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1. Description of the design

Outline of design

The process of producing biodiesel from rape-seed and azeotropic ethanol consists of basically
five steps. The first step is the production of rape seed oil (RSO) from the rape seed. This is done
in unit 100. The second step, in unit 200, is to purify this RSO so that it can be added to the
reactor, and the necessary impurities are removed In unit 300 the reaction takes place. Here the
purified RSO is mixed with anhydrous ethanol to produce the rapeseed ethanol ester (REE)
according to the following stoichiometry;

triglyceride + 3 ethanol - glycol + 3 REE

The ethanol is produced in unit 400, where its centration is raised from the azeotropic
concentration (88.3 %mol) to the anhydrous form (99.99%mol). Finally in unit 500, the products
of the reaction in unit 300 are purified into pure REE, pure glycol, and a relatively pure recycle
ethanol stream.

Activities

Firstly we will do a basic engineering of the plant, determining the behavior of the chemicals
involved, and the lay-out of the production and separation train.

Also, we will do a basic cost evaluation. We will take into account prices and quantities of feeds
and products, utilities, and transportation costs, and decide where to locate the REE production
facility.

Finally, we will do a detailed engineering of the plant, determining the specifications of the
equipment and substances involved.
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Addendum to final report ‘BIO-diesel from rapeseed and BIO-ethanol’
1. Preface
The assignment is issued by OBL, in which COSUN, CSM SUIKER and NEDALCO participate,
represented by Mr. S.S. de Vries. For Delft University of Technology, Dr. Zarko Olujic represented
the Laboratory for Process Equipment, Mr. C.P. Luteijn Delft Chem Tech.

2. Earning power

The earning power is calculated according to Coulson and Richardsons’ Chemical Engineering
Volume 6. The calculation is shown in table Al. The earning power is 7.03%.

Table Al
End of year |Net cash flow |Cumulative Discounted Cumulative Discounted Cumulative
(MEuro) cash flow Cash Flow (at |Discounted Cash Flow (at |Discounted
(MEuro) 16%) Cash Flow(at |x%) Cash Flow (at
15%) X%)

1 -18.99 -18.99 -16.52 -16.52 -17.75 -17.75
2 0.00 -18.99 0.00 -16.52 0.00 -17.75
3 2.80 -16.10 1.91 -14.61 2.36 -15.38
4 2.90 -13.20 1.66 -12.95 2.21 -13.17
5 2,90 -10.30 1.44 -11.51 2.06 -11.11
6 2.90 -7.40 1.25 -10.26 1.93 -9.18
7 2.90 -4.50 1.09 -9.17 1.80 -7.38|
8 2.90 -1.60 0.95 -8.22 1.68 -5.70
9 2.90 1.29 0.82 -7.40 1.57 -4.13

10 2.90 419 0.72 -6.68 1.47 -2.66

11 2.90 7.09 0.62 -6.06 1.37 -1.28

12 _2.90 9.99 0.54 -5.52 1.28 -0.00

13 4.80 14.79 0.78 -4.74 1.98 1.98

14 4.80 19.58 0.68 -4.06 1.85 3.84

15 4.80 24.38 0.59 -3.47 1.73 5.57

3. Used prices of feedstock and products

Feedstock:
Rapeseed f1 0.463 / kg
Bio-ethanol f11.207 / liter

Products:

Biodiesel fl 1.204 / liter
Glycerol f10.330 / kg
Meal f1 2.850 / kg

4. Conversion, kinetics and catalyst

The article by Freedman and Pryde [23] is the basis for conversion, kinetics and catalyst in the
design. The article addresses the transesterification of soybean oils, not rapeseed oils. Therefore,
small but important differences in equilibrium conversion may be present. An equilibrium
conversion of about 97% is assumed from the data in the article, achieved after 4 hours. In the
design, the conversion achieved is 94% after 3'2 minutes (217 seconds) reaction time. If it is
found, i.e. from dedicated experiments, that equilibrium conversion is high enough to simplify the
product purification train (U500), a better (faster) catalyst is desired.

D:AData\0Cpd\Designs\GO\Go002\Docs\ADDEND . DOC
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2. Process definition

2.1. Process concept chosen

Unit 100-200

Before extracting the oil from the rapeseeds, the seeds must be cleaned, crushed/flaked and
heated (pretreatment of the seeds). Three different processes for extracting oil from seeds are
used in industry.

1. Direct solvent extraction
2. Direct screw pressing extraction
3. Pre-press solvent extraction

The third possibility is chosen. High capacities are possible, 1000 ton/day. The process time is
relatively low and the process is efficient. Pre-press solvent extraction is the most economical
process for oil extraction.

The pre-press solvent extraction process is a classical system of processing rapeseed in which the
seed is initially expelled under pressure to release a percentage of the available oil. Usually
hexane is used as solvent for the extraction. This method is used by many oil producers.

After the pressing step, the residue from the screw press is mixed with hexane and the oil in the
residue is further extracted. The press expels 16-20% of the oil. The hexane extract 18-20% of
the oil(a total amount of 40 % of oil expelling from the rapeseed is possible).

The last step in processing rapeseed oil is degumming, removal of phosphatides or gums and
free moisture. The crude rapeseed oil is mixed with water or acid to hydrate phosphatides, which
are then removed by centrifuging.

Unit 300
In unit 300 the reaction takes place.

Reactions:
The crude RSO contains different kinds of fatty acids that form ester bonds with glycerol. In
modeling the RSO we assumed that all fatty acids are oleic acid. This assumption is made for
modeling in Aspen.

Thermodynamics:
In the modeling of the mixture the ionic components are neglected. For the use of the non ionic
thermodynamic models see next paragraph. With the non-ionic thermodynamic model the reactor
equilibrium is calculated. The equilibrium calculation estimated a conversion of about 100 % of
glycerolesters to ethylesters.

Page 40f16}
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Unit 400

We will investigate two different processes to produce anhydrous ethanol from an azeotropic
feed. The benchmark process will be azeotropic distillation. Ethanol-water separation using
benzene is the textbook example of azeotropic distillation, so this will be used for comparison. A
suitable entrainer will need to be found to replace benzene.

On the other hand, membrane separation is a very promising modern process. When designing
the process carefully, a membrane separation can be included which promises lower total costs

U400 Azeotropic Distillation alternative

In azeotropic distillation, a third component is added to 'lift’ the concentration over the azeotropic
concentration. The standard entrainer is benzene, but a more environmentally friendly agent
would be hexane. We will examine both. What happens is that the benzene-water azeotrope is
more volatile than ethanol, so that ethanol can be recovered as a very pure bottoms product.
The benzene-water azeotrope is then, in a decanter, separated into an organic and a aquous
phase. The aquous phase is distilled, benzene is recycled, and water is the bottoms product. The
organic phase is recycled to the first column.

Fouling is not a great problem, it can be countered by using tray columns designed to deal with
fouling liquids.

U400 Membrane alternative

Considering the membrane alternative, two main concepts are applicable:

1. Pervapouration. The azeotropic mixture is supplied to the membrane unit as a liquid. The
water (and some ethanol) is evaporated through the membrane layer. The driving force
is the partial water vapour pressure requiring vacuum at the permeate side (~0.1 bar).
The ethanol phase (retentate) is to be heated in stages because of heat loss in the liquid
due to water evaporation.

2. Vapour permeation. The azeotropic mixture is supplied to the membrane as a
(superheated) vapour, therefore no interstage reheating is required as in the
pervapouration case.

Maintaining the driving force is a point of concern with the membrane. An option is the so-called
product sweep: ethanol rich vapour from the retentate is recycled to the permeate side in order
to lower the partial; water vapour pressure. In both options the water rich permeate is supplied
to an under azeotropic column where water (~100ppm ethanol) is removed from the bottom and
azeotrope is recycled back to the azeotropic membrane feed. In the pervapouration case the
azeotropic vapour may be codensated in stages in order to reheat the liquid retentate stream.

With respect to both membrane options the ultimate retentate may directly be 99.9% pure or be
99% pure and supplied to an above azeotropic column with azeotrope as distillate and 99.9%
ethanol as bottom product.

Fouling. The fresh azeotropic feed is expected to be very low in impurities. The recycle ethanol
streams from unit 500 are removed as distillates and contain relatively small amounts of other
components, predominantly glycol and REE. Dissolved potassium, fats and fatty acids will not be
present, as they will stay in liquid bottom streams. If fouling due to glycol and REE is an issue,
the recycles should be supplied after the membranes and before the above azeotropic column.
These heavy components will be removed with ethanol as bottom products. The azeotropes are

o
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in both above and under azeotropic columns removed as distillates and can therefore be recycled
to the membranes virtually free of heavy components.

The water content of the reactor feed is to be kept to an minimum and therefore the hydrate
water in solid fresh KOH is to be removed. The KOH can be supplied just before the above
azeotropic column where KOH, being dissociated completely in ions, will go into the product
stream together with the ethanol as a liquid, and will not be recycled to the membranes. If the
KOH is not supplied in this way, it must be dryed by heating before supplied to the dry ethanol
stream.

Conclusion

Much experience has been accumulated in using azeotropic distillation for the ethanol-water
mixture. This makes it a useful benchmark process. Investigation is needed to determine which
entrainer to use instead of the standard entrainer, benzene.

Membranes offer an alternative to azeotropic distillation, even in the case of sensitivity to
glycerol, REE, and KOH, when using an above azeotropic column. In case a virtually water free
reaction feed is required this column can be used keeping the membranes free of degradation
due to potassium.

In the detailed engineering study we will do a detailed engineering of both processes, and decide
which is the most useful.

Ko 2r
TUDelft
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Unit 500

The goal of the separation process is to separate the mixture coming from the reactor in order
to get a pure product (REE) and to get pure byproducts.

The stream coming from the reactor is a two-phase flow, which is separated in a decanter.
Solids that are created in the reaction accumulate in the boundary layer in the decanter. This
boundary layer is drained, the solids are removed by filtration and the solid free liquid is recycled
into the decanter. Two options for product purification are:

1. Distillation.

2. Washing with water (the ATT process [1]).

We choose for distillation because the monoglycerides must be removed from the product
phase in order to meet product specification. In the ATT process for the methyl alternative it is
likely to believe that the monoglycerides content in biodiesel is within specification because of a
higher equilibrium conversion (from literature [6]) than the ethyl alternative. Washing with water
will not adequately remove the monoglycerides but is done in the ATT process to remove other
components. In order to get operation temperature low enough to preserve product breakdown
columns must be operated in deep vacuum (+ 30 mbar).

Several rules of thumb [58] are taken into account to determine our distillation process:
Remove corrosive or hazardous components as soon as possible.

Remove reactive components or monomers as soon as possible.

Remove products as distillates.

Remove recycles as distillates particularly if they are recycled to a fixed bed reactor.
Most plentiful first.

Lightest first.

High-recovery separation last.

Difficult separation last.

0 NGB

The light phase, containing mostly apolar components, is fed to a flash drum to separate the
ethanol from the feed mixture, in accordance with rule of thumb number 6. In the final column
the product REE is removed as distillate and high recovery is required, in accordance with rules
of thumb number 3 and 7. Although violating rule of thumb number 4, the monoglyceride recycle
stream is removed from the column as a bottom product, but a minimum of impurities are
expected to be present.

The heavy phase, containing mostly polar components, is fed to a distillation column where
the lightest and the most plentiful component, ethanol, is distilled first, following rules of thumb
number 5 and 6. The last separation is that of monoglyceride and glycerol and is the most
difficult one (rule of thumb number 8).

2.2. Block schemes

See PFS’ s in appendix 1.

o
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2.3. Thermodynamic properties

The estimation of the enthalpy, entropy and Gibbs energy.
The thermodynamics can describe the equilibrium state of a system. The equilibrium calculation
can be used for a concept process design. For equilibrium calculations the Gibbs-energy is
fundamental. Estimation of the Gibbs-energy for pure components is possible and mixtures at
every temperature and pressure if the enthalpy, entropy and the specific heat properties are
available. The following formulas are used:

T
AH(p,T)=AH(p",T°)+ [c,dT

T
T
A,S(p,T)=4,8(p",T°)+ ICF”dT—zR 1{%}
TD
A,G(p,T)= A, H(p,T)-TA S(p,T)

In the production of bio diesel, mono-, di,- and tri-glycerides and ethylesters of oil acids are
concerned. For these large molecules the (estimated) properties are indirectly available with
group contribution methods. In this design the Benson group contribution method for ideal gas
properties is used. These heavy components are not in the gaseous state, With these ideal gas
properties and the knowledge that the Gibbs-energy for the gas and liquid in equilibrium are the

of gas can be transformed in the Gibbs energy for liquid.

A,G(p.T)= A H(p®.T°)~TA,S(p".T°)+ ?j‘cpdT—TT?pdTﬁRTm(pTJ
] : p

T T

In the formula above the saturated pressure can be estimated with the Frost Kalkwarf Thodos
method . The Frost Kalkwarf Thodos method uses the boiling temperature, critical pressure and
temperature. These properties can be estimated with the Fedor group contribution method for
critical properties.

The thermodynamic properties of linear alkanoic fatty acids are available in the literature. The
estimated properties with the methods used above are correlated on the literature data. The
correlation is accurate enough for the design of the bio diesel production: see appendix 6.

K-values for a vapour liquid equilibrium

The vapour liquid relation give correlation between the vapour and liquid composition (x, y) in
equilibrium state.

01V iPior = 7% P

Explanation of the symbols:

P Satured vapour pressure of component /in Pa;
Pwr  Total pressure in the system in Pa;

X Molar fraction of component /in the liquid phase;
¥ Molar fraction of component /in de vapour phase;
Yi The partial activity coefficient of component

o Partial fugacity coefficient of component

¢  Fugacity coefficient of component /.

o 90f16
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The satured vapour pressure of a component can be found as a function of the temperature from
the database of Chemcad. The partial activity coefficients are estimated with the UNIFAC method
and the Partial fugacity coefficients are estimated with the Peng Robinson equation of state. The
UNIFAC method is a group contribution method. The Peng Robinson equation of state is based
on the interpolation of acentric-factor (o), critic pressure (/2. en temperature (7). This
interpolation leads to a deviation from the real situation.

Normally the parameters in the vapour liquid relation are lumped in a K~value.

=K.x, with K, = Yd) k
¢1 fot

K-values for a liquid liquid equilibrium
For liquid liquid equilibrium the partial activity of the components in both phase are equal.

('Y ix‘, )Phase 1 " ('Y ixi )thse 1

Explanation of the symbols:

Xi Molar fraction of component /in the liquid phase;

¥i The partial activity coefficient of component /

Normally the parameters in the vapour liquid relation are lumped in a A=value.

g0
x =Kx' with K, =L
Vi

Composition of the phases.
For the calculation of the composition of the both phases mole and equilibrium balances are
drawn up.

Pz, =F'x! + F'x"

Jc,.I =K I,xff

Explanation of the symbols:

F Total amount of both phases in moles;

K Equilibriumconstant or K-value of component 7

F Amount in phase I in moles;

A" Amount in phase II in moles;

X Mole fraction of component /in de phase I;

X", Mole fraction of component /in de phase II;

Z Mole fraction of component 7in the system (both phase);

By combining the mole and equilibrium balances and introducing the factor p= # /Ffollows the
formula below.

no_ Z.~
! Kz
ol 1+B(K -1)

The vapor fraction (B) can be calculated by solving the following equation.

Zx Z ZHﬁ i
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This formula can be calculated with the Newton Rapson algorithm.

2.4. List of pure component properties

The list of pure component properties is given in Appendix 3 List of pure component properties.
The properties of the glycerides and the ethylester are not available in conventional databanks
and are therefore estimated. The critical temperatures (T.) are estimated with the Fedor group
contribution method [1]. The boiling point (T,) and melting point (T,,) values of the glycerides
are then estimated with the following rules of thumb:

Tp = 0.68*%T. and T, ~ 0.35*%T..

The liquid density values of the glycerides at 20 °C are estimated with the modified Rackett
technique [1]. The estimated density values are lower than expected and this should be taken
account of in the design. The remaining melting point values as well as the Maximum Allowable
Concentration (MAC) values are obtained from [3]. The lethal dose (LD) values are obtained from

[2].

2.5. Process stream summary and mass balances

Basis of calculation

We decided to design a factory with a capacity of 100,000 tons Biodiesel a year. This is the
number we based most of the calculations on. With this number in mind we calculated the
conversion rate of the reaction. This allows us to determinate quite detailed what and how much
products are produced in unit 300. Most of the calculations of Unit 500 are based on the
qualifications set by the DIN norm for Biodiesel combined with the numbers of substances we
obtained in Unit 300.

Stream list/mass balances

The mass balances are presented in a mass or molar check per piece of equipement. We didn't
perform any iterative calculations yet for the recycle streams so the mass balance doesn't add to
zero at every piece of equipement. Once we've modelled our design in Aspen, all mass balances
should add to zero. This rough estimate is accurate enough to make basis designs though.

The stream lists are attached as appendices.
Stream 215 is based on the DIN norm for Biodiesel. The calculations for the other streams are

based on stream 215 and stream 101 (the properties of rapeseed).
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3. Basic assumptions

3.1. Plant capacity

If we want to design a competitive plant comparing to plants, which are built currently, we will
have to design one with a capacity of 100,000 t/a. Looking at the dieselmarket in the
Netherlands this amount is 20% of the diesel in 50% of the cars using diesel. This is (of course)
10% of the total use of diesel in the automobile industry.

The amounts of bio-ethanol and rapeseed, which we will need to produce 100,000 t/a,
are large, but they are within the production-capacity of modern factories. The area we need to
cultivate the rapeseed is enormous, but we think there will be enough land for example in
Eastern Europe, Russia, USA or Brazil.

The factory will be producing REE 350 days per year, 24 hours per day. Per year it will be
active for 8400 hours per year (96% of a full, continous year). In the other 15 days there is time
for cleaning, reparing and to solve unexpected problems. The economical plant lifetime is 15
years.

3.2. Location

The principal factors to consider are:

1. Location, with respect to the marketing area. You want to produce the bio-diesel as close as
possible to them primary market (refineries), because otherwhise the transport costs become
too high. The Dutch market is the main customer.

2. Raw material supply. A bio-ethanol producer has to be nearby. You want the rapeseed
producer not too far away.

3. Transport facilities. The rapeseed is transferred by boat, so we need a (little) dock. Building
the factory close to an industrial area has a couple of advantages. For example the
infrastructure and nearby deliverers of products we need in the process like steam and bio-
ethanol

4. Availibility of labour. To keep the costs of our plant low, we want to locate the plant in a
country where the labour costs are as low as possible. The labour cost is price of labour
times labour productivity.

5. Availibility of utilities. You need steam, but you don’t want to produce it yourselves. So also a
steam-producer has to be close to the plant.

6. Availibility of suitable land. Sufficient suitable land must be available for the proposed plant
and future expansion.

7. Environmental impact, and effluent disposal. The disposal of harmful effluents will be covered
by local regulations.

8. Local community considerations. The proposed plant must fit in with and be acceptable to
the local community. A safe location without significant additional risk to the community.

9. Climate. Adverse climatic conditions at a site will increase costs.

10. Political and stategic considerations. In some European countries (e.g. Italy, France,
Germany, Sweden, Austria and Tsjech Republic) there are some special, lower taxes for bio-
diesel.

e
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The location of the plant will be in the ‘Rijnmond’-area, Rotterdam, the Netherlands. A bio-
ethanol producer is nearby, rapeseed can easily been transported to the plant, the refineries are
close to the factory, the road and water infrastructure is excellent, all the utilities are nearby,
there is still enough suitable land. Conclusion: A good place to locate the plant.

3.3. Battery limit

Inside the battery you will find the next aspects:
- U100 (the crushing-process of rapeseed)
- U200 (the pre-treatment of rapeseed oil)
- U300 (the reaction/the reactor)
- U400 (the purification of bio-ethanol)
- U500 (the separation-steps to purify the REE and the glycol)
- Storage facilities

QOutside the battery we keep the following:

l - Bio-ethanol production

- Steam production

- Electricity production
l - Control room

- Harbor

- Canteen, change house and offices

- Parking places
l - Fire stations

- Laboratories

3.4. Battery limit streams
See appendix 5.
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4. Preliminary cost estimation
Operation costs
Materials Unhits | Costs/Unhit (N.) | Units/dayCost/day
Rapeseed tons | fi 475,00 705| fi 334.875,00
Bio-ethanol tons | fi 1.508,14 46, fl 69.374,44
Potassium hydroxidetons | fi 10.864,00 43 fl 46.715,20
Hexane tons | fl 1.072,76 0,7 fl 750,93
Citric acid tons | fl 17.524,10 0,5 fl 8.762,05
fl 460.477,62
Wilities ;
Steam tons | fl 33,60 | 675 fi 22.680,00
Electricity kwh | fl 0,22 30000/ fi 6.600,00
fl 489.757,62
Benefits
Materials Units | Price/Unit (Nl.) | Units/dayGain/day
Biodiesel*** tons | fi 1.268,00 286 fl 362.648,00
Meal tons | fl 330,00 | 423/ fi 139.590,00
Glycerol tons | fl 3.212,00 | 29| fl - 93.148,00
Soap tons | fl =} 6 fi -
Lecithine tons | fi - 07 fl -
Purge tons | fi 500,00- 0,2 fi 100,00~
Wtilities
Steam tons | fi - 675 fi -
f 595.286,00
Margin/day fl  105.528,38
Margin/year fl 38.517.857,97
* CMR=Chemical Marker Report, May 29 2000
** Instuction Manual
*** See Price Biodiesel
Price Biodiesel: DM/ Hf/I
Connemann prodluction price (1999) 0,90 1,01
(DM/Nf1) 1,127
Our Biodlesel price:
Production price Connemann 1,01
Profit 10% ) 0,10
1,12
This equals: | 1,268 Nfl/kg
o Page
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Appendix 1

U400; Azeotropic destillation
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Streamsummary Unit 100

STREAM Nr. : 101 116 103 104 117 105 106 107 109 110
Name : Rapeseed Waste Rapeseed Rapeseed flakes |Rapeseed flakes |Rapeseed flakes |CRSO Filter cake CRSO CRSO
COMP MW | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s | kg/s mol/s kg/s  mol/s
Rapeseed 8,18 0,00 8,18 8,18 8,18 8,18
Waste 0,17 0,17
Filter cake 0,33 0,33
RSO 885 2,35 2,6509] 0,11 0,1251| 2724 2,5258] 224 2,53
Dry matter 0,22 0,0000 0,22
Monoglyceriden 357 0,04 0,0200 0,04 0,1166] 0,04 0,12
Free fatty acids 282 0,00 0,0000 0,00 0,0000] 0,00
H20 (and fouling) 18 0,41 10,0000 0,41 22,5217 0,00
Lecithin (phosfor) 0,01 0,0000 0,01 0,0000{ 0,01
Eriusic acids 0,05 0,0000 0,05 0,0000| 0,05
Sulfur 0,00 0,0000 0,00 0,0000f 0,00
Meal 0,00 0,0000f 0,00
Hexane 86 24,9986
Total 8,35 10,0000/ 0,17 0,0000f 8,18 0,0000f 8,18 0,0000f 8,51 0,0000] 851 0,0000f 3,07 2,6709 0,33 0,1251] 2,74 25,1641 233 26424
Enthalpy kW
Phase
Press. Bara
Temp C
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111 108 209 115 113 112 114

Water Rapeseed flakes Hexane CRSO+hexane |Meal Water Dry Meal
kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s | kg/s  mol/s kg/s mol/s kg/s mol/s

1,04 1,1745 1,04  1,1745
4,15 4,15 4,15
0,41 22,5217 0,25 13,80 0,00  0,0666| 0,25 13,88 025 13,88
0,02
0,00
0,00
6,33 73,6572| 6,33 73,6572| 0,01 0,06 0,01 0,06

0,41 22,5217 5,44 14,9781 6,33 73,6572 7,40 74,8983| 4,40 13,8773 0,25 13,8773 4,15 0,0000




GGO0-2
Streamsummary Unit 300 SLEmRE
STREAM Nr. : 215 409 510 514 302 301
Name : Purified RSO Activated ethanol Recycle of glycerides Recycle of glycerides 510+514 Reaction product

COMP MW kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s
REE 310,52 0,00 0,0128 0,0043 0,0139 3,49 11,2466
RSO 885,46 3,34 3,7729
Ethanol 46,07 1,30 28,2837 0,79 17,0508
Glycol 92,10 0,36 3,88
KOH 56,00 0,04 0,75 0,04 0,7544
Monoglyceriden 356,55 0,06 0,1643 0,83 2.3171 0,12 0,3416 0,95 2,6587 0,98 2,7377
Free fatty acids 282,47 0,00 0,0000 0,05 0,1713
H20 (and fouling) 18,02 0,00 0,0050 0,01 0,5042 0,01 0,51
Lecithin (phosfor) 0,00 0,01
Eriusic acids 0,00 0,07 0,01
Sulfur 0,00 0,00 0,07

0,00

0,00 0,0000

Total 3,48 3,9422 1,35 29,5423 0,83 2,3171 0,13 0,3544 0,95 2,6727 5,79 36,3526
Enthalpy kW
Phase
Press. Bara 1,0 1,0
Temp °C 40,0 70,0




Streamsummary Unit 500

STREAM Nr. : 301 501 509 505 507 506 502

Name : Reaction product REE phase Top Flash 501 Bottom flash 501 Top C 502/REE Bottom C 502 Glycol phase
COMP MW kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s
REE 311 3,49 11,2466 3,49 11,2338 0,00 0,0012 3,49 11,2327 3,49 11,2327 0,00 0,00 0,00 0,01276
Ethanol 46 0,79 17,0508 0,08 1,7534 0,07 1,5246 0,00 0,0034 0,01 0,2288 0,00 0,00 0,70  15,29746
Glycol 92 0,36 3,8776 0,00 0,0035 0,00 0,0001 0,01 0,2288 0,01 0,0034 0,00 0,00 0,36 3,87410
KOH 56 0,04 0,7544 0,04 0,75442
Monoglyceriden 357 0,98 2,7377 0,85 2,3961 0,85 2,3961 0,03 0,0790 0,83 2.32 0,12 0,34164
Free fatty acids 282 0,05 0,1713 0,05 0,1713 0,05 0,1712 0,00 0,0125 0,04 0,16
H20 (and fouling) 18 0,01 0,51 0,00 0,0073 0,00 0,0073 0,00 0,0001 0,01 0,50681
Lecithin (phosfor) 0,00 0,0000 0,01
Eriusic acids 0,01 0,0000 0,07
Sulfur 0,07 0,0000 0,00
Total 5,79 36,3526 4,47 15,5654 0,07 1,5331 4,40 14,0322 3,54 11,5565 0,87 2,4759 131 20,7872
Enthalpy kW
Phase
Press. Bara
Temp °C
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504 503 514 513
Top C 503 Bottom C 503 Bottom C 504 Top C 504
kg/s mol/s kg/s mol/s kg/s mol/s kg/s mol/s

0,00 0,0128 0,00 0,0128

0,70 15,2210 0,00 0,0765 0,00 0,0765

0,00 0,0194 0,36 3,8547 0,36 3,8547
0,04 0,7544 0,04 0,7544
0,12 0,3416 0,12 0,3416

0,01 0,5068
0,01 0,01
0,07 0,07
0,00 0,00

0,71 15,7472 0,60 5,0400 0,20 0,3544 0,40 4,6856




Appendix 3 List of pure component properties

PURE COMPONENT PROPERTIES

Component Name Technological Data Medical Data
Formula Mol. Boiling Melting Density MAC LDso Notes
Design Systematic Weight Point Point of Liquid value Oral
(1) (1) ) (4)
g/mol © c Kg/m® mg/m’® g/kg
Hexaan Hexaan CsH14 86.2 69.0 -95.0 698.6 90 n.a.
Ethanol Ethanol C2HeO 46.1 78.0 -117.0 800.0 1000 5-15
Water Water H20 18.0 100.0 - 998.0 n.a. n.a.
Citric acid 2-hydroxy-1,2,3-propaantricarbonzuur CsHgO7 192.1 200.0 153.0 1537.0 n.a. n.a.
Fosforzuur Orthofosforzuur H304P 98.00 200.0 42.0 1896.2 1 n.a.
REE Ethyl-9-octadecenoaat C20H3802 310.5 2734 8.20 391.2 n.a. n.a. (3)
Fosfor Phosphorus P4 123.9 280.0 44.0 1796.4 0.1 < 0.0005
Glycerol Glycerol C3HgO3 92.1 290.0 18.0 1261.0 10 >15
Monoglyceride Propaan-1,2,3-triol-1-[(z)-9-octadecenoaat] C21H4004 356.5 321.3 32.8 4154 n.a. n.a. 3)
Oliezuur 9-octadeceenzuur C1gH3402 282.5 360.0 4.0 883.7 n.a. >15
Diglyceride Propaan-1,2,3-triol-1,2-di-[(z)-9-octadecenoaat] |CagH720s 621.0 389.0 67.7 501.1 n.a. n.a. 3)
Triglyceride Propaan-1,2,3-triol-1,2,3-tri-[(z)-9-octadecenoaat] |Cs7H10406 885.4 436.3 92.0 615.2 n.a. n.a. (3)
KOH Potassiumhydroxide KOH 56.1 1320.0 360.0 1996.0 2 n.a.
Notes :
(1) At 101.3 kPa
(2) Density at 20 °C, unless specified otherwise
3) Estimated densities are lower than the expected
values (800-900 kg/m®).
When dealing with the pure components, this
should be taken account of in the design.
(4) Oralin g 's for a male of 70 kg's weight
Project ID Number GG-002
Completion Dec.2000

Date
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Appendix 5
Ingoing 1,1 Rapeseed
Streams: 1,2 Bio-ethanol
1,3 Hexane
1,4 Citric acid
1,5 Potassium hydroxide
1,6 Steam
1,7 Electricity
1.1. Rapeseed

The rapeseed will be transported to the plant by boat. A boat can carry approximately 800 tons. So each day a boat will be
emptied and the content will be processed.

Stream Name : Rapeseed
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)

Meal %wt 52 52,01 (1), (2) |(1) First rapeseed will be separated

Protein %wt 15,4128 3) into meal and rapeseed oil.

Rest %wt 36,5872 The next step is the further sepa-
Rapeseed oil %wt 40 40,0| (1), (4) ration of the oil. The meal will been

Tri-glyceride %wt 28 send to the farmers.

Di-glyceride %wt 5

Mono-glyceride %wt 3,17 (2) See stream 101

Oleic acid %wt 0,82

Phosphor %wt 0 (5) (3) The farmers uses the meal as

Rest %wt 3,01 food for their animals. The protein
Water %wt 8 8 8,0 (6) in the meal is healthy for them.
Total 100 100 100,0 4 See stream 109/207

Process Conditions and Price (5) In the degumming-process the

Temp. oC 20 20 percentage of phosphor will
Press. Bara 1 1 reduce to less them 0,008 wt%.
Phase V/L/S S S
Price Nfl/ton 475 475 (6) See outgoing stream 111/112




1.2. Bio-ethanol
The bio-ethanol will be delivered 95%wt pure. Because of the large volume the ethanol is transported to the plant by boat.

Stream Name : Bio-ethanol
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
Ethanol %wt 95 95,0 (1) (1) See stream 402. Azeotropic
Methanol %wt 0,5 0,5 ethanol.
Water %wt 4,5 4,5
Total 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1 1
Phase V/L/S L L
Price Nfl/ton 1508 1508
1.3. Hexane
The hexane will be delivered at 95% purity.
Stream Name : Hexane
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
Hexane %wt 95 100,0 (1) (1) See stream 204
Rest %wt 5
Total 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1 1
Phase V/L/S L L
Price Nfl/ton 1073 1073




1.4.

1.5.

Degumming acid

The citric acid is transported in 50-kilo drums by trucks.

Stream Name :

Degumming acid

Comp. Units Specification Additional Information
Available | Design Notes (also ref. note numbers)
Degumming acid %wt 100 100,0 (1) (1) See stream 203
Total 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1 1
Phase V/L/S L L
Price Nfl/ton 2000 2000

Potassium hydroxide

The potassium hydroxide is delivered to the plant by car or truck on pellets with 110-Ib drums.

Stream Name :

Potassium hydroxide

Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
KOH %wt 85 100,0 (1) (1) See stream 401
Water %wt 15 0,0
Total 100 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1 1
Phase V/L/S S L.
Price Nfl/ton 10864 10864




1.6. Steam

The steam which is used at the plant is produced by another company outside the battery limits and it enters our battery limit by pipeline.

Stream Name : Steam
Comp. Units Specification Additional Information
Available | Design Notes (also ref. note numbers)
Water %wt 100 100 (1) (1) See stream 204
Total 100 100
Process Conditions and Price
Temp. oC 220 220
Press. Bara 10 10
Phase V/L/S Vv \"
Price Nfl/ton 32,5 32,5
1.7. Electricity
Stream Name : Electricity
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
(1) We need a tree-phase AC with
high voltage.
Total
Process Conditions and Price
Voltage kv 3-10 5 (1)
Price kWh 0,22 0,22




Appendix 5
Outgoing 2,1 REE
Streams: 2,1 Glycerol
2,3 Meal
2,4 "Soap"
2,5 Steam
2,6 Rapeseed waste
2,7 Gums/lecithine
2,8 Water
2.1 REE
Our main product. Transported by boat or in vessel by truck to the consumers.
Stream Name : REE
Comp. Units Additional Information
Available | Design Notes (also ref. note numbers)
REE %wt 98,6/ 98,0065 (1) (1) Main product (stream 507)
Mono-glyerine %wt 0,8 0,8 (2)
Di-glyerine %wt 0 0,4 (2) The rest products in our main
Tri-glycerine %wt 0 0,4 product (REE) must be less
Free fatty acids  %wt 0,1 0,02 then the amounts in this table
Phosphor %wt 0 0,001 according to the DIN-norm.
Alkali (Na+K) Y%owt ol 0,0005
Water %wt 0 0,03
Sulphur %wt 0 0,01
Ash %wt 0 0,03
Glycerol %wt 0,02 0,02
Ethanol %wt 0,3 0,3
Contamination %owt 0 0,002
Total 100,0200
Process Conditions and Price
Temp. oC 20
Press. Bara 1
Phase V/L/S L
Price Nfl/ton 1268




2.2 Glycerol

2.3 Meal

The purity at which it can be sold is 96%wt. It will be transported in tanks by trucks and boats.
Stream Name : Glycerol
Comp. Units Additional Information
Available | Design Notes (also ref. note numbers)
Glycerol %wt 97 (1) (1) See stream 512
Water %wt 0,2
Ethanol %wt 2
KOH %wt 0,8
Total 100,0
Process Conditions and Price
Temp. oC 20
Press. Bara 1
Phase V/L/S L
Price Nfl/ton 3212

The meal will be transported in the same boats as the ones which delivered the raw rapeseed.

Stream Name : Meal
Comp. Units Additional Information
Available | Design Notes (also ref. note numbers)

Meal %wt 100 100,0 (1) (1) Stream 114

Total 100 100,0

Process Conditions and Price

Temp. oC 20

Press. Bara 1

Phase V/L/S S

Price Nfl/ton 330




2.4 "Soap"

This stream is full of different components. And is for sure not the same as the soap you have at home.
This waste stream will be transported in tanks by truck to a waste processor, for example the AVR in Rotterdam.

Stream Name : "Soap"
Comp. Units Additional Information
Available | Design Notes (also ref. note numbers)
KOH %wt 10 (1) (D Stream 511
Free fatty acids %wt 10
Glycerol %wt 80
Total 100 100,0
Process Conditions and Price
Temp. oC 20
Press. Bara 1
Phase V/L/S S
Price Nfl/ton -500
2.5 Steam

Steam will be returned to the producer and will be transported outside battery limit by pipeline.

Stream Name : Steam
Comp. Units Specification Additional Information
Available Design Notes (also ref. note humbers)

Steam %wt 100 100,0 (1) (1) See stream 210

Total 100 0 100,0

Process Conditions and Price

Temp. oC 100 100

Press. Bara 1 1

Phase V/L/S Y \"

Price Nfl/ton 0 0




2.6 Water
Stream Name : Water
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
Water %wt 100 100,0 (1) (1) See stream 111,112
Total 100 0 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1 1
Phase V/L/S L L
Price Nfl/ton 0 0
2.7 Lecithine
Stream Name : Lecithine
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)
Lecithine %wt 100 100,0 1) (1) See stream 208
Phosphor
Total 100 0 100,0
Process Conditions and Price
Temp. oC 20 20
Press. Bara 1. 1
Phase V/L/S L L
Price Nfl/ton 0 0




2.9 Rapeseed waste

Stream Name : Rapeseed waste
Comp. Units Specification Additional Information
Available Design Notes (also ref. note numbers)

Rapeseed waste %wt 100 100,0 (1) (1) See stream 116

Total 100 100,0

Process Conditions and Price

Temp. oC 0 20

Press. Bara 1 1

Phase V/L/S I L

Price Nfl/ton 0 0




Appendix 6 Thermodynamic properties

Comparison of Gibbs energy at 298.15 K
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Figure 1 Comparing the estimated values with the literature data of linear alkanoic fatty acids
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