10
MIXCISLD

1.5044+04
=18:1128

LIQUID

0.0
170.7441

0.0

0.0

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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SEBAC-01

N2

02

WATER
COMPONENTS :

DDDA

ETHYLACE

ADIPI-01

SUBER-01

SEBAC-01

N2

02

WATER
TOTAL FLOW:

KMOL/HR

KG/HR

CUM/HR

KG/HR

STATE VARIABLES:

TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD

Y

[=N Nl
o o OO

1.5044+404

[eNeRelelleleNole]
OO OO0

170.7441
1.5044+04
18.3989
86.0000
1.3430
0.0
1.0000
0.0

-111.9384
-1270.4924
-19.1128

-109.4980
-1.2428

9.2801-03
817.6384
88.1063

PE: PSD

INTERVAL

O W -1 WU Wb

—

16

STREAM ID
FROM

TO

CLASS:

Bl WwwNNDE 2O,

TOTAL STREAM:

KG/HR

0.0

.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

LOWER LIMIT

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

16
B10O

MIXCISLD

480.2170

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4,5000-04
5.0000-04
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GCAL/HR -0.5702
SUBSTREAM: MIXED
PHASE: VAPOR
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 5.4463
ADIPI-O01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 1.3118-02
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 479.8495
ADIPI-O01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.3675
0z 0.0
WATER 0.0
TOTAL FLOW:
KMCL/HR 5.4594
KG/HR 480.2170
CUM/HR 158.8149
STATE VARIABLES:
TEMP C 76.7317
PRES BAR 1.0000
VFRAC 1.0000
LFRAC 0.0
SFRAC 0.0
ENTHALPY :
KCAL/MOL -104.4424
KCAL/KG =1187.3596
GCAL/HR -0.5702
ENTROPY :
CAL/MOL-K -88.5044
CAL/GM-K -1.0062
DENSITY:
MOL/CC 3.4376-05
KG/CUM 3.0238
AVG MW 87.9619
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
I

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

323

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



STREAM ID
FROM

TO

CLASS:

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
CCMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

STATE VARIABLES:

TEMP C
FRES
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :

CAL/MOL-K

CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

SUBSTREAM ATTR PSD

BAR

LY

17
EARECPMP
MIXCISLD

1.8692+04
-23.8416

LIQUID

0.0
212.1505
0.0
0.0
0.0
3.6023-04
0.0
0.0

0.0
1.8692+04
0.0
0.0
0.0
1.0091-02
0.0
0.0

212...1509
1.8692+04
22.5085

¢1313
.0000
.0
.0000
.0

o - O oo

~11:2
-1275
=23

.3804
=010
.8416

-110
-1

- 1155
.2566

9.4250-03
830.3976
88.1062

PE: PSD

INTERVAL
1

W Wb

LOWER LI
0.0
5.0000-05
1.0000-04
1.5000-04
2.0000-04

MIT
METER
METER
METER
METER
METER

UPPER LIMIT
5.0000-05 METER
1.0000-04 METER
1.5000-04 METER
2.0000-04 METER
2.5000-04 METER
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.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

O W -1
oW ow N

18

STREAM ID

FROM

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

COMPCONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES  BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

METER
METER
METER
METER
METER

18

EARECPMP

MIXCISLD

1.8692+04
«23:8392

LIQUID

0.0
212.1505
0.0
050
0.0
3.6023-04
0.0
0.0

0.0
1.8692+04
0.0
0.0
0.0
1.0091-02
0.0
0.0

212 . 1509
1.8692+04
22.5185

9752
.4264
.0
.0000
.0

O PO WO,

-112.3689
=12795.3796
-23.83892

-110.6834
-1.2562

9.4212-03
830.0657
88.1062

SUBSTREAM ATTR PSD TYPE: PSD

3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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INTERVAL LOWER LIMIT

ik 0.0
2 5.0000-05
3 1.0000-04
= 1.5000-04
5 2.0000-04
6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
19
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPCNENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLCW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP &
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

19

B12
MIXCISLD

3.3250
.1283-06

VAPOR

OO0 OO OO0
ODOoORROO0OO0OO

OO WO OoOOoOOoOo
OO WO OoOOoOOoO

o

18T
3.3250
1.698%0
20.0000
1.7027
1.0000
0
0

.0
.0

-3.4782-02

-1.2416
.1283-06

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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CAL/MOL-K —1.1484
CAL/GM-K -4.0996-02
DENSITY:
MOL/CC 6.9860-05
KG/CUM 1.9570
AVG MW 28.0135
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
20
STREAM ID 20
FROM : B12
TO B13
CLASS: MIXCISLD
CONV. MAX. REL. ERR: 1.7447-05
TOTAL STREAM:
KG/HR S0=5287
GCAL/HR -2.4716-02
SUBSTREAM: MIXED
PHASE: VAPOR
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 0.2346
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 1.0659
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 20.6669
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 29.8598
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 13005
KG/HR 50.5267
CUM/HR 31.7214

STATE VARIABLES:

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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TEMP c 38.4936
PRES BAR 1.0623
VFRAC 1.0000
LFRAC 0.0
SFRAC 0.0
ENTHALPY :
KCAL/MCL =19.0056
KCAL/KG -489.1741
GCAL/HR -2.4716-02
ENTROPY :
CAL/MOL-K =15.5185
CAL/GM-K -0.3994
DENSITY:
MOL/CC 4.0997-05
KG/CUM 1.5928
AVG MW 38.8525
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
21
STREAM ID 21
FROM B13
TO Bl4
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1629.8915
GCAL/HR i L
SUBSTREAM: MIXED
PHASE: VAPOR
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 18.1602
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 1.0659
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 1600.0317
ADIPI-O01 0.0
SUBER-01 0.0
SEBAC-01 0.0

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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N2
o)
WATER

TOTAL FLOW:

KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:

TEMP C
PRES
VFRAC
LFRAC
SFRAC
ENTHALPY :

KCAL/MOL

KCAL/KG
GCAL/HR
ENTROPY :

CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR PSD

BAR

TYPE:

29.8598

19.2261
1629.8915
620.4676

115.0000
1.0000
1.0000
0.0
0.0
-97.7359
-1152.8897
-1.8751

-80.2691
-0.9469

3.0987-05
2.6269
84.7747

PSD

INTERVAL
1

O W~ W W

—

22

STREAM ID
FROM :

TO

CLASS:

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

= W W =W,

TOTAL STREAM:

KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

KMOL/HR

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

22
B14
B1O

MIXCISLD

1577.4442
-2.0452

LIQUID

0.0
17.899%6
0.0
0.0
0.0
1.3428-02

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 1577.0680
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.3762
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 179130
KG/HR 1577.4442
CUM/HR L83
STATE VARIABLES:
TEMP c 35.0000
PRES BAR 1.0000
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0
ENTHALPY :
KCAL/MOL -114.1738
KCAL/KG -1296.5269
GCAL/HR -2.0452
ENTROPY :
CAL/MOL-K -116.2492
CAL/GM-K =1 .,3201
DENSITY:
MOL/CC 1.0042-02
KG/CUM 884.3424
AVG MW 88.0613
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT UPPER LIMIT
1 0.0 METER 5.0000-05 METER
2 5.0000-05 METER 1.0000-04 METER
3 1.0000-04 METER 1.5000-04 METER
i 1.5000-04 METER 2.0000-04 METER
5 2.0000-04 METER 2.5000-04 METER
6 2.5000-04 METER 3.0000-04 METER
7 3.0000-04 METER 3.5000-04 METER
8 3.5000-04 METER 4.0000-04 METER
9 4.0000-04 METER 4.5000-04 METER
10 4.5000-04 METER 5.0000-04 METER
23
STREAM ID 23
FRCOM : B14
TO B15
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 52.4473
GCAL/HR -2.7526-02

SUBSTREAM: MIXED
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PHASE:

COMPONENTS :

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02

WATER

CCMPCNENTS :

DDDA
ETHYLACE
ADIPI-O01
SUBER-01
SEBAC-01
N2

02
WATER

TOTAL FLOW:

KMOL/HR
KG/HR
CUM/HR

KMOL/HR

KG/HR

STATE VARIABLES:

TEMP c
PRES
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :

CAL/MOL-K

CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

SUBSTREAM ATTR PSD TYPE:

BAR

VAPOR

OO PrPr QO OoOOoOCO
(=]

A%

8]
COoOWwWOoOoOOoOMNO

i o
52.4473
33.6428
35.0000
1.0000
1.0000
0.0
0.0

-20.9626
-524.8374
-2.7526-02

wilfald 53
-0.4293

3.9031-05
1.5589
39.9411

PSD

INTERVAL
1
2
3
4
5
6
7
8
9
10
24

= s W W NN P W

0.0

.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

LOWER LIMIT

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

UPPER LIMIT
5.0000-05 METER
1.0000-04 METER
1.5000-04 METER
2.0000-04 METER
2.5000-04 METER
3.0000-04 METER
3.5000-04 METER
4.0000-04 METER
4.5000-04 METER
5.0000-04 METER
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STREAM ID

FROM

TO

CLASS:

TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED

PHASE:

COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

TOTAL FLOW:
KMCOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR FSD TY

INTERVAL LOWER LI
1 0.0
2 5.0000-05
3 1.0000-04
4 1.5000-04
5 2.0000-04
6 2.5000-04
7 3.0000-04

MIXCISLD

5.2447
-2.7526-03

VAPOR

o .
O O ds O
|
o
3]

o

.1052

[=NeolleBeleleleNe]

cooNMNOoODOCNOC
(=]

(=]

i NS
5.2447
3.3643

5.0000
1.0000
1.0000
0.0
0.0

-20.9626
-524.8374
=2.752b=03

-17.1453
-0.4293

3.9031-05
1.5589
39.9411

PE: PSD

MIT
METER
METER
METER
METER
METER
METER
METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
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METER
METER
METER
METER
METER
METER
METER



8 3.5000-04
9 4.0000-04
10 4.5000-04

25

STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPCNENTS: KMOL/HR

DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

02

WATER

COMPONENTS: KG/HR

DODDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2

o)

WATER
TOTAL FLOW:
KMOL/HR

KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

METER
METER
METER

25

B15

B27
MIXCISLD

47.2026
-2.4774-02

VAPOR

C OO OoOCoC OO0
(=]

(3]
QOO COOo
<

3%

1.1818
47.2026
30.2786

.0000
.0000
.0000
)
.0

(=Nl S

-20.9626
-524.,8374
-2.4774-02

-17.1453
-0.4293

3.9031-05
1.5589
39.9411

SUBSTREAM ATTR PSD TYPE: PSD

4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER



INTERVAL LOWER LIMIT

1 0.0
2 5.00080=05
3 1.0000-04
4 1.5000-04
5 2.0000-04
] 2.5000-04
7 3.0000-04
8 3.5000-04
9 4,0000-04
10 4.5000-04

26

STREAM ID

FROM

TO 3

CLASS:

TOTAL STREAM:

KG/HR
GCAL/HR
SUBSTREAM: MIXED
PHASE:

COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER

COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
0z
WATER

TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR

ENTROPY :
CAL/MOL-K
CAL/GM-K

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

26
B27
B12

MIXCISLD

47.2026
-2.4713-02

VAPOR

CO O COOOO
[

3]

48]
(=N eNoNeRellellelle]
(=]

1.1818
47.2026
28.9344

9.6578
1.0623
1.0000
0.0
0.0

-20.9109
-523.5449
=2:471 3=02

-17.0990
-0.4281

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

334

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM AT

INTERVAL

O W -da s W

e

2T

STREAM ID

FROM :

TO -

CLASS:

TOTAL STREAM
KG/HR
GCAL/HR

SUBSTREAM: C
COMPONENTS :
DDDA
ETHYLACE
ADIPI-O01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS :
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
0z
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIAB
TEMP (&
PRES BAR
VFRAC
LFRAC

4.0844-05

Eu
39,

6314
9411

TR PSD TYPE: PESD

LOWER LIMIT

0.0 METER

b W W NN =W,

27

B13
B18
MIXCISLD

2369.
=2

ISOLID STRUCTURE:

KMOL/HR

QOO O OOOWw

KG/HR
2131

79
79
79

LES:

0

.0000-05 METER
.0000-04 METER
.5000-04 METER
.0000-04 METER
.5000-04 METER
.0000-04 METER
.5000-04 METER
.0000-04 METER
.5000-04 METER

0472
7416

.2566
.0
.5410
.4539
.3910
.0
.0
.0

B3
.0702

.0699
.0699

.6425

0472

.0384

0000

.0000

.0

UPPER LIMIT

5.0000-05 METER
1.0000-04 METER
1.5000-04 METER
2.0000-04 METER
2.5000-04 METER
3.0000-04 METER
3.5000-04 METER
4.0000-04 METER
4.5000-04 METER
5.0000-04 METER
CONVENTIONAL
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SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD TY

INTERVAL LOWER LI
1 0.0
2 5.0000-05
3 1.0000-04
4 1.5000-04
5] 2.0000-04
6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
28
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:

1.0000

-257.6120
“1157.2757
-2.7416

-838.2033
=3..7655

5.2211-03
1162.2332
222.6021

PE: ESD

MIT
METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

28

B18

BlO
MIXCISLD

4342 .7442
-4.9261

SOLID

OO O C OO C -]
OO OO OOO®

4105.5341

[oNelsNelele Nl
COoOOoCOoOOoooOow;m

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



KMOL/HR 17.8266

KG/HR 4105.5341

CUM/HR 3.5791
STATE VARIABLES:

TEMP C 135.0000

PRES BAR 140133

VFRAC 0.0

LFRAC 0.0

SFRAC 1.0000
ENTHALPY :

KCAL/MOL =257+ 7385

KCAL/KG -1119.3385

GCAL/HR -4 .5955
ENTROPY :

CAL/MOL-K -870.8997

CAL/GM-K -3.7815
DENSITY:

MOL/CC 4.9807-03

KG/CUM 1147.0777
AVG MW 230.3043
SUBSTREAM: CISOLID STRUCTURE: CONVENTIONAL
COMPONENTS: KMOL/HR

DDDA 0.0

ETHYLACE 0.0

ADIPI-01 0.5410

SUBER-01 0.4539

SEBAC-01 0.3910

N2 0.0

02 0.0

WATER 0.0
COMPONENTS: KG/HR

DDDA 0.0

ETHYLACE 0.0

ADIPI-01 79.0702

SUBER-01 79.0699

SEBAC-01 79.0699

N2 0.0

02 0.0

WATER 0.0
TOTAL FLOW:

KMCL/HR 1.3859

KG/HR 237.2101

CUM/HR 0.1904
STATE VARIABLES:

TEMP C 135.0000

PRES BAR L0133

VFRAC 0.0

LFRAC 0.0

SFRAC 1.0000
ENTHALPY:

KCAL/MOL -238.5366

KCAL/KG =1393:6393

GCAL/HR -0.3306
ENTROPY :

CAL/MOL-K -574.8655

CAL/GM-K -3.3587
DENSITY:

MOL/CC 7.2804-03

KG/CUM 1246.1054
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AVG MW

1711585

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5H 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
29
STREAM ID 29
FROM : B19
TO B20
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 4342 .7442
GCAL/HR -4.9256
SUBSTREAM: MIXED
PHASE: SOLID
COMPONENTS: KMOL/HR
DDDA 17.8266
ETHYLACE 0.0
ADIPI-01 U0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 4105.5341

ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
0z
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP &
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL

OC OO C OO
OCOOoOOCcCOoOoOW;m

17.8266
4105.5341
3:.57853
135.2144
2.7369
.0000

=257..7619

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



KCAL/KG

GCAL/HR
ENTROPY :

CAL/MOL-K

CAL/GM-K
DENSITY:

MOL/CC

KG/CUM
AVG MW

SUBSTREAM: CISOLID
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
FRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD TY

-1119.2234

-4.5950

-870.8347
-3.7812

4.9804-03
1147.0135
230.3043

STRUCTURE :

.0
.0
.5410
.4539
53910

COCoCOoOCOoOoOC

79
79
79

.0702
.0699
.06%9

L.3859
«2101
0.1904

135.2144
2w 1369

.0

.0

.0000

oo

-238
-1393
-0

.5181
=5513
.3306

-574
-3

.8242
.3584

7.2801-03
1246.0458
1711585

PE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER

CONVENTICNAL

UPPER LIMIT

5.0000-05 METER
1.0000-04 METER
1.5000-04 METER
2.0000-04 METER
2.5000-04 METER
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6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
30
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES  BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

METER
METER
METER
METER
METER

30
B20
B21

MIXCISLD

3947.3941
-4.4180

SOLID

299

COC OO OO -]

1
0
0
0
.0
0
0
0

3947.3941

3
0
0
.0
0
0
0
0

OO0 C OO0

17.13959
3947.3941
3.4415

135.2144
2+ 1059

.0

.0

.0000

B oo

=257.. 7619
=1.1189,.2234
-4.4180

-870.8347
=382

4.9804-03
1147.0135
230.3043

SUBSTREAM ATTR PSD TYPE: PSD

3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

340

METER
METER
METER
METER
METER



INTERVAL LOWER LIMIT

ik 0.0
2 5.0000-05
3 1.0000-04
= 1.5000-04
5 2.0000-04
6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
31
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPCNENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLCW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP &
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

MIXCISLD

395.3501
-0.5076

SOLID

OO0 OO OO0

6
0
0
.0
0
0
0
0

=
i
fes]

400

(=N eNeleRNolle Nl
OO0 O OO OF

0.6867
158.1400
01379

135.2144
2.7369
.0000
=257=7619

-1119.2234
-0.1770

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



CAL/MOL-K -870.8347
CAL/GM-K -3.7812
DENSITY:
MOL/CC 4.9804-03
KG/CUM 1147.0135
AVG MW 230.3043
SUBSTREAM: CISOLID STRUCTURE :
COMPCONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 0.0
ADIPI-01 0.5410
SUBER-01 0.4539
SEBAC-01 0.3910
NZ 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 0.0
ADIPI-01 79.0702
SUBER-01 79.0699
SEBAC-01 79.0699
N2 Q%0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 1.3859
KG/HR 2372101
CUM/HR 0.1904
STATE VARIABLES:
TEMP C 135.2144
PRES BAR 2.7369
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL -238.5181
KCAL/KG =1393,. 5513
GCAL/HR -0.3306
ENTROPY :
CAL/MOL-K -574.8242
CAL/GM-K -3.3584
DENSITY:
MOL/CC 7.2801-03
KG/CUM 1246.0458
AVG MW 1711585
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER

CONVENTIONAL

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04

342

METER
METER
METER
METER
METER
METER
METER
METER



9 4.0000-04
10 4.5000-04

32

STREAM ID

FROM

TO

CLASS:

TOTAL STREAM:
KG/HR

METER
METER

32
B21

MIXCISLD

0.0

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
S 2.0000-04 METER
[ 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
33
STREAM ID 33
FROM B21
TO B22
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 3947.3941
GCAL/HR -4.4180
SUBSTREAM: MIXED
PHASE: SOLID
COMPONENTS: KMOL/HR
DDDA 17.1399
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 3547.3941
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 Qi:0
WATER 0.0

4.5000-04
5.0000-04

METER
METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



TOTAL FLOW:
KEMOCL/HR
KG/HR
CUM/HR

STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC

ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR

ENTRCPY:
CAL/MOL-K
CAL/GM-K

DENSITY:
MOL/CC
KG/CUM

AVG MW

SUBSTREAM ATTR PSD

171399
3847.3941
3.4415

135.2144
2.7369
0.0
0.0
1.0000
-257.7619

-1119.2234
-4.4180

-870.8347
=3.7812

4.9804-03
1147.0135
230.3043

TYPE: PSD

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

INTERVAL LOWER LIMIT UPPER LIMIT
1 0.0 METER 5.0000-05
2 5.0000-05 METER 1.0000-04
3 1.0000-04 METER 1.5000-04
4 1.5000-04 METER 2.0000-04
5 2.0000-04 METER 2.5000-04
6 2.5000-04 METER 3.0000-04
7 3.0000-04 METER 3.5000-04
8 3.5000-04 METER 4.0000-04
9 4.0000-04 METER 4,5000-04
10 4.5000-04 METER 5.0000-04
34
STREAM ID 34
FROM B22
TO : B23
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 3947.3941
GCAL/HR -4,4178
SUBSTREAM: MIXED
PHASE: SOLID
COMPONENTS : KMOL/HR
DDDA 17.1399
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
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DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
B2
WATER
TOTAL FLOW:
KMCL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP c
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY :
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD

3947.3941

C OO OoC OO0
COO0OOoCOoOO0OOC W

1713499
3847.3941
3.4415

135.3047
3.4264

.0

10,

.0000

= oo

=257 7508
=1119.,1748
-4.4178

-870.8073
-3.7811

4.9803-03
1146.9864
230.3043

TYPE: BSD

INTERVAL LOWER LIMIT UPPER LIMIT
A 0.0 METER 5.0000-05 METER
2 5.0000-05 METER 1.0000-04 METER
3 1.0000-04 METER 1.5000-04 METER
4 1.5000-04 METER 2.0000-04 METER
5 2.0000-04 METER 2.5000-04 METER
6 2.5000-04 METER 3.0000-04 METER
7 3.0000-04 METER 3.5000-04 METER
8 3.5000-04 METER 4.0000-04 METER
9 4.0000-04 METER 4.5000-04 METER
10 4.5000-04 METER 5.0000-04 METER

35

STREAM 1D 35

FRCM : B23

TO B18

CLASS: MIXCISLD

CONV. MAX. REL. ERR: -7.5074-12

TOTAL STREAM:

KG/HR 1973.6970
GCAL/HR -2.2089
SUBSTREAM: MIXED
PHASE: SOLID

345



COMPONENTS: KMOL/HR
DDDA 8.5700
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 1973.6970
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
TOTAL FLCOW:
KMOL/HR 8.5700
KG/HR 1973.6970
CUM/HR 1.7208
STATE VARIABLES:
TEMP C 135.3047
PRES BAR 3.4264
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY:
KCAL/MOL -257.7508
KCAL/KG =118 1748
GCAL/HR -2.2089
ENTROPY :
CAL/MOL-K -870.8073
CAL/GM-K =84 1811
DENSITY:
MOL/CC 4.9803-03
KG/CUM 1146.9864
AVG MW 230.3043
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
= 1.5000-04 METER
5 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
36
STREAM ID 36

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

346
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METER
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METER
METER
METER
METER



FROM B23
TO C B24
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1973.6970
GCAL/HR -2.2089
SUBSTREAM: MIXED
PHASE: SOLID
COMPCONENTS: KMOL/HR
DDDA 8.5700
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
NZ 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 1973.6970
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 Q%0
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 8.5700
KG/HR 1973.6970
CUM/HR 1.7208
STATE VARIABLES:
TEMP [ T35.3047
PRES BAR 3.4264
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL -257.7508
KCAL/KG -1119.1748
GCAL/HR -2.2089
ENTROPY :
CAL/MOL-K -870.8073
CAL/GM-K -3.7811
DENSITY:
MOL/CC 4.,9803-03
KG/CUM 1146.9864
AVG MW 230.3043
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
[ 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER



9 4.0000-04 METER
10 4,5000-04 METER
37
STREAM ID 37
FROM : B24
TO - i
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1973.6970
GCAL/HR -2.2829
SUBSTREAM: CISOLID STRUCTURE :
COMPONENTS: KMOL/HR
DDDA 8.5700
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 1873.6970
ETHYLACE 0.0
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 0.0
02 0.0
WATER U0
TOTAL FLOW:
KMOL/HR 8.5700
KG/HR 1973.6970
CUM/HR 1.6876
STATE VARIABLES:
TEMP LSl 60.0000
PRES BAR 1.0133
VFRAC 0.0
LFRAC 0.0
SFRAC 1.0000
ENTHALPY :
KCAL/MOL -266.3800
KCAL/KG -1156.6436
GCAL/HR -2.2829
ENTROPY :
CAL/MOL-K -894.0851
CAL/GM=-K -3.8822
DENSITY:
MOL/CC 5.0782-03
KG/CUM 1169.5323
AVG MW 230.3043

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT

4.5000-04
5.0000-04

METER
METER

CONVENTIONAL

UPPER

348

LIMIT



1 0.0
Z 5.0000-05
3 1.0000-04
4 1.5000-04
5 2.0000-04
6 2.5000-04
7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
PURGE
STREAM ID
FROM
TO
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPONENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS: KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM=-K
DENSITY:

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

PURGE
Ble

MIXCISLD

161.4086
-0.2059

LIQUID

]
.8320
.0
.0
.0
3.0%46-06
0
0

OO WO OoOOoOrO

0.0
161.4085
0.0
0.0
0.0
8.6689-05
0.0
0.0

1.8320
161.4086
0.1944

.9403
.0000
.0
.0000
.0

o PO Wwo

=112.3705
-1275.3983
-0.2059

-110.6880
=1.2563

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



MOL/CC
KG/CUM
AVG MW

9.4217-03
830.1133
88.1062

SUBSTREAM ATTR PSD TYPE: PSD

INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
5 2.0000-04 METER
[ 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
RECYCLE
STREAM ID RECYCLE
FROM B16
TO : —-——
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.5979+04
GCAL/HR =20.3802
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA U0
ETHYLACE 181.3654
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 3.0636-04
02 B0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 1.5979+04
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 8.5823-03
02 0.0
WATER 0.0
TOTAL FLOW:
EMOL/HR 181.3657
KG/HR 1.5979+04
CUM/HR 19.2497
STATE VARIABLES:
TEMP C 76.9403
PRES BAR 3.0000
VFRAC 0.0
LFRAC 1.0000
SFRAC 0.0

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



ENTHALPY :

KCAL/MOL a1 E S 418 55
KCAL/KG -1275,3983
GCAL/HR -20.3802
ENTROPY :
CAL/MOL-K -110.6880
CAL/GM-K -1.2563
DENSITY:
MOL/CC 9.4217-03
KG/CUM 830.1133
AVG MW 88.1062
SUBSTREAM ATTR PSD TYPE: PSD
INTERVAL LOWER LIMIT
1 0.0 METER
2 5.0000-05 METER
3 1.0000-04 METER
4 1.5000-04 METER
2 2.0000-04 METER
6 2.5000-04 METER
7 3.0000-04 METER
8 3.5000-04 METER
9 4.0000-04 METER
10 4.5000-04 METER
sl
STREAM ID 51
FROM : B10O
TO : Bll
CLASS: MIXCISLD
TOTAL STREAM:
KG/HR 1.6141+04
GCAL/HR -20.5878
SUBSTREAM: MIXED
PHASE: LIQUID
COMPONENTS: KMOL/HR
DDDA 0.0
ETHYLACE 183.1974
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 3.0946-04
02 0.0
WATER 0.0
COMPONENTS: KG/HR
DDDA 0.0
ETHYLACE 1.6141+04
ADIPI-01 0.0
SUBER-01 0.0
SEBAC-01 0.0
N2 8.6689-03
02 0.0
WATER 0.0
TOTAL FLOW:
KMOL/HR 183.1977

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04
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METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES  BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY:
MOL/CC
KG/CUM
AVG MW

SUBSTREAM ATTR PSD

INTERVAL LOWER
1 0.0
2 5.0000-
3 1.0000-
4 1.5000-
5 2.0000-
6 2.5000-
7 3.0000-
8 3.5000-
9 4,0000-
10 4,5000-
52
STREAM ID
FROM
TO x
CLASS:

STREAM ATTRIBUTES:
HEAT

Q GCAL/HR
TBEG C
TEND C

SUBSTREAM ATTR PBSD

INTERVAL LOWER
0.0

(=) WS, ISR SV oS I o)
NN = HEW

.0000-
.0000-
.5000-
.0000-
.5000-

1.6141+04
19.4375
76.7317
1.0000
0.0
1.0000
0.0
-112.3804
-1275.5100
=20:5878
=110.7155
-1.2566
9.4250-03
830.3971
88.1062
TYPE: PSD
LIMIT
METER
05 METER
04 METER
04 METER
04 METER
04 METER
04 METER
04 METER
04 METER
04 METER
52
B1
B3
HEAT
0.1235
70.0000
70.0000
TYPE: PSD
LIMIT
METER
05 METER
04 METER
04 METER
04 METER
04 METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04

352

METER
METER
METER
METER
METER
METER



7 3.0000-04
8 3.5000-04
9 4.0000-04
10 4.5000-04
S3
STREAM ID
FRCM :
TO -
CLASS:
TOTAL STREAM:
KG/HR
GCAL/HR

SUBSTREAM: MIXED
PHASE:
COMPCNENTS: KMOL/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
02
WATER
COMPONENTS : KG/HR
DDDA
ETHYLACE
ADIPI-01
SUBER-01
SEBAC-01
N2
o2
WATER
TOTAL FLOW:
KMOL/HR
KG/HR
CUM/HR
STATE VARIABLES:
TEMP C
PRES BAR
VFRAC
LFRAC
SFRAC
ENTHALPY:
KCAL/MOL
KCAL/KG
GCAL/HR
ENTROPY :
CAL/MOL-K
CAL/GM-K
DENSITY :
MOL/CC
KG/CUM
AVG MW

METER
METER
METER
METER

53
Bl1l
Blé

MIXCISLD

1.6141+04
-20.5860

LIQUID

0.0
183.1974
0.0
0.0
0.0
3.0946-04
0.0
0.0

0.0
1.6141+04
0.0
0.0
0.0
8.6689-03
0.0
0.0

183.1977
1.6141+04
19.4442

76.9403
3.0000
0.0
1.0000
0.0

~112.3708
=1275.3983
-20.58860

-110.6880
=Leda6d

9.4217-03
830.1133
88.1062

SUBSTREAM ATTR PSD TYPE: PSD

3.5000-04
4.0000-04
4.5000-04
5.0000-04

353

METER
METER
METER
METER



INTERVAL
1

QW WU W

[y

S5

STREAM ID
FRCM :
TO H
CLASS:

s W W NN =P,

LOWER LIMIT

0.0
.0000-05
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04
.0000-04
.5000-04

STREAM ATTRIBUTES:

HEAT

Q GCAL/HR
TBEG C

TEND C

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER

55
B3

HEAT

-0.4052
86.0000
92.8832

UPPER LIMIT

5.0000-05
1.0000-04
1.5000-04
2.0000-04
2.5000-04
3.0000-04
3.5000-04
4.0000-04
4.5000-04
5.0000-04

354

METER
METER
METER
METER
METER
METER
METER
METER
METER
METER



Appendix C: Material Safety Data Sheets

This appendix contains MSDS forms for all major materials in our process. They are in

the following order:

e Palm Oil

e Glucose

e DDDA

e Sebacic Acid
e Suberic Acid
e Adipic Acid

e FEthyl Acetate

355



“IAVIN ST IS0DNE MY TIIEY ¥ H0J SSINTLT 30 AINVHEYM ON . 30 5 50 360 s 10§ SOGpoo () sy
anﬂn,hs!auiuaquuﬂu-iﬁivﬂuguaﬁgﬁuﬂduﬁ “Joasg amp
s o ) 1905 0 LS VR ST 0 RTINS BUCIIONET 41

E JoO03d-SEIdS JEIM “JIRIUO0D 342 JO JISUEP [ 51 AN AN, SHAO[3 YIom

PuE ‘Lmys Yiom 2433(s Fuof ‘siwed 50N “JIBJUOD UTfS manaid o) Fmmorioy o e ‘smonesado
euwon Suump parmbas jou Aesuad s1 uonajoad Loendsyy pamofjoy Apouns e saousead
suandiy pood 1 Aressa0au jou L[rensn are sjonuod Fmwaming TJOWINOD TUNSOIXT

STANSVIN TOAINOD

“suonEmEAL
[E39P3J PUE “A0es ‘Te20] [T€ M IULPIOIIE U IPEW 3q Jsnum [esodsi] “TySOISIA ALSYM

“dn-prng yeay 2pqrssod mwaaaid o) pAlEmURA M STEURIEW papam [ons d3ay  TONSNQIIOd
snoaueimods odapun Aem onposd stq qim paan uagm Aefd 1o nonems ‘pded ‘sfex

SE TS STELRIE Snojod AWOS S0 PUE SIEY PAERYESTN (¢ UM SV SNOLLNVITIA TVIDAdS
J21EM 107 [Iin STI PUE [AJEM 107 pUE

deos 10 JUREIR)ap LK SI00[ YSEN| JIUTEUOD E ojm d00JS U [ELISJEW JUSQIOSQE LW A0S
o sppds 1oa07) Asaddis Daa are peuaiew st jo sds [STANAIION VT O TTdS

IS ANY ONTTONYVH IIVS

SUON “ONLLSIT ALIDINIOONIINYD

PRRITNOIT ST BOFUI0STP 3t werasiyd

& ejuod ‘sanuuenb a3 re m pajsadu J] 'SMIO0 TONEILAN J1 GONUIYE [EIPII §325 PUE INEM
M S243 Ysn]f “Rjem pue deos [ UT(S TSeA, ©STANAII0Nd ATV LSHIT ADNIOWTNT
TTYs U0 1o Jo amsodxa Fuol DYPE synEmRp omwuxi

Aew STENPIAIPUT JANISTAS "HIDOY 4q 1EMonIed 0UESTT € ST PIYISSEL STIST 1) WaSAS
Aojendsar 123ge e |STU [10 JO BORE[EYU 2A15$0XT "TINSOIXTYIAO 40 SLOTLT

arepuonsed [0} 43w o1 1T 1o “uou-pbr] INTVA 1IAIT ATOHHSTEL

VIVA QIVZVH HITVIH

40220 ION TIIM
SYIZIQIXO HLIM ID¥3¥ NYD

ENON
dIgvis

ONINYNE NO <0D ‘0D :S120N00¥E NOILISOSWODEd SNOCTHYIVH

{NOILYZIHIWXTOE SNOTHYZIVH
*RLITIEILYSWOONI

*dIOAY OL SNOILIANOD
SRLITIGEVLS

VIVA ALIAIIOVEH

SIIUTRIUCD n.ﬁbm.uﬁ o3 pasn ag

0D ‘TYDIWEHD AMA ‘WYOd
n.‘..n

(20) 3,008<

Aq 2173 peaads few - war¥m Isn ION oOC ¢

*1002
» Butszadstp
HOId JHId
YIAIW ONIHSINONIIXA
SIIKIT ITEYRAYII
INIOd HSYIZ

Aem z3gqeM

VIVA QYVZVH NOISOTAXE ONV JHId

T¥9/S87T1 3° L XOuddv
I¥d MOTTIA-HSIAOIH
ITENTOSNI

NOTIVO ¥3d LHOIAM
ORY¥Yadavy
¥W3AILVM NI ALITIGATOS

(T = 3IV¥I3OV TAlaE)
1YY NOIIWH¥O4YAZ
. INIOd ONIITIH
(T=0<H) XIIAVED DIJAIDIES
(T=H9IV¥) ZLISN3Q dYO4dVYA
FENSSEHd ¥0dv¥A
INIOd ONITIOH

SOILSTHALOVEVHED TVOISKAHA

NMORNHA ANY NIVINOD ION S30d

INANOIWOD SNOTUVZIVH

1I0 JTEVLIEOEA GATIWNYE TYOIWAHD
40 FAI¥IDRTOTHI TEWYN TYDOIWEHD
1I0 WI¥d Fandd :EAYN 20¥El

NOIIVWHOANI LDO0daodd

00-£0-T:3IVd NOISIAZY
220-30 :°ON SdsKH

WOD YBR-BWIOY-YIBMMMWN  « ZEE/-COP-EL6 XE4 = DOZI-GO9P-E16 ‘IBL
SOLLO PN DUBMEN " 9nuaAy / “ou| “09 }Je|D g SWIOH ‘Ydjom
QCRL PAUSIIRISI

133HS V1VA AL34VS TVRIFLVI

356



“spu

Aioymess Jo pepuswwoda fue mojeq unsodxe Jaom deey o) sjonued Buusauibus
JBUI0 JO UOHEINUSA 1SNEYX® [E20] * ss800.d @sn ‘sywi ansodxe
suaipaubul sURIUCI 1INPosd S} J| “SIUBUIWEIUOI SWIOGHE 0] 2UNSOXS JSOM 01U

-a-oﬂ!. \io panupuod —

01 WARYNS 3q PINOYS UoNERUSA [1ausb pooo “suRWwaNbaI uoREIRLEA [EReds oN sansesw BuusswBuz
sy d 10} 831 [€30] YNSUOY
uonoajold jeuosiad/s|onjuod ainsodxy w_
“@sn Jo0j Apeas mun pajees pue pasop Apuby seueiuod deay Jbyuns pPanp
Woy PAIISI0Id USUIRIUOT [BUIBLO Ul SJ01S "SUONEBINGRJ [820] UIM SIUBRIOIIE U OIS ebuois
abeioys pue Bujpuey L.._
[esodsIp 2j5eM JO) €| UOGISS PUE LOGEULIOJ J0EjUCY Kauabiawa Joj |
UORIFE 396 90N "JOIOBAUCT [BSOJSID JISTM PISUSDN © BIA JO S50SI0 “JIUIBIUCD IISOM
pajeqe; ‘pajeubisap @ ul 20eyd pue [BuSlEW dn dIaMS JO WNNJE), "SEAIE PIUYUSD IO
SJUSLISE] 'SRIN0T JALBM ‘SIOMBS OJUI ALJUD JUSARIG “BRUR [IDS WOJ SIAUIBIUOD SAOW nds
TR DuGes|D 10] SPOUH
(1@ s0 pos ‘shesusem ‘siamas) vogniiod
[EIUSWUONAUS PasSNEd Sey 1Npasd Sy} Ji SANLOLINE JUBASISS BU) UOJU| "SISMSS puE
SUIRIP ‘SARMISIEM 108 LIM JIEIUCT PUB HOUNI PUR [BUSIBW Paids o 1P PIOAY : naug
(8 uogass 335) Jwawdinbs sandaoid
feuossad sjeudosdde uoIng TeUSIEW paipds yBnouy yiEMm 1o Yanol Jou og “Buusius
wog pue & deay “seae Buy
“Buinen S|qEENS INOUNM JO ¥SU [Buossad Au Bunosul USYE] Bq JBYS UOGIE ON suonneaaid [euosiad
Sainseawl aseajal |ejuaplddy ‘9

“apow aunssaud aapsod u pajesado soad-ae) Iy € yum (vE0s) smesedde siapyBuy-aay s0) Juswdinba

498 pue Jeam pinoys siayby-ang asaanoid jeads
2PIMOUOW UOQEY
IPOIP UOQRY sjanpoid uoiisodwodap
“sjeuagew bummojo) 3y spnpw Aew sjanpoid uolpsodwodag [eULISY) SNOpIEZEY
“Buuen
21GRYNS INOLWM JO YU [BUOSIad AU BUIAIOAU UIXE] 39 [[BYS UOGIR ON 2.1 © 81 23]
£ juspiaul 3 jo Ayuisia sy woyy suossad e Buinowss Aq 3usds sy sjejost Adwolg spiezey aunsodxs eoadsg
‘umouy suoN 2iqeins joN
-auy Buipunowuns 2y o3 2yqepns Juabe Buysinbunxa ue asn : eipaw BurysinBunxy

"pIBZEY UOIEO|AXS IO BIjj SYIdadE ON 1 Janpoid sy jo Aljigeuiie)y

sainseaw Bunybi-ang

.m_

“IN320 swoydwis j uonuage
[e2ipauwl jo9) ‘uosiad SNORSUCIUN ue o} Yinow Aq Bunpiue anb saraN jRuuosiad

[e21pauw AQ 0 O 0) PJOSJIP 5591UN BUILLIOA SINPUIIOU OF “JAIEM L3I LENOW INO YSEM, : uonsabuy

“IN330 swojdwis
1 UOGUARE [BAPAL |9 “PUBHISIEM 10 1124 30 '1eN0d B s yans Suno Wb uasoa
“feuuosiad pauen Aq uabixo Jo uoneadsal [eIdYLIE apiAcd ‘SIN220 Jsaue Lojendsal

330 senbaw s1 Bungeauq p ‘Sungeaiq Jou | e ysay o) uosuad pasodxa Aol ¢ uoneEyu)

N30 swojdwis § uoUaRE [EAPaW |25 asnal anjaq Ajubnaloy) saoys
ues|D "aSnal 210j3q BUIION USEA "S90US PUR BUILIOI PAIBUIURILCD BUIADLLRI UM

SSINUILL G|, 1583 1B 10} JSEM 4O Ausid LM UIYS Ysny Aj]EIpawILI ‘1IBIL JO 8883 U| 1981u03 WS

1230 swojdwis § uonuage
reApaw 199 spyeks Jamoy pue Jeddn sy Buyn Afeuciseade ‘SANUIW 1 1888 1F Joj

Jsem jo fjusid M sads usny ASIBIpSWL] “S3SUS| 19BIUDI AUB SAOWSI PUB J0f YIBUD 1PRue2 243

sainseal pie }sii4

¥

§T LLL0L 2s09N|9

abed Jxau uo panunuoy —

004

asoxag
ST

sjuaipaibu; uo uonewsoyuyuonisodwos ¢

(14 uonoas) voneuwsojul |ENB0jOI|X0) 33§

amsodxa

-53A0 Aq paleaeiBbe

“umouy auoN : SUOIIPUOD (B3P
“SPIBZEY [BINLD IO S198RS JUBIYILDIS UMOUY ON : s108)8 Aunusy
“SPIEZEY [EINLD JO S19318 JUBIYILDIS UMOUY ON s10a3 |uawdojaasg
“SpIEZRY (B0 JO S}OaR@ JuedyIubIs umouy ON Apouabojesa)
"SPIBTRY (B[ 10 §}ISYS JUBIILGIS UMOUY ON Ausuabengy
“SPIEZEY [BINLD JO S199H8 JUBIYIUDIS UMOUY ON fyoaBournre)

SPIBTEY [BINLD J0 £193)3 JUBSILBIE UMOUY ON :

SRIRZRY (RN JO S22 JUBIYUBIS umouy O 3 uiys
“SRIBZRY [BINLD 10 S22 JUBIYIUGIS umOuY ON uonsabuy
“SRIBZRY [BIOLD J0 S92 UEIUDIS umouy O : uonejeyuy
FiFege Wieey smoe Enusiog
“uogsabu| uonereyy) : Anua jo samoy

“1anposd siy jo s138N Jay0 pue s3340jdw3 Joj JjqepEse

puR paulBjal 2q PINOYS SASW S1UL 1anpoud 24 Jo asn Jadod pue Bupuey jes
34l 0] [B0UI UOHBULOJUI SIGENIEA SUIRIUCI SOSIN SIUW (00T} 0161 WD 6Z) prepuais
UONEANUNWILOD PIBZEH YHSO 24l Aq SNOPIRZRY PRISPISUOS JOU S1 [BLBIBW SIJ) LA * SNIEIS SIHIVHSO

['pyos senuess “sapmod] pyos : ayes [eaisAuyd
“Bungop pue

ugs ‘saka yum pPeuod pabuojosd ploAy SpIEZRY [RIGUD IO SjaR@ Juedyiubis umouy oN
PepuUSWLLOI) 8 s33fdeud Lojeioqe) sjes ym Buidsay u) Ajjeisust aued Bujpuey

iNOLLAWD Maiasaro AsuaBiawy

UOEOYNUIPI SPIEZBH " T

yeapveleq L Aeqrainoy #2
(epeued) DIINNYD 5999-966-€19

(¥SN) IIHLWIHD D0E6-FTH008 * SUSDIeWs JO 8505 U]

600T/LTE * 21ep uonepies

‘juabeal [ponfieuy (Ansnpul paynads-uou Jayio : $asn [eUaeW
@s00N|9) whuouks

Wd 00°5- 00°8 “Aepu4-Aepuopy
SUNIRS [ENUYIFL DOESECTHBSE
LZ080 MN 'umoisqqio

PY 1ER0WA0 S 08F

U] SEMUSYD W sanddng
FARY: [ 2po3 npoid
2809N|9 aweu 1onpoid

uoneayiuep Auedwos pue onpoid - _‘_

2500N19

199ys ejeq Ajsjes [eusjel

357



stvipmyusopeenmey] [ e

Tpeues

“paanpaoud 3q jou s1anposd
(sjeanusy (enuassy) pinoys spanpoud uoisodwoaap snopiezey ‘sen pue 36e.10)S JO SUOHIPUSI [BULIOU JapUn * uomsodwodap snopiezey
PEISIION SEAWLYD IS vaa “sieualew BuZIpo “sreUSIRW BUMONO) U UM 2qUEdWoow JO JANIRIY ¢ PIOAR O} S[RUIR
(siea1way ) JosIndald) “wjep ayads oN PIOAE O] SUCIIIPUOD
paisi1oN SIEAWAYJ 11817 VA m320 jou Jum uogezuBWAjOd SnopEzey ‘ssn pue abEJ0)s 0 SUOHIPUCY [BULDU JBpUN ¢ UONEZUSWAIOD snopiezey
“puncy asem s1anposd o $2oULISqNs J1xo) pagenbal Zi L (VD) 19W 1y ueapd SuonIeal
‘punoj asam spnpasd o $SOURISQNS Sjqewwey paieinBal Zik (VYD) 19y a1y uestd “ANJ30 JOU [ SUOIIBA) SNOPIEZRY ‘asn pue 362I0JS JO SUOMPUOCI [PULIOU JapUn : snopiezey jo AUPqQISSOd
pungj uam s3anpoud oy uonuaasd se3al [RIUIPI22e ZLL (YD) 19y Iy ueald ajqeys 81 1Pnpaid ayy ¢ Aujiges [eanuay )
“PuNo; 24om s1npasd ON SLLE (VMD) 19V Ja1em uesrd B
“puno 2sem spnposd oN L0€ (WMD) 19V Ja1epm uespd b_>_uumo._ pue hn___nmu.m 0l
punoj 2sam sjanpad Ja1EMm “SfRUSIBW BUMONO) 3 Wl IGNOS Auanjos
ON ‘UOREILNUSPI PJEZRY - AIOJUSAU [EIIWAYD - UCANGLISID SOSH ZLE/LLE VHVS - AR ¥ s1es uonesodeay
“punoy aJam S1aNposd ON SIEANWAYD SNOPIEZEY ZLE/LLEFOT/Z0E VHYS SiqeEAR JON ¢ !
puUNnoj 2uam §1Inpoud oN UOT 1} pue Buy FOC/Z0E YHYS ‘SjqeyieAR JON ¢ Pioysaiyl Jopo
"PUNO 343M SINPOIC ON SIIULISANS SNOPIRZRY AIJWANX3 ZLL/LLEFOLZOC YHVS HGRIRAR JON ¢ Ausuap jodep
“Asojuasul wOS1 au) uo paisi| s Janpoud syl (19 0QUOD SJURISANS IMOL) WOSL ‘AGRNRAR ION © amssaid Jodep
‘paidwaxe o pajsy 81 [eutew iyl Hqg vIS1) Asojusau saels panun : suonenBai jesapay 's'n ‘qENEAR JON ¢ Aususp aane|ay
‘payenBasjoy uoneYIese|d SIH S|qenEAR JON ¢ wiod BuizaayBunjew
Sufis pauen ‘sjqepeAsjoN ¢ wod uonesuapuc/Buiiog
uopewlojul lioyenbay " gL “SquERAR JON ¢ Hd
80 TIH9D ¢ RINULIO) JRINIFOW
dnoub Bunpded : .94 spowbgLogL WM Jenaajop
: S'O'N 'STYOINIHD . uoneaysseld 100 i it
apym 1010
WO WLIojul auweu uonewsojul ¥
euonIppY 1#qe1| .94 S35S0|D Buiddiys Jjadoid | sequnu N faowmbay ['pgos senues “sopmod] paos : s eashug
salpadoud |earways pue |eaisk : _
uoneuwlojul Yodsuell * ¢l 1 I Yo pue [e2IsAUd " 6

51343| 3qEIIS2IE 0} SUOISSILS 2INP3J 0] AIBSEIIAU
n:o..usm! PUB SME] [220| PUR [EUCHRY o \nbo s8s00:d 94] 0 $0Y 10 21005 vy

‘reuoibas aiqeandde yum SIURpIOIR Ul 3] PINOYS [esodsig ul spowpaw [esodsip «
pue uoReIYHUSP! Sjsem Jadoud ay) auluLRIAP 0] pajRiaual [eUSIBW AW JO -!:vno.n _uua._En pue Alaix0) Ay SUILLS)SP _aﬁ:uw.u:-ﬂ”ﬁ_owo._humﬁ aq pr Juawdinba s o B H..SE._:? koo . SR
o asem au) jo Ay sy 10 pasn usaq sey [eusiew g p fdde you Aew . Ho e "
Bunsy Jo 0 uo paseq 1 3y vu._anan e _ncuqu 3y 0 sandde Ajuo pajULsaId UORELLLION! 3] 180D QU PAPUIWICIZY
“anpoid sig
suojjelsp|suod _meQm_D £ r_ Bunpuey 2.0/3q 1si1eads © £q PaACIAE 30 PINOYS PUB PIAIOAUI SYSU 3U) DU PULIOPST
Butaq ¥se) 24) U0 paseq PaSIs 3q PINoYs Apoq 34 10} luAwdinba aAgaAoxd EuosIad ¢ uns
“SPIEZEY (20U J0 513343 Jueayiubis umouy oy 123443 ISIIAPE JBIO SPISIYS-OPIS Ul 9955810 AJaIES “POPUSLILICOSY “SISND
SpUEZeY (230U JO S1IaY4S Juedubis umouy o $12949 [RUaWUONAUT 10 sisiu ‘sayseids pinbij 0} aunsodxa pioAR 0] AJBS5333U SI SIL SIIEMIPUI JUSWUSSISEE
o ¥SU B USUM P2SN 3q PINOYS prepuels panosdde ue ypm Guikidwod seamaka Aajes s9h3
uopnew.ioul [e9160]093 " ZL| ol
= 1 Silj) S3)EIIPUI JUBLISSISSE YSU © J S1ONPOId [E2WSYI BUPUBY USYM SIW (18 18 Wom
SPRZRY NI 10 RIS JURIRRGE umowy ON 2q pinoys prepuess pasaidde ue M Buikidwos s3A0|5 snoadw) JUEIsISa-ENWIYD spuey
EINELGIIES
. S 1ojendsa: peraares syl j0 sy Buniom
SPIBZRY [E0UD JO S13342 JURIYUGIS uMOLY ON 2j0s 2y pue Janpoud AU JO SPIEZRY S ‘Slara) ansodxa PAIRdINEUR JO UMOUY UO paseq
e T 3q 1sNW uond3ies Jojendsay AIESS2I3U Si SIY) SIAEIIPUI JUSWISSISSE YSU B JI pIrepuels
“SpIEZRY (23U JO 51084 JUBIYIUGIS UMOUY ON ue yum dsau paj-aie so Buifjund-se ‘peny Apedosd B asn ¢ Kiojendsay
[eauojuadenuy
Gw/Bw 000T wy olaL “LOREI0| UOREISHIOM SU) 0} S50j3 a8
ByBw ppesT ey 0 0sal asapxag siamoys Ajajee pue suone)s ysemaks jey aunsuy “Suisnal 2ojag BUIYIO PBUILIBILOD
unsay saioads anoy 1sa) sweu jusipasBuijonpoid ysep “Buigop paleujweiuod Ajequalod SA0LWS) 0} PASN 3G PINOYS SINbIUYIS,
TITYOT SIS sjeudoiddy ‘pouad Bunpom auy Jo pua sy} je pue Asojear| sy Buisn pue Buryows ‘Gunes
— asojeq ‘spanpoud eanuayd Buspuey saye Aubnosowy $00) PUR SULLSIO) ‘SPUBY USEM, ¢ sanseaw susBAy
uoneuuojul [ea|BojoalxoL * L uonoajoid |euosiadsjonuod ainsodxg g

b 41104 SeoantD S/E 21401 20N

358



"SHIAIY NOLLVIWHOANI IHL HJIHM OL 12N004d 3HL HO NIFH3H
NOLLYWHO4NI 3HL OL 123dS3H HLIM '3SN 3VINIILHVd ¥V 304 SSINLIJ HO ALIMIBVINVHIEIW ONIONTINI
‘aINdWI YO $SIUdXI “ONIE ANV 40 ALNVHEYM HO NOLLYINISIudIH ON SIHVI "INI STVIIWIHD

aw3 il 243 jo uor auy pue

pue Lojdi Jo peay pue f1ajes ay) pue sjeualew

asay) jo [esodsip pue abeso)s ‘asn Jadoid 2UNSSE O} SI2UNOE ||€ WOLY WO 1 Jo pue

16 SUSHBUILLIZSP JUSPUSASPUI SHEW JENW pue way) g

1] _u.._o o} ese a_:o 3-9

2634} JOPISUOD PINOYS 81381 “SHINS [EANUI fuessaasu sy Buiney uosiad pauien Apsdosd e Aq jesiew sy jo

pue A i 1d s1eudosdde syl 01 apinb e se pue Ajuo sesodind UONEULIOJU 10} PRIAYO I8
‘2qRII2) 3q 0} $IA[AY OU] SIEIWIYD QW3 1BYI BIEP [R2IUYDA uodn PISE IR UIRIAY PIUIRIUCD SIUAWLNNIS YL

Tapeai 0] 2010N

("¥'S$’n) uoneiossy
uon2101d 2114 [euonen

uonewiojul 1dWlo ‘9L

‘pajdwana 1o pajs| s [eusiew siy) $221d) Aioluaau sawddipyd

‘pajdwaxa Jo paisy si [eusjew syl (J0IZN) sieaway) jo
“pajdwaxa JO PIs) S [BUIBLW SIY]

“PAULIZIEP 10

"pRIdWaxa JO PRSI S [RUIBW 51

Aiojuaau) pueeaz mapn

(123 Asojuaaur eaton
ATHS1) Aowaau ueder
:(§IN3) Ascuaaul ueder

"pajdwaxa Jo pajsi| & [eusjew siy) (25331 Alojuasul eulyd)

‘paydwaxa 10 pajsy s euatew sy H(SIIV) Aiojuaau eyensny : $181| [RUOnRUISIU]
SUONeMBb al [euoneuwIaiu]

nao e 10U 81 janpaud siyL : saseiyd ysiy
suonenbal 3

“suoRenbay $13Npald PaIIou0d 3yl Ag pauinbal uoHELOU! 3] I SURRIU0Y SASIW
3 pue suoEING3Y S1INPOL PRIOALCD 24 JO BUIILD PIBTRY 3U) UUM SJURRIOIIT Ul PRYISSER USSq SBY Janpasd sy |
‘paidwaxa jo pasy s EUAEW SIYL ¢ ISAN vd3D /1S4 Vd3D
paisi| 10U §1 [PUSIRW Sy | (S2DURISANS pajeubisaq JegenD
“palsi 10U S [BUSIEW SIYL 1S30URISGNS pareubisag oLwIuD
“pais j0U § [EUSEW SIU] (sAouRsqns pajeubiseq eueqly
"PR0SI 10U S| [EUSLEW SIUL (AN ueIpeuED)
"Pa1SH 10U SI [BUSIEW SIYL 1YV UeIpeuE])
pasi 10U §1 [BUSIEW SIY ] :S30URISANS JIX0] V43D ¢ 8]81] URIpEURD)
‘(epEUED) SIWHAM JSpUn pagoquon joN : (epeuE)) SINHM

uoljew.ojul Aioyeinbay * gL

&5 Lo

2500n19

359



SpronuF@ojul FETEILETIT AUBLLIES /UIICIqUBARID STSTE ‘O HAZ0IM [FRIP SPNPaIdaWEYD OWET

sa0eds pasop Jejnuap "dn-ueap Buunp Gupop pue
wawdinbs asmenoud neudosdde seam vae_n_:euaaﬁsﬂu ds weayubis y pasiape 3q pinoys saquUOLNE 83077
ssapuodsas Aduabiawa j04
uomuui jo saunes jje
EE%EEE_§>E=§§_&HEEEE§AMI§
M seoeuns Jsnp Suleap v..I!ﬁ ﬁ:vun_ﬂ-!unﬁv.g WwaoIYNs W 30 Ul pasEafE

“Aeuds Jmem LM B{URS [00D ‘BuYy JO JUBAR P U]
saanpacosd Bunybuy 3.y (epads

“ysew a2e; pue Buyop aampaud

*smaesedde bu E!Ei!!:giigiﬂg}mﬁu Pl d:-tuﬁ!auaﬁl%d.iu?
|epads

W34l 10} SOIAPY E°S

Ez.ﬂ.ﬂi H:v_un:nkx_ an.n—omco@:u.

papasu repads pue 1epaw Aue jo
EI0YLIRY vuigsggﬂégﬁgt%?
ruonsabu]
+yBino> pue 1EQAN WOS € ISP WA Jo ssewybn ‘peRsg Jo sSRULIoYS #sne Aew snp u.oeonn_n:e

Eﬁ!_...:lu
uﬁ—oni_a:nngnﬂtﬂhf:.%hﬂvcn?jEzgélntﬁ%;gﬂiﬁuw
rued pue Buryyl ‘upps o Sudsp ‘sseupas apnpul Anw RucidwAS

uns

paiejep pue mnoe Woq ‘spPaye pue swojdsAs Jueliodw) 35O Ty

rueoisiyd e ynsucd ‘seedde uogElLLl UDS Jo swoadwis Jo [Emun SRy uossad e g1

uonsabuy

[eapaw 336 ‘sisisiad uoEaLs 34s J1 BuisuL BNUNUOD "Op 01 ASE® puE WBSELd JI “SESUB] DEOD BAOWEY “SEINUIL
[ESBAES J0j RIEM LM A[SNOGNED SUTy SEINUIL G I5E3 32 0y smem jo Auapd qum saka i:zuﬁiaﬁ_.{ivﬂ:
Pe0d 243

'pEpBRU §l “UORUBNE [EDIPAW 33D "B3ABP [EDIPaW Aoieiidsal
doid JBEo 10 BAeA ABM-3U0 € um paddnbs ysew 3spod & 1mzl=£E=BEiﬂ._nn§~!%5.§
[eoyase Ardde ‘Bur 300 51 uossad paLdBYE B 5T “UsBiAno SAI6 NP 51 Bungeaig 51 e e
G0 A by U[ uuem w
c 4 ul (s

ST U035 ) pakednp 1 SISEad- PUE ¥ JIE 04 @I Iy UL
SIUBUIWOI UoRISOdWo)
"B00Z/TLIT "ON uoaenbay id1D

0N HINIH) RISy IOmsuSIepos
0dN3 l- g/zebed  WY/TIOZ'90°ED ivomips poerdal  IW/P10TZI'60 ragep uoisAa

S00T/L06T oN (23) uonenBay o} Buipiodzy
\l\l j@ays ejeq Ajajes

oRUB|GoJul FHTCILS] T "AURULIBOAPICIGUBABIOD STSTH ‘DN HATOIN [SELRIN SPnpaIdBILBYD OHINTT
"233/8v5/L9 3AaN 2050
GIEHIZ W] 243 141D
904X 10SQ_iuopedyisserd
= SO0OOPZELIEEIRT0  E-9PLTIT/TEZ-EGI%E'86< GOV JIOIINYIS000
S930N  ‘ON X3ONI ‘ON uoRens|BaY HIVIY ‘ONDJI/ONSVD %

.ulB__&le
uopewLIoul [2qe| [BuRRddns
*suogenBas
peuogeusRL: jeuoneu jeucibal edc] LM BoUSPIOIDE U JRUIRILCD/RURCD o Bsodsi] TOSH jesodsig
"30uyd PREQUIA-PM Ul pRsOp ARYEQ JAUIEIL0D RIS #brinls
uoQUERE EOIADE [EPSW 389 isisiad uoneww 848 4] £TEd + LEE
‘Bursuy anunuo) “op 01 Ased pue WIS J) ‘SISUI| 1DRWOD
BAOWBY "SAINUILL [EBABS J0j Fajem Yy Ajsnonnes asury :S3AI NI 41 BEEd + TSE + SO Ssuadee
™ sd 3ka/Bu aandaoid sanoib aanoaoid e 08Zd
*Buipuey aye Aybnaoy ysem v9zd UORUIARI,
SUSWRIEIS AJRUoRNEald
UORELLI 343 SNOURS SBINED - GLEH SWBWRIEIS PITEH

‘WOaENL] 343 SNOLDS SISNED - GTEH Z Aobae)y SE.:_EUEuFH.oﬁm
PIpuBiIe ¢ BOOT /T L N (33) o«

PRpuUBWE $€ I3/5K/666T 40 I3A/B¥S /L9 @

.u!.&aco.unum.ﬂn_u
Bummoyiay 23 pue SpUEZEY [EJURMUUOIAUS pue \pERy ‘fExsAyd s Joj paiSE] SO /pUE PASSasSE LUBBq SEY BDUEISONS BY|
BIMXJW IO DUEISQNS I O UOREIYISSED T'T

NOLLVJIIINIAI SAUVZVH T |
Bumosiod Jo sesed Joy TiaquInU 2 Luslusws sy Jo
MW YLT-B SAEPRIOM  00-Z6EZ-TBTZ(0)-6v+
{4y #2) 0L9-6ET-SETT-++= 42quinu Juoydam Aduabiawg
Bp OS] MMM asm
AproswE|gogul "ew-3
nnnﬂmﬂNnuwﬂNMo lad XRjaRL
00-T6EZ-TB1Z(0)-6¢+ suoydajel
£E "0S JAuSpg
AueLLIDAPIRIGUIAAIG STSTE
ON NAZOU [FRYDI HYNPOISHWAYY OUNT weu Auedwod
-!I-.Ii i!!!—ﬂ!-lﬂ‘i L3

pioY J101pauedapog

o:zﬂd 8/1 abed WY/ TTI0Z'90°'E0 :woupa paoedal  JW/PTOTZT'60 130RP UCISIARY
2002/£06T oN (23) vorenbey o3 Bupiozoy
—L 199ys ejeq Alejes

360



Spronus@osul FECIWS AN AUBLLIBO /UDIOIGUBARID CTSTH "ON JAZONY [FRYDIY SPNpoIdsiwsyD O¥WS1

Ma__!uuz
Jow/D TE'0ET
PO-ZTH-TID eINiiLI0) JRIMO3NON
[WE> pnop isnp - (31W) ABssug uonuby wnwuW
/505 (2aW)
sjurieq 797 N
sepsadosd uojsojdxa 3sng
UORRULIOJUI SN0 T°6
‘s|qepess JoN sepuadosd Buzipixg
“BGEPRAL JON S22d0Id dAISOIAXI
2)qedde oy Ausodsin
“BYqEPRAR JON ‘asnjessdway uopsodwolag
(40 n.munﬂu- biad sumessdwal uopiub)-ciny
LT'E Moy Boy (4mem/jounpo-u) WRPR0d voned
(pesewnsa) 9,67 32 /6w popT (sa))Aananios
26 BST'T (pnbj)) Ayisuap sapeRy
“3pqepese 10N Aysuap inodep
DoTTT 38 54 W 17 2anssa.d INodeA
2qeqdde 3oy (%) saddn - uun Aymqewie;y
F|qedde 10N (%) Jamo| - Jw)| Aniqewwey
|y 0 [ 4add|
"B|qEpeAL JON (seb ‘pyios) Auqewie)y
‘ajqepeAe 0N 104 uopesodeny
[es£16 N1a) D vﬂuﬂ H.BII.H.»MW.D& (40 wuNw e 0ZT !h-l yseld
paaewnsa) (3o L8°TTL) Do TEBE @bBuea Buyjioq pue Jujod 1og jeRuT
{3 992) Js OET 3ujod Bupzaay/ujed BunPK
*3jqepEAL 10N Hd
‘sjqepeAs 20N pioysaiia inopo
‘auoy inopo
FUYM 4nojod
*s3qely wuog
Pi°s 21038 |edIsAyd
'8

Ui BPURH “HULp PUE Pody Wway Aeme dee) Pnpoid ;A Burpuey JeuE A[RIBIPIUALI PUE SIERIQ RU0j3G SPUEY USEM
saunseaw aua|bAH

suwing jeurisy Jsurebe PDaoud 03 530|5 Jeam ‘paneay 1 [EUIEW UBYM

( esdaung) ned pasod =) sendsay
£T wuoy u n3) £d 23y FPRed yum xsew JqeRns snp o [ § LIOM 3G ISTW

uondajoud Aioqesidsay

-Bunpop 1weIsisa [EDRUBD sleudoudde seam

0 -

L P12V 2101paued2pOa

°=—aml— 8/t 3bed WY/TIOZ'90°'E0 (uwonipd paoedal  W/¢10ZZT'60 130RP UOISIARI

900

2/£06T oN (23) uonenBey 03 BuipioddY
\ll\ 199ys eeqg Ayajes

apronua|@ojul FProawmE T AUSULLSD/UNICIqUBARID STSTH "ON HAZ0UW [BeyRiN SPNpoIdaILBYD OYINTT

W g'p < FSSRUPIYL
z_EonvAuuﬁ:Bnn».Eun

WAL © O} SIWNY pue Sanejndmued ‘SISNP J0 UOREULIDY 039 "PAPUSWILICIAU 51 URIUNDY Ysem 343

uopRuLIOu| [RIBUSD

Juawdinba aapoa30ad [RuUosiad S® YINS ‘SRUNSESW WORIAG0Id JENPIAIPUL

“SXpNa [eLasnpur passmod pue wawdinbs [B3upeE peyssep Apieudoidde Ao asn

“(aRwdinba 2y3 wouy abexesy ou 51 IR 271 AR HIOM I 00U NP Jo LIS 3 JuAkad 03 BUURW B Ul pRubsap
e (: i pue 'sjassas 102 15Ap 'SNP INeyx@ se yans) swasAs Suipuey-1snp ey aunsuz
"WALUOIALS JWBDYSP

~uabAxo ue Jo wWaisAs uossauddns UOISO|D U JO RUIA JBIRL UCrED|dxe UIRIUED PNpaid Sy Jo BulpuRy W PaAAUL
Swagsks podsuen UMW PuUE LOQRIGUSA ISNRYXE [E30] S8 YaNs Juawdinba [0.0UCa ISP e Y8l PapuUaLRLCO S 3]

sj00u03 Bups@suibus ajeudosddy
Sjonuod aunsodx3 7'8

(=3em suuew |/Bw GE00 Jmem

(smsemysay /6w sgE0’0 =M

(sesesRu wanmusaw) /6w 98D M,
/6w ovc o5 sigeqdde 10N  QIV JI0 1G3NYD300A
wioy anjeA =noy @dAL ]

(s33nd) Paga ou

sPagm Jumshs - wa-Buo| £w/Bu 71 ueaEEyu]
sDage Juwmss - we-Suop  Aep Sy g1 |euszg rﬁ-:.ﬂun aDv 210 IG3NYI3000
wiog snjes Bnoy lepaen

(13NG) P42 Pays-ou peausa

“S{QE|IRAR 0N

$2aNpad0sd BulIoIUOW PRPUILWOIIY
*(shusipaubul 23 J0j paaou Sw) aunsodve E‘Hﬂﬂu

SBNjRA Juy|

“B|qejrRAR 20N
R PP IS, 1 oo -gop
b wau Jo ‘Buipuoq pue iy

Iﬁa _ L ..usna ?E%Etiﬂ:%aéiiéﬁﬁ

‘£ U0QDSS 335 ‘esodsip Asem 104 “Wwawdinbs anpaud euosBd Joy § LOIRS 335

SUO[IIVS JAYI0 0F FUIRPY '

“BSN-5. 40y TIBUIEIWOD [EUIBLIC 0} S|IdS Linss seABY
gg?ﬂi.ihﬁjﬁ?i!ﬁfe{.«iﬁ:ﬁ?&?ﬂi%ﬁ:éﬂm&ﬂ

| oL s ves s [
AP UM DEI 20U SIOP LI gﬂggvnliﬁﬁﬁguﬁ?ﬁﬂuvgn
@hgﬂisig_ggbggngng.iﬁ!.g
dn pue d PUR SPOIRAH "£'9
“sjo0y Suppeds-uou Ajuo @s() “UCQENUEDU0D WADIYNS Ul SUBYdSOLE S Ul pasEsEl
aue Az p aimpow sasojdxe Ue WWIo) ABL SSEL S8 ‘SEDRLINS LD SIRYNLLNDIE 03 PSMOJIE 3G J0u PNOYS sysodsp 1sng
i suopnedasd [EuBUCIAU TS
“uo! SIUNCS |8 BA0WY * SNp pioAy
T =

‘.. i,....vm-‘.__.-.m.r,..,_, — umu< U—oﬂﬂu—hmumuao
QEEWI— uh.neﬁnvﬁsﬁo“%%h:?ﬂsuﬂuimi

0T 2T
300Z/£06T oN (23) uogenbay 03 Buipioday
‘L. jaays ejeq Ayajes

361



spronus|@ojun FErOAWS| MM AUBLLIBD UN0UGUAABID STSTE ‘'ON HAZOU [PeyRy aPpNpoudaiuayd OYNE1

apronus|@ojul FPEILSTITT ‘AUBLLIBO /Y2I0IGUSARID STSTH "ON Y20 [BeyDiy 3pnpoudsiuayd OUWIT
1198 uj ANIIGOM ¥ TT
suopeinBau N2 PR 2|qejress 10N
n ._.“oh__ pose (428) 4039%; uopenUIOIUCIOIE
Bujpssasesq auR 10 Y *pepadam aq 04 pros | q pue rasad : yubes “onpoud s yo saaisdaud jeshyd a3
2AIB AQUIIDI FARY OUM SI3HI0M DUE SI20I0M WRUBIID JO LIIRI PuR AJR4ES 24l U0 1333 /S8/T6 FARIRIIT uo paseq “aiqEpRibapoiq Apeas Guisq SE pRispisuc) 51 npaid ﬂtb_._i%_tnuﬂ nx.ﬂ.uﬁamnﬁawnu«
wiom 12 sueoeIn sheq g7 s 9 T2 = Aupgepeibapoig waisyur
pur suabBouueEd 03 JUNSOAX? 0 PARIEI SHSI Y WOL SIIHIOM JO UORISI0ID 243 U0 133/ LE/¥0O0T ARSI . Ayqepesbap pue souals|ssad TTT
. 521 20N sinoy gy ‘|/Bw oot < 0 ys
asn pue uo o1 3(qns IIAX XouUY 9002/£06T “oN (33} UoReIBaY sino ¢ '|/Buw 9°(Z < - 0533 T
2sn uo suopdLYSIY =inoH Z£ ‘|/Bw g'g < =efly 230N sefjy
“paisy 10N Qv JI0Ia3NY23000
se 03 33lgns AIX xauuy HOV3Y '900Z/L06T "ON (33) uopenbay nnsed L sepeds Pnpaid
suopesuony ApxoL "T'TT
“PaS 30N
1511 Mepipued *(T)6S SPIMY '900Z/LO6T *ON (33) uopenbay [ E
“pazs 30N
Ans)Bay Jajsuei) pue 3seajay JUEIN|I0d [1 XBUUY 900Z /99T "ON (D3) uopenbay UMOUY 3UON
“pas]| 30N UOREWIOUI SBUI0
A x3uuy ‘siEdwALP snosebuep jo uodw) pue Bodxs a3 Bujusacucs §00Z/689 "ON (D3) uopenbay “ayqedde JoN
“pas]| 30N UORRWLIO U]
ni.nﬂgiiﬂiatﬂaggg’ﬂzggﬂ\i.ingug BIEISANS SNSIDA JIMXIW
e | DEYISSED . AR U paseq
niﬂ%iiﬁlﬁlﬁiﬂftii}«!ﬂilﬂignus.*nuﬂ..u“.h_uhu e téﬂ@hdnﬂ..eea!.s
T | . o
1 Med ‘T xauuy ‘sjEdjLBY SNossBuRp Jo 1odw) pur Bodxa Sy BulLIBdLED §O0Z/689 “ON (33) uopenbey A s e = n..«#iiiﬂﬁﬁ?ﬂm‘&
"PA3sY 30N - o
1 xeuty ‘Sunngod 5jusbic Waisisiad Uo ¥00Z/058 “ON () uopenBay b e s g e Lol et e
“pEs| 30N . e
2 xouuy smAs] BUOTO 913 w301dep I3 SSSURISGNS UO 000Z/ £EOT "ON (33) opEInbey T e P
suone na P .
BunYXjUI JO BOURISNS B 40} IS pue way ‘A3Djes T'ST T30 BN BLEALD UODILIEEE M mﬁvu;-_.li:cmﬁﬂw
“spays Swabeanu Moys 10U PIP SRUNJND |30 UBIEWILIEW IO [eL uo 5353y
'NOILVWHOINT AMOLVINS3H '5T | Ay 123 uuen
“33U 30U AUR BLBILD UONEdYISSEP Sy *EIRP JyqepeA U paseg
*spoof snasbuzp se paaeinbal 1o UOREZRISUIS UINS
DaWI *35U 30U AUE BLIBILD UOGEDYISSEP 34 “E18p 3yqEjieAs UO paseg
*spoob snossbuep sz paenbas o uonpezRisues Asojesdsay
ViVl "UCREILLI 3A3 SNOLIDS SISNED)
.uﬂa&éﬂuﬂﬂ!gzﬂﬂ uonelld) 2Aa /abewep 242 snouas
35U 20U S BLIPILD UOREDYISSEP U} ‘€8P S|qEIRAR UC paseq
.iwﬂ&iﬁmﬂ}?ﬂ UORELI]/UOISOLID UNS
/6w gEOE R} ocal
"RpecE SOy as Pesptel Ey/Bul 00OLT < =y aw
wav =i0
/5w 0003 qqed osal
[ NOTIVHHOINT THOSSHVIL Y | rewizg
oy
*IBMaS 0QU) B1SEM JO esodsip J0u oQ QDY JI0Ia3NYD3004
suone| [euoneu i jjeucueu 820} YaIM BOUSPIOI0E Ul SBUIEIU0D, P sodsig S}NSaJ ¥5AL sapads Pnpoid
UOIFULIOJUL/SPOLRBW |esodsig §123452 |€3160100[X0} UO UORBULIOUT "T'TT
"pasn sem pnpoaud 3 yoiym Joy uogedydde @ uo paseq sasn a3 AQ paubisse aq pnoys S3pod WSEM B{qejieas 10N
2poo a3seMm NI SwoddiuAs
sesusuo Ldws ‘eampunfuc !tﬁ Buijams pue
@sNn-2J J0u 0 "pAOUWD S) JBUIRILCD JAQE UBAR sBulLIEM [2ge| MOjjo) “anpisas DNpoud UIeR ABW SFBLIEIL0D PRQOWR BJUIS sSaupau paspew yusm ‘uogonpoud sesy pue Bunpuig ssaska ‘ured Jo LIJWOdSIP spnpur Aew swadwAs ‘S8As R eI
Buibeyped pajeupueiue) [proay “UOISIA paunjg pue ‘Buiams ‘ssaupal ‘Suues) ‘Suibuns apnpu Aew swoldwAs ‘uonelLLl 343 SNoLBS sasneD
*{suomonasw jesodsi 39s) Jauuew Peyucs 343
2jes & U1 JO Pasodsip 3q 1SN JAUIU0D S PUEB [BLIANSLW SIY| *SINPISA 1PNPoud JWos uisal Aew Sidul| Jo SRUUoD Adw3l *SSBUPSU 10 UOQEILLN P Wl YNS3s AR J5€3UCD UnyS vulvn!b&?hvv?.xn&
FIFEM [ENpISIY ueLl unjs Arewud e 3G o patadie 0N ‘uiys Jo Buikip ‘Buipy ‘ssaupas spnpul Aew swosdwig
SPORAW JUBUNEAN MSEM TET PRIV US
“ybnoo pue 0. 24os ® S M jo sseuybn
| SNOLLVH3QISNOD 1VS0dSIa "ET | "eRuq 4o SSALIOYS BSNED ARW 1SND JO LOGE(EYU] ‘JyULIeY Bq Asw LODEIRYUI i 1peasq Aynaugp Jo busy
“LIOAUOISIP IR0 3IM UOQELN AJolEndsa #5ned Aew npoud s Bugeey Ag paseseusb sewny/sinoden o uonejRyuL
"UMOUY BUON uoneRYur
15243 ISIBAPE S0 9TT ‘ERoyLIEp pue Sumiwon ‘ERsnEU #5ne2 Aew npesd snp 4o uonsabul
"IN IO BIUETSNS GAdA JO 1Bd € 10N uopsabul
JUBWSSISSE GAdA PUR LEd JO RYNSIY S'TT sunsodxe Jo 53IN0J Aj2X|| U0 UOREULIOJUT
“BjqejEAE 30N 2qeqieAR 30N
¥ WA ZOMI TIVHIUN P2V J10Ipauedapog N ¥ N 1IN pPloYy Jl101pauedapoqg
LGNS N IND INNGONIIININD
ouzud 8/a 3beg WY¥/T10Z'90°E0 iuoupa padedal U /$TOZTT'60 P USISIAR o:zmd 8/c abeg WY/TIOZ'90°ED ‘uomipa paoedal  JW/$T0TTT'60 1EEp UoISIABY

S00T/L06T oM (23) worenday o3 Bupioady 300T/£06T ON (J3) uogenbey 03 Buipioday
‘L’ j29ys ejeq Ajojes \(‘ 199ys ejeq Aysjes

362



ap-ouws|@ojul FPTIIET AR AUBULIBO,/UDIIGUSARIO STCTH ‘D) YAZQIN PRI SPNpaIdsILayD O¥IET

“npaud Jo 3sn M o3 %BEEEBE!tBE
40 Aniul [UDSISA J0j ‘UIEM O3 AUNJiE) PIDIJIE UE UO PASE] UOIDE JO SASNE DUIPN|DU! “UOLDE JO SISNED JO SPUBIEP ‘swiep
e ! a

p © -
gﬂpﬂcgﬁggiﬂﬂdﬁﬁﬁﬁ.}éﬁaﬂ!ﬂtvﬁgﬂ%!gﬂi
Ergéggégigskgwogasgs%g

Jpo Jo S5OS A IBYl 3ABIB] 01 UOSEAU JABY IO IAMDG SBSN pue sIBSEYDUNd § 'UOQIppE U] "3WQ-03-3WN WOl
giisgégsgbgggiigziggguig
'swsbe i H3Q 40 |8 ISNPE PINOYS ARIYD3DS DNPasd A jo SIS pue SEsEING

v:n E?EBB%YNEEE  Aued
Pea DuiSsaIpPe SUOQIPUCD PUE SR “CY PRAL| 30U NG ‘DUIPNPUI YT AG PIOS SEM DNPAIC 34 YoIYM 03 JUENsing
SULS] [ELUSWILCD B4} JO AUE AJPOL 0} PSNOSUC 3q |[EYS SOS SIYR Ul PAUILILCD DURION !u.ﬁi:l.sih{i.i;:n
ﬁgguﬂillinlt?lrlio:.lﬁﬁﬁv:nl:%!tbmjg stEn!tit!E

iﬁk%.&uﬂtﬂb!ﬂﬁ.«g!!ﬂiglﬁ?gggw\i 03 Papasu 3G ABW UOQEWOI
euonppy i!uaitniihgsvﬂauvan!!ﬁianwugiatﬁsn%a

IEWYD 03 PRIEFRI SHSH DU WO SINIOM JO AIJES PUE LAIEIY BUA JO UORIN0ID MR U0 DI /PT/B6 FARIIIG
‘paisi] 10N
sofew jo |0Qu03 24 uo (11 052ABS) D3/T8/96 PARIRIIQ

PRV dloipauedapog

,,,,,,,,
LINNTON HIWIHD

ogsmd 8/ abeg WY/TI0Z'90°E0 :uomips paoedal  Jp/PTOTTT 60 IAEP UCSIARS
S00Z/L06T oN (D3) uogenbey o3 Buipioday
a 199ys eieq Ajales

363






T T suum N0
sanued uuog
(zor surons 391 0030 Powen) Bwbw 000 < euosal S SIRwE Ul - owos 5.02) a1 [eomAls
uD e PRU03 U ey Aubis EL ] ——
Bwbw 000's < oS W U - TESTERT STeey U e
vonesBu) Aq nawuey Anubus “uogesfuy SALUIIOUA TYIRNEHO ONV TWISAH §
“Tgoma) oy 5 FR0EU 395 THONUO SINSOdNS FILBWUOIAT
NS SAg0S0ud wogoe0ud Apog puE udS
“TEI0A08 EOI0T0aTY0] U0 UOIPULIOITT L1 L sassed Aaps ‘uogosoud aoeyads
senob sAgsid U0 DUEH
NOLLYINHO NI TYIID0 000 | ‘smesedde 9% am sawny smapu ‘vogoaaud ssesdsay
(UDRSNALLO AQ) SAOMI0 LOQED “LNOdE JiUEfo SO 1O U ISNELX® Jopue abueumn? S8 JUSDLNS 3010 eaneesw sagosjosd [Eisuen
RN 20601 BuA S LOIROALOOTO CULBUL
BRI USROS STODIETeH 3 TSonuos aneodyd 79
Loy 3uon o B/ 3860 1S
“DIGKE O] B S TeW SaIESwaatl 5 "M By/B 2750 WSLADTE U
{onbaud au) o saassdosd [EULDSL 30 LIEWHEL OF) TE3U DUE AMISIOW LK DII0N0S A0S SIS DUR SIUIEY T 40 ByBus WIAUDTS SHEM U5
-DIOAT 0) SUOIDUGS 7 0L = O 53083
LIADLIX 2UON L1 SRl waRLE) SEM
-GUopPEe1 BnORIEE J5 AIGIee0d T 0L o 91000 M ST
whuw M Ui
stescs e soun snes 5 prowd e T |
W AAReed TOLY L0
UOREQUEIUOD PAUT ON PERIDSIY
ALALLOVIN ONV ALIISVLS 0L .
DINLS0 253 IING OU NG ' DS Usag aney on
113Nl 18as 10803 ON DeALST
wnd
S0l 2HIT * FOUCIY * U IS Quenos Jewo ul Kanios ———— S et
EEC GO TE VSTIOULNOD
Eugefiedasd-sus ion  ssmonas s o Busscooy swensedosd Bumpio BuoN “TEFRIT PUS SIS0
(RUMINRS LU 301 0L 3ND) WA 10N Hsnmoba U T I pr Iy e see———
U O - Az uogub Wiy epsew BuBoped
owb oo - bun vosoKe AMoT
siendde 10N onueudp ‘AusconA gﬁghgglgigﬁﬁziéggihlgiiig
SEPEAE £ED ON “asnyesediue; uogeodwodeg
RN 10N ‘esnjessdwe) uomubi-oimy “seaue Guges Buusius aoysa Burnop anousy ‘Bupuey SyE
SUBONS) 1981 3230 oy Bl LMIEAIOUEIO0-U TJUSIOLUSOD LRI “ENOLLUS O WLLD TS 10U OD BUIST LISUM, 9343 SUL DUE UNS 313 LM 1DEIU0O DIOAY.
9.0z ® Bwese AYyBanIos JEEMm BaINEPwL sUSiBAH
20T =sagean) Aususo sagemy ‘swnsAs operaw ul assues Buunp s36eu 9913 10 UEENLINDOE DIOAY “30WS 10U OO ggitgag
amesens eED o “Ayeuep noden o Sums wvs
©d 100 “aanewesd noden SLIEG-E LAMOUS S00.C FWO0) WOM U1 ISNEWE JODUE SEUEUTNS JIE WS SnCid
Pnpoud saeuauey LN Amoeuaey ‘PIes ‘wenpeid o sceowdde suopnessd Buipuey pue sbeios
e
we piros) Aungewwery *
SHIEIEAL EIED ON e uoneIodesd TOUPUSY s 10] SUORNEoRId |
axgEondde oN auod yeed -
ot 0L ekl 5. SveE s Bugsouymod Suaoa 3OVHOLS ONV ONMONVH L
edu aunssaid) 0. 57k 1T - eBuesquiod Bunieny 5
e gt ad 3uce; TSUIGHISS 16UI0 O] 83U MISH T3
EIERE EIED ON ‘DrousaI AX0REN0 L =]
whirs 'sooe Aoes ]
BACOFY IHEM S wsny Buneep Byy
geopdde jon Anewoinuess ‘naezey Buddis juseasd o dn dsams 1ESodsiD J0; SUERIUOD JTEINS ORI BAOUS
[ b b

365



FELID0- BiE0-5I0T - BOTS 005 H00TSEcs1HCL A SOHEND FELi00- B£0°510C - eSS0 Csicoesocs el st one

ey WD 0NV ~ SSGWOIND 0O/ZE - $HAI0.D SUUSOSID SNJ OZY

L~

(B D2NEATOE SO UOTIIL LOTEAS 2518 OS1 | DIEDURS Do) VW 000’1 < 1U € '0203
swsueiconmm
‘DRSE S LONOEY DIEDOUALGINE
e (ogaiuul WMo ‘T5201 OSI 268 = - (wresoo uzL'0s93
“webie 0 myuueH “aqueyd agenby
(Z0T 2uRonS 1831 G330 Touw) v 01 « : ((esy Sma euew euudeq) u ey '0503
wiuuden o1 insuury AguBns “RSIPIOOLAAU| JOENDY
“DRUNDA 10U 31 SOUFUICS ANS0AED JuOaMN JO KSLLAOBASD (20T sunRonD “powsaw) VB = oneniuoea) L
Trivl 3paR ‘LonENGas HOV 0 BUNICI0E ‘SASA J0U LEd SR 3i DUE LOJSONISSER J0) ELBII Ul 1S3 LUSSOD S0UEISTNS AUl 3v o e " Ein-ﬁhﬁ_ und
TJUsISesEsY Jjais BOWSID TSI
* KL L T
WSLISIISSE QUETEL M3 J0) UNOE OILK LSVE] U3S] SAEL SAUDOERUVS0UEISANS
ooz suonenbay (Addns so; bubewsed pue voaRLLNL) DAEZEH) ERURUD BAUD NOWYINSTa 5N anfojeue 3u) XO/DUP ¢ LD W PIPND 4 opUe U EED SOPHEAE 1Y Juswsssssy ABowoom0wsg
O i) [y T NOLVIHNO-N TY2I907003 TH
OE/ESY) WBLDUBLE £ S00Z/2061 ‘0N (03 BploTs S WEASEI ON “TETE UOTRERTY
SECHE v SOV Wik o § ) DEWBO001 < =TIWON T80
suonemnbay podsues o Buuesw s u snasbuen se paussep o “sinsodus payesde. Jueoxo) uelio el ouoeds SR DELISERID JOU §1 SINJXAL JO SOUESANE UL Tneodus pajeedey
BIGETERE E1ED ON TETWCUTS SO
NOLLYWROINI LNOdSNVEL KSR G0 TR0 SYeIS
fesadsio pancudde o Bubesoed kansag S o Buibexoed o meodeig Aep g Endu ‘gnn.lﬁu.m«ﬂoﬂ
e ot
aimEm B LORE BRI RRWUGRAUS Ul OJUI ISEIR 10U 00 o rior Rm..ﬂmﬂ_!p )
SuoIEnGa (0 yagey y.ﬂﬂaunhsm_ounas!
12001 L 30uendhuon U J0 390deD ‘aeoioesd 10U S Bumkoas 11 “samas o 2psem 4o 3sodsip 10U 00 Jonposd Jo eeodei Aeoma By 000'L « 1 Ao PWSEW ) TEVON
Keoma Bxbuw 000"t = { Aopoy IEuawdosesg ) TEVON
Er e R “Tenueod Lopoy
Bumeu jo ERD SIQUIEAE 8U) UO PesTR Juewdojersp @804
fio o “siqEIEAT BED ON Ayinses
“Aaporeo) sanonposdsy
Wmouy 3uon TESALIS SRISADE IS0 3 TL
“HGEUEAE EIED ON ApweBouramd
TUSLO BAGA DUE 1S 159U JOU $30D J0URTSaNS 34 ‘I XauLE ‘uonenbas HOVEM o Buinecoy

TUsIeIsEEE GAGA DUE 10 J0 QIneeY ST1 {147 2uBONS 199 0230 DOURW) 3AgeBau 931 saury
e {a2r auiRpDND 1991 GO0 Powan) uxbaU 3190 UETRWLIE LD 159 Suopainw 2uab agia u

366



PELED0 - Ri-00S102 - OIS 1025100002 1IC L] QD
~SONVMJ — SSQIIOD) QOIZE - BAIO.P SISHEID SN OTY THAANY

{ewwoo) soiesedes reuncep e lued) . e sedes et muny U aN
ey
0 usadsicud Sl DUE LLIESU 10 LOESROX S “woN IE A 10 AUSISS0%U DUE 198US 360 S SUI LILIM DSUEIUOS LOTRULLIGL S8 10 RIEs
1 (399990000 900 LU0 10 Buiueen “s6E.003 ‘abESN) NDO0UT SU LI JIEI00 CILA LD 1M DM SUOLI Jenbesons AUE o) o ssed o)
pnpasd & 0 L1 ud s jo Bu pue g "aan EPUO ag
0 AxIEIcn 2uL 01 23,31 02 3900 34 BUINSO UoRiad S 40 AUNQISUDTSA 3.0 511 SAISNELNS ST DAISOSUCS 50 IOLUED RUSLNGCE 303064 ;0 53000
pue AopeinGa ‘angerta o) $30URRE) ML $9304nd Aunoas DUR LOQUBAAL JO) DRONDQICAI DUE DFSN 30 ALIC IELS 1B3US SUL DIDUMUI YU
SEM | LORM J0) SUOHEDIGOE Ui DISN 8 1ND0ID 3L USUM SCUPTYY FUORIDDE 31330d 0 DRSIADE A wi3an ARuaours aynb uaab s i our Burssiand
40320 3y 18 Pnoaud sy o SGosMmouY N0 LD PISEY S| DSLRU0D 3y eadde W wELsose o A
S13 SAAMDIL 10 SUDIEINALIO, JO 35C0 Ul YWY J0 SUDHEOUOdS 0 BUILOMUDO PUE HONS S LONG0Nd 3 0 53100 UDGEUU0MS SILL
0L DU MOEFLINCE0IE TSNS © 18d
angeTunooPTg AUSR DU SIS A3 © SAA
wibrem g - mo
D39, 20 : pooy
wibiam Aoog - ma
TEYOT A D95 FRA0Y DSASSA0 1S3M0T - TaV0T
(TEvON) P 19uE FLMDY PaARSA0 ON | THVON
RESSUL
NOLLVINNOJNI B3HLO 31
O SWt0T N0} 0503
0 Suuuogy THa) S0
O SULGUOD Wsﬂﬂx
O SULGU0D) Aar) 5003
IS0 UEDEUED 318 LD 32 NDoud SILY 20 SIUSUOAWOD It g
0} suutpod SO
0 suutuod WVOSL
0 suuguod :50INE
SIBOINIAN

367



S00TOETT BeQ monemdarg ‘penqmosd AIns pRPIISTY Woy totssmad naune GrX0028-5d
- InomLN WAy Amm T T

T aded ¥ i 3o ¥ QUL SASI
‘SSTITI TE JE TIOM 3q 15T FPIRTYs 3pis Il $3sseyd Qageg
100D WY M2aaad O oM 3q 1S saa0fE {ETIRY
“BONFTUTRA arenbapE LM 10 POOY UMY PAACIAAE TR U PAIIIJSTED 10 PAPIFY 3q PIROTS [EUATH]

‘amsodxa 20npa2 01 pATFA| AT 3q PIOYS S[ONTO) AARENSTITPE 10/ PUe

Soussndg o‘lﬁni}gﬂi-ﬂvig ‘prgoads sepen (34l amssead aanedan) sojendsas VHSIUHSOIN
Teqo mmad osE YHSO 1adod 70 #208SqE UT PRSLAPE 51 EE?EEE
<mﬁm.m.m0nz..ﬂ# ..B.l._ll&iw E.F-H_i.ﬁ HEBL!

IIHAT0NES D

E20] pue ‘wEs ERpad pua (dmo)y ul-IE-nlEEnﬂ_h Ak xEmuey, esodsp rdoud 103 azusmamo pue dn
ayel “sa4a 10 TIYs LM 159000 JEAAALY 1snp Sumster proay Smmord aandaexd [y pur smeredde Surmuasg pemtmmon-Jies Ay

-evmodsay mds

STENSYIN ISV E3E TVINZAIOV - 9 NOLLIIS

‘mad
aamdaoxd oy poe (mapeamba 1o pasoidde) HEOIN VHSIN ‘Premap amssad sroemedde Sunpeasq penromnod-Jles Itas ‘amy Ao o sy

“samparoiq SwnNE ANy

erRIEm s Swmgeant ujgégilgidgggnﬂiﬁﬂ

0 wot TR g #q v sased ymwon AppEy pov SunE ‘arg ¢ Smung

A RIFTPATITE TONTANE [E)Pa 329 “Tosiad snorswolmn.
T Sunmmos aonpul puy Japes YouQ ‘wonsafny

uE o1 gnom Aq Sumpie 2.8 JanaN Tearpam 4q paroanp s 4]

S00TOETT e uor TOIJ WOTSST § CHE G0-X00L9-5d
1 adng Erlg 1 U ATE 30 ToT v ..naulzmnm:

ajEpaumm yees Eunossd pamen 4q mEAxo aurd 10 nonendsal [enUNLE aud ‘Fanpesig 100 ] N QA o iﬁug-._-?-

Ry G sprds sy Sunwndss 4q Sunpng syenbspe amssy samunm g 1589
1% 10 SUTgEN{ INMIN0I PUE 53508] 12NI002 PUE A0S ‘FUMSHE [FUND BTy Taica Jo Aveid mue gmp Leepaunny 1emod ais

‘asmad aozeq Supop TiEA Mmoo smosdmds
3 DOUGIIE [E2PRT 130 SWNIOND PAFTIHNNINOD 2A0MFY  J2ie 0 ATed puE deos Gw WS it AJSPITID] OHT0d WS

30 58582 (T8 107 558 [EXIPEM 120
PV 504 DeRRay
STHNSVIN @Y 1580 - F NOLLOES.

mmade Smsned eoaed ¢ s (VHSO 'dIN DUV HIDOV) past 100 st eq manodmo) & smenod 1o s11npord soy
‘apmadennir)

33Eim07 Wys J0 mogsadr ‘Tonw(EqT]
inwg jo samey

"PaMO[[EMS 10 TOYS S GENONY PaqI0sqE PSRN 1 TNy 3q ATjy
19903 Qe [Eyaog

‘paiednsaam LmInozoq
T 30 5 . puw fearsiqd ‘TearmeY oq afpamony mo Jo 1saq s 0L

poe SHOONIM WIYS 0 STneL 3q Agjy

‘5343 01 Fmueiun
amsodry jo smuydumis

NOLLYDLIINGAI SO YZVH - £ NOLLD3S

001 SBS0E P susang
=R TIIS VAL TR IS VAL 9 1ady =5¥D (r) (s mauodmo?)
(i) RaVEID  (PRE) ATIHI0V
SINTICIHONI NO NOLLVIVHOINI / NOLLISOZIN00 - L NOLLYES
GURLL g JmOOT $OFIHED ‘emmmog
pue 0 PEe AR
SX0L0SE  reqEm SASIT
103 wg-weg U0 WOy SMOE
D6TS-PBLE0C  JRquany #moqq Aouedismz
O6T5PEL-E0T  H3RqEmy] IBOR] BOTETLIONT] £1690 1D WeALH May

SOOTOETT “weQ monemdalg Jeang PR STl
SO0TOETT _ PRINN SASK BeQ

NOLLYDLILINI ANYIV0D ONY 121J0%d - TNOLLY3S
IIIHS FIVa@ I13IJFVS TYIA3IIvVN

368



_..Sﬂomﬂd!a. ¥ moxy orssrmzad maue GrIO0L9-5d S00COET] MEQ nonsmdazg r Apnns Y W0} Tor wanm SX0L9-5d
+ sfng E!E.!ulj-lﬂi TourmIopT £UF J0 BOUERI[Y N SASIN § adeg INORLY T PATTEIND TOUSTLIONT ATE JO BORERITY QU SAsIN

smoN

sauuoqne Joema o] mo puw ag) Ldde Lrm snouemdal (vd0] ‘smonemial aEls PU [ERPIJ 01 TOUTPPE O]
NOLL¥TVHOINT AHOLY IO - T NOLLYIS

LNV IRDE N dnaso Sunpeg E‘ﬂ_u»a&u_.w W REENNG 104
NHO0INT THOLSNV AL - OLLYFS

Tesodstp o1 EE&-&EBE%U

» U0 0 U o YN amssalg zodey
pawmEal 10N = W E!; ™ j-._._.-.< N =V/N ‘pusie] N md

“ESLWEEHI0 90 SSEANLI AMMEVINVEIEEN 20 CENdN 30 (ESSTEAE AINVIIVA ON
ST a4 JO0T0D MO SPISINO AJE #5M JO JSUIEM PUE STIONIPTOY
S3MIS Y5 PUE TOLAINTP TMO I8 I8 33%5 vﬂuﬁEEF.ﬁﬂlﬂu&E 1 sEmodE STLDIEA0NE TV OIEHD ONY TYISAHA - 6 NOLL)3S
3 Ol 313T[Rq 248 10T EITP (UM 00 Paseq aIT p 1108 TRREY L

369



EL0Z ‘L) Jequaceq] Sepedsadng PL0Z T Aienged imeq uoSKoY

_— s pue dwos s,
e Rt il “ERotEp SO0 iy SULED RIS ¥ U SOBE PUE 0N WITDEA © deaeg LOSUS 3 e
Ty e sem < L] <
S eewaamewey s vomas e s § 00 e o ma e
e e S S VPP T A S
Pegmsep 1oy _ ooy | pesn 7 L _ Lo Lo N 0 LR PPSoriRY o acrde s PTGy fior o i g e et
- oy o Aacis sepme s OPUCD B U TSRYBY-011 10) SUCHTY BA§II0M
! e WpEDP LoaED aoEUng
srseondde o # 40D DUATHOZ saeopds oy swopdean -
o aumnod sussy o shauen dnaib Buyaeg syt o ssep ez e T L
pemriey oy sueu Buddiyg soesydde ON  SSqUINUYNMNA
o (ooLvaVNYD 1100 Sn)uopminp bodesy,  phuopoey T
e ey _‘Il.lu.u}-iluullllllull.nl.‘-]- L LT oariC) IO o STy wos p sy B P “NOLNLIEH NDS “NIS HONCHHL OISH0STY 4 TLANEVH 36 AN ‘NOUJHOSTY NDIS
e, T B e R e
PO 0 Aapuy PLOT RN B LSS 015 U PIRTETE 05 LD BT B USGLALE Y (SRE SLBARE B0 Spieda smmo) pue sedon Bugy SenuL g | e e op s g AuBrog ey s pees ‘AT SNONES SISNVD LIVANOD A3
ST P N WIS SIS GAA PUT LG SRuE B oN 9% U kweon
Ssparosog A Aupqepe st sp puE SEEILIag VG PR g Welkio sl Irags =
SR - sopa e — e Aoy Busgmmin Vomia: FORLE MG UL i A 4 0 MOWSY NOLIYUIEY LOVEL ABOLVEIGSTY ISIVI AV TIIVHNI & TLONUVH 30 AN ‘NOLIYTYHNI

£
o veosdil 5D GEAMOTIVING 8 WLIVEVH 38 AVIY NOLLSION

P WGED TR0 LOGRORLSSH SASRRTEN

e fuale Bunne; SeRpan G SAEEeY THITNE S BvERe Auby e 8 o 3

2028 @01 By ww) asmwsasd Ddes
B e e T et R o et |
: )

370



“JouiEluc) [esodsip ajsem ajeudoidde ue u aseid pue [eualew Aip paul ue Yim qioSE Jo ‘dn dow pue Jajem yim ainig
s jlews

SaInseapy aseajay |BlUSPIdTY g UOJIIBS

SaINSeal ply 184l :p UOROAg

“ajeuiwneosphyena)

LRI Y UOR2ED) BASOIdxT “Seunjeaduia) [BULIOU T8 JIB )M Sainpxiw ansojdre suuoj jey) Jodea e saonpoud pinbiy ay)
:SpJezey uoisojdx3 uo SyiewaY [ejdads

“sawny Buneiu pue axows

PUOE S)iwa | UoHSOdLIOD3P O} PajEaY LBYAY OB SE| PUB LOYIUB! jO 32iN0S O} BJUBJSID B|qRIBPISUCT [aARI ABw Jodep
:SpJezey all4 U Syleway ejdeds

"oy Jo Aeids saiem

‘Wweo; joyoofe 831 13414 IDHY Jepmod [EWaYI AHQ &SN :3HId TIVING ejem ul 1P 40 8/qnjos ‘pinby| 4

‘sBewep suebio jebie) sonposd ueo acuejsqns auy) o) aunsodxe pabuojoid Jo peleaday

(SND) walsks snoasu [eAUSD SN ‘sAaupny ‘poo|q 0 D1x0] 8q ABW 8oUBISONS 8y "1oey Lioieidsa
SNOINLL O] X0} S| SIUBISGNS BUL "SIGEIIEAE 10N ‘A LIDIXOL TYININDOTIAIA BIQEIEAR JON :S1D3443 DINFDOLYHIL
S|E|EAR 10N 5103443 DINIDVLNIN "HIDOY AQ (TEWILE 10 UBWNY 10} BIGEIISSE 10N) $Y :S103443 DINIDONIOHYD
:5193)13 YIIBAH JIUOIYD [BIUAI0

ey

1981U0D ada jo ‘(Jojeawuad ‘JUBILLI) IOBJUOD UNS JO 8SED Ul snopsezey Apybis “uogeeyul jo ‘uonsabul jo asea u snopiezeH
+5193)§3 YyljeaH 3Ny |efualod

:suonanssu) pue eipapy bunybig a1y

*8%00ys Jo 8ouasasd ul ansojdxs

-UON “Jeay Jo souasaid u) ansoidxa ABS “ajgeiiee jop ‘abieyasip Jels jo souasaid ul onpoid ay) jo uoisoidxa jo SYSIH
1520UBJSQNS SNOLIEA JO 30UASALY U] SpIezey uojsojdx3

*SHI0US 0 30UaSaId Ul B|GELILIEY|-UCN "SIENE JO ‘SPIE O ‘S[BLBJEW
Buizipixo jo soueseud u) ajgewwey) o] ajqewwey Aybys ‘1eay jo ‘syieds pue sawey uedo jo souesasd u) ajqewwey AyBiH
1830UBISQNG SNOLIEA JO BUASAIG L) SPIEZeH all4

*(20D ‘0D) S3pIX0 UOGIED Bk S|aNPAJD 8551 UCHSNGWOY JO S]oNPOIg
%6 H3ddN %E'E "HIAMO sHw 4

UONEDUSP| SPIEZEH -E UORISS

[1ey] sinoy 9 wdd poog1 “[asnow] sinoy € wi/biw pODSY :aiNaY :(05D7) HOJVA [1agew]
Gy/Buw gepy [esnop] Gybw 001y Trew] BB 0295 “@Inoy (0507 TYHO “ale1eoe [Kyi3 :s1usipaibu) uo eleq [eaiBojooixal

0oL 9-8L-LpL alelaoe U1
wBiam Aq % #5V2 awey
:uopsodwod

“(puejaagiD) (4:5%) Da2'L :dND N3O (DVL) (4:1'P2) Deb ¥~ :dND OISO ‘SUIOd yseld
(4:008) 0.9 92¢ :enjesedway uogiubl-oiny
“SiEWWEY 1aNPoid Byl jo Aliqewwety

ejeQ uoiso|dx3 pue aJld :§ oIS

“ajqeene 1oy :uojisabu| snopss

“Jeadde swojdwis j uonuaye [eipaw 189 ‘PUBGISIEM J0 j9q ‘el ‘Je(j03 B sk yans Buyiop by ussoo uossed
SNOSU0oUN UB 0] yinow Ag BuiyiAue anb Jesan ‘|auuosied (eaipaw Aq 05 op o} pajoaup ssajun Buwos aanpu) JON °Q
:uopsabuj

‘uouaye

[B21PaW 43S UDIENISNSE) YiINow-0l-yinow wiopad ‘Buyieaiq 1ou st wiow ay) J| “uabAxo Jeisiuiwpe ‘Ynoyp st Buyieaig
JI"PUBGISTEM 40 1j8Q ‘81l ‘/B1j02 © SE yons Buiyio 1B uas0o '8qissod S UCDS SE BAJE BJES B 0} WIDIA BU) BIENDBAT
‘uoHiE[eyYY| SNolRS

“readde swojdwAs i uoguaye

[eaipaw 189 ‘uabiAxo anb ‘ynayyip s1 Buiyeaiq ) “uonesdsas ey anb ‘Buiyieaiq jou j “Je ySalj O} BAOWAI ‘Pa{EYUI J|
“uopejeyu|

‘@|QE|IBAE JON :IBIUOD US SNopRS

‘pasn aq Aew

Jajem pog) *sdojaAsp UOKEYLL| || UDHUSYE [BAPBL |39 *JUBIIOLIS LB LM IS PSIEIILI BY) J8A0D) *JajeM PUB dBOS LM Ysep,
Joruo) upis

“UoHUBITE [EJIPALU 189) "Pasn aq ABw JATEM PIOD “SaInUIL

G 1se8| | J0j Jajem jo fuaid yim sake ysnjj ASjRIpaLw) PEIUCD |0 858D U] "SBSUS| JIBJUCD AUB SACLUS) PUE JO| Y384
onue) ah3

sjuaipasbu) uo uonew.oju| pue uolisodwo) :Z uonIas

00¥#- L¥y-182-| 1B ‘eoueisisse Aouabiewa-uou Jog Z0-8H-b0 fBINULIOS [B31WBYD
£889€-£25-60£-1 *I1ED ‘DFHLWIHO euoneusaiu) 8|e1eay |AU13 ;awen [eajwayd

00E6-v2-008-1 Jayig oneay Jeis3 1AUl3 PRy Jnedy  twAuouds
:l1ea ‘(auoydajay Aouabiow3 WHYE) OIHLNAHO QIGRIEAR 10N H10

WOD'GEIEIUBIOS [BUIUQ JBPIO
aleiaoe |Aylg Kiojusau) (q)g B

00bt- Lbb-182-L ‘SIIES [BUONEUIBIU] H VISLINIRL
LvZ.-106-008-L ‘S8[ES SN 000S2¥SHY :S231H
96E// SEXB] "UCISNOH G-8L-LPL HSYD

Pd YWWS SZovl

"au] ‘WoY'qRIadua|ag
*UDHEULIO)U| J9RIUOD

L1£Z315 '25v231S :sapog bojeen
ajejeoe |Ay)3 :BWeN 1anpod

uoneoynuap] Auedwod pue janpoid [ealwayd : | uolaes

Sas aieleoe |Ayig
193ys ejeq Aiajes |elialen

9 CEIEETLYF]
¢ ILLTEEY

0 Gnapavay

L0300 aJusIIg

juawidinby Ai0jeioqe] g sjeaiwsy) %

371



pd

‘Buneams pue sary jo Buiysnj) :apnjoul Aew swoidwis Jaulo ‘(BiuuayiodAy ‘uns sied pioo ‘uoisusiadAy ‘asind pides - (yooys)
asdeyoo Jejnosea [eiayduad) waysks sej ipJea ‘(ewod ‘iodnjs ‘uoj 00 pue AIoWaw paonpa. ‘sasueqnsip daajs
i SSBUSNOIGLODUN “BIXEJR 'S0UBIOULLOS ‘SSaupapeayy i 'SsauiZzip ‘sw UONIRE) PAMOIS ‘yoeads painis
‘ssausmolp ‘eidojdip ‘oBipan Kouriabipq " yxa - uoissasdap wa)sAs SNoAIBU [BAUSD Pl
wae)shs snoalau (equeosomeyaq joaye Aep “(Bulwon ‘easneu) joed) eugsajuonsel 1Daye Aepw eweape Aeuowind apnoe
@sned Aew pue uoiedsas 19a)je ARy ‘UOIEIL BURIGWSLW SNOJNW Pue 1oy Alojendses asnea Aeyy uoneeyu| “Bniouniucd
8yl jo uol 8snea Aepy ‘uolelu 8a sasneg 'seA3 “UHEIL uIS 8SNED ARy (UNS IS198)3 UIIEBH [ENUSIod BIndy
{SUBWINK UO $198}3 JIXO] JBLI0 UO SHIBWaY [e10ads

“aLl S1y) 18 punaj

EJEP UBLLNY ON "EBJEP }S8) [EWIUE UO paseq ‘sidaye amjonpoides asieape asned Aeyy *(owabeinw) feuaiew oneuab paye Aepy
ISUBLUNK UO §103J§3 J|UCIYD UO SHJBWaY [21dads

Byjw 000'02< 500 1UNS :3IN0Y - (HAABH] 0501 ‘SiewuY 03 AIXOL U0 SIewRY |B0ads

“(sorewiad ‘uelL) 10B1U09 UMYS jO 8SED Ul snopsezey AyBis ‘uoneleyul jo ‘uoisabul jo 8seD Ul snopiezeH

ISUBLWINY UO S12a)3 DIX0] JAYIO

(SND) welshs

snoAsau [enuad ‘1aa) ‘shaupry ‘poojq :suefiio Sumaoiia) au) o) abewep asnea Aey oeq lojesdsal jaddn ‘saurigBW SNooNW
:suebio Buimolio] au) o} abewep sasney HIDOY AQ (‘BWILE 10 UBLINY 10} BGRYISSEID 10N) pY 'S103443 OINFDONIOHYD
SSUBLINY UO §]93J3 JIUOIYD

‘[esnoyy] snoy £ gw/Bw 000G (0507} soden ayl jo Aixel ainay “[asnopy] Bx/Bus 001+ :(05a7) Akoxol

1E40 8IN2Y "JHNSOdX3 HNOH-# ¥ 40 SISYE 3HL NO 031¥WILS3 IHY HIANNIHIH S3NTYA 05071 IHL ‘ONINHYM
‘s|ewjuy o} AnojxoL

‘uonsabu) uonefeyu) eoo 843 ‘uis yBnouy paqiosay :Anug jo seinoy

gd

(0.02 @) By 21 *04nsSaId Jodep

(1 = s31ep0) 206°0 :ANARID DYj0adS
(4.28¥) 0,062 aimesadway [eanUD
(4ot 21 1-) DoE8- HIul0d Bupiapw
(3:9°021) Qo2 Hjod Buyjog

“BIGEIEAE 10N :(4018MUI0S %L) Hd
§580j0]) 140j0]

ajowyB |1 ga uBem Jensejon

@)se) Buiuing ayij-auim ‘Jaamsiallig :ajse)

Ini4 ‘[ga;8y13 110po
‘pinbr :aoueleadde pue ajeis [ea|sAud

|Hedoud |edjway) pue |eajshud :6 Uopoas

UO[jeLLIO}U| [29]BOJODIXCL 1| | LOR9aS

“UN290 jou [IM suonezuawiiod
“BiqE|IEAR 10N (AHAISOLI0) LD SHiRlSY [Rjdadg
“ieyem Aq pasodwooep Amos si i ‘abeiols uQ ‘eaysues

“Siui 2in50dxa ajqeIdadat 40} SaNUOINE [B90] Insuo] gfsatels panun] (13d) YHSO wox (w/Bw) 00p | VML

[epeue))] (ew/Bw) oppi ‘vl (epeued) (wdd) oo VML [Se1BIS paliun] HSOIN wou (wdd) 0op ‘WML [SaIEIS Palun] HSOIN
woy (w/Bw) 00vL VML [s81E1S panun] (AL HIDOY wou 00w ‘¥ML [seiEis penun] (13d) YHSO wolj (wdd) 0oy ‘¥mL
18)jwy aunsodxy

“Janposd

s Bupuey 340438 1siEads B §Nsued uepyns &q jou 1ubiw Buiyiop sarealoid paisabiing 1anpo.d ay) jo uoneleyu)
PIOAR O} pasn aq pinoys smesedde Buiyieaiq paURIUOD §jas Y "SBAOIS) "Sioog “Jojelidsal jodep, uns (In4 ‘sa|6Bob yseids
:Indg abie @ jo aseD U| UDPIBIOI |BUCSIAY

“sane(9 "uejeanba 10 sojesdsa) payiao/pancidde ue asn o) auns ag “ojesdses Jodep 1802 qe "sesselb Alejes

1uDJ128J01 |BUOSIaY

‘UBIES0| UOIEIS-3IOM U] O] [Buixoid 8I8 S18mOYS AJSJES PUE SUOHE]S USEMBAS Y} BINSUS "8ABA JiLUI| PIOYSBIL}

SleuSlEW Sguedwoau) (aleis ‘sieds ‘sawey) saoinos uakubl ‘eay AlgeIsu| jo suopipuoly
‘BiqeEiiese joN saimesadway Ayngeisul
“aiqeis st npoud sy :Aungels

BINISI0p BIEUILLNEOPAIRIS] WNILY PUE '8PIX0INg-Lia) “WNaIo 'pIgE O 012 ‘SBIRIIU LI | 0S|y anipadsal J1ay) mojaq siodea jo SUOHENUSOUOD awioqure ay) daey o) sjoauod BuusauiBua Jayio 1o UONEBINUSA ISNEYXS BPIACI
:Ayanoray uo sxJeway |edads :sjonuog Bupsauibug
's88)6 jo @ouasaud ui Bk N Al o] == = dx3 g
“sifexje ‘spioe siuabe Buizipixo Lim BANIEDY SNOLIBA YIiM I

eleg Ayanoeay pue A)igels (gL uondes

“8UBZUBQ '|OYOIE 'UOIA0E ‘1ayla AYIGID JBjEM |0y IS]EM PIOD Ul |GNIOS :ANIIGNIOS

BANISUSS 2INISION “(awey) J0 weds) uonubl jo Sa0INCs 91qISSOd | PIoAY "asn Joj ApEa) [Mun paeas
pue pasop Ayby Jeureiuoo deay ‘eese pajejiUSA-jem ‘|00 B U) Jaulejuoo daay “ease pascidde pue pejeBeibes e u ai01g
rabrioig

MiE ‘spioe ‘sjuabe Buizipixo se yans
sa|qiedwooul woy Keme dasy| ‘|aqe] ay) 0 JBUIBILOD By} MOYS pue Ajajeipawiwl adiape [BIipaw yaas 'pajsebiu) || uswdinba
Kiojendsal ajgelins ream ‘uoiEUSA JUBDYNSU! jo asea u| “Buiyioja aanoajoud ajgelns seapy *ARidsiodea sewnyseb ayjeaiq

1ou oq “1sabui jou og “feualew Buiueuod uawdinba |jB punois) 61 jo sa2unos woy Aeme doay Jeay woiy Aeme daay
:suojinesald

‘aucieae “eyie |Ayisp eiem ul fignios aag sepuedoid a
“ajqe|ieAe 10N :(sa1ep uy) Ajjojuo)

£°0 = (1e1emyi0}60) !(10 Uy 3GN|0s Bs0u §1 1onposd au L |03 ISIA I1O/IaIEM
wdd §°¢ :ploysaiy] 10po

*BIGEIEAR 10N : KIINBIOA

(1= 1) p0'e :Ausuaq sodep

abesols pue Bujpuey :2 uojoes

“SIIOYINE [BIO] YUMm pue

SASIN 84l UD AL ¥98YD “ATL SA0QE |aAS| LUDIENUSIUDD B B Juasasd jou si jonpoid ay) Byl [Njeied ag "popasu Jl ayip 'seale
Pauyu0 J0 sjuBwaseq ‘siames ojul Anue Juanald ‘[euelew payids Yyonel Jou og “[EUelEW BIQISNGUIOD-UoU JBYI0 10 PUES
‘Yuea AHQ YIM QIOSTY “NSU Inoylm JI yest dois ‘uomubl jo sa0unos woyy Aeme deay Tesy woly Aeme daay ‘pinby ajqewwel

372



sefewep yans jo Alnqissod ay) jo pasiApe ueaq sey
10°QETSOUBIIS Ji UBAS ‘BUISIE JaABOSMOY A 0 ‘JEIUBpIoUl ‘o8I ‘[BI2eds AUE Jo Sioid SO
10§ Jo Aued pay) Aue jo seBewep Jo 'sassa) ‘swiejs Aue Joj ajqey eq woo QETBOUBISS fBYS juaae ou uj ‘sesodind seinaiied nayl
i0j UoREULIOJY BY) jO AIQENNS Byl o UMO J1aY) BYEW PNOYS SI8sr) ‘asn sy woy Bunnsas Aigqey ou
SLINSSE 8M PUE 'VOWELLIOMI YONS 0] 080581 UYiM ‘PSNIchu) 10 SS81dxa AIUBLEM JBYI0 AUE 10 ANIGEILEYIOW JO AIUELIEM OU BYEW
M JBASMOH SN 0] SJEIILAR AUSLND UOHEWIONN 1S8] SU) SIUSSEIO08] PUB BJRINJOE B O} PBABIS] S| SADGE UONBLLIOJU] 8]

Wd 0021 £102/12/50 :pjepdn 1seq
Wd g1:80 G00Z/01/01 :paieaid
‘8IGE|IEAE JON :SUCNEIPISUOD [E199dS 12UID

‘BIQE|IEAR |ON (S30UdIaRY

uo| Jul 19410 91 UolIas

-sasse|f fiejes ‘ajenbapeu) s uoieiuaA UBYM
Jojesidsal ajeudosdde jeapp “usieanba 1o Jojelidsas payuespascidde UB 85N 0] aINs &g “JojeJidsal JOTBA JBOD QBT "SBA0ID)
suawdinbg aapsalold

:paezey dyads
0 *AuAnaeay
€ ihyngqewwery
[RIEET
:('¥'S'N) UONBIIOSSY UONIBIOIG 3114 [BUCHEN
B :uopoajoug |euOSIad
0k

‘|age] 40 Jaueuos
S} MOUS PUE A|alBIpaLuw) DIADE [BDIPBLU }88s ‘Pamoliems J| -ovS 'sebreyosip onels 1suieBe sainseaw Aguoinesad aye)
-E££S '8OIAPE [BDIpAW %8as pue Jajem jo Aueid ynm Ljejeipaww asuu ‘saka Yiim j9BIUCD jO BSED U| -g2S "Bunjows op -
uoniub jo s801n0s wWoyy Aeme dasy -g1S "uaIPpYD JO YIeas ayl jo Ino daay -2g ‘sada ol Buneiw) -gey “aiqewwey AyBiH - L1y
:(033) 1080

“(4:001) D.8 LE vBYl J8mO) uiod ysey & yim pinby 8jqewweld 12-8 SSYD H(epeueDd) SINHM
{SUONIBIIJISSEID JOUI0

"S80UBISGNS [EOjWaYD [ERiewWwWog Buiisix3 jo Aojuaau) ueadoing
8y uo st 1onpoud siuL *SOINIS (00240164 H4D 62) PEPUEIS UOHEIUNWLIOY PIBZEH JO UOHIUYEP AQ SNOPJEZEH WHSO
:suopejnbay Jayi0

(Bx 8922) 'Sq1 000G 3181898 |Ay13 :'SBOULISQNS SNOPIEZEH (Y IDHIO BIElsoe |Ay13

:uoresynou podxe enuue (g)z1 yOSL eleede |Aylg (uNI (B)g wOSL alelese 1Ay13 sejn 1sel (Buy (ely yOS L eielede jAylg
sAiojuaaul (Q)2 wOS L alejace |Aylg [SaoUBISgNS SNOPJEZEH JO 11| §,J01081(Q BlLIOjED) alelede |Ay1g (Buiuodal |ds BuBISINGT
8jejaae 1Ay13 1si ids spssnuyoessep 81e1soe |AY13 )L
NOSNYOBSSEY aleiace 1Ay @1R|aoe |AUI3 ‘Bpuo|4 BIBIE0R AT iy LY BIUBAASULDG B)R1a0e |AYI [SoUBISONS
SNOPIEZEY Y 1Y PUE(S] muu;: alejaoe |Ay3 sy Buiodas aseajal oA map 8le1ae A3 119k Alejes [eawayo sioull||
8|ejaoe |Auyi3 (1or sak 210) Sioulj|| 811828 |AY)3 ASAINS [BUBJEW SNORJEZEY INS||9BULOD
:suojjeinBay ajelg pue jesepad

uopeuuoju| Asoje|nBay 19410 ‘5L Uopdes

‘a|qejieAe 10N uodsuel] J0) SUDIS|ACI [ejoadg
11 :9d B2 11 “WNNN 81E130Y |ALI3 | :uojieoyiuap|
“pinby 4'E SSV10 loa

uojjeuLoju Jodsuel] :p| UoN2ag

"sucpe|nbe j0AU0D [BIUBWUOIIAUS [E00| PUE BIBIS 'EJ8P8) Ylim 82UBRIOIJE U) Jo PsOdsIp 8q ISNW alSem
:|esods|q aisepM

flelapisuo) | 10 -E} uonag

‘BqE|BA 10N :UONEPEIBaPOIE JO SIONPOId BY) UD SHIBWSY [Bj0ads
a0} jou ese uonepeiBap jo spnpoud sy pue yesi anpoud ay) :uonepesBapoig Jo s1onpoid ay) jo AyaxoL

asue few sionpoud uonepesBap uua) Buo) ‘Jaasmo "Ajex) 10u ase sionpoid uogepesBap uua) LoYS snopsezey Agissod
:uoijepeiBapoig jo sjanpoid

“3|ge|[EAR J0N :gOD PUE 5008

luswen ueipul) ysid) sinoy g6 wdd 5g1g [(mouuw peayied) ysid] siney 96 /6w 0zz -(0507) saiem ui Aloixoioa
:Ayaixojoog

uoneunojul [e2160j023 gL uondes

£ {psezey aud
2 iplEzeH UieaH
H'v's'n) SINH

*(sisajAooyna| ‘BlwauE) poojq pue ‘wsyoqelaw 10ajje osje Aew 1) abewep weay pue ‘Bun) ‘Aaupny Jaa| 8SNED PUB ‘(UoHERYUI
8InNoe Jo 850y} 0] Jejws swodwAs) walsAs snomsu eUBOHOINELSY J38je Aew uoiejeyur pabuojoid ‘uolERY
waye few uoj o pabuojoud : “unys ay) jo Bunjoeso pue Bullip asnea Aew 19BjU0D us pabBuojoid

10 pajeaday ‘umg m._ua:m_ YlEaH [Enuaiog dways -(uoneeyul jo eyl o) Jepuns aq Aew spoaye - uoissaidap SND) walsAs
SNoAJaU [BAUBI/IOIARYSY ‘poojq 10aye Aepy “Buiwoa pue Basneu ypm uonepan (oel [eunsaluiogsel asnes Aepy :uonsabu|

373



	University of Pennsylvania
	ScholarlyCommons
	4-20-2018

	Bio-Dodecanedioic Acid (DDDA) Production
	Brandon M. Mills
	Meghavi M. Talati
	Gregory A. Winter
	Bio-Dodecanedioic Acid (DDDA) Production
	Abstract
	Disciplines


	tmp.1524243050.pdf.kSShu

