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APPENDIX A-|
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/d%y. The average produiction 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 TaP_ee river nearhy the factory
IS tredted 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 sourcés, from a turbine generator in the
factory and purchase from,?overnment supplier. The electricity generated n the factory is
ahout 80% of total electricity consumption.

Production Technology

Crude palm oi] production progess of factory B is briefly described in Fi?ure
A1.1. The factory employs a modified oil clarification process, consisted of a settling fank
followed by a”decanter Ethre_e-phase centrifuge) and then a separator (two-phase
centrifuge) is used to separate ol 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 fo turbine for electricity generation. Steam from the
turbine, generation is supplied to various units of the production process. Autoclaves for
sterlllzmgsfresh fruit bunch are manually operated at a control temperature of 120-130°¢
?ressure -3.5 bar and settling time for 75 minute, After oil extraction, raw crude o

lows to a vibrating screen 0 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
taPk and a clarification tank used for the“separation of sludge and wastewater from crude
oil,

Factory B has implemented many clean technolog)(
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 t0 enhance oil separation. .
- Install 2 bunch stripper to &nhance fruit separation from bunch stalk with the
aim to reduce oil losses from empty fruit bunch. ,
- Recycling sterilized condensate o screw press and separator in order to reduce

hot Water use.

options. During the last seven
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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.

FFB 1000 v Moisture loss
il f\/"d
Steam 200————| Sterilizer WW 120 (0 &y —¢ SUMP
‘ Wastewater E
Thresher > EFB 300 ( 6) Reoyelo
l /\f__/—-/' Moisture loss
Steam 20 —P¥ Digester 40 E
Y '
Screw press Press cake 240 : Nut 90 + Fiber 150 (4.5),
4. !
I s ———— L
425 (33) 340 (8.2) —
Clarification tank Decanter Separator
Oil (145)" l
Purifier: “J§ersas? Oll'Cake 50 (1.2) Cleaning 30
- Oil trap I
‘ sump
Crude Oil Tank
T 510 (3.5)
(170) l

WWTP
Sell
Figure Al.1 Schematic flow diagram of the mill B, including also mass balances.

() Ol content

. Mass balances in term of dry weiqht based on 1 ton of fresh fruit bunch (wet
weight) flows can be expressed in Figure AL2.

Dry fresh fruit bunch
=650 kg J

;I Crude palm oil = 170 kg |

Dry empty fruit brunch =210 kg

Dry fiber = 95 kg l

Dry shell = 50 kg J

— -
——
_—>| Dry kennel = 52.5 kg |
—|
—

Dry decanter sludge = 10 kg J

Suspended solids in Wastewater = 17.3 kg ]

Dry solid waste (sand soil) = 45.7 kg

Figure AL2 Mass balance interm of dry weight per ton FFB (factory B).
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Liquid material and energy balance

Figure AL13 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
enerated wastewatér are considered. Water consumption of factory B is amount 1 m3
bout 50% of the su&)lled water becomes wastewater Wastewater from. Sterilizer which
amounts to 0.12 m3(12% of water consumption), is recycled in the production process.

Empty fruit bunch

1 ton
Total volume of (water content = 0.35 m’) Heating of kernel dryer,
water 1.0 m® - settling tank, and oil
U 0.35m storage tank 0.25 m’
Feed boiler Sterilizer
water 0.47 m’ 020m’ S 1 w ;
; —» Evaporate 851‘3‘:;“‘“

Y

U 0.39m

Digester
0.02 m’

H 0.25m"

| » Evaporate

SCrEW DRSS g 0.dm°
0.04 m’

U 0.29 m’

3
. . Sepcmmr o . 008 m.d
Turbine coolm‘g 0.08 m®
water 0.53 m Wastewater
0.40 m’

Resin and f‘]oor | Wastewater
0.09 m 0.09 m*
A

Total volume of wastewater
0.50 m’

Figure A1.3 Liquid material balance of factory B.

Office &Other
044 m’

The ener?y required for the process |s_€roduced b?/ a caogene_ratlon system
Rroduc_es heat (s_eam% an electrical power, The fiber and shell generated in the process
nave high calorific value, are used as fuel is the boiler. Fuel, composed of fiber and shell
In the ratig of 3:1, s sendto the hoiler in an amount of 113 kg/ton of fresh fruit bunch,
The electricity generated is sufficient for the plant operation &nd other uses. Factory B
consumes electrlcltY about 10.5 kWh /ton of fresh fruit brunch. During the shutdown and
the start up of mill, they are usmﬁ electrlcw from Electricity Generation Authority of
Thailand ( GATJ. It Is estimated that 421 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 AL4. 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 Jarge extraction plant shows that the
fixed cost including fuel/energy Cost, lahor cost, mainténance, interest and others is 2.3
bath/kg CPO. The production Cost per unit is 11, _bath/k? CPO, higher than 10.1 Baht/kg
CPO of factory A. This is due to Rroductlon efficiency of factory A which is 0.5% _hllgher
than factory B. Factory A qwns their oil palm plantation area and can get higher yield of
FFB. The figh-yield palm oil breed also increases a CPO production.

Heat loss
500 x 10° J/ton FFB

A

Diesel fuel
6 x 10° J/ton FFB

Fiber &shell

113 ton/ ton FFB )
1.620x10° J/ton FFB Boiler Steam

Brough out electriccity V‘

15 x 10° J/ton FFB i [Electricity
“110.5 kWh/ton FFB

38 x 10¢ J/ton FFB

Steam condensate s Production process <
ATXCI0N]" kil > 48 ton FFB/hr
. ¥

bl Wastewater Y, e
0.5 10°J 190 x 10°J
Steam exhaust & loss
960 x 10°)

Figure AL4 Energy balance in production process of factory B.

Turbine

Steam
1,130 x 106 J/ton FFB

Wastewater treatment plant

Wastewater \A?Fnerated_ 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 Tirst"3 ponds are anaerobic
P/(V)nd, pond 4 and pond 5 are oxidation ponds and the final pond is a maturation ?ond.

astewater Is kept In ponds without discharge. The characteristic of the wastewater in
each pond is shown in table AL.L

Table Al.I Shows characteristics of wastewater from production process and WWTP.

- Color
Samplin BODs  COD TKN 0&
o M gl @) B ey (o) (o Gl e

Influent 483 59,650 74,304 39,033 60,440 126 13 6,860 18,000
Pond 3 B.12 3,650 6,192 5,000 14,680 479 32 221 9,800
Pond 4 8.52 288 3,578 1,120 12,510 126 13 44 9,100
Pond5 842 172 2,890 521 11,225 176 12 5 4,900
Pond ¢ 8.34 36 605 89 1,917 25 ) ND 150
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APPENDIX A-2
FACTORY C
Introduction to the company

. Company ¢ 15 a medium scale industry located at Krabi province, Southern
Thailand. The mill was established 111984 and is located in an area of 82 rai (131,200
m?2). The total staffand 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 friiit bunch / day. Run_nlnq_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 doés not own an oil palm
plantation area, s0 they have to buy fresh fruit biunch from olil i)alm 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 taple 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 _Productlon Process Is generated from turbine generator that reuses fiber as fuel in
boiler. All fiber _?enerate 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 ¢

Item Quantity (per year) Quantity (per ton FFB)

Raw material
21 (F:rlesh fruit bunch 205) %Ot% r%on n

. Cla .
T Elebriciy demnd 2200813 kWh 110 Kith
4. Diesel oi 108,800 L 05L
FirOd(%de alm oil 34,000 ton 170 kg
7 Faim kenel 12,500 ton 625 kg
By-product

1" "Empty fruit brunch 46,000 ton 230 k
2. Fib 28,000 ton 140 k
T Shell 3,000 tor 10 kg8

Production process

Production process of factory C is similar to factory A and B except the machine
used for oil recovery from wastewater in the oil clarification step. This mill has installed
an installs oil trap tank to remove oil from wastewater before it goes to the anaerobic
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digestion tank to recover bi_org]]as. 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,

* |nstallation 30-ton water tube boiler with cyclone for control particulate matter
Instead of usm% awet 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

FFB 1000 kg
ﬂ w Moisture loss
SteaM 20— steritizer ——»  WW 180 (1.06) ——>
Thresher [—>.EFB 230 (67)
ﬂ Moisture loss
Steam 00 —®  Digester
U Press cake 210
Screw press [ R
Nut 70 + Fiber 140 (6.2)

565 /s

10065 307 (1.6)
Clarification tank [7———®| Decanter ———»

«

I 0il 31
oil (lGS)l l 521 (2.3)

Purifier Cake 50 (1.35)

\ 4
Crude Oil Tank

Cleaning

54

CPO WWTP

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

Water usage and wastewater generation

Canal water s the source of process water. Clarification and filtration is pecessary
to use this water in the process. Alum and polymer are used as coagulation and floccularit
in the clarifier. The water consumption of the mill is about 28 m3/ hr. or 11 m3/ ton
fresh fruit bunch. Wastewater gieneratlon 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 pracess of
factory ¢. This mill has installed only a decanter to recover oil from wastewater, so the
water”consumption in the production process Js lower compared to factory A and B.
There 1s no wastewater reuse/recycle in production process, Wastewater Is Fumped to an
oil trap tank (retention time of 3 days) in order to remove oil from wastewater hefore this
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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.

Process stream Flow rate of water consumption
m3ton FFB m3day
Water for boiler (steam) 0.54 285
Sterilizer 0.25 132
Digester 0.09 48
Other (nut dryer,crude oil storage tank, hot
watert(amk)_y _ _ g _ _ e 105
Water from cooling system in turbine is reused in 0.56 206
Screw press -
Vibrating screen 0.004 2
Factory cleaning, clay bath 007 51
Other. 0.49 262
Water use in production process 0.64 341
Total water consumption 110 614

Note:  Production capacity is 530 ton/day

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

Source of 0 Ccop 08G Color

wastewater pH rrilj (mg/) (my/L 1) ) (pt.Co unit)
Decanter 475 57600 84089 50567 69500 5090 10,000
Sludge sump 4.8 8260 30210 580 - 119890 16270 3500
Influgnt 4.76 52300 79808 38833 63930 3,600 8500

Table A2.4 Characteristics of wastewater from wastewater treatment plant of factory C.

oH bods CoD TKN 086 Color

Sampling point (mgh) (mg/) (mgl1) (3) (myl) oi/l)  (mgl) (ptCo unit)

Influent 476 52,300 79,808 38,833 63,930 324 87 4540 8,500
Pond 1 5.27 8,633 41,280 16850 27,120 529 57 2444 6,800
Pond 2 1.53 3,730 1,568 5,500 14,700 625 55 389 4,643
Pond 3 1.54 2,886 6,330 2,600 12,310 448 33 444 4,800
Pond 4 8848 3,125 3,715 631 8,535 149 5 244 5,500

Pond 9 3.7 76 2472 350 120 3% ND 890

Solid waste and by-product

. One ton of fresh fruit bunch processing generates 230 kg em% fruit bunch, 140
kg fiber, 40 kg shell 30 kg palm kenel 57 Ky decanter cake and 17 kg ash. All fibers
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enerated is used as fuel in boiler. The solid waste handling methods in this factory are
shown In Figure A2.2

EFB230kg [-» Sold for muchroom culture media

— >
L > Fiber 140 kg »{ Reuse as fuel in boiler —»| Ash 17 kg '—" Soil conditioner
FFB _l
1 ton —»  Shell 30 kg Sold for fuel in cement factory
—» Kernel 30 kg »1 Sold to other crude palm oil factory
-

Y

Use as soil conditioner in plantation area

Decanter cake 57 kg

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
productiof process of factory C. The mill dose not apply a wastewater recycle and ener
conservation options. Fiber Jenerated in ?roductlon process (130 kg/ton fresh fruit bunc
15 reused as fuel in boiler. For one ton of fresh fruit bunch processing, 540 kP feed water
boiler is pumped to Senerated steam 450 kg (215 °C), then steam iS_apply {0 turbine to
%enerate electricity 20 kWh. Electricity used in boiler and in production process is about

8 and 106 kWh /ton fresh fruit bunch, respectively. About 18% of the electrical
electrical power generated from turbine is loss during production process.

Empty fruit brunch
1 ton z -
Heating for kernel dryer,

= 3

Total volume of water e — CS tank, and oil storage tank
P> 3l
L.1m’ U0_36 =3 02m

— Steam » Sterilize 025m’ |—Pt Wastewater
0.54m’ 0.18m
g 11027 m’
» Digester 0.09 m’
Screw press
Turbine i U
cooling water > Vibrating screen
0.56 m’ 0.004 m’
Jonm
D ‘ Wastewater
ecanter 3
Domestic purpose and other I | 0.32m }
3 3
o > Machine qnd Wastewater !
floor cleaning 007 m?
0.07m’ ‘L

Total volume of Wastew ater
0.58 ms

Figure A2.3 Water and wastewater balance of factory c.
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Exhaust

80 x 10°J /ton FFB

Stack loss
523 x 10° J/ ton FFB

Heat loss
175 x 10° J/ ton FFB

Fiber &shell
130 ton/ ton FFB

Brough out electriccity
20 x 10°J/ ton FFB

—» Steam .
el Turbine
1,261 x 10°
J/ ton FFB
A

A A Diesel fuel
| 0.4 x10°)/ton FFB

Steam 450 kg/ton FFB
1,227 x 10° J/ ton FFB

Y

............ Electricity
Electricity 72 x 10° J/ ton FFB

20 x 10° J/ ton FFB Electnicity

38 x 10° J/ tonFFB

Production process

Y A
CPO (90° C) Wastewater (90° C)
405 x 10° J/ ton FFB 211 x 10° J/ ton FFB
Heat loss » v v Heatloss
Steam exhaust & loss
421 x 10°J/ ton FFB
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
e equations for estimating such Figure are as below:

consumption,
TCp
Where:
TCp
Cp
Pcpo
Fixed cost

Raw material cost
Actual sale

p x Pcpo x 1000 Bkg/tong .
1.8 + 8+) x 34,000 X 1000 = 360 million Baht

Total production cost (Baht
Production cost 5Bah kg CPO) _
Fixed cost (Ban kgCPO% + Raw material cost (Baht/

lé%CPO) ,
O production (ton)

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

Average FFB price x 100/ % CPO extraction
CPO production (Ston) 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

_ Factor)( D has one of the highest productions_of CPO from the five cases studied.
This, mill is Tocated in oil palm Blantatlon 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 tonsfhr.,
In 2002, the raw material EEFBP_ 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/ fecycled in their plantation area,
partlcularlg/ 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
proc?_ssed 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 & decanter to Separate oil from wastewater. The production process IS Similar
to factory ¢. Factory Dhas good housekeeping practice illustrated by

o Aseparation of fresh fruit bunches into 3 categories: n(ia_e_ frut, 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 eneray 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 almast ripen and trend"to loss oil from fruit
easily. So oil loss from sterilized wastewater is higher than other factories.

* Congtruction 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., N

J Installatlotn of) automatic controller to optimize operation for sterilizer (steam
ressure, time), - _ ,

J oIIecting} ..... Kmanually) and resterilized unripe fresh fruit brunch _

J tIns}(all butfer tank to Separate sludge from crude oil before flow to settling
ank. .

*  Recycling wastewater from sterilizer and sand cyclone to screw press in order
to réduce hot water used and recover oil, _

* Installation of oil recovery sump and oil trap tank (HRTL day) to recover oil
from wastewater before sént to WWTP.
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The schematic flow diagram with mass balances of the standard decanter process
of factory D is shown in Figure A3.1.

FFB 1000

|

Sterilizer ——» WW 200 s ,,

|

l Moisture 10SS

Steam 90 ——» Digester v
ﬂ, Settling tank
Press cake 260

Screw press Nut 120+ Fiber 140 (6.2)
6004
Y 400

Clarification tank
i’l'

Moisture loss

Steam 250 ——»

370 (4.0)
' Decanter [—»

Oil trap
sump

Oil (165)
400 (6)
Purifier Decanter sludge 30
Crude Oil Tank :
T Cleaning |
0Oil 165 150
CPO WWTP

Figure A3.1 S(cygnnatic flow diagram of the mill D, including also mass balances.
Il content

Environmental aspects

The maximum froductlon capacity of factory D is about 1,600 ton/day. The total
water consumption is 341,080 mJyear or equal to .26 m3 ton fresh fruit brunch. About
40% of the water consumption (0.51 m3ton 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 145 Baht. Turbine
cooling; water of 0.4 m3ton fresh fruit bunch Is pumped Trom reservoir without treating
and drained hack to the reservoir after it is used.

About 0.545 m3of wastewater is generated per ton.of fresh fruit bunch production
and stored in an pond system consisting of 6 anagrobic ponds, 2 aeration E)onds 3
facultative ponds and the Tinal pond. Wastewater i final_pond is aerated and allowed to
be settled before di ,char%ed to the cannel. Since this mill owns an oil AJaIm plantation
areq, 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
evaﬁoratlon 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.

samplin 0Ds  COD TKN o6 Ccolor
point pH Emjﬁ mgh) M) mgn) (L) (mg) (ﬁ;ﬁ)‘)
Influent 510 38650 99,840 35510 1,090 : 14980 10,000
Angerobicpond 462 46500 79870 27880 1008 117 12240 15000
(pond 1)
Aerated pond 815 3466 19470 12720 1,040 16 110 19,000
(pond 7-8)
Oxidationpond 795 1973 8990 7200 560 110 ND 12,000
(pond 9)
Final pond 836 268 1520 580 8l 9 ND 5,000
(pond 12)

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

8enerates 220 kg of FFB, 140 kg of tiber, 60 kg of shell, 50 Kg of nut and 30 kg of
ecanter cake wastewater.

Dry fiber 9%
Fiber 14%
Press cake 26%
(Nut & Fiber)
arnel 9%
- Shell 6%
FFB Water 10% Raw Crude Oil
100 42%
]
. Erui g o Hot water dilution 20 %
»|  Empty Fruit Brunch 22% ‘:]Dry Tiber 9%

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

The water consumption in the mill is, 1.26 m3ton fresh fruit bupch. Steam, 30
ton/hr is applied to a generator for generating electricity before sup Ié/ to sterilizer,
digester, kernel dryer tank, settlmg tank, and ofl stora?e_ fank. About 50% of stream IS
supplied to the sterilizer. Wastewater generated from sairize condensate is sent to settlin
tank to remove settleable solids before recycling to awbratmg screen. The main source g
wastewater In the Rrocess I generated from the decanter (0.4 m3ton fresh fruit bunch is
produced). The other sourceS of wastewater are from resin regeneration and cleaning
Water, That is about 0.15 m3ton fresh fruit bunch (Figure A3.3).
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FFB 1 ton
Total volume of water water content = 0.35 m’
1.26 m*

Feed boiler water Sterilizer Wastewater
_—’ Ll
0.51 m* O-Zﬁm‘ [ 020m’

. 3 2 Evaporation
Heating for kernel dryer, ' L Digester 0.015 m’ } =5 OE'I m’
settling tank, and oil U 020 m
storage tank 025 m’® l Screw press ]
1l 020 m’ .
\:)l.gr(;“r:"g PH— Settling tank |
U 0.40 m”
Decanter || Wastewater
040 m* 0.40 m’
»|  Cleaning,Resin | —p| Wastewater
regeneration 0.15m’
House hold 0.15m’
—_— consumption
06m’ Total volume of Wastewater

0.55 m’

Figure A3.3 Water balance of 1ton 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 réspectively. 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.

Exhaust & Stack loss
400 x10° J/ton FFB

Diesel fuel

A { 6
Fiber &shell 0 Steam e & 4x10°)/ton FFB
1,600 x 10° J/t 1,210 x10° Jton FFB|} UF D10 € -
ke [ Boiter 1,200 kW Steam (130 °C)
30 ton/hr capacity 790 x10° J/ton FFB
. ' 800 x10° J/ton FFB
electriccity RASC
" 9 . .
Cooling water ot Electricity
30 xlog" Jiton . ," 60 x10° J/ton FFB
g b \ 4
Heat loss Production process
334 x10° J/ton FFB 68 yon FFN/hr (24 hr)
v Y
CPO(55°C) Wastewater (90 °C)
0.4 x10° J/ton FFB 210 x10° J/lon FFB
Heat loss ‘ Heat loss ;

Steam exhaust & loss
465 x 10°J/t FFB

Figure A3.4 Energy balance in the production process of factory D.
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APPENDIX A4
FACTORY E
Introduction to the company

. Factory E is one of the smallest companies involved in crude galm oil production.
This factory is established in 1993 on an area of 160,000 m2. It has apP_rommatels( 50
employees. The production capacity is 30 ton FFB/r the average production capacity is
ﬁ?u mtowﬂl;l;%ggr Total production of the company is 10,000 ton CPO/year and 3,400 ton

Input

The amount of FFB s 100,000 t_ons/%/ear. 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 35 water, Factory E employs 4 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 housekeeplng, such as
Processmg fresh fruit bunches in 24" hours after harvesting, reuse of the codling water
rom turbine for cleaning and domestic purpose. Last 2 year the,Y install 2 bunch Stripper
to enhance fruit separation from bunch stalk in order to réduce oil loss from FFB.

FFB 1000 kg
ﬂ Moisture loss
Steam 150 —» Sterilizer |—————p—WW 110 (0.2) ———»
Thresher |—> EFB 240 (4.9)
ﬂ v Maisture loss
Steam 65 ———» Digester
“, Press cake 260 Seal water
) 20
Hot water 80—  Screw press [—> Nut 80+ Fiber 180 (4.7) PP,
600l v ............ esresse
500 (36) 900 (6.5) Oil trap
Clarification tank ————W Sepanator [ — —” sump
<Oir3o 3
4 Oil (155)
Hot water 430 # » i e
Purifier

Crude Oil Tank

!

Sell

Figure A4.1 Schematic flow diagram of the mill E, including also mass balances.
() Qil content

1030 (6.1)

Settling
pond
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Material and energy balance
a) Solid material halance

Factorm E uses a separator for oil recover from wastewater in_their production
process. So there is no sludge from decanter generated in production process. A
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,
SFEiiagret,&MaSS balances based on ton of fresh fruit bunch (wet weight) are shown in

Dry fresh fruit
bunch = 650 kg J =[ Crude palm oil = 155 kg l

—’l Drv kennel = 28.5 ke ]

Dry empty fruit brunch = 170.8 kg

—"{ Drv fiber = 140 ke I

Dry shell = 44.5 kg

—’L Drv SSin WW =47 ke ]

Other solid waste = 64.2 kg

A

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 liguid materials including water consumed in each
production step and wastewater g‘eneratlons 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 dlrectéy glloes o the
WWTP. The total wastewater for the production process is” 10 m3ton FFB. That is the
highest volume of wastewater per ton FFB from Dpro,ductlon process compared to other
faCtories, which use all a decanter (factory A-D) in production Rrocess. 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. from a factory that uses a

ecanter 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 hefore feeding to the separator.
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ume of wa
30 m’
>

FFB 1 ton
ITolaI vol ter l water content = 0.35 m®
1.
|
Feed boiler Sterilize Wastewater
water 0.75 m® 0.15m’ il 0.11 m?
: 1L ‘

Evaporate

Digester

gcatin% 0.06 m’ ) 0.10 m’
S54m 3 U3sTI
»|  Screw press
0.08 m’

vsasm
- Turbins > Sc;murator ] Was(ewa}er
TN 0.55m 0.44 m’ akididi

11

Seal water pump Washmier
0.02 m’
0.02m’ -

Total volume of Wastewater
1.03 m’

Figure A4.3 Volume halance for liquid material flow in factory E.

¢) Energy halance

. The energy halance 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 energ)/ logs Is
occurred. Electricity generated from turbine capacity of 900 kWh, but only 61% of the
total power rg%enerated 15 used in the production procéss, Also steam exhaust and heat |oss
IS very_high. In the production process about 73% of energy loss in occurred in
production rocess.

Exhaust & Stack loss
218 x 10° J/ton FFB

; A Diesel fuel
2,1 l(flbi;);&.lsltlle“FFB 8 x 107 Jton FEB
& X on =

> \ urbine Steam (140 °C)
Boiler 1,860 x 10° J/ton

Brough out electriccity > \HULAL i

Electricity
90 x 10° J/ton FFB
Y \4

Production process
28 ton FFB/hr

\4 . Y
CPO (55° C) . Wastewater (90° C)
0.4 x 10° J/ton FFB H 390 x 10° J/ton FFB

= s * Heat loss
Heat loss ¥ n v v
Steam Exhaust & heat loss
1,542 x 10° J/ton FFB

Total energy loss = 2150 MJ/ton FFB
Figure Ad4 Energy balance of the factory E.
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Cost benefit analysis

Raw material cost is.9.7 Baht/kg CPO. Fixed production cost of this mill is equal to 0.9
Bahtlkg CPO which,is higher than other factories. This is due to the production efficiency
of this mill, which is Io,west_(lS.S%P com?ared to tht others. Total cost of production IS
10.6 Baht/kﬂ]_CPQ. It Is estimated that 91,5% of the production cost is for raw material
purchasing. This mill get ...benefit from selling CPO equal to 14 Baht/kg CPO



APPENDIX B



Part 1 General Data
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APPENDIX B-|

General Survey: Palm Oil Industry

Date......../ /

Factory Name........ccccurvvnn | Registered Number

Location

Total employees
Wor
Year es
Baht

TeIeEhone Number

ablished

0117111 SO
(111 (0] 111 ST

Palm supplier......
Location Map of Factory

mp Ay DEr Year.........



Part 2 Production Process Data

1 Raw Material

Material Type
For Production Process
1) Fresh Fruit Bunch

2

For Wastewater Treatment
Plant

)
2)
3)
2. Product
Products
1) Palm Ol ,
2) Kernel Palm Qil

By Product

Empty Fruit Bunches
Ash from Boiler
Waste Water

3. Energy Use
gI¥nergy Use

Diesel (

f EIectr|C| &Un
Fiber or shel)l (Unit)

Quantity (ton) / Year

Production
Process

Price / Unit (Baht)

Quantity (ton) / Year

Quantity (ton) / Year

Enerqy Use / Month
astewater
Treatment

Total
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4. Water Use
_Production Process

1) Boiler

2) Cooling water

3) Sterilization

4) Ol Extraction

Digester

Screw Press

Se_Bara_tor

Vi ratln% screen

Sand cyclone

5) Cleaning machine

6; Clay bat

7) Domestic
Total

W ater Used (m3month)

Schematic Diagram  Palm Oil Mill Process

Working Hour ... per day,
Average Production Capacity

Maximum Production Capacity —....ccorvmrnnn

..... e SHITES / 2y
1111 per month
1111 per month
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Part4WasteMana?ement L.
1 Wastewater Treatment Schmatic Diagram

2. Wastewater Characteristic

Parameter Influent Effluent

4) COD (my/1
5) G &0 (Mg

3. Effluence management
6 Agrlcultgre O canal, river 0 Other

4. Solid Waste Management5

Waste n plant External reuse/recycle
reuse recycle  Sellto Price ~ Other

Bm 1)
BO ?mg/l} )

rU| t Bunches
ake
Boiler

go‘l‘l
?\—

5. Air Pollution Control
8 |\lAlr pollution control equipment
0
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\Wastewater Solid waste Noise

6. What is the environmental éroblem of the factory?
Air pollution Smell from Dust from

1. \What have been the higgest obstacles to improve the environmental performance?
Technology
Financial
0 Knowledge
0 Other

8 D% you think that industrial emission / effluent standard are appropriate?
0 Y.
0 NO. RBASON.....ovvvvvvrrrrerensssssssssismmmssssssssssesssssssssssssssssnsess

Part 5 Clean Technology
. General

1 What is the conception of the word clean technology?

2. Has the company adopted the Cleaner Production?

0 Yes from when........... 0 No
3. Why does the company apply cleaner production?
Reduce oil loss 0 Increase production efficiency
Enhance product quality Reduce cost of production
Increase competitiveness 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?

0 Clean technology
(GO0 NOUSE-KEEPING...cvvvvsvvvessrvrssvsssssrssessens

1 In-plant reuse/recycle.......

7 Process Modification...
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O Waste exchange
1 Reuse/ recycle of waste

1 Wastewater water treatment plant

6. Who have introduced clean technology to the factory?

0 Government agency 0 Foreign organization
ONGO 0 University
0 Other mills 0 Supplier

7. What are the major barriers of clean technology application within the mill?
0 Lack of the personal resource 0 Lack of know-how

0 Lack of information 0 Lack of incentive from government institute
0 Ic_)etlﬁk of competitiveness 0 Lack of money
0 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?

11 Wastewater N
- Control system of sterilizer
0 Automiatic 0 Manual

- Management of wastewater from sterilization
Go to Wastewater Treatment plant
Separate and ECYCIR 10 vvvvvmmvvvrssvsrssssissssssisssssmsssssssssssssssssssssssssenns

Other.....o..
- Oil-water separation equipment
0 SeParator 0 Decanter O Decanter & Separator
Settling tank 0 buffer tank
Other
- Management of steam condensate
Drain to sewer

Separate aNnd IECYCIE 10 .vvvvvvvvvervsrressvssssssissssssmissssssssssssssssssssssssssssnens
- Oil separation from wastewater before go to wastewater treatment
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0 Ol Trap tank 0 Qil skimmer 0 Other
12 Solid Waste management
- EFB disposal N ,
0 Mushroom O Fertilizer 0 Langfill 0 Burning
- Fiber disposal .
0 Fuel in factory 0 Sell to other factories 0 Other
- Shell disposal .
O Fuel in factory 0 Sell to other factories 0 Other
- Floating scum
0 Soap 0 Fuel 0 Other

2. After cleaner production application, Any change ? .
0 Increase production yield 0 Enhance product quality
0 Reduce water consumption 0 Reduce waste water flow
0 Reduce oil loss in wastewater 0 Reduce energy consumption
0 Reduce operation cost 0 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 ?

1. Knowledge |IGKORN UM :
L fWhat 1S ygur source of knowledge in relation to improvement of the environmental
performance” _ o o

0 Consultancy 0 Stg)gller 0 University/Research institute

0 8?ﬁlemment agency oN 0 Foreign organization

0 Other

2. What kind of knowledge do the company need in order to improve more ?
0 Technical assistance N ,
7 Consultancy 1 Training 1 Demonstration
7 Manual 1 Pilot plant 1 Other

0 Financial assistance
T Low interest loan 1 Grant I Other



IV, Reﬁulatlon
1 Which environmental laws must the company comply with ?

2. \Who enforces the law and how is this done?

0 Control of emission 0 Self-control
0 Visual inspections 0 Reaction when problem occur
0 Other
3. What is the conception of the regulation authority?
0 Enemy 0 Partner
0 Co- Operation 0 Control and enforcement
4 D(\){ the company think that the regula jon need to he improved ?
0 Y S vvrsmssssssnssns sosssssssnss_sove
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 hig is the capam y 10 investigate the opportunities in new markets and create new
market poténtials %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)

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

1)
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5. Detail of clean technology introduction withinamill. . _
Project Motivation Incentive Information From whom Barrier Problem



6. What relations i|ot do you have with the following actors?

Ec
»  Other downstream factory

S0

h
Actor Relationship

Policy Actors
T

Al POA

DIW/ PIA
PCD
PHPA
Municipality/ District
Others

onomic Actors
Other millers

Suppllers
Customer/ consumer

Bank _

Insurance companies

Qil palm planters

Other o
University / research institute
Palm oil association

Other

cietal Actor
Community
NGO
Mass media
Other

Contact
Frequency

Report

Report

frequency

Type of
resource

T
EXC

b

e of
ange
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7. Do you have to deal with any pressure from environmental agencies, the surrounding
community, or other actors on environmental 1ssues?

8. What is the improvement of the business in the future?
O HATAWAI....cvvvovscevvvses cosvvssssssssssssses sessssses

o Software
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