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Appendix 5-9: Utility summary
The requu'ements of utilities (1 year = 180 days)

UTILITY REQUIREMENTS
' |R_eqmrements S

e Load =™ Tetectricin

_. W) | (gh) | (kg/h) | (kWhia) ~(ton/a) _
|[EO1  |Evaporator Steam 9.04E+02 8.31E+00 3. 59E+04
[E02  [Condenser  [CW 1.24E+02{1.07E+01 4.63E+04
[Po1  [Pump Electricity | 1.48E+03 4.26E+06
P02 [Pump Electricity | 3.26E-04 9.39E-01
P03 [Pump Electricity | 4.23E-04 1.22E+00
[Po4  [Pump Electricity | 1.84E-04 5.30E-01
[Pos  [Pump Electricity | 3.05E-04 8.78E-01
[P06  [Pump Electricity | 9.54E-04 2.75E+00
[P07  |[Pump Electricity | 9.39E-04 4.06E+00
[Po8  [Pump Electricity | 9.31E-05 4.02E-01
P09 Pump Electricity 1.16E-04 5.01E-01
KO1  |Blower Electricity [ 4.21E-04 1.82E+00
K02  [Blower Electricity | 8.92E-03 3.85E+01
K03  |Blower Electricity [ 1.06E-02 4.58E+01
K04  [Blower Electricity | 4.46E-01 1.93E+03
X01  [Transport Electricity | 2.20E+00) 6.34E+03
X02  |Transport Electricity | 2.20E+00 6.34E+03
X03  [Transport Electricity | 2.20E+00 6.34E+03
X04  [Transport Electricity | 2.20E+00 6.34E+03
X05  |Belt Dryer Electricity | 2.20E+00| 9.50E+03
X06 |BeltDryer  |Electricity | 2.20E+00) 9.50E+03
X07  |Transport Electricity | 2.20E+00 9.50E+03
AO1  [Disc Refiner  [Electricity | 2.24E+02 6.45E+05
SO1  [Drum filter  |Electricity | 5.00E+00 1.44E+04
VOl Igooper& 9.74E+00)

hopper Electricity 2.81E+04
- 2.76E+03| 1.07E+01| 8.31E-+00| 5.01E+06| 4.63E+04|  3.59E+04]

Appendix - 43 -



J3jem ISEM

o

UONRIDUITIY i+ pue ¢

UONEIPAYp 8 Z pue |
uoneatjund arjoayz

Iy ysaiqg

<=

ATLIONS [ouryly]

__::._u__:ﬁ..ﬂ._ m_Z:_:a.TJ._r:.“.J.w

ATRIOIS 183N

Euupmgn ( y
—
[ouey %v6
Iojem re3ng

2BRI0Ig I

[OUBH %6°66

Appendix — 4 —

SINIXIU DOHIE2Y

- rrx K

ITe YOI I3Je A\

z
0D

Appendix 6a — Process Flow Scheme for ethanol production
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Appendix 6b: Process stream summary of ethanol production

from 1 farm from 3 farms .
Name : conc. sugarirotein |conc. sugarprotein  [produced protein [fitrate [make up water [total sugar |yeast growth [fermentor input [fermentor output  [yeast cake [input destitiation

COMP ton/a ton/a

Water 1370 4110 191| 3918 12211 16130 484 15646 15646 782 14864

Yeast (only addition produced) 132 132

Ash 988 2964 89| 2875 2875 86 2789 2777 139 2638

Protein 563 1690 1673 17 17 1 16

Sugar 1635 4904 147| 4757 4757 143 4614 1153 58 1096

Ethanol 1384 69 1315
|co2 1903 95 1808

Acetic acid 35 2 33

Furfural 35 2 33

Total flow 4556 13668 2100| 11568 12211 23779 3 23065 23065 1279 21786

Enthalpy kW

phase LIV L L L L L L LS LS L

Press. bara 1 1 1 1 1 1 1 1 1 1 4

Temp °C 50 50 35| 35 25 25 35 35 35 35 35

q9 xipudaddy

Jonpoad [oury)d JO ATRUIWNS WEBIIL)S SSII0IJ

uor




sBeioys jo Burkidwe jenpeiy
sBei0}s Jo Bujy BNPRIQ -+

uoeiodess)
Mo subug
yead sujbug|

oBeioys se9
(poud 120y ieyseg)

2 d

oBeiojs aig)4

Jauyey
sbuiojs sseig

Buysaney

[

uopeiodesg
Mo| subug
yead subug

obeiojs se9
(poud 801) 10800

obei0s 014
suyey
oBuiojs ssei)
Buyssusy

ettt atis ittt ittt ittt bttt sttt ettt bbbttt stbstdstsbiaitissssictsnssiad
SVl 0Shh Skb) OO0 9v0) 050) 9h0) 000F Gr6 (66 Gn6 006 Gré (068 Ghe 008 G2 O6Z Gha 002 Grg 009 948 009 ovg Oce Shg 009 ovr O Sby 00y SvE OE€ SIE 00€ 2 08T Sk 00 &) 0% Sk OO0 0 020

S10 009

=
S

°

isat

Process utili

Appendix 7

Ty
lqu
UORBS|iN 556003 ;£ X|pUsady

Appendix - 46 -




Appendix 8-1a: Dow Fire and Explosion Index (FEI) for gasification

Unit: consider the total plant, no separate areas.
Material factor: for producer gas, MF = 21

General process hazards:

mmoa Wy

Exothermic chemical reactions: not applicable

Endothermic chemical reactions: The energy source is provided by the combustion of a solid
(fibre), factor=0.4

Materials handling and transfer: flammable gases storage, factor = 0.5

Enclosed and indoor process units: not applicable

Access of emergency equipment: Adequate access would be provided, factor = 0.0

Drainage and spill control: Adequate drainage would be provided, factor = 0.0

Special process hazards:

omMmY oWy

Toxic material: CO is present in producer gas. Ny, of CO is 3, factor = 0.2*3=0.6
Sub-atmospheric pressure: The pressure is 1 bar, not applicable

Operation in or near flammable range: Process or operation which could be in or near the
flammable range only in case of instrument or equipment upsets or purge failure. Factor = 0.3
Dust explosion: not applicable

Relief pressure: The pressure is 1 bar, not applicable

Low temperature: No any operation is lower than 10°C, not applicable

Quantity of flammable material: The largest quantity of producer gas in the process will be in
the gas storage tank, which is 13757 1b. The quantity of H, is 13757*%20.3% = 2793 Ib; Heat
of combustion for H,, He = 51.6x10° BTU/Ib

Potential energy release = 27931bs*51.6x10° BTU/Ib= 0.14*10° BTU

Factor = 0.17

Corrosion and erosion: Corrosion resistant materials of construction would be specified, but
external corrosion is possible, hence allow minimum factor = 0.1

Leakage — joints and packing: Welded joints will be used on gasification unit and mechanical
seals on pumps. Use minimum factor 0.1 as full equipment details are not known at the flow
sheet stage, hence factor = 0.1;

Use of fired heaters: A furnace is used in the process, which is heated by combustion of fibre
not fuels. Not applicable.

Hot oil heat exchange system: Heat exchange system only uses steam as heating medium, not
applicable.

Rotating equipment: Disc refiner is used in the process, factor = 0.5
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DOW FIRE AND EXPLOSION INDEX (FEI) LOCATION DATE
Zambia 15-Dec-03
PLANT PROCESS UNIT EVALUATEDBY REVIEWED BY
Refine green grass (produce protein cake and electricity) Whole plant
MATERIALS AND PROCESS

MATERIALS IN PROCESS UNIT

Grass, protein, sugar, fiber, producer gas( CO, H,, CO,, CHy, N,) oxygen, water

STATE OF OPERATION

Basic Material For MF

[ ISTART UP_[ ]SHUT DOWN [V]NORMAL OPERATION Producer gas (Hy)
MATERIAL FACTOR ( MF) 21
1. GENERAL PROCESS HAZARD Penalty Penalty
Factor Range | Factor Used
BASE FACTOR 1.00 1.00
A. EXOTHERMIC CHEMICAL REACTIONS 0.30to 1.25
B. ENDOTHERMIC PROCESSES 0.20 to 0.40 0.40
C. MATERIAL HANDLING AND TRANSFER 0.25to 1.05 0.50
D. ENCLOSED OR INDOOR PROCESS UNITS 0.25 to 0.90
E. ACCESS 0.25 to 0.35
F. DRAINAGE AND SPILL CONTROL 0.25 to 0.50
GENERAL PROCESS HAZARDS FACTOR (F)) 1.90
2. SPECIAL PROCESS HAZARDS
BASE FACTOR 1.00 1.00
A. TOXIC MATERIALS 0.20 to 0.80 0.60
B. SUB-ATMOSPHERIC PRESSURE (<500 mm Hg) 0.50
C. OPERATION IN OR NEAR FLAMMABLE RANGE
[ ] INERTED [ ] NOT INERTED
1. TANK FARMS STORAGE FLAMMABLE LIQUIDS 0.50
2. PROCESS UPSET OR PURGE FAILURE 0.30 0.30
3. ALWAYS IN FLAMMABLE RANGE 0.80
D. DUST EXPLOSION 0.25 to 2.00
E. PRESSURE: OPERATING PRESSURE: 1 bar
F. LOW TEMPERATURE 0.20 to 0.30
G. QUANTITY OF FLAMMABLE / UNSTABLE MATERIAL:
QUANTITY: 27931bs  Hc=51.6x10° BTU/Ib
1. LIQUIDS, GASES AND REACTIVE MATERIALS IN PROCESS
2. LIQUIDS OR GASES IN STORAGE 0.17
3. COMBUSTIBLE SOLIDS IN STORAGE DUST IN PROCESS
H. CORROSION AND EROSION 0.10to 0.75 0.10
I. LEAKAGE-JOINTS AND PACKING 0.10to 1.50 0.10
J. USE OF FIRED HEATERS
K. HOT OIL HEAT EXCHANGE SYSTEM 0.15to 1.15
L. ROTATING EQUIPMENT 0.50 0.5
SPECIAL HAZARD FACTOR (F,) 2.77
UNIT HAZARD FACTOR (F, x F, = F3) 5.26

FIRE AND EXPLOSION INDEX (F3 x MF = F&EI)

110
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Appendix 8-1b: Hazard and operability study analysis for gasification

Vessel — Gasifier

Intention — Combust fibre with limited air to produce producer gas

‘Guide Word | Deviation | Possible Causes | Consequences | Action Required
Line number: No. 303
Intention: Transfers dry fibre to gasifier
No No Flow 1) No fibre Loss of feed to a) Ensure good
available in reactor and reduce | communications with
storage tank output storage tank operator;
2) Elevator (X07) | As for 1) b) Ensure good
fails (no power, communications with
motor fault, loss elevator operator;
of drive, ect) ¢) Install elevator fault
alarm
More More Flow | 3) Speed of Reactor overfills; | Covered by b) and c)
elevator is high in | Air is not enough
error for combustion of
fibre in oxidation
zone
Less Less Flow 4) Speed of Low rate of Covered by b) and ¢)
elevator is low in | production
error
Line number: No. 304,305,306,308
Intention: Transfers air to gasifier
No No Flow 5) Blower (KO1) | Air is not enough | d) Install low flow
failure for combustion of | pressure alarm
fibre in oxidation | interlocked to shut
zone; Loss of feed | down fibre flow.
to reactor and
reduce conversion
6) FC valve fails | As for 5) Covered by d)
close
7) Line fracture As for 5) e) Institute regular
patrolling and
inspection of transfer
line
More More Flow | 8) FC valve opens | Explosions can f) Check the valves
too wide in error | occur if the gas is | periodically to ensure
mixed with that it works as
sufficient air to expected; Install
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form an explosive
mixture;
Completely fibre
combustion in
oxidation zone, no

€mergency valves

reduction
reactions.
More 9) Heat High reactor g) Check the heat
Temperature | exchanger (E03) | temperature exchanger
partial failure periodically to ensure
that it works as
expected
10) Flow rate of | As for 9) h) Install temperature
line NO.313 is controller by adjusting
high the flow rate of line
NO.313
Less Less Flow 11) Blower (KO1) | As for 5) Covered by d)
partial failure
12) FC valve As for 5) Covered by d) and f)
close too much in
error
Less 13) Heat Low reactor Covered by g)
temperature | exchanger (E03) | temperature
partial failure
14) Flow rate of | As for 14) Covered by h)
line NO.313 is
low
Reverse Reverse 15) High pressure | Producer gas i) Fit non-return valve
Flow at gasifier leaks into air,

explosion and
toxic hazard

Line number: No. 311,313,314,315,316
Intention: Transfers producer

as out of gasifier to

baghouse (S02)

No

No Flow

16) Blower (K02)
fails (motor fault,
loss of drive, etc)

Explosion could
occur because the
pressure of
gasifier (R01)
increases and
producer gas

j) Install high pressure
alarm on gasifier
interlocked to shut
down firbre flow.

Appendix - 50 -




mixes with air

17) Line blockage | As for 16) Covered by j)
18) TC valve of | As for 16) Covered by f) and j)
EO03 closes in
error
18) Line fracture | Toxic producer Covered by e)
gas leaks into air
Less Less Flow 19) Blower (K02) | As for 16) Covered by j)
partial failure
20) TC valve of | As for 16) Covered by f) and j)
EO03 closes too
much in error
Reverse Reverse 21) Low pressure | Explosions can Fit non-return valve
Flow at gasifier occur if the gas is

mixed with
sufficient air to
form an explosive
mixture;
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Appendix 8-2a: Dow Fire and Explosion Index for ethanol production

General process hazards:

A. Exothermic reactions: fermentation is not mentioned, but it is, in relation to the
chemical processes mentioned, a mild process, so the lowest penalty was chosen:
0.30.

Endothermic reactions: do not happen here so penalty = 0.

Materials handling and transfer: storage of ethanol, a flammable liquid, so penalty =
0.85.

Enclosed process units: all units will be in the open, so penalty = 0.

Access: Land is not expensive in Zambia, so all units will be placed so that access is
good. So the penalty = 0.

Drainage: Since the plant can be completely designed as safe as possible, spill will be
directed away to an impounding basis, which results in a penalty = 0.25.

mo oW

m

Special process hazards:
A. Process temperature: In the distillation column ethanol vapor is present, so

temperature above the boiling points are present, which result in penalty = 0.60.

Low pressure: no sub-atmospheric pressure, so penalty = 0.

Operation in or near flammable region: ethanol is stored, and the possibility of air

intake exists, so the penalty = 0.5.

Dust explosion: no dust present, so penalty = 0.

Relief pressure: all operations are at atmospheric pressure, so penalty = 0.

Low temperature: the lowest temperature in the process in 25 degrees, so penalty = 0.

Quantity of Flammable Material: the most ethanol will be present in the storage tank.

The most possible present is 20 ton. This corresponds to 44 093 Ibm. Together with

the 11.5 10° BTU per pound this results in 0.5 x 10° BTU. Ethanol is a Class I

flammable liquid, so the penalty = 0.30.

H. Corrosion and erosion: water as well as organic acids are present in the fermentor and
distillation, so proper corrosion prevention materials must be used, still the possibility
of corrosion can not be ruled out, so a penalty of 0.20.

@Emg oW

L Leakage: The 4 dehydration vessels have valves that open and close several times a
day. This gives an increased chance of leakage, which result in a penalty = 0.30.
I Use of fired heaters: the bottom of the distillation column will be heated by steam

created in a direct fired heater, which burn fibres or ethanol, since land is not
expensive the heater will be placed far enough away from the process units, but no
more than 40 meters. This results in a penalty of 0.18.

Hot oil exchange systems: no such units present, so penalty = 0.

Rotating equipment: the stirrer in the fermentor is needed for adequate heat transfer,
if it breaks down, an exothermic reaction (runaway) can ocure, so a penalty = 0.50.

e
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DOW FIRE AND EXPLOSION INDEX (FEI) LOCATION DATE
|Zambia 08-Dec-03
PLANT PROCESS UNIT EVALUATED BY REVIEWED BY]
Ethanol producing and purification plant Whole plant J.M. Suijker T.V. Pfeiffer
MATERIALS AND PROCESS
MATERIALS IN PROCESS UNIT
Water, CO,, ethanol as major components. Also: air, acetic acid, furfural, and all kinds of biological components
STATE OF OPERATION Basic Material For MF
[ ISTART UP [ ]SHUT DOWN [V]NORMAL OPERATION Ethanol
MATERIAL FACTOR ( MF) 16]
1. GENERAL PROCESS HAZARD Penalty Penalty
Factor Range | Factor Used
BASE FACTOR 1.00 1.00
A. EXOTHERMIC CHEMICAL REACTIONS 0.30to 1.25 0.30
B. ENDOTHERMIC PROCESSES 0.20 to 0.40
C. MATERIAL HANDLING AND TRANSFER 0.25t0 1.05 0.85
D. ENCLOSED OR INDOOR PROCESS UNITS 0.25 t0 0.90
E. ACCESS 0.25to 0.35
F. DRAINAGE AND SPILL CONTROL 0.25 to 0.50
GENERAL PROCESS HAZARDS FACTOR (F)) 2.15
2. SPECIAL PROCESS HAZARDS
BASE FACTOR 1.00 1.00
A. Process Temperature 0.20 to 0.80 0.60
B. SUB-ATMOSPHERIC PRESSURE (<500 mm Hg) 0.50
C. OPERATION IN OR NEAR FLAMMABLE RANGE
[ 1 INERTED [ V] NOT INERTED
1. TANK FARMS STORAGE FLAMMABLE LIQUIDS 0.50 0.50
2. PROCESS UPSET OR PURGE FAILURE 0.30
3. ALWAYS IN FLAMMABLE RANGE 0.80
D. DUST EXPLOSION 0.25 t0 2.00
E. PRESSURE: OPERATING PRESSURE: 1 bar
F. LOW TEMPERATURE 0.20 to 0.30
G. QUANTITY OF FLAMMABLE / UNSTABLE MATERIAL:
QUANTITY: 44,0001bs  Hc=11.5x10° BTU/Ib
1. LIQUIDS, GASES AND REACTIVE MATERIALS IN PROCESS
2. LIQUIDS OR GASES IN STORAGE 0.30
3. COMBUSTIBLE SOLIDS IN STORAGE DUST IN PROCESS
H. CORROSION AND EROSION 0.10to 0.75 0.20
I. LEAKAGE-JOINTS AND PACKING 0.10 to 1.50 0.30
J. USE OF FIRED HEATERS 0.18
K. HOT OIL HEAT EXCHANGE SYSTEM 0.15t0 1.15
L. ROTATING EQUIPMENT 0.50 0.50]
SPECIAL HAZARD FACTOR (F;) 3.58
UNIT HAZARD FACTOR (F; x F, = F3) 7.70|
FIRE AND EXPLOSION INDEX (F3 x MF = F&EI) 123

Appendix - 53 -



Appendix 8-2b: Hazard and operability study analysis for ethanol productlon

Gﬁide Dewanon PQ%ﬁble Causes : Con§equences"‘ £
NO No ﬂow of sugar 1) No sugar water  |No fermentatlon and a) Ensure good
water into fermentor [available no ethanol for communication with
when filling distillation farms
b) b) Install level control
with alarm
2) Pump failure same as for 1) [see b)
3) Line blocked same as for 1) and c) install heat control on
pump overheats pump
4) Line ruptured same as for 1) and see b)

5) Storage vessel
ruptured

leakage of sugar water
into the plant

same as for 1) and
leakage of sugar water
into the plant

d) good maintenance
and/or inspection

see b) and d)
e) Place storage vessel
in a diked area

No CO2 flow out of
fermentor during
fermentation

6) Pump failure

7) Line blocked

8) No fermentation

CO2 build-up, pressure
Lrncrease chance of
ermentor rupture

Same as for 6) and
pump overheats
See below at no
reaction

f) Install pressure
control in fermentor
Make burst disc in
fermentor

see c), f) and g)

9)

see below at no reaction

substances present

12) No sugar water
present
13) No yeast present

see 11)

see 11)

No flow out of 9) Pump failure No flow to storage h) Install flow control with

fermentor during before distillation, alarm

emptying chance of empty i) Install emergency

distillation column pump
j) Create large enough
vessel with enough
stored material to
keep distillation
column going
10) Line blocked Same as for 9) and See h), i), j) and c¢)
ump overheats
No reaction 11) Poisonous No ethanol produced [k) Quality control on

sugar- and dilution
water, combined with
a) and d) and j)

see 1) to 5)

I) Ensure good control
on yeast transfer from
one batch to the next
one

store enough yeast for
new batch
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Guide
‘Word

Possible Causes

i

‘Consequences

14) Stirrer broken Large differencesin  [n) proper stirrer
local conditions in the construction,
fermentor, which result | see d)
in lower ethanol
production, formation
of other products and
yeast starvation
IMORE |More flow into 15) Pump failure fermentor content
fermentor when filling flows out through the
CO2 tubes see b)
16) High level control [see 15)
in fermentor offline see d)
More pressure 17) see 6) and 7) see 6) see f)
More temperature in |18) Direct sunlight or |Increased chance of o) Install heat sensors
storage and/ore high outside microbial growth in the and cooling
fermentor temperature storage tank (at 40% [p) Install a light source
sugar not very likely) and light detecting
sensors in the storage
tank (microbes will
scatter the light)
19) Fire Chance of storage tank|q) Educate and equip a
rupture fire brigade at the
plant and
see 0)
More temperature in |20) Cooling water not |Decreased reaction  [r) Install temperature
[fermentor cold enough rate, more by-products sensors in the water
formed, decay of yeast intake
s) Adapt flow rate of
cooling water
21) Flow rate not see 20) t) Add enough pure
sufficient ethanol to stop all
fermentation
I:\Aore oxygen in 22) Leak in fermentor [High yeast production |u) Install dissolved
ermentor and no alcohol oxygen tension sensori
production with alarm in the
fermentor
23) Valve not closed [see 22) v) install valve position

sensors with alarm

LESS

Less flow into
fermentor when filling

24) Leakage in filling
pipe

Leakage of sugar
water into the plant

see b) and d)
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‘Guide
‘Word

Deviation

Consequences

Less reaction

25) Not enough yeast
present

26) Other biomass
present

27) Inhibitors present

Less ethanol
production

see 25) and more by
products formed

see 25)

see |) and m)

see |) m) and although
complete asepsis is not
needed, train personnel to
be hygienic

see l) m) and a)

Less temperature in
fermentor

28) no or less
reaction

29) too cold cooling
water/to high flow
rate

see no and less
reaction

Less reaction

see no and less reaction

see r) and s)

fermentor

ethanol produced

IAS WELL|Proteins present 30) Separation Too much proteins see a) and in the case it
AS problems at the farms|gives a large layer of |happens, anti foaming
oam in the fermentor |agents must be added
Fuhich could exit the
fermentor trough the
CO2 tubes
EARLY [Too early emptying of|31) Sensor error Low concentration see d) and t) make sure

that the connection to the
storage vessel is only
opened when the
fermentation is done well,
else store the liquid in
another vessel to pump
back to the fermentor

32) see 31) see d) and give the
Miscommunication operators a good
education
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Appendix 9: Gantt chart for transport with oxen
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Appendix 101: Pig farsmand their distribution

Pig fed amount in 2001: amount on hand: 457,430,000; amount of sale 549,367,000. As shown in
table 3 below, most of pig feed farms are located in the agricultural regions, account for 94.5%,
comparing with other two regions: Three Big Cities, 2.5% and Pastoral region, 3.0%. And in the
agricultural regions, the middle and lower reaches of Changjiang River produce 43.8(71 in total
amount pigs, while North China 21.6%, East North 6.3%, South East coastal zone 6.3%.

db le A161: F arm umbers

Based on annual amount of sale, 2001

1 2 3 4 5 6
Farm size 50-90 | 100-499 [ 500-2999 | 3000-9999 | 10000-50000 | >50000 | Total
Number of | 703,777 | 193,450 22,956 2,798 747 16 923,744
farms
% 76.2 20.9 2.5 0.3 0.1 0.0 100.0
db le A1®: F arm regionalized distribution
1 2 3 4 5 6
Farm size 50-90 100-499 | 500-2999 3000-9999 10000-5000 Above
50000
Farm distribution %

BJ, TJ, SH 2.5 6.4 7.2 17.2 25.9 9.1
Agricultural region 94.5 91.8 90.8 81.2 73.5 90.9
(Total)

1 16.5 15.0 14.4 9.0 8.0 27.3

2 20.1 16.6 9.5 7.3 5.7 0.0

3 43.1 43.6 42.8 35.7 30. 18.2

4 9.2 13.4 20.9 26.9 28.0 36.4

5 5.5 3.2 3.2 1.8 1.1 9.1
Pastoral region 3.0 1.8 2.0 1.5 0.7 0.0
Total 100 100 100 100 100 100
1 North China; 2 East North China; 3 the middle and lower reaches of Changjiang River; 4, South China; 5
West South China; BJ- Beijing; TJ-TianJing; SH-ShangHai
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Appendix 10-2: Wages in China

The minimum wage rate in China:
- North--€17(140 RMB) per month in urban areas, €12(100 RMB) per month in rural
regions;
- South--€34(280 RMB) per month in urban areas, €25(210RMB) per month in rural
regions.
Future of the grassland product in China

The aim of meat productivity at 2010 is 6.5'10°kg meat per year, need feed resource about
7.68:10'%kg, grass feedstuff about 20°10'%kg, which including 10'%kg cultivated grassland, and
3-10"kg nature grassland. If in the feed mixture, the grass powder content is about 5-10%, then
this needs 305-108-610-108kg high quality grass powder.
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Appendix 10-3: Grassland information for the Qing Hai province

Qing Hai province: [1]

Nature grassland: totally 3.645-10"*[m’], which is about one of tenth of the whole country’s
grassland area. 86.7% of total grassland is useable which area is 3.160-10'’[m?]. 49.92% is used
in the winter and spring, 50.08% is used in the summer and autumn. The average fresh grass
productivity is about 2.53[kg/m”] and the total productivity is about 7.96:10"![kg].
Characteristics of the grassland:

1.
2

3

65.06% of the whole grassland is the high-cold meadow grass.

The proportion of Legume is small; Sedge and the Standing Grain are the predominant grass.
The area of Legume is about 4.6%, the Sedge and the Standing Grain is about 90.03%.
Contents: (dry matter)

Protein: > 13%-- Legume; > 10.86% -- Standing Grain

Fat: >2%
Sugar: > 40%
Fiber: >35%

There are 2548 communities in the agriculture area (about 85% of them have high ways). About
1554 communities are in the pasture area (70% of them have highways or motor vehicles).

Reference:

[1]

http://www.nmg1 14.com/corporation/nmgzz.htm
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Appendix 10-4: Productivity of Grasslands in China

Productivity Total T
Sranpe Okg/1000m*T  productivityr10% roportion (%)
Tropic brushwood 2,544 6490 21.56
Swamp 2,183 492 1.63
Whole country 911 30106 100
Warm grassland 889 5888 19.56
Warm brushwood 740 2710 9.03
S e 360 1432 4.76
grassland
High Cold 273 1341 4.45
grassland
Meadow 119 11288 37.49
High-Cold-Sand 117 65 0.22
grassland

* Sorted by the amount of productivity
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Appendix 10-5: Example of plant in China

Produce feed cake for non-vegetarian livestock from corn stalks in Hebei Province, China:
Total investment: 90,000 euro

Occupied area for process: 270 [m?]

Occupied area for cutting and drying in field: 4200[m’]

Corn Stalk price (gathered from farmers): 6 euro per ton

Production rate: 1.2 — 1.8 ton per hour

Production cost: 20 euro/ton

Product price: 30 euro/ton

Number of labourers: 30

Market: Inner Mongolia, Shanghai, etc. [1]

Reference:
[1] http://www.amic.agri.gov.cn/pages/infopage.asp?ino=4272
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Appendix 11-1: Calculation of the economic situation of the process
The calculations are based on equations form Coulson and Richardson, volume 6, chapter 6.

First, the fixed capital costs are calculated. The fixed capital costs are based on the major
equipment costs. The costs for the other equipment are calculated with some factors, called Lang
factors. All major equipment is given in table A11-1. The total costs are € 1,866,200 (PCE).

Table Al1-1: Eiuiiment costs for small-scale scenario

Name Cap't?é]COSts Reference

A0l 100,000 | Chapter 8.1.3
EO1 21,000 | Chapter 8.2.1
E02 6,200 | Chapter 8.4
E03 32,000 | Chapter 8.4
FO1 37,000 | Chapter 8.4
RO1 132,000 | Chapter 8.3.2
R02 562,500 | Chapter 8.3.4
S01 220,000 | Chapter 8.1.4
S02 2,400 | Chapter 8.3.3
S03 15,600 | Chapter 8.3.3
TO1 15,200 | Chapter 8.1.1
T02 75,100 | Chapter 8.1.5
T03 89,000 | Chapter 8.3.3
T04 26,500 | Chapter 8.3.4
TO5 226,800 | Chapter 8.2.3
V01 4,000 | Chapter 8.1.2
V02 4,000 | Chapter 8.1.3
V03 15,500 | Chapter 8.3.4
X01 34,000 | Chapter 8.1.2
X02 8,500 [ Chapter 8.1.2
X03 16,900 | Chapter 8.1.2
X04 36,700 | Chapter 8.1.3
X05 27,000 | Chapter 8.2.2
X06 127,000 | Chapter 8.1.5
X07 31,300 | Chapter 8.3.2
TOTAL 1,866,200

From table 6.1 the Lang factor can be calculated. Because the process contains solids and liquids,
the middle column is used. Because no utilities are needed, f; is not taken into account. Storage is
already added in the PCE, so f; is also not used. Leaving these two out, the Lang factor will be

2.5. This will give a PPC of € 4,665,500.

PPC = PCE*f-factor

Indirect Costs = PPC*(fjo+f},+f}5)

Fixed Capital = PPC*(1+f;o+f;,+f}5) or

Fixed capital = PPC + indirect costs
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The fixed capital cost is equal to the PPC multiplied with a factor for the indirect costs. The
indirect costs are set at 40% of the PPC. The fixed capital costs are € 6,500,000.

The fixed capital cost is only part of the total investment costs. The Total Investment Costs also
contain Working Capital (storage of products, given credits) and Licences. From the PSD-course
assignment 7 (CE3801), the fixed capital costs were 80% of the Total Investment Costs.
Assuming for this process it is the same, the Total investment Costs are € 8.2 million.

For the Ethanol production scenario, same calculations are used. Extra equipment costs are listed

in table A11-2.

Table A11-2: Eiuiimenl costs for ethanol Eroducini scenario

Name Caplt?é]COSts Reference
WaterEth 1,610,000 | Chapter 8.6
Packing 770,000 | Chapter 8.6
Total heat exchangers 200,000 | Chapter 8.6
Membrane 180,000 | Chapter 8.6
Zeolite vessel A 11,800 | Chapter 8.6
Zeolite vessel B 11,800 | Chapter 8.6
Zeolite vessel C 11,800 | Chapter 8.6
Zeolite vessel D 11,800 | Chapter 8.6
Zeolite 400 | Chapter 8.6
Fermentor 2,000,000 | Chapter 8.6
Rotary drum 1,500,000 | Chapter 8.6
Incoming storage A 122,000 | Chapter 8.6
Incoming storage B 122,000 | Chapter 8.6
Incoming storage C 122,000 | Chapter 8.6
Reactor out storage 38,000 [ Chapter 8.6
Ethanol storage 4,600 | Chapter 8.6
TOTAL 6,716,200
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Appendix 11-2: Calculations on Operating

The numbers refer to table 14-2 and 14-4 in chapter 14.

Ad 1. Raw materials

Costs

17,000 ton of Legumes per year * € 21.28 per ton (Chapter 5)

Ad 2. Miscellaneous Materials
10% of the maintenance

Ad 3. Utilities
None

Ad 4. Packaging and shipping

All products are transported without packaging. Transportation is done with oxen, so no costs for

shipping.

Ad 5. Maintenance
6% of Fixed capital

Ad6. Operating Labour
Table A11-3: Operating costs during the 180 days in production season

Persons per | Shifts per | Hour work | Costs per person | Total Labour
shift day per shift per shift costs per day
€ €
Transport | 24 2 5 1.50 T2
Operators | 7 3 8 3.00 63

The costs for harvesting are already in the legume price.

Ad 7. Laboratory Costs
20% of Operating Labour

Ad 8. Supervision
20% of Operating Labour

Ad 9. Plant overheads
50% of Operating Labour

Ad 10. Capital Charges
15% of Fixed capital

Ad 11. Insurance
1% of Fixed capital

Ad 12. Local taxes
2% of Fixed capital

Ad 13. Royalties
1% of Fixed capital
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Ad 14-16. Sales Expenses, General overheads and Research + Development
20% of the direct production costs
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Appendix 12-2: Determination of the weighing factors of the PIQUAR criteria

Determination of the 10 most important criteria

Before the first meeting with the principals (kick-off meeting), the group members picked criteria that
were relevant or useful for this project from the list given with PIQUAR. Everybody could vote as
many criteria as he or she saw fit and all criteria with 4 or more (out of a maximum of 7) votes were
presented at the kick-off meeting to the principals. In the week after the kick-off meeting the principals
assigned a number between 1 (bit important) and 10 (very important) to ten of these criteria. They also
had the opportunity to add new criteria and rate those too, which one of the principals did. One
principal rated 11 instead of 10 criteria, but this does not matter for applying PIQUAR. Two identical
criteria were voted by both principals, which left 19 different criteria from the original list. All team
members voted on ten of these criteria with a number between 1 (bit important) to 10 (very important).
The resulting list is shown in appendix 12-1.

To be able to apply PIQUAR, ten criteria must be chosen and ranked. From the 19 criteria left, first the
ones with the most votes were chosen (the number of the vote was not taken into account yet), where
the votes of the principals counted double. In appendix 12-1 it is shown that several criteria had the
same amount of votes. In these cases the average numbers of the votes were taken into account. This
resulted in the following list of 10 criteria, with the most important one on top, and the least important
one of the important ones as last:

Table A12-1: List of the chosen criteria
Criterion

minimal investment cost

trusted by people living nearby
low production cost of end product

goal of the process must be clear in advance
stable operation

internal recycling of wastes
potential for further developments determined
demand driven

heat integration
based on proven technology

== Q| |IE|g |0 |wE >

Determination of the weighing factors

In order to make weighing factors for the criteria, a pair wise comparison matrix must be constructed.
This matrix is a reciprocal matrix, meaning that a;; = 1/a;. A number between 1 and 9 must be given,
with the following meaning:

equally important criteria

the criterion in the row has a weak importance over the criterion in the column

the criterion in the row is strongly more important than the criterion in the column
the criterion in the row is extremely more important than the criterion in the column
the criterion in the row is absolute more important than the criterion in the column

hoder e b culllon
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Since it was judged that all chosen criteria were really important and no criteria was extremely more
important than any other, no numbers lower than 6 were used in the matrix. The numbers were chosen
based both on the marks given to the criteria and on the total amount of votes they received. This
resulted in the following matrix:

A B & D E F G H I J
1,00 3,00 3,50| 4,00 4,00| 4,50| 5,00| 5,50| 5,50| 6,00
0,33| 1,00| 1,50 2,00] 2,50| 4,00 4,50| 4,50| 4,50| 5,00
0,29| 0,67| 1,00| 1,50| 2,00| 3,00| 3,50| 4,00| 4,00| 4,50
0,25| 0,50 0,67 1,00] 1,50| 2,50| 3,00| 3,50| 3,50| 4,00
025]| 0,40)| 0,50( 0,67| 1,00| 2,50| 3,00| 3,50| 3,50 4,00
0,22| 0,25]| 0,40| 0,40| 0,40| 1,00/ 2,00| 2,50| 2,50| 3,00
0,20] 0,22] 033| 0,33| 0,33| 0,50| 1,00| 2,00| 2,00( 2,50
0,18| 0,22| 0,29| 0,29]| 0,29| 0,40 0,50 1,00| 1,50 2,00
0,18| 0,22| 029( 0,29] 0,29| 0,40( 0,50| 0,67 | 1,00| 2,00
0,17| 0,20 0,25] 0,25] 0,25| 0,33| 0,40| 0,50| 0,50| 1,00

= (TQm|m|T 0w >

In order to get the weighing factors from this matrix, the eigenvalues and eigenvectors are needed.
This was done with the help of the program MatLab ®. The command [eigenvalues,
eigenvectors] = eig(A) was given, which returned the eigenvectors of matrix A with the
corresponding eigenvalues. From the 10 eigenvalues, only 1 was close to 1, which meant that the
eigenvector corresponding to that eigenvalue contained the information for the weighing factors.
Every element in this vector must be divided by the sum of all the elements in the vector. And this
gave the following weighing factors for the selected 10 criteria:

Table A12-2: Weighing factors for the PIQUAR criteria

[ Criterion Weighing factor
A | minimal investment cost 0,29
B |trusted by people living nearby 0,17
C | low production cost of end product 0,13
D | goal of the process must be clear in advance 0,11
E |stable operation 0,10
F |internal recycling of wastes 0,06
G | potential for further developments determined 0,05
H |demand driven 0,04
I | heat integration 0,03
J | based on proven technology 0,03

An alternative way to get the same result for the weighing factors is to divide every element in every
column with the sum of the elements of that column and than take the average of each row.
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