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APPENDIX A-l 
FACTORY B

Introduction to the company
Factory B was established in 1993. Factory B is a medium sized CPO company 

with 70 employees. This factory is situated at the west of a city that far from community 
space of 160,000 square meters. Production capacity of the factory is 60 ton/hour. The 
maximum production capacity is 1,400 ton/day. The average production capacity is 960 
ton/day. In 2002, the factory produced 42,500 tons crude palm oil and 8,000 tons palm 
kernel nut from 250,000 tons fresh fruit brunch.
Inputs

Almost all fresh fruit bunches, raw material, is purchased from palm fruit 
suppliers, only the rest 5% is from their own plantation area. The production process of 
factory B is not different from factory A. Raw water from Tapee river nearby the factory 
is treated by alum and polymer before supply to the production process. In 2002, they 
consumed 250,000 m3 of raw water and an energy amount of 3,360,000 kw. The 
electricity used in this mill is obtained from 2 sources, from a turbine generator in the 
factory and purchase from government supplier. The electricity generated in the factory is 
about 80% of total electricity consumption.
Production Technology

Crude palm oil production process of factory B is briefly described in Figure 
A1.1. The factory employs a modified oil clarification process, consisted of a settling tank 
followed by a decanter (three-phase centrifuge) and then a separator (two-phase 
centrifuge) is used to separate oil and suspended solids from wastewater.

This factory has installed a water tube boiler with a capacity of 20 tons steam per 
hour. Steam from the boiler is send to turbine for electricity generation. Steam from the 
turbine generation is supplied to various units of the production process. Autoclaves for 
sterilizing fresh fruit bunch are manually operated at a control temperature of 120-130°c, 
pressure 3-3.5 bar and settling time for 75 minute. After oil extraction, raw crude oil 
flows to a vibrating screen to separate large particles from crude oil. Then sand is 
separated from raw crude oil by a sand cyclone before the raw crude oil flows to a buffer 
tank and a clarification tank used for the separation of sludge and wastewater from crude 
oil,

Factory B has implemented many clean technology options. During the last seven 
years the following measures has been taken in that respect.

Installation of buffer tank to separate sludge from crude palm oil before this 
palm oil flows to the settling tank in order to enhance oil separation.

- Install 2 bunch stripper to enhance fruit separation from bunch stalk with the 
aim to reduce oil losses from empty fruit bunch.

- Recycling sterilized condensate to screw press and separator in order to reduce 
hot water use.
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- Recycling sludge from vibrating screen to digestion tank.
Recovery of oil from wastewater using a decanter and a separator. Recovered 
oil is pumped to settling tank.

( ) Oil content

Mass balances in term of dry weight based on 1 ton of fresh fruit bunch (wet 
weight) flows can be expressed in Figure A1.2.

Figure A1.2 Mass balance in term of dry weight per ton FFB (factory B).



166

Liquid material and energy balance
Figure A 1.3 shows the volume balance for liquid material flow of the palm oil 

production of factory B. In this balance all liquid material including supplied water and 
generated wastewater are considered. Water consumption of factory B is amount 1 m3. 
About 50% of the supplied water becomes wastewater Wastewater from. Sterilizer which 
amounts to 0.12 m3 (12% of water consumption), is recycled in the production process.

Figure A1.3 Liquid material balance of factory B.

The energy required for the process is produced by a caogeneration system 
produces heat (steam) an electrical power. The fiber and shell generated in the process 
have high calorific value, are used as fuel is the boiler. Fuel, composed of fiber and shell 
in the ratio of 3:1, is send to the boiler in an amount of 113 kg/ton of fresh fruit bunch. 
The electricity generated is sufficient for the plant operation and other uses. Factory B 
consumes electricity about 10.5 kWh /ton of fresh fruit brunch. During the shutdown and 
the start up of mill, they are using electricity from Electricity Generation Authority of 
Thailand (EGAT). It is estimated that 4.21 kWh/ton FFB is purchased from outside. This 
mill has installed boiler capacity of 20 ton/hr. That can produce 410 kg/ton FFB steam. 
The energy balance is presented in Figureure A1.4. All supplied electricity and steam is 
consumed, no other energy sources were generated from the current production process. 
The total energy loss occurred in production process are 60% of total energy production.
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Cost benefit analysis
The cost structure of a large crude palm oil of large extraction plant shows that the 

fixed cost including fuel/energy cost, labor cost, maintenance, interest and others is 2.3 
bath/kg CPO. The production cost per unit is 11.1 bath/kg CPO, higher than 10.1 Baht/kg 
CPO of factory A. This is due to production efficiency of factory A which is 0.5% higher 
than factory B. Factory A owns their oil palm plantation area and can get higher yield of 
FFB. The high-yield palm oil breed also increases a CPO production.

Figure A 1.4 Energy balance in production process of factory B.

Wastewater treatment plant
Wastewater generated from production process is pumped to a wastewater 

treatment plant (WWTP) that is located in the factory area. Wastewater is cool down and 
oil is separated from wastewater in oil trap sumps before going to WWTP. WWTP 
consists of 6 ponds with a total surface area of 63,000 m2. The first 3 ponds are anaerobic 
pond, pond 4 and pond 5 are oxidation ponds and the final pond is a maturation pond. 
Wastewater is kept in ponds without discharge. The characteristic of the wastewater in 
each pond is shown in table A1.1.
Table A l.l Shows characteristics of wastewater from production process and WWTP.
Sampling

point pH BODs
(mg/l)

COD
(mg/l) 1™ร ! , (mg/l)

TKN
(mg/l) (mg/l)

O&G
(mg/l)

Color
(pt.Co
unit)

Influent 4.83 59,650 74,304 39,033 60,440 126 13 6,860 18,000
Pond 3 8 . 1 2 3,650 6,192 5,000 14,680 479 32 2 2 2 9,800
Pond 4 8.52 288 3,578 1 , 1 2 0 12,510 126 13 44 9,100
Pond 5 8.42 172 2,890 527 11,225 176 1 2 6 4,900
Pond 6 8.34 36 605 89 1,917 25 6 ND 750
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APPENDIX A-2 
FACTORY c

Introduction to the company
Company c  is a medium scale industry located at Krabi province, Southern 

Thailand. The mill was established in i984 and is located in an area of 82 rai (131,200 
m2). The total staff and workers, working in the company consist of 90 persons.

The mill is running with a capacity of 40 ton fresh fruit brunch / hr. The maximum 
production capacity is 1,000 ton fresh fruit bunch / day. Running hours of the mill is not 
constant throughout the year due to fluctuation in fruit availability. The mill is located 
very close to village (300m distance from the village). This mill does not own an oil palm 
plantation area, so they have to buy fresh fruit brunch from oil palm grower. The final 
product from this mill is crude palm oil and palm kernel. They sell this crude palm oil to 
refineries and palm kernel to other crude palm oil mill for produce palm kernel oil.
Input and products.

The raw materials need for the production process are fresh fruit bunch, alum, 
clay, coagulant aid, diesel oil, salt and electricity. An overview of raw material 
consumption and products are shown in table A2.1. The total energy consumption of all 
electric machine is about 11 kWh / ton fresh fruit brunch. About 93.1% of electricity used 
in production process is generated from turbine generator that reuses fiber as fuel in 
boiler. All fiber generated is feed to boiler (rate 10 ton / hr) to produce steam and 
generated electricity and also supply in factory.
Table A2.1 Raw materials, products and by-products of factory c

I t e m Q u a n t i t y  ( p e r  y e a r ) Q u a n t i t y  ( p e r  t o n  F F B )
Raw material
1. Fresh fruit bunch 200,000 ton -
2. Clay 210 ton 1.1 kg
3. Electricity demand 2,200,813 kWh 11.0 kWh
4. Diesel oil 108,800 L 0.5 L
Product
1. Crude palm oil 34,000 ton 170 kg
2. Palm kernel 12,500 ton 62.5 kg
By-product
1. Empty fruit brunch 46,000 ton 230 kg
2. Fiber 28,000 ton 140 kg
3. Shell 8,000 ton 40 kg

Production process
P ro d u c tio n  p ro c e ss  o f  fac to ry  c is s im ila r  to  fa c to ry  A  a n d  B e x c e p t th e  m a c h in e

u se d  fo r o il re c o v e ry  fro m  w a s te w a te r  in  th e  o il c la r if ic a tio n  s tep . T h is  m ill has in s ta lle d
an  in sta lls  o il trap  ta n k  to  re m o v e  o il from  w a s te w a te r  b e fo re  it g o es  to  th e  a n a e ro b ic
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digestion tank to recover biogas. After the digestion tank it flows to anaerobic ponds. The 
shift to clean technology within 5 years can be illustrated as follows:

• Installation of 2° brunch stripper to enhance fruit separation from bunch stalk 
and increase oil yield.

• Installation 30-ton water tube boiler with cyclone for control particulate matter 
instead of using a wet scrubber.

• Construction of anaerobic digester tank to recover biogas from wastewater.
The flow diagram of the process with mass balances is shown in Figure A2.1

F F B  1000  kg

Steam 250

S te a m  0 0

CPO W W T P

Figure A2.1 Schematic flow diagram of the mill c ,  including also mass balances. 
( ) Oil content

Water usage and wastewater generation
Canal water is the source of process water. Clarification and filtration is necessary 

to use this water in the process. Alum and polymer are used as coagulation and flocculant 
in the clarifier. The water consumption of the mill is about 28 m3 / hr. or 1.1 m3 / ton 
fresh fruit bunch. Wastewater generation is amount to about 52.7% of water supply (0.58 
m3 / ton fresh fruit bunch). Table A2.2 shows the water usage in the production process of 
factory c .  This mill has installed only a decanter to recover oil from wastewater, so the 
water consumption in the production process is lower compared to factory A and B. 
There is no wastewater reuse/recycle in production process. Wastewater is pumped to an 
oil trap tank (retention time of 3 days) in order to remove oil from wastewater before this



170

is sent to a treatment plant. Table A2.3 and A2.4 show the characteristics of the 
wastewater generated from production step and from wastewater treatment plant.
Table A2.2 Water demand for crude palm oil production process of factory c.

P r o c e s s  s t r e a m F lo w  r a te  o f  w a t e r  c o n s u m p t io n
m 3/t o n  F F B m 3/d a y

Water for boiler (steam) 0.54 285
•  Sterilizer 0.25 132
•  Digester 0.09 48
•  Other (nut dryer,crude oil storage tank, hot 0 . 2 0 105water tank)
Water from cooling system in turbine is reused in 0.56 306
•  Screw press - -
•  Vibrating screen 0.004 2

•  Factory cleaning, clay bath 0.07 54
•  Other. 0.49 262
Water use in production process 0.64 341
Total water consumption 1.10 614
N o te : Production capacity is 530 ton/day

Table A2.3 Characteristics of wastewater from production process and wastewater 
treatment plant of factory c.

Source of 
wastewater pH b o d 5(mg/1) COD

(mg/1) (mg/1) (mg/1)
O&G
(mg/1)

Color
(pt.Co unit)

Sterilizer 5.26 46,350 66,048 20,067 55,300 5,910 7,400
Decanter 4.75 57,600 84,089 50,567 69,500 5,090 10,000
Sludge sump 4.85 8,262 30,270 5,840 119,890 16,270 3,500
Influent 4.76 52,300 79,808 38,833 63,930 3,600 8,500

Table A2.4 Characteristics of wastewater from wastewater treatment plant of factory c.
Sampling point pH b o d 5

(mg/1)
COD
(mg/1) (mg/1) (3 )

TKN
(mg/1) o i / l )

O&G
(mg/1)

Color
(pt.Co unit)

Influent 4.76 52,300 79,808 38,833 63,930 324 87 4,540 8,500
Pond 1 5.27 8,633 41,280 16,850 27,120 529 57 2,444 6,800
Pond 2 7.53 3,730 7,568 5,500 14,700 625 55 389 4,643
Pond 3 7.54 2 , 8 8 6 6,330 2,600 12,310 448 33 444 4,800
Pond 4 8.48 3,125 3,715 631 8,535 149 5 244 5,500
Pond 9 8.7 76 2,472 350 1 , 1 2 0 35 ND 1 0 1 890

Solid waste and by-product
One ton of fresh fruit bunch processing generates 230 kg empty fruit bunch, 140 

kg fiber, 40 kg shell 30 kg palm kernel 57 kg decanter cake and 17 kg ash. All fibers
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generated is used as fuel in boiler. The solid waste handling methods in this factory are 
shown in Figure A2.2

Figure A2.2 Solids waste management in mill c
Material and energy balances

Figure A2.3 and A2.4 show the water balance and energy balance in the 
production process of factory c. The mill dose not apply a wastewater recycle and energy 
conservation options. Fiber generated in production process (130 kg/ton fresh fruit bunch) 
is reused as fuel in boiler. For one ton of fresh fruit bunch processing, 540 kg feed water 
boiler is pumped to generated steam 450 kg (215 °C), then steam is apply to turbine to 
generate electricity 20 kWh. Electricity used in boiler and in production process is about
5.8 and 10.6 kWh /ton fresh fruit bunch, respectively. About 18% of the electrical 
electrical power generated from turbine is loss during production process.

Total volume of Wastew ater 
0.58 m3

Figure A2.3 Water and wastewater balance of factory c .
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Heat loss

Figure A2.4 Energy balance in production process of factory c.

Economic performance
From the data obtained from the study of Sricharoen ( 2002), an estimation can be 

made of the average total production cost per kg crude palm oil from raw material 
consum ption . The equations for estim ating  such F igure are as below :

TCp
Where:

TCp
Cp =

Pcpo

Cp X Pcpo X 1000 (kg/ton)
(1.8 + 8*8) X 34,000 X 1000 = 360 million Baht
Total production cost (Baht)
Production cost (Baht/ kg CPO)
Fixed cost (Baht/ kgCPO) + Raw material cost (Baht/ 
kgCPO)
CPO production (ton)

Fixed cost Transportation cost, fuel cost, labor cost, maintenance, 
overhead, interest and others. = 1.8 Baht

Raw material cost = Average FFB price X 100 / % CPO extraction
Actual sale = CPO production (ton) X CPO cost ( Baht/ kg CPO) X 1,000 

34,000 X 12 X 1,000 
408 million Baht
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APPENDIX A-3 
FACTORY D

Introduction to the company
Factory D has one of the highest productions of CPO from the five cases studied. 

This mill is located in oil palm plantation area. The production process is operated 
continuously for 24 hours a day, 300 days per year. The average production capacity is 
about 41 tons of FFB per hour, the maximum production capacity is equal to 60 tons/hr. 
In 2002, the raw material (EFB) processed about 269,760 ton, while the CPO production 
was equal to 46,852 ton. The efficiency of production process was 17.4%.

Production activities of the company have not yet caused serious pollution to the 
environment because most wastes can be reused/ recycled in their plantation area, 
particularly wastewater is reused for irrigation. Factory D owns an oil palm plantation 
area of 25,000 rai and the mill is situated in the plantation area. About 40% of FFB 
processed is from their plantation. The rest of 60% is purchased from fresh fruit bunch 
suppliers.
Production Process

Factory D employs standard decanter process, consisting of a settling tank 
followed by a decanter to separate oil from wastewater. The production process is similar 
to factory c . Factory Dhas good housekeeping practice illustrated by ะ •

• A separation of fresh fruit bunches into 3 categories: ripe fruit, unripe fruit and 
medium ripe fruit. They can control the optimum condition for sterilization of 
fresh fruit bunch. The optimum time to sterilize ripe fruit is shorter than those 
for unripe fruit. This approach saves energy and steam for sterilization step. 
However in plant survey of this factory take place in high production season 
of fresh fruit brunch, so fruit was almost ripen and trend to loss oil from fruit 
easily. So oil loss from sterilized wastewater is higher than other factories.

• Construction sewer to collect oil contaminated stormed water from loading 
ramp in order to recovery oil.

Clean technologies options applied in this mill are:
• Installation of decanter to recovery oil from wastewater.
• Installation of automatic controller to optimize operation for sterilizer (steam 

pressure, time).
• Collecting..... (manually) and resterilized unripe fresh fruit brunch
• Install buffer tank to separate sludge from crude oil before flow to settling 

tank.
• Recycling wastewater from sterilizer and sand cyclone to screw press in order 

to reduce hot water used and recover oil.
• Installation of oil recovery sump and oil trap tank (HRT1 day) to recover oil 

from wastewater before sent to WWTP.
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T h e  sch e m a tic  f lo w  d iag ram  w ith  m ass  b a lan ces  o f  th e  s ta n d a rd  d e c a n te r  p ro cess
o f  fac to ry  D  is sh o w n  in F ig u re  A 3 .1 .

Steam 250

Steam 90

CPO WWTP

Figure A3.1 Schematic flow diagram of the mill D, including also mass balances. 
( ) O il co n ten t

Environmental aspects
The maximum production capacity of factory D is about 1,600 ton/day. The total 

water consumption is 341,080 m3/year or equal to 1.26 m3/ ton fresh fruit brunch. About 
40% of the water consumption (0.51 m3/ton fresh fruit bunch) is used for feed boiler 
water. Only feed boiler water is treated by coagulation with alum and followed by ion 
exchange. The cost of chemicals used for treating supply water is 1.45 Baht. Turbine 
cooling water of 0.4 m3/ton fresh fruit bunch is pumped from reservoir without treating 
and drained back to the reservoir after it is used.

About 0.545 m3 of wastewater is generated per ton of fresh fruit bunch production 
and stored in an pond system consisting of 6 anaerobic ponds, 2 aeration ponds, 3 
facultative ponds and the final pond. Wastewater in final pond is aerated and allowed to 
be settled before discharged to the cannel. Since this mill owns an oil palm plantation 
area, the bottom sediment from treatment pond can reused as fertilizer in this plantation 
area. Also wastewater from clay bath can be recycled in this plantation area after patial 
evaporation in a sedimentation pond already mentions. Table A3.1 shows characteristic, 
of the wastewater in the WWTP of factory D.
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Table A3.1 Characteristic of wastewater from wastewater treatment plant of factory D.

S a m p lin g
p o in t p H B O D s

(mg/1)
C O D
(m g /l) <™ร .) T K N

(m g /1 ) (ทร .) O & G
(m g/1)

C o lo r
(p t .C o
u n it)

Influent 5.10 38,650 99,840 35,510 1,090 . 14,980 10,000
Anaerobic pond 4.62 46,500 79,870 27,880 1,008 117 12,240 15,000
(pond 1) 
Aerated pond 
(pond 7-8)

8.15 3,466 19,470 12,720 1,040 76 110 19,000

Oxidation pond 7.95 1,973 8,990 7,200 560 110 ND 12,000
(pond 9) 
Final pond 
(pond 12)

8.36 268 1,520 580 81 9 ND 5,000

Note: ND= not detect

Material and energy balances
Mass balances for solid material (wet weight) flows are shown in Figure A3.2. It 

is clear that 1 ton of fresh fruit bunch processed produces 164 kg of crude palm oil and 
generates 220 kg of FFB, 140 kg of fiber, 60 kg of shell, 50 kg of nut and 30 kg of 
decanter cake wastewater.

Figure A3.2 Material balance of palm oil mill D.
Liquid material balances

The water consumption in the mill is 1.26 m3/ton fresh fruit bunch. Steam, 30 
ton/hr is applied to a generator for generating electricity before supply to sterilizer, 
digester, kernel dryer tank, settling tank, and oil storage tank. About 50% of stream is 
supplied to the sterilizer. Wastewater generated from satirize condensate is sent to settling 
tank to remove settleable solids before recycling to a vibrating screen. The main source of 
wastewater in the process is generated from the decanter (0.4 m3/ton fresh fruit bunch is 
produced). The other sources of wastewater are from resin regeneration and cleaning 
water. That is about 0.15 m3/ton fresh fruit bunch (Figure A3.3).
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Figure A3.3 Water balance of 1 ton FFB in production process of factory D.

Energy balance
Factory D consumes electricity and diesel fuel at an amount of about 800 kw/d 

and 200 1/d respectively. The turbine generator can generated 1200 kWh/d that is used in 
both production process, office and households . Fiber and shell are fed to the boiler (4 
ton/hr). The energy balance is presented in Figure A3.4.

Figure A3.4 Energy balance in the production process of factory D.
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APPENDIX A-4 
FACTORY E

Introduction to the company
Factory E is one of the smallest companies involved in crude palm oil production. 

This factory is established in 1993 on an area of 160,000 m2. It has approximately 50 
employees. The production capacity is 30 ton FFB/hr the average production capacity is 
400 ton FFB/day. Total production of the company is 10,000 ton CPO/year and 3,400 ton 
Palm kernel /year.
Input

The amount of FFB is 100,000 tons/year. Water consumption amount to the 
156,000 m3/ year from the deep well in the factory. Water is treated by adding 
coagulation aid to remove ss water. Factory E employs a standard wet process. A settling 
tank followed by a separator is used to extract palm oil. A schematic flow diagram of the 
standard wet process with mass balance is shown in Figure A4.1. This factory applies a 
few clean technology options. They also perform good are housekeeping, such as 
processing fresh fruit bunches in 24 hours after harvesting, reuse of the cooling water 
from turbine for cleaning and domestic purpose. Last 2 year they install 2 bunch stripper 
to enhance fruit separation from bunch stalk in order to reduce oil loss from FFB.

FFB 1000 kg

Figure A4.1 Schematic flow diagram of the mill E, including also mass balances. 
( ) Oil content
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Material and energy balance
a) Solid material balance
Factory E uses a separator for oil recover from wastewater in their production 

process. So there is no sludge from decanter generated in production process. All 
substances found in material flows are FFB, product (CPO and kernel), by-products such 
as empty fruit bunch, fiber, shell and solid waste such as solid contained in wastewater, 
sand etc. Mass balances based on ton of fresh fruit bunch (wet weight) are shown in 
Figure A4.2

Figure A4.2 Mass balance for material flows in terms of dry weight.

b) Liquid material balance
The demand of water to process 223 ton of FFB is about 290 m3. One ton of FFB 

consumes 1.3 m3 of fresh water. The liquid materials including water consumed in each 
production step and wastewater generations are showed in Figure A4.3. This factory uses 
only a separator for recovery oil from wastewater and does use neither hot water nor 
wastewater in production process. Therefore all wastewater generated directly goes to the 
WWTP. The total wastewater for the production process is 1.0 m3/ton FFB. That is the 
highest volume of wastewater per ton FFB from production process compared to other 
factories, which use all a decanter (factory A-D) in production process. Wastewater 
generated from separator is about 0.9 m3/ ton FFB which is higher than wastewater 
generated from decanter. It is clear that wastewater generated frorn a factory that uses a 
decanter can reduce 43-54% of wastewater from production process. Because the 
concentration of SS-in the wastewater to be fed to the separator is not more than 4% so 
they have to dilute wastewater by hot waste before feeding to the separator.
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Figure A4.3 Volume balance for liquid material flow in factory E.

c) Energy balance
The energy balance of this mill is presented in Figure A4.4. Since capacity of 

turbine and boiler are higher than production capacity of this factory, a high energy loss is 
occurred. Electricity generated from turbine capacity of 900 kWh, but only 61% of the 
total power generated is used in the production process. Also steam exhaust and heat loss 
is very high. In the production process about 73% of energy loss in occurred in 
production process.

Total energy loss = 2150 MJ/ton FFB

Figure A4.4 Energy balance of the factory E.
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C o s t  b e n e f i t  a n a l y s i s

Raw material cost is 9.7 Baht/kg CPO. Fixed production cost of this mill is equal to 0.9 
Baht/kg CPO which is higher than other factories. This is due to the production efficiency 
of this mill, which is lowest (15.5%) compared to tht others. Total cost of production is
10.6 Baht/kg CPO. It is estimated that 91.5% of the production cost is for raw material 
purchasing. This mill get ...benefit from selling CPO equal to 1.4 Baht/kg CPO
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APPENDIX B-l
General Survey: Palm Oil Industry

Part 1 General Data
D ate........ / /

Factory Name.......................... 1'.................................. Registered Number
Location
Telephone Number Fax
Total employees ........”” Male ””””””””””””” Female
Working day per year..........................................................
Year established Investment cost .
Baht
Owner.....................................................................................................................
Customer.......................................................................................................................
Palm supplier......
Location Map of Factory
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Part 2 Production Process Data

1. Raw Material
Material Type Quantity (ton) / Year Price / Unit (Baht)

For Production Process
1) Fresh Fruit Bunch
2)

For Wastewater Treatment 
Plant 
1)
2)
3)

2. Product
Products Quantity (ton) / Year

1) Palm Oil
2) Kernel Palm Oil

By Product Quantity (ton) / Year
1) Kernels
2) Fibers
3) Shell
4) Empty Fruit Bunches
5) Ash from Boiler
6) Waste Water

3. Energy Use
Energy Use Energy Use / Month

Production
Process

Wastewater
Treatment

Total

1) Electricity (Unit )
2) Diesel (Unit)
2) Fiber or shell (Unit)

•
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4. Water Use
P r o d u c t io n  P r o c e s s W a t e r  U s e d  ( m 3/m o n t h )

1) Boiler
2) Cooling water
3) Sterilization
4) Oil Extraction

• Digester
• Screw Press
• Separator
• Vibrating screen
• Sand cyclone

5) Cleaning machine
6) Clay bath
7) Domestic

T o ta l

Schematic Diagram ะ Palm Oil Mill Process

Working H o u r ............... per d a y ,............ .............................. shifts / day
Average Production C apacity................................. (unit : ................. per month)
Maximum Production Capacity ......................... (unit : ................. per month)
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P a r t  4  W a s t e  M a n a g e m e n t
1. Wastewater Treatment Schmatic Diagram

2. Wastewater Characteristic
P a r a m e t e r I n f l u e n t E f f l u e n t

2) s s  (mg/1)
3) BOD (mg/1)
4) COD (mg/1)
5) G & 0  (mg/1)

3. Effluence managemento Agriculture o canal, river o Other
4. Solid Waste Management 5

Waste In plantreuse/recycle External reuse/recycle Disposal
Sell to Price Other

1) Fiber
2) Shell
3) Empty Fruit Bunches
4) Sludge cake
5) Ash from Boiler

5. Air Pollution Control o Air pollution control equipment 
ONo
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6. What is the environmental problem of the factory?o Wastewater o Solid waste o Noiseo Air pollution o Smell from o Dust from
7. What have been the biggest obstacles to improve the environmental performance? o Technologyo Financial 

o  Knowledge 
o  Other

8. Do you think that industrial emission / effluent standard are appropriate? 
o  Yes.
o  No. Reason......................................................................

Part 5 Clean Technology
I. General
1. What is the conception of the word clean technology?

2. Has the company adopted the Cleaner Production?
o Yes from when............... o No

3. Why does the company apply cleaner production?
o Reduce oil loss o Increase production efficiencyo Enhance product quality o Reduce cost of productiono Increase competitiveness o Comply with the effluent standard

4. What is the incentive for company to apply the clean technologies? 5

5. What have been the changes adopted in last 10 years? 
o Clean technology

ถ Good house-keeping.............................................

□  In-plant reuse/recycle.......

□  Process Modification...
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O Waste exchange
□  Reuse/ recycle of waste

□  Wastewater water treatment plant

6. Who have introduced clean technology to the factory?
o  Government agency o  Foreign organization
O NGO o  University
o  Other mills o  Supplier

7. What are the major barriers of clean technology application within the mill?
o  Lack of the personal resource o  Lack of know-how
o  Lack of information o  Lack of incentive from government institute
o  Lack of competitiveness o  Lack of money
o  Other

8. What the government agencies should do for better industrial environmental 
management?

n. Clean Technology application
1. What kind of improvements have been done?
1.1 Wastewater

- Control system of sterilizer
o  Automatic o  Manual

- Management of wastewater from sterilization o Go to Wastewater Treatment planto Separate and recycle to ...................................................................................o Other..............
- Oil-water separation equipment

o  Separator o  Decanter O Decanter & Separatoro Settling tank o buffer tanko Other
- Management of steam condensate o Drain to sewero Separate and recycle to ...................................................................................
- Oil separation from wastewater before go to wastewater treatment
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o  Oil Trap tank 
1.2 Solid Waste management

o  Oil skimmer o  Other

- EFB disposal 
0  Mushroom o Fertilizer 0  Landfill 0  Burning

- Fiber disposal 
0  Fuel in factory 0  Sell to other factories 0  Other

- Shell disposal o Fuel in factory o Sell to other factories 0  Other
- Floating scum 

0  Soap o Fuel o Other
2. After cleaner production application, Any change ?

o  Increase production yield o  Enhance product quality
o  Reduce water consumption o  Reduce waste water flow
o  Reduce oil loss in wastewater o  Reduce energy consumption
o  Reduce operation cost o  Other

3. What is done in order to introduce continuously improvement and how is this done?

4. What will be done, in the future, related to improving the technology management in 
the company ?

III. Knowledge
1. What is your source of knowledge in relation to improvement of the environmental 
performance ?o Consultancy o Supplier o University/Research institute

o  Government agency o  NGO o  Foreign organization
o  Other

2. What kind of knowledge do the company need in order to improve more ?
0  Technical assistance

□  Consultancy □  Training □  Demonstration
□  Manual □  Pilot plant □  Other

0  Financial assistance
□  Low interest loan □  Grant □  Other



IV. Regulation
1. Which environmental laws must the company comply with ?

2. Who enforces the law and how is this done?
o  Control of emission o  Self-control
o  Visual inspections o  Reaction when problem occur
o  Other

3. What is the conception of the regulation authority?
o  Enemy o  Partner
o  Co -  operation o  Control and enforcement

4. Do the company think that the regulation need to be improved ?
o  Y es............................ ............. __...... .
ONo

V. Market
1. Who is the competitive of palm oil ?

2. What is the competitive advantages of the company today / in the future ?

3. Does the company see opportunities in the market in the field of green products ?

4. How big is the capacity to investigate the opportunities in new markets and create new 
market potentials ? 5

5. What need to be done to improve this ?
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APPENDIX B-2
Questionaire for 5 selected factories (Clean Technology approach)

1. What is the conception of the world clean technology?

2. What are the environmental problems of the factory?

3. Project concern in environmental improvement of the factory (Actor involving , how, 
when and the outcome)
1)

2)

3)
4)
5)
6)

7)
8)

9)

4. What have been done in process to improve environmental performance or reduce 
environmental impact in company ?
1)
2)

3)
4)
5)
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5. Detail of clean technology introduction within a mill.
Project Motivation Incentive Information From whom Barrier Problem
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6. What relationship do you have with the following actors?
Actor Relationship Contact

Frequency
Report Report

frequency
Type of 
resource

Type of 
exchange

Policy Actors
• TO A/ POA
• DIW/ PIA
• PCD
• PHPA
• Municipality/ District
• Others
Economic Actors
• Other millers
• Other downstream factory
• Suppliers
• Customer/ consumer
• Bank
• Insurance companies
• Oil palm planters
• Other
• University / research institute
• Palm oil association
• Other
Societal Actor
• Community
• NGO
• Mass media
• Other
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7. Do you have to deal with any pressure from environmental agencies, the surrounding 
community, or other actors on environmental issues?

8. What is the improvement of the business in the future? 
• Hardware............. ............. ......................... ............

• Software
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