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INDUSTRIAL ECOSYSTEM A CASE STUDY OF A CRUDE paLM >
OIL MILL LOCATED IN COMMUNITY

5.1 Introduction

This chapter presents the result of an implant survey of factor%/ A which 1s as
already mentioned in chaloter 3 representing the best loractlce in clean technology of crude
palm 0il industry in Thailand. The detailed”process flowchart, mass balance, raw material
and. energy consumption and environmental impact are shown. The existing
environmenital _performance of factory A is anal¥,zed based on waste generation,
environmental impacts, clean technologzy option adopitions and waste exchange. Then the
possible options for solvm? the existing environmental problem of the mill will be
proPosed. [he assessment of the available” clean technologty) options and the improvement
of the environmental performance are executed on the basis of clean technology and
industrial ecology theory. This chapter will also present a phx\smal-technologlcal model of
an almost Zero"Waste' Industrial” Ecosystem for factory A created by integrating all
options as discussed n this chapter.

5.2 Production Process and Environmental Aspects

Factory A has been established in 1978s. It covers an area of 137,600 m2 in
Surathani pravince, about 10 km from the city_center. The total staff and workers
employed in the company consist of 110 persons. The Productlo_n capacity is 45-ton fresh
frurt Bunch/ hour or 173,000 ton FFB/ year. This factory has implemented many clean
technologies and also applies an, environimental management system (EMS). The. reason
for clean'technology application is to increase ol yield; to.minimize waste production and
to reduce water consumption. They also got 1SO 9000 certify.

5.2.1 Production Process

. The extraction.of palm oil from fresh fruit bunch involves five major operations-
fruit separation, sterilisation, digestion, oil extraction and oil purification. In the
production process, large amounts” of water and enerqy are needed to convert palm fruits
into crude palm oil. Figure 51 and 5.2 show schematic flow diagrams of crude palm ol
Productlon in factory A, which represent as already mentioned’ in the_introduction, a
actory applying advanced technology of crude palni ol production in Thailand. Flgure
6.3 stiows the mass balances of the Production process of factory A which are based on
the processing of 1000 kg FFB. Result from study shows that a Standard wet processin
mill consumes a lot of water in the production process and also generates large amount 0
wastewater. Besides they are high-energy consuming industries. The mast important
source of energy use in factories, as is alS0 the case in factory A, is, electricity. However
most of crude ?alm oil mills have self-sufficient energy corisumption., We will discuss
more In_detail the_most important treatment steps and/”or equipment in the production
process in section 5.2.4. The production process of factory A is as following:
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Figure 5.1 Schematic flow diagram of crude palm oil production in factory A.
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Reception, transfer and storage offresh fruit bunch.
The fresn fruit bunches are harvested and transported to the
palm oil mills by trucks for immediate p_rocessm?._At the
mill, they are unfoaded on a ramp and put in to containers of

- " .
2.5 tons each. _l_oading ramp

Sterilization. Sterilization of the fresh fruit bunch is §
done batch wise in an autoclave with the application of steam  [Fes
at 120 -140 "C forl-2 hr. The objectives of the sterilization [fE
are to prevent the future formation of fatt%/ aclds, to facilitate ok
stripping of fruits, and to prepare the fruit fiber for B
subsegient processing.

Bunch stripping. The containers with the sterilized [
bunches are emptied into a rotary drum_thresher where the SRR
fruits are separated from the bunch stalk. This 3processmg step  ElEE
generates an empty fruit bunch stalk of 230- 250 Kg/ton
empty fruit bunch.

A\ .'" N

Thresher

Digestion. The seParated fruits are carried into digesters and mechanically
converted nto an extractable mash.

Extraction. The oily mash is fed into a continuous
screw press system where the oil is extracted. The extracted
crude palm oil is collected and discharged to the purification
section, The remaining _press. cake “is. transported to a
separation system consisting of air classifiers and cyclones
for drying and separating Of nuts and fibers. Kerriels are —ese®
recovered from nuts in thé crackers. Fiber and shells are sent Screw press
to the boiler and used as fuel.

Clarification and purification of the crudePaIm oil. The crude palm oil from the
presses s a mixture of palm oil (25% - 35%), water (45% - 55%) and fibrous material
varying in proportions. _ _

- Screening. . Small amount of hot water i added to the raw il and passed
through & vibrating screen to separate fibrous particles; the oil after sieving still
contains high suspended solids and water. _

- Sand removal. A'sand cyclone is use to separate sand fromoil.

- Suspended solid separating. The conventional B e
Procedure to separate oil from water is the settllng
ank method, Steam is used to Real.the system an
to maintain the temperature at Qil 1s floatlngi
on the top of the tank and is collected by a funne
which flows to crude oil tank.

- Oinurifyin?.. _ _ _ L _

Separafing offine_suspended solids. The final purification step is also
done by centrlfuqatlon of the crude oil from the settling tank to remove
fine suspended solids.
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Drying. and cooling. After centrifugation the crude oil still contains water
which’is removed DBy a vacuum evaporation system. The dried crude oil is
kept in storage tanks before selling an oil refiniery.

J Treatlngi of_sludﬁe (oil/ water mix) from settling tank. The sludge from
seftling tank is collected in the sludge tank and subse%uentlry treated to"recover
oil. In"order to protect the egmpment In the subsequent process steps against
cloqglng the sand Is separated from sludge by sand cyclone. The sand cyclone

Is Cleaned by discharging the accumulated sang to the drain, followed by the
injection of Not water.”™ _

* Ol recovery. The sludge is collected in a sludge
tank and thien pumpedto a decanter (three-phase
centrifuge) and a separator Sgwo-phase centrlfug%e)
for oil” recovery. To enhance the Separator
efficiency, It is ‘common practice to add water
during centrifugation. The separator will generate o=
more~wastewater than the decanter process. The Separator
recovered crude oil is pumped to the settling tank.

The cake from the screw press after oil extraction is broken uP and the fiber is
removed from the kernel nut in the air c%(clone. The fiber is then blow through a cyclone
to the boilers where it Is burnt as fuel. The kemel nut is cracked and the keémel and the
shell separated by a clay water bath, The kernel produced is dried to reduce its moisture
to prevent molding, and'then stored inasilo.

Factory A adopted and introduced man}/ clean technology options inclyding good-
house-keeping, reuse’ & recycle and technology change. AR overview of apparatus,
equipment and other measures is give below:

» Use of decanter and use of separator for recovery oil from wastewater and
construction of il trap sump to remove oil from wastewater before this goes to
wastewater treatment plant FWWTP). _ _

» Installation of buffer tank to separate sludﬁe from crude oil before this flows to
the clarification fank in order to enhance oil separation in this tank
(improvement of clarification tank). _ . .

* Installation of 2° bunch stripper to enhance fruit separation from bunch stalk in
order to reduce oil loss from EFB. o |

» Recycling sterilized condense to screw press and vibrating screen in order to
reduce water use. .

J Recyc{mg hot water from vacuum dryer tank for cleaning decanter and
Sepdrator.

» Recycling steam condensate (temp 100 °C) from nut drier tank and use as
boiler feed water.

5.2.2 Inputs

Raw material demands. The raw materials needed for production processes are
fresh fruit brunch, clay, alum, anionic_polymer, diesel oil, salf, electricity and surface
water. Raw material demands of the factory are shown in Table 5.1. Clay is used for
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preparing solution in order to separate shell from palm kemnel. Alum and_anionic polymer
are used”in surface water treatment plant before supply to the production process.” The
factory consumes water from nearby cannel with free of tharge.

Electricity demand. Electricity is the dominant source of, energy for the
production procéss. Total energy consumption_ of all electric machines Used in the
production process is about 17.11 KWh/ ton FFB. The electricity used in this mill is
obtained from 2 sources; turbine. generator installed in factory and purchase from
government supplier, The electricity generated in the factory iS about 85% of total
Electricity consumption (15 kWh/"ton FFB). The small Bower plant in the mill
Incorporates water tbe boiler with a steam capacity of up to 20 ton of steam/ hour. Fiber
obtained from production process is used as fuel for the power plant. About 3.3% of total
electricity consumption in factory is consumed by office buildings.

Table 5.1 Demand of raw materials for production of the company A

Item Usage purposes Unit  Consumptio
FFB Basic material for production of crude palm  Ton/ year 173.000.0
C|a gl? P P Ton/ year i1
Al%. eparate shell from kernel Ton/ year 4,
Anionic polymer  Water treatment Ton/ Vear 0.
Zécavepﬁfe . Water treatment Ton/ {ear 23,
odium chloride ~ EBW treatment n/ Vear .
Desel el 6l Conggament k@e 2 4’§ '

; o mSPy ar §8§ 6f

Eer?tnuw %I ting and production
urface Water { ﬁenera lon, turbine generator and
Rro Uction rj)rocess

\ote ; 1) use to prevent corrosio ofwal%r tﬁlbe in boiler.
Use to fegenerate resin for feed boiler water treatment,

Fuel demand. Fuel used in the production process consists of 0.024 L diesel oil/
ton FFB. Diesel oil is used for diesel generator for start up boiler and generator.

Water supply demand. Crude palm oil mill uses much water in production
process. Gannel watér is the source of water suppl){. This water i treated by coagulation
and filtration. Alum and polymer are used as coagulant and flocculent in the clarifier. The
average water consumption’is equal to 1.20 m'/ton FEB or 720 mJ day. A defail on
overview of water usage in the factory is shown in Table 5.2. The qudntity of water
consumption per ton FFB is not different among crude palm oil, factories due’to the fact
that most of water is used_ for feed hoiler water and turbine cooling water. Cooling water
for turbine is recycled in the production process, cleaning maching and domestic

DUFPOSES.

Water supply in this factory is required for the following processes :
J Durmglpower eneration. As cooling water for the turbine used to generate
electricity from burning fiber.
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* During sterilization and digestion, live steam from boiler is applies to autoclave
In orcer to facilitate the stripping of fruit and to digestion in order to facilitate
homogenization.

» During extraction. To remove the oil from fiber.

* During oil recovery from sludge (concentrated wastewater from oil clarification
ank).“Water is usé as a dilution water for sludge to adjust the concentration of
sludge before go to separator.

* During removal of large particles from oil in desander step (vibrating Screen),
hot water Is use to clean the surface of vibrating screen.

J h/liscellaneous usage such as cleaning machine (decantor and separator) and
oar.

Table 5.2 Water demand for crude palm oil production process of factory A,

Process stream consumption
ng%tgn mJday
Feed hoiler water for steam generation and turbine cenerator. 0.76 212
Steam ?eava tﬁe turb|tne ge%erator ?s (?&use tn Y
e VI
° OtRer machines such nHt dwer, or sforage tank such 3 2{1
as crude oil storage tank, hot Water tan
\Water used in {oductioq.Rrocess and domestic purpose 050 180
(‘reused water trom cooling System Inturbine)
o SCrew press B0.0SQ (29)
*  Vibrating screen 6.0 } )5
. Segarator 009(015) 35
»  Cleaning separator & decanter, Clay bath :
+  Domestic purpose . 116
Total water corsy tion, | | 1% 42
\lote; ﬁv Numbogr mn@ mdm%ese ugr%ttlcg}/ of sterilized condense wastewater reuse in screw press,

vibrafing screen
2) Pro uc%on capagpty 15 30 ton FFB/day

5.2.3 Output

Product. The production capacity of the company is 45 fons fresh fruit
brunch/hour. For 8 hours operating and processing 360 tons of fresh fruit brunch/ day, A
total amount of 63.2 tons of crude palm oil IS produced. The maximum production
capamty of the company reaches 1200 tons/day (24-hr. oReratlon) in"_high season
production of palm fruit. In 2002, the production ca?amty of the company is ahout 60%
of the designed capacity. The production capacity of the company depends on the amount
of fresh friit brunch that factory can buy from fdrmer. The quantity of product consists of
crude palm oil and palm kernel which équal to 40,000 and 11,000 tons/year respectively.
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This factory operates 300 days/year. The quality of crude palm oil of the company is
indicated b)ythg following parz)a/m)e/ters: ety P pany

% Free fatty acid  less than 5%

% Moisture content  less than 5%

% Contaminants ~ less than 0.01%
lodine value 50 - 55

Wastewater generation. The main sources of wastewater are from sterilization
process and oil separation process, Combined wastewater from production process is
more or less brown concentrated slurry with a high organic content. The_ results from
analysis of raw wastewater from production process show that BOD and COD are ver[g
high”and equal to 52.2 and 68.3 g/L. respectively (Tabl 5.3). The ratio of BOD and COI
I5°0.76, That means that the organic content in wastewater is easily biodegradable. It is
found that BOD of the wastewater after anaerobic digestion (pond”3) is réduced to 458
mg/ L (99.1% BOD_removal efficiency). Total solids and suspended solids in wastewater
I5"very high too (57.7 and 30,9 g/L Tespectively). Suspended solids in wastewater are
derived from fine particle of fiber' that contamiriates the oil water slurry while pressmq
fiber. Wastewater from this industry also contains high nitrogen and ho?j)horus. Qi
%gc%arl|%§ In wastewater is equal to 2,660 mg/L that is"the lowest compared to other 4

Table 5.3 Characteristic of wastewater from production process and wastewater treatment
plant of factory A (October, 2002).

Sampling ., BODs COD TKN 0&G Cglgr
point P Wﬁ (mg/1) IZ) (mgl)  (myl) (mgld) (mglD) (Bn-it)o
Sterilizer 4.93 44900 = 18000 = 4 - 6170
Separator 4.76 79200 3 72270 - - - 5220
Raw wastewater 4.83 52200 68341 30933 57650 m 4 7250
Pond 3 83) 458 4307 2400 15080 372 Z) 78 4833
Pond 6 8.63 108 2036 691 8420 98 8 19 4000
Pond 8 8.69 255 2092 500 11725 104 6 15 4900
Pond 9 8.90 80 1926 373 5 4 4600
Pond 1L 9.37 36 963 1m 7497 38 0.4 0 1750
Thailand’s Efr. 59 | [y 50 3000 AN ! 5 |

Standard

. Wastewater treatment plant is anaerobic pond and oxidation pond in series. The
first 2 ponds use for separate oil from wastewater, The 3th - 7th ponds are anaerobic
digestion ponds. Pond 8 and 9 are facultative pond and the last 2 i)_onds are polishing
pond (Fi 5.42. Wastewater in the last pond still contains high total solids, COD and color
content. Most parameter can not meet the Thai effluent standard given for BOD, COD,
ss and TS. AS Most of crude palm oil industry has to store thelr wastewater In their
Ponds and prevent overflow in r_alnlng%season eneral also factory A. Total volume of
reatment ponds In factory, A is 335,000 m3'and detention time of wastewater in
wastewater treatment plant is about 700 days (wastewater generated is about 450 m3
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day). The wastewater evaporates to the atm_osRhere during the dry season. So the color
intensity and TS of wastewater_in final pond is | 'ﬁh' The data of wastewater characteristic
from thils factory at present still indicate of high potential of heavy pollution from this

Waste source.
oil Influent
50 ey [ v ;
3 — l 2
2
4 10 1

4 '@ 9 =

[ & | — &

Pond 1 OQil collecting pond( 20*38*2m3  Pond 5 Anaerobic pond (20*75*35m3  Pond 9 Oxidation pond (80*95*4 m3

Pond 2  Qil trap pond (30*75*3.5 m3) Pond 6 Anaerobic pond (20*75*35 3 Pond 10 Oxidation pond ( 82*100%4 m3
Pond 3 Anaerobic pond (30*25*35m3  Pond 7 Anaerobic pond (110*191*4 m3  Pond 11 Maturation pond (78*106*4 3
Pond 4  Anaerobic pond (30*25*35 3  Pond 8 Oxidation pond (110*120*4 3

Figure 5.4 Layout of wastewater pond system of factory A,

Solid wastes and by-products. Solid wastes and by - products ?enerated in the
Palm oil_extraction process are: empty fruit bunches; fibers; shell; decanter cake and ash
rom boiler. The quantities of these materials are summarized in table 5.4. Solid waste
can be reused in production process, oil R,alm plantation or sold to other industries. The
problems of solid waste management in this factory are improper storage and hanaling of
solid waste material and disposal techniques on [ahd.

Table 5.4 Quantity of solid wastes/hy-products generated form the factory A
?Octobeyr, 2002 & : Y

Solid waste generated

souree kg /ton FFB ton/day
Empty fruit bunch 230 83
Fiber 140 50
Shell 5% 20
Decanter cake 32 12
Ash 50 2

Note: based on production capacity of 360 ton FFB/day.

Air pollution. Particulate and smoke are generated from burner/boiler in wet
process factories due to incomplete combustion of the solid residuals, Palm oil mills are
generally self-sufficient in terms of energy requirement due to the availability of adequate
quantitiés of the fiber and shell materials used as solid fuel in the steam boiler and
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electrical power generator. . In some cases, air emissions have pollutants higher than the
[imits mentioned Tn the National Quality Standards.

At present, production activities of the company have not caused serious pollution
to the environment and surrounded community even this factory is located very close to
them. This is due to a proper management of the wastes, such as;

o Wastewater is stored at the site of the company. All wastewater generated
have been stored in the treatment ponds without discharge to the environment,
The characteristic of wastewater IS shown in table 5.3

o Solid wastes or by products can be sold or stored in the factory before
transport to reuse as land filling.

o This factory uses fiber (80% of funeI?< as_fuel in hoiler. Fiber causes low
particulate ‘matter emission from stack. So there is a low impact of air
pollution from the factory. _ . .

o Arelatively small amount of oil accumulates in anaerobic pond because % oil
loss in wastewater Is low compared to the other 4 factories.

5.2.4 Material and energy balance

ghle more detailed of the material and energy balance of production process are discussed
elow:

h24.1 Material balance

Sterilization (FI%UTG 5'5%3 , ,

Fresh fruit bunches (FFB) are unloaded on a ramp and put into_ containers of 2.5
ton transport capacity and then put into autoclaves for sterilization. Sterilization of FFB is
done hatchwise for batches of 20 to 30 ton FFB with the application of steam at a
temperature of 120 - 130 ¢ pressure about 3 bar for 75 min. The purpose of sterilization
IS »

* Prevention of increase of free fatty acid content in the fruit due to microbial
conversion,

» Facilitation of stripping of palm fruit from brunch stalk.

J Precl?_ndition of nut and minimize kemel breakage during processing and nut
cracking.

1ton FFB

I IS

) ilizat Wastewater 120 k
Steam 150ky  ->  Sterilization (Ol |0550_74kg)g

Steam loss

1 ton sterilized FFB

Figure 5.5 Mass halance of Sterilization step.
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After sterilization, steam is blown out for 10 minutes for release pressure in
autoclave. Then sterilized condensate released and collected in a sump by gravity flow.
One ton of FFB generates 0.12 m3condensate as wastewater that contains™0:74 kg of all.
This condensate is pumped to reuse at screw press, vibrating screen and separator in order
to reduce water consumption and oil recovery from wastewaer.

Thresher (Figure 5.6) , N _

.. Two rotary (rum strlppers are used for separating the sterilized fruit from the
sterilized bunch Stalks. Empty. fruit bunches (EFB) from first stripper are feed to the
second stripper to minimize fruit loss in EFB. This method can increase oil yield by 10%.
This process step generates an amount of EFB of 230 kg/ton FFB,

sterilized fruit bunch 1ton

1° Thresher EFB 2 Thresher
(Rotary drum) (Bunch stripper) - ) (Ol loss 46

Sterilized fruit 770 kg

Figure 5.6 Mass balance of thresher step.

Digestion (Figure 5.7)

The fruit are fed into a vertical steam heated vessel with stirring arms (deesters).
Here the fruits are treated mechanically to convert them into a homogeneous oily mash.
The temPerature in the digester is maintained at 90 c. Live steam Is Pumped Into the

digester to facilitate homogenization. This mash is subsequently fed into the oil extraction
ress.
Fruit 770 kg
Steam loss
Steam 20 kg Digester
Qily masj;m kg

Figure 5.7 Mass balance of digestion step.D

Oil extraction and solid waste/by-product separation (Figure 5.8)

Extraction of palm oil is done by means of a continyous Screw press system. The
extracted ol is collected and sent to the purification process in order to separaté water and
suspended matter from oil. Hot water is fed into the screw press to minimizeoil loss in
the pressed cake ﬁflber_ and nut). The pressed cake is transported to a separation System
consisting of air classifiers and cyclones for recover}q of the nuts and fibers. The nuts and
fibers aré’ dried during this separation process by hot air which is indirectly heated by
steam to a temperature of 135 °c. Kernel is recovered from nuts in centrifugal crackers
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and are sold.to a_kernel oil_mill. Fiber is send to the bumer for steam production. Ash
from burner is estimated to 50 kg/ton FFB.

Qily mash 770 kg Hot air
: ¥
I Air classifier
Hot water 80 kg------- > ~Sorew pres— oressedeake 1 T P Fiber 140k
(Wastewater from steriﬂzation) CTow press 250 kg d ie s

Raw crude oil 600 kg o s :
Nut cracker

Clay bath Shell 55 kg
s

Kemel 55 kg

Figure 5.8 Mass balances of oil extraction and solid waste/ by-product separation step.

Qilpurification (IFigure 5.9 and 5.10) _
The raw cryde oil IS pumped to a vibrating screen, then goes to a sand cyclong in
?arr?l?r to separate dirt fibers and sand from the liquid phase before sending to the settling

»  Vibrating screen Raw crude oil flows to vibrating screen to remove coarse
solids. The residual solids recovered from this Screen. contain a high oil
content and are conveyed hack to the digester, For improvement 0f oil
clarification, hot wateris added to the raw oil before passed through the
screen.

» Sand cyclone. Raw oil is passed fo a sand c%clone fo remoye fing sangd. This
stagz,e IS Used to avoid erosion problems in the equipment in the purification
section. The collected sand is drained out every 30 minute.

Raw crude oil 600 kg

Hot water 25 K(i P Vibrating screen ——>»  Sludge
(Wastewater from sterifization) (Recycle to digester)
Sand cyclone — Sand

Raw crude oil 600 kg

Figure 5.9 Mass halance of suspended solids removal step.
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- Clarification tank. The continuous settlmg tank method is the conventional
method for separation oil from water and suspended solids. Closed steam
heatlntI;_ coils hegt the raw cryde oil in the tank, In order to facilitate gravity
separation. The lighter phase. (oil) is collected by a funnel system and sénds to
a system for further purification System. The settled oily sludge is collected in
the’sludge tank and oil is collected at the surface of the"settling tank is further
process in a decanter and separator.

Raw crude gil 600 kg

Steam (0°C) ——f  puffertank |—>  Condensate

v

—» Clarification tank [—» Condensate

@

Oil 150 kg Sludge 450 kg

[ Crude oil tank | r Sludge tank I

Figure 5.10 Mass balance of oil clarification step.

- Purifier. The light phase (mp, from the clarification tank is fed to a cruge oil
tank and then toa purifier. This purifier consists of a two - phase centrifuges
using for solid removal. This process step generates small volumes ~of
wastewater due to the low suspended solids contént in the raw crude oil.

- Vacuum_ tank. The moisture content in the oil is removed by a vacuum
evaporation system. Then the crude oil is kept in storagle tanks and
trans?o_rted to a refinery. Temperature of oil (60 C) in the storage tank is
maintained with stein cail heating.

Treatmentofsludgefrontsettlin%t_ank.( Figure 5.11) . .

The bottom sludge from the settling tank™ contain$ a hlé]h oil content (7% of
sludge) and a high conCentration of or?anlc substances. In order fo recover oil and
?eﬁrea,se the orgafic load of the wastewater, the settling tank sludge is further treated as
ollowing.

- Sand cyclone. In order to protect the equipment in the subsequently process
steps a(%amst clogging, sand is removed in a sand cyclone. The bottom sludge
I sent 0 the sand cyclone (hgdrocyclone). This cyclone separates sand from
wastewater. The accumulatéd sdnd are then “drained. The wastewater
generated is bL/ton FFB, _ . o
- Decanter. The purpase of the decanter is to remove remamm% solids (fine
articles) and water from the sluage leaving the sand cyclone to recover oil.
il is sent to a purifier. , _
- Separator. Sludge is pumped to separator for oil recovery. Hot water is added
to the sludge to Improve oil separation efficiency.
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Sludge 450 kg

Decanter

- 0il 28 kg
‘) Decanter cake 32 kg.

Wiastewater 390 kg

Hot water 90 nr----
Hot water 15 m3
(Recycle from sterilizatiomTank)

tor - 0il 0.5 kg

Wiastewater 490 kg

Figure 5.11 Mass halance of sluage treatment step.

. Material balance. This balance only considers the (dry weight) flow of all raw
materials throu%h the production process including product, by-product and solid waste.

These are fresh fruit bunch

crude palm oil, empty_ fruit burch, fiber, shell,” kernel

decanter cake and ash. Mass balance in term of dry weight for material based on' 1 ton of
fresh fruit bunch (wet weight) flows can be expressed as follows :

Mass of fresh fruit brunch
Or: _
1,000 kg (35% moisture content)

Mass ofsol?(? (\)/vlégte =

s of cryde palm qil + mass of kernel + mass
(I)TP%[npty ¥rU|tF})r nc% +Mmas o?H()eH s of
shell +'mass of dec ntPr cake + total solids In
Wastewater +mass of solid waste

L

%99 E mass of solid waste

. Thus, the amount of dry solid waste is 70.9 kg/ton of FFB. This amount of solid
material (sand, decanter cake, spilled raw material,"etc.) is disposed as waste to the
environment, The mass balances for material flows in terms of dry weight are described

In Figure 5.12

Dry Fresh fruit brunch
= 6450 kg

Crude palm oil
> =178 ke

»|  Dry empty fruit brunch = 161 kg

Dry fiber = 98 kg

Dry shell = 49.5 kg

Dry kernel = 52.3 kg I

» Dry decanter sludge = 6.4 kg l

Dry total solids (discharge to WWTP)

=34 kg

> Dry solid waste = 70.9 kg

Figure 5.12 Mass balance in term of dry weight.



4

Liguid material balance. The total availability of water use in the mill was 1.2
m3ton FFB, but total water consumed in production processes was 0.58 mdton FFB
while 0,085 m3ton FFB is recycled in production process. The generated, wastewater is
0.56 m3ton FFB. The volume Balance of liquid material flows is described in Figure 5.13.

.. Energy Analysis, Thermal energy and electricity are two main forms of energzy
utilized in the palm oil mill. Process Steam is supplied by a cogeneration system 0
Rroduce electricity and live steam together. A back pressure Steam furbing for power and

eat ?eneratlon IS used by the factory. Waste materials from the production process are
mainly composed of fiber and shells or amount of output made steam. These are the fuel
used fo produce steam. Fiber and shell is fed to the boiler in the ratio of 80:20. The total
amount of 165 kg fuel/t FFB The input of boiler are fuel and feed water boiler which are
fed inthe rate 0f%9 ton/day and 0.76 mJt FEB, respectively. Output side steam generates
about 200 ton/day (0.56 ton steamit FFB[). Then steam |s expanded through a tUrbing fo
Eenerate the output power from the operation. The electrical generator provides about 510

w (5492 kWh da;r durln? 8 hours of heat to the processes. The factory is cogenerating
electricity during all operating days and purchasing electricity only for Start up purposes
and during non-Operating hour.

Fresh fruit bunch
I ton Heating for kernel dryer,

water content =0.35 m’ CS tank, and oil storage
Total volume of water > tank0.540 m*
‘ 1.26 m’ '
L 0.35 m’ Z

stes Sterilize Wastewater
e Fccdob_c])i6lcr :vatcr L 0.15m’ > 0.12m’ ]
5 m ﬂ n
Digester o Evaporal‘or
0.02 m* = 0.10 m’
Josrsm
chf(;;’ Press {008
Turbine cooling U033 m®
water Vibrating screen | | 0:025:. oz :
> 0.5m’ 0.025 m’ ¢
035 m?

Decanter
0.02 m’

T0a7m® &-~-0015c

Seperator Wastewater
0.09 m’ 0.50 m’

Y

Resin and floor
0.09 m’

Wastewater
0.09 m*

Total volume of wastewater
0.59 m’

Figure 5.13 Water balance of factory A,
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A co%eneration _System usin% ab backpressure steam turbine consists of a
combustion chamber, boiler and steamturbine

Combustion chamber. The fuel is bumt to process heat requirements. The
temperature of flue gas from stack is 360 °c. A dust collector separates fly ash. Bottom
ash'is removed mantial at the gate, These. ashes, are collected and disposed”as waste. For

rocessing 1 ton of FFB the fuiel 165 kg Is burnt to %aln an amount of energy 2,114,000

. This energy is used to heat 760 kg Boiler feed water from 70 °c to 240 °C. The main
energy. losses In the combustion ch?mber occur in the stack flue gas. A detail energy
analysis In factory A is shown in Table 5.5.

Table 5.5 Energy balance of production process of factory A.

Inlet Outlet

Unit Flow Temp Mass Energy Flow Temp Mass Energy
operation ¢ kg W0 C kg r
Boiler Make up wate 70 760 127 Steam 240 400 1120
Fiber & shell 30 165 2110 Exhaust 240 200 630
Electricity , 371 kWh 23 steam 360 400
Condensate 100 24 10 Stack loss
recycle
Total 2,210 Total 2,210
Electric Cool water in -~ 30 390 0 Cool water 3 390 10
generation Steam 230 400 1120 out 140 350 950
Diesel 0025 09  Steam . , 153 5
L/tonFFB Electricity 105
Exhaust
Total 1120  Total 1120
CPO production  FFB 30 1,000 0 Crude ol o) 178 0.5
Steam, 140 350 950 Wastewater 9 38 21
Electricity : 153 5 Exhaust 130 130 355
steam 4285
Energy loss
Total 1,005 Total 1,005

Boiler. The boiler %enerates high-pressure steam by transferring heat from the fuel
burnt to the incoming high-pressure Boiler feed water. The boler is & water-tube with a
capacity of 20 tonhrT The Doiler provides steam to generate enou8h electrical to SU%J|X
the whole demand in the factory, For processing 1 ton of FFB, 40 kq_steam_(l,lZl, 6
kJ) is needed to generate enough electricity for production process. The mainly energy
losses in the boiler” occur are dug to exhaust Steam and blow down water.

Turhine. In the steam turbine, the incoming high pressure steam is expanded to.a
lower pressure level, convertlgr%] the thermal ener?y of hI?h pressure steam to kinetic
energy t,hrough rotating blades ard finally into electrical energy. The on-peak load of this
factory is 658 kKWh. From asurveg it is Clear that the electrical generator provides about
510 KWh or 153 kWhiton FFB (55,080 kj/ton FFB). The extracted steam from a back
steam turbine megts the heat demand at pressure levels hlgher than the exhauls\}Uoressure
of steam turbine. Total energy loss in production process of factory A is 2,110 Per ton
FFB processed. 50% of energy loss is occurred in boiler. The rest 38% is loss in

production process.
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. Power and steam from turbine are supply to the production frocess. The detail of
electricity supply in the production process is shown In Fig. 5.14 Steam after use for
generating electrical power (400 kg/ton FFB or 1,092 kJ) is sent to the sterilizer, digester
and other step of production to control femperature of production process. The excess
steam in the sterilizer has to be blow out from the sterilizer once 3.2 bar is reached. Steam
15 exhausted until the pressure in the sterilizer become 1 bar atmosphere. For temperature
control system, the steam is also sent to steam coil in hot water tank, settling tank, nut

ryer tank and oil storage tank and finally blow out, From Table 5.6, it can bé seem that
energy Input in production process is about 1,147,000 kJfton FFB and energ out%ut IS In
formof entha,zpy in crude palm oil, and high temperature wastewater that is about 678,000
kJton FFB. Finally the energy Is loss “from product and wastewater %vtemperature
decreaselng. Most of enerqy |0Ss is in steam exhaust (355,000 kJ). Figure 5.15 shows the
energy balance in crude palm oil production of factory A

Fiber &shell
165 ton/ ton FFB  |—, Steam
400 ton | Turbine | Electricity
Electricity from external Boiler generator 15.3 kWh/ton FFB
source 2.57 kWh// ton FFB | [ Boiler

v 3.71 kWh /t FFB

Steam 400 kg/ton FFBJ || Screw press
2.61 kWh/tFFB
H Sterilizer
150 kg/ ton FFB || Nutcracker
1.61 kWh /t FFB
Digester
[~ | 20 kg/ton FFB Decanter & separator
— 137kWh/tFFB
| | Nutcracker -
24 kg/ ton FFB | | Digester
0.86 kWh /t FFB
Other ==
— i F Fiber conveyer
kil A ] 0.58kWh/tFFB
L] Other
4 57kWh /1t FFB

Figure 5.14 Energy balance in production process of factory A

Exhaust steam Stack loss
630 x 10° J /t FFB 400 x 10°J/ t FFB
A A Diesel fuel
Fiber &shell . : 0.9 x 10° J/ t FFB
165 ton/ lo‘n FFB
2,110x 10" J/t FFB Steam Steam 350 kg/ton FFB
_—”0“06 T[Turbine 950 x 10° J/ t FFB
Brought out electricity FFB
16x10°J/ t FFB
- f Electricity
v 13 x10°)/ t FFB[ Electricity
I R 1 55x10°J/t FFB

! Steam condensate | Electricity
. 10 x 10°J/t FFB ' 42x10°J/t FFB

e T e et Production process
i Steriliser condensate ~ '-~--- > 45 ton FER/hr

| 48x 10° )/t FFB

CPO (58°C) - [ Wastewater (90° C)
0.5 x 10° J/ t FFB | 221x10° )/ tFFB

v
Steam Exhaust & loss
465 x 10°1/1 FER

Figure 5.15 Energy balance in production process of factory A
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5.2.5 Cost Benefit Analysis

. The cost benefit analysis of the crude paim oil factory is established to find out
their economi¢ performances. From the data obtained from ‘the factory, the profit/loss
from crude palm oil production can be estimated. The FFB price is depended on the CPO
costs. Generally the ?FIC& of fresh fruit bunch varies depending on the. season of the year.
DurlnP wet season, fresh fruit bunch costs 1.5-2 Baht per g{ During dr}/ season; th
fresh fruit bunch costs 3-4 Baht per kg (year 2002). This is due’to the fresh fruit bunch is
more available in wet season.

. Production costs consist of the expenditure for purchasing fresh fruit bunches,
electricity, diesel fuel, chemical cost, |abor and machine mainténance. The company
earns maney from selling crude palm oil, palm kernel, shell and empty fruit brunch. The
total production costs and incomes are described in Table 5.6. For depreciation, the
calculation is based on 20 years or equivalent to 5% /year of tofal investment capital
(including machine and building). This investment capitalamounts is 180 million Baht.

Table 5.6 Production cost per ton crude palm oil of factory A (2002).

, Unit cost Total cost Cost Cost
ems Unit  Amount (Baht/  (Baht  (Bathiton
day) ton FFB) CPO)

Variable cost

FFB* Ton/ day 359 -~ 1500 Bath/ ton FFB 538,500 1500 85714
Electricity KWh/ day 9223 301 Bath/kw 2,883.7 803 459
Diesel fuel L/ day 68 15 Bath/L 1,020 2.84 162
Raw water production** kglday 3088 8.7 Bath/ kg 2,685.3 748 421
Chemical cost** kg/ day 841 2.34 Bath/kg 7,075.9 1971 1126
Fixed cost
165 Bath/ person
Labor person/ day 120 19,800 55.15 351
Maintenance cost Bath/year  12,000.000 33,000 91.92 5253
o 9,000,000 Bath/year
Depreciation %/ year 5 30,000 8357 4715
Total<) 1,768.70 10,106,86
Note * Price of empty fruit bunch is vary between 1,500-4,000 Baht/ ton.

** Cost of water supply and chemical are estimated in figure 5.18
(1) the extraction efficiency = 17.5%
(2) not including office expresses and cost of distribution. (-10%6 of total cost)

. Figure 5.16 illustrates income from selling product and by-products of factorfy A
It is clear that income from selling by-productis very low compared to those from
Prre%%uigrtUitAggné:ngre 5.17 summarizes cost of chemicals which are used in processing
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Baht/tonFFB )
2000 A
1500

* E 'm
Crude palm ol paim kemel ~~ Shell Empty Lruit
bunc

Figure 5.16 Income per ton of fresh frit bunch processing (Baht/ ton FFB) of factory A
20 Cetober 3000) processing { )offactory

Water treatment cost Chemical cost

Boiler treatment

Alum6% o
Cakium 24% 1

Polymer 50 %
Clay (1)31%

Figure 5.17 Water treatment costs and other chemical costs (Baht/ ton FFB processing)
of factory A

5.3 Existing Environmental Performance of Factory A.
5.3.1 Waste generation

The substances found in the products, by - products and residues are originated
from the fresh fruit bunch because the entire”production process does not need any
chemical as a processing aid. However, there are a number of pollution problems at the
facility, such as a high" water consumption, generation of a high organic content of
wastewater, rqeneranon of a large quantity of Solid waste and emissionis of greenhouse
?as. The pollution. problems which have énvironmental impact to people surrounded the
actories are in-efficiency of wastewater treatment plants and smell from anagrobic ponds.

Figure 5.18 shows the waste generation from Factory A

5.3.2 Existing Industrial ecosystem in factory A

. The crude palm oil industry is_applying a number of ecosystems for its waste
recycling and abatement of emission. The nature of these ecos¥stems can be divided as
In-plant measures, cross industrial and cross-border measures. The details of these three
types of measures of factory A is as followings:
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Natural resources consumption
o Water 12m3
Fuel 0.024 L
Electricity 17.11 KWh.
Clay, Chemicals, etc.

9

Product
¢ Crude palm oil 178 kg.
Palm kernel 63 kg.

Raw material
Fresh fruit bunch 1 ton

g L1 —

Waste / Lzyiproduct
i Wastewater y !
Solis waste/ by-product Greenhouse gases
ST kg * Flowrate 0,59 m3 C e m
Shell 65 kg~ - + BOD 30-7kk9 . ® 2826m3
Empty fruit bunch 270 kg * TKNOGKg Other _
Decanter cake 32 kg i 83” 128-52 klgg Dust, Odor, Particulate matter, Etc

Figure 5.18 Waste generation rate from Factory A.

1) In-Plant Ecosystem (clean technology option)

» Beneficial use offiber and shell in boiler o
Factory A operate a cogeneration system usmg{ fiber and shell as fuel in boiler to
produce hi hBressure steam which Is that"expanded Through a steam turbine to produce
electricity. “Table 5.7 shows chemical composition. and calorific value of fiber and shell.
The low pressure steam is used in the manufacturing process for sterilization, digestion,
purification and also for control temperature in production process. The eléctricit
generated is used to supply the mill’s electricity requirement which is estimated as muc
as about 15.3 kw per ton of fresh fruit brunchprocessed. Based on 1ton FFB processed
135dk .of fibers and 30 kg of shell are burned to supplement the steam required in
production.

Table 5.7 Chemical composition on dry basis of fiber and shell.

Element Fiber Shell
H (% 6.0
c (% 472
% 03
N (% 14
I i
) 8.4

Gross calorific value ﬁkJ/kg) 17422 H

Net calorific value (kJ/kg) 11,324 175516

(35% moiture ) (10% moiture )
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* Recycle ofsterilizer condensate. _ ,

_ After yse for production of electrical power from the turbine operating, the steam
is sent to sterilizer. Sterilization of FFB is done batchwise in an autoclave of 20-30 ton
FFB capacity. The amount of sterilization condensate is about 0.12 ma/ton FFB. This
wastewater Can be recycled to the screw press and wbratmlg,screen in orer to reduce the
amount.of hot water in those processes. This is shown in Figure 5.3 and 5.13. Moregver
trlle _sften{:zertcolrgdensate contains about 0.6 % oil which can’he recovered as crude oil in
clarification tank.

. For a factory with an qperation capacitf/ at a 1,000 ton FFB, this correspond
reciulres at an investment cost of approximately 135,000 Bath for Pumplng, tank etc. This
option ¢an save cost of water production of about 108,000 Bath per year, The water
production cost is expected 3.0 Bath/ m3based on 300 operating days. / ¥ear). The
recovery of oil from recycled wastewater is about 14 liter/ ton FFB."Beriefits Trom these
Increasé oil yield are 1.26 million Bath per year. Total profit for this option Is about 1.36

million Bathper year.

* Recycle ofexcess steam conglensate, . , _

~ Certain amount of steam from the turhine is sent for drym% kernels in kernel dryer
silo and also a certain amount of steam is sent to vacuum dryer 10 eliminate water from
crude palm oil. Fast stage condensate, is generally discharge as wastewater. However this
condensate can be recyCled in the mill. Tondenate from”kernel dryer is reused as feed
boiler water and condénsate from vacuum dryer is also reused for cleaning decanter and
separator. These options will reduce the, amount of water consumption and wastewater
8enerat|0n. An additional benefit from this approach is the ener%y for heating water to 90
eglree Celsius (Fig 5.19). It is estimated that approximately U.03 m3/ton” FFB of hot
water could be savéd by recycling the excess condensate.

High pressure St Clectrici
steam Ditam Electricity Production

»| Boiler o turbine —p| Generator [ process

Low pressure steam

Steam Condensate Y

s s Kernel dryer

Figure 5.19 Recycling of condensate to boiler.
2) Cross-industry Ecosystem

o,SheIIasfu?' in cemecptfa%to,ry _ ,
Fiber and shell are used as boiler fuel in the factory. However, fibers are more
than enough to be used as fuel for boiler. At present a part 0f shell can be sold to use as
solid fuel in cement factory and brick factory, One ton of shell can be sold for 170 Bath,
Another possible use of shells is the production of activated carbon, which should need
further investigation.
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3) Cross-Border Ecosystems

 EFB as a substratefor straw mushroom cultivation _

At present, EFB is returned back to the field as media for growmg Straw
mushroom (a special twe of mushroom). EFB could be used directly s a substrate for
mushroom cultivation.”About 30 kg mushroom can be harvested from 1ton of EFB and
sold for 45 Baht/ kg. mushroom. The factory can sell EFB for 15 Bath/ ton. After harvest
the mushroom, EFB is available as substrate to the Palm fertilizer. Analysis of the
composition Indicates that it contains high amount of plant nutrients as_shown in Table
5.12. Figure 5.20 shows the flow diagramof mushroom cultivation from EFB.

I Empty friil brunch }—\Vash with water

Cover with plastic plate forl5 day [€—agd water every 5 day

v
Prepare EFB in row l‘— Wash with water

Spray straw mushroom seed on EFB,
growing 10 days

y

Harvest everyday for 20 day

Figure 5.20 Flowchart of straw mushroom cultivation using empty fruit brunch as media.

5.3.3 Model of existing Industrial Ecosystem of Factory A

Figure 5.21 Presents a schematic diagram of a crude palm oil mill A. For purpose
of an environmental evaluation, the estimatéd mass balances are based on the processing
of 1000 tons of fresh fruit brunch per day, harvesting from 18,000 hectares oil palm
Plan_tatlon area and producing 178 ton of crude palm oil and palm kernel 55 ton for selllng
0 oil refinery industry. The production process is results in the generation of about 58
m3 of wasteviater, 230 tons of empty fruit brunch, 140 tons of fiier, 55 tons of shell and
32 tons of sludge from decanter.

In conclusion, only 23.2 % of raw material is product (oil and kernel), the rest is
by-product and waste. Even most of these by-products can be sold or reused in the
E[oductlon process such as; shell (5.5%) and"EFB (23%) sell to use in other industry.

ibers (14%) are reused as fuel in boiler. However there is a lot of waste that has to treat

properly before dlsdoosal,. These wastes include 585 m3 of wastewater, ash 5% and
decantér sludge 3.2%. Since factory A is located far from plantation_area, they can not
recycle their “wastewater for wngatlon because the transportation 1S Very expensive.
Meanwhile, coconut plantation argas nearby the factory do not want the wastewater for
Irrigation. ~ So they have to keep their Wastewater in 'oonds without discharge. For
decanter sludge arid ash, they pay for truck to dstosa_ these solids waste everyday
]lgectause these” waste cause bad smell and dust which nuisance to people surround the
actory.
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High pressure steam 500 t
ghp 02 Generator

I 1
| 1
I I
= o~ 4
: Feed boiler water 760 m* | B : Natural water 1,260
| ) i I w
1 g <=| & . .
: FFB 1,000 ton S Z 3 : Bought out power |
1 o 8| & | 1,500 kWh
= o -
I o v S}
1 o : ;L I
. f‘ g| & CPO 178 ton, § Oil refi
zl 2z iner
I | ! ey S & Kernel 55 ton y
1 y ¥ L P 5
I | Boiler . actory A |
| Fiber o Shell 55 ton Cement factory
170 ton Processing ' .
| kg | Brick factory
| ig 1000 ton/ day Sludge 32 ton L
.--........--.:__E; _____ 1 e s h ll*: """ P s t
: RS 1 |EFB « Wastewater : Disposal =
Disposal [ & = . 3 I . s
. :¢ - 2 ' 230 ton : 590 m I lllllllllllllllll
CA LR RN l IIIIII .. ST -l -. T i ...... I
Mushroom I wWwrtp ¢ 1
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Consumer | i grower y =(no discharge) : :
[Pacassnnanannne .
EERF 771 T R~ ———"
. Agricu!ture _?re‘l‘ === Production line
) or growing oil palm — — Boudary of CPO factory
Fresh fruit bunch 18,000ha | eeeeee Natural resource input
17 ton/ha/year 1 year Growing season — Product/ by-product
----- Waste have to disposal

Figure 5.21 The existing industrial ecosystem model of factory A

5.4 Improving Environmental Performance of Factory A.

This roaragraRh deals with possible solutions for the existing environmental
problems of factory A. The options proPosed here will aim to improve. the environmental
performance of this factory. and also to make the palm oil production in this factory
environmentally more sustainable. Based on the results from many researches both in
Thailand and Malaysia we discussed only the solutions that can be implemented.

Residue from crude palm oil processing of factory A consists of empty fruit
bunches, shells, fiber, decanter cake, ashes and wastewater. Some of them are already
?eneflmal Useq. Reﬁldues such as EFB an% shells ﬁre already ,r(iused/ recycled as solid
Uel however the other alternative options that may have potential as a more value added
product will be presented. For wastes which have 1o be disposed such as decanter sludge
and ash, the possible solutions for these wastes will be proposed hased on recent research,
Possibility for offsite reuse and recycling of each kind of solids non-product will be also

describes,
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54.1 Alternative Reuse/ Recycle of Empty Fruit Bunch

» Qrganic compostlnlg _ L

At présent EFB are sold at the price of 170 Baht/ ton EFB or corresponding with a
total amount about 283,000 Baht/ year. EFB can be used as media for mushroom
cultivation in plantation area. EFB can also be used as sqil cover material in the oil palm
Plantatlon In order to preserve moisture and reduce soil erosion. EFB _contains a high
ertilizer value. The N, P20s and K2 content in EFB is equal to 0.8%, 0.006% and
2.19% respectively (apumnuk, 1999). On the basis of nutrient content alone, these
materials can bedirectly applied to ‘the plantation area as fertilizer. However the
conventional_use of EFB for soil cover material takes almost year because it is hard to
decompose. Besides the transportation is costly.

Composting is a tool to be used tg Broduce organic fertilizer from this by-product.
Composting results in 50% reduction of both the volume. of bulky by-product and the
transportation cqst. Unapumnuk 51999E2 conducted the agpllcatlon 0T cdmpost technology
for complete mixtures of studied EFB, decanter sludge and. urea (as N sourceg. ltisa
batch process carried out in hean which were piled up to with a size of 2m x 2m x Im
and covered with plastic. The pile requires turning and water spraying to.control moisture
content on level, 50%-60%. The compost piles were set up at an Initial C: N ratio of
39:1showed rapid de%radatlon rate and maturated at 80 days. The maturated compost
contained N, r.0s andl k .o_equal t0 2.26%, 3.3% and.2.25%, respectively based on the
total amount of compost. The value of the nutrients in the compost, based on cost of
fertilizer chemically, amount to cost of nutrient in compost product 1000 tons to chemical
fertilizer was equal’to 135,529 Baht (prize at whole sale market in Bangkok, 1991). Table
5.8 shows the ‘composition of EFB, decanter sludge and compost édg basis) which
Indicates that compost contains a higher plant nutriént content than EFB and Decanter

sludge.»
Table 5.8 Composition of EFB, decanter sludge and composting (dry basis)

(Unapumnuk, 1999).
EFB Decanter sludge Compost

glgi ture content (%) 68.7 173 55

/0 hL1 50.2 |
N, % 081 1.39 2.26

2 5b% 0,006 0.96 33

20 % 2.19 6.5 2.25
Boron, ppm 10 - -

» Extraction ofoilfrom EFB__ . _ _ _

Another alternative reuse of EFB is extraction of oil from EFB. EFB has mention
and explain importance an ol content of ;% and contains small amounts of oil palm frui.
Kittikhun (2002) studied the process of oil extraction from EFB by using.a screw press in
a Crude Ea m oil mill with capacity of 30 ton FFB/hr. He reported eqUipment in which
first the EFB is chogp,ed and follovied by pressing to extract oil. The pressed EFB can be
used as fuel in the boiler. Gross calrific_value 0f EFB is_about 18,000 kj/ kg which is
more or less the same value as for fiber. The benefits are increase of kernél withl% and
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increase of oil yield with 0.5%. For factory A when processing 173,000 ton FFBJyear,
they can get a profit from this processing step as following:

* Profit from 1% kernel_increase:

Kernel increase = 173,000 ton FFB production/year *1%
_ = 1730 ton/year
Price of kernel =500 Baht/ton kernel

Profit from selling kernel 1,730*500 = 865,000 Baht/ year

* Profit from 0.5% extra oil yield increase: _
CPOincrease = "173.000 ton FFB production/year * 0.5%
: 865 ton/year
, Price of CPO 10.000 Baht/ ton CPO
Profit from selling extra CPO 865* 1,000 = 8,650,000 Baht/year.

« Total profit from selling CPO and kernel = 9,515,000 Baht/ year.

Profit from this alternative option is higher comﬁ,ared to directly selling EFB.
However the possible Pollutlon effects in this case are a higher BOD and ss IoadlnP In
the wastewater. Since the extracted oil from EFB also contains a high suspended sofids,
which have to remove from crude oil in oil clarification step.

* Pulp andpaper

The EEBS cgn paglso be used as sources of the material for producing pulp. The
Palm Oil Research Institute, of Malaysia developed use of fibers from EFB"to produce
Pulp and paBer of hlgg %uallt . Of three t?/pes ot oil palm fibers namely EFB, frond and
runk, the fioer fromeFB is shortest, Table 5.9 shows morphological properties of fibers
from oil palm compared to hardwood and soft wood.

Table 5.9 Morphological properties of fibers from oil palm, hardwood and soft wood
(Kamaruddin etal., 1997).

Property EFB Frond  Trunk  Hardwood Softwood

Average fiber length, mm 0.67 103 1.37 0.83 2.39
Width"of fiber, mim 0.012 0.015 0.02 0.

Processing of EFB into pulp and paper can be achieved by two methods
» Kraft Pulp Method. Digestion of biomass with white liquor at 165°c for 3 hour,

o Kraft Anthraguinone . (Soda AQ) method. Conventional pulping with
Anthraguinone as additive to improve strength of fiber.

The paper made from empty fruit bunch has properties of good tear strength and
excellent opaity. The brightness is good (140%) compared to harawood pulp (25%-30%).
Sheet properties of Bleach Kraft Pulp are illustrated in the table 5.10
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Table 5.10 Properties of Bleach Kraft Pulp (Kamaruddin et al., 1997).

Raw  Opacity Densrty Burst Air
material (% * (gmJ Kpa 29  Permeability (sec)

EFB 80.6 0.63 117 45 10
Hardwood 741 0.63 9.5 45 Ik
Softwood 62,7 0.64 131 1.6 22

o Medium densityfiber, broad
Another alternative use is me |umd srty fiberboard (MDF) produced from EFB.
The manufacture of MDF usrnd EFB was studied in 1986, Husin ef. al. (2003) stated that
EFB can be used for manufacture of MDF. The strength. properties measured from its
compression srenoth exceed the 200 kg cm'2 sti tgulated in JIS A 1408 for fiberhoard.
RamIréZOOZ) concluded that pretrea men fth fiber by using water or NaOH to remqve
ts residual ol sronrfrcantly improved the MDF performiance and eliminated delaminating
during consolidation of tfie panels (Table 512 The result also showed that NaOF| was
more effective than water for removrn oil. But a poorer fiber was obtained with a higher
ulk density WhICh also reduced the mechanrcal and physical properties. The dimensional
stability of rest of the part was meeting the commercial standard.s

Table 5.11 Com arrson of mechanrcal and I\Ph sical proper les of EFB, MDF after pre-
treatment with water and h the National Particle Board
Association (NPA) Standard ( Ramlr 2002)

Machanical property Physical property Densrty

Pretreatment  Resin  MOR MOE VIB WA2 WA24 TS2 TS24 LE Darg
% MPa GPa KPa % % % % 5000 Kog/md

Hot water 4 U3 24 78 B 66 5 21 058 104
6 79 30 81 4 5 5 7 03 1057

2% NaOH 4 193 17 6% 78 8 4 4 060 108
6 21 22 689 o4 33 3% 056 105

MDF property of 24la 2la 68% 146 - 119b 035

NPA Standard

» Production of Chemicals

Moreover EFBs can also he used as sources of raw material for producrn
chemicals or half-products. Aziz (2002) reports about research to the preparation 0
cellulose from EF svra ethanol digestion, an alcohol puIng process. The highest yield
was 57% of pulp, containing hemi cellulose, lignin and celfulose

5.4.2 Value-add of Product from Shell

In the crude palm oil extraction Erocess shells are the bd/ /product About 65
kg of shells are generated from 1 ton of FFB processing. Ony2 of shell is burnt
together with fiber, the rest is sold as fuel in oemen t and charcoa production. The price of
shell s approximate 170 Baht/ ton. Conversions of the shell to a product with a higher
added vaIue such as activat ed carbon will directly turning the by- Broduct to a resource for
another industry. Commercial processes to prodice activated caroon use a varret}q of raw
material including peat, coal, wood and coconut shell. Any cheap substance with a high



86

carbon content and low ash content can be used as raw material for the production of
activated carbon. Suravatt and Sakol (1998) reported that shell have properties similar to
coconut shell but the BET surface area showed that shells have higher specific surface
than coconut shells, so shell are likely to be a precursor for the production of activated
carbon. The study of activated carbon production from shell using different activation
procedures in Thailand 1s shown in table 5.12. The yield of activated carbon prepared by
zinc chloride activation shows 14% higher yield than those activated by steam. However
the.chemical cost of the zinc chloride activation method is very high Compared to Steam
activation method or commercial coconut or palm shell activated carbon. For commercial
Balm shell activated carbon made in Nigeria %trade name MIDAC) the price range

etween 1,000 and 1526 USD/ton.. In_general the application is for color ‘adsorption
particulate. coagulation” and, dechlorination in distillers, bottling companies, plant and
1@Lrl]tlmal r?fjgerles, chemical industries and used in water purification equipment and water
llter cartridges.

Table 5.12 ProPerties of activated carbon from palm kernel shell compared to coconut

shell.
- Minsirinun Terachai Patra Commercial
Description (1999) (1998)  (1%97)  Coconut shell
Carbonization 400°c for Lhr 750°ﬁ for 3 400°ﬁ for1  No information
[ r
Activation 800°¢ for 3 hr No information
with zinc steam steam
chloride
Yield (%) 3383 12.18 1931 18.8
lodine number(mg/g) 1069 167 179 976
Methylene blue number(mglg) 600 189 137 500
B.E.T.(m2g) 1099 670 697 900

. The preparation. of raw materials involves sorting out of dirt and crushlngr of
material to a suitable size. The crushed material is driedto remove moisture. The Tirst
step in the Rroductlon of activated carbon Is the carbonization or pyrolgas of the shell to
the. char. Then the char is further crushed to a smaller size followed by activation. The
activation system consists of a bailer unit to ?e_nerate steam and a furnace containing the
activating chamber. The carbonized product is ground into powder according to' the
required “mesh size. Figure 5.22 shows the production process of activated” carbon
prepared by zinc chloride activation.
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Palm Fhell

Carbonization
Temperature 400 °c

| Crushed and sieved I

Particle size; 18 -2.36 mm

| Soaked in 40 %7nCl, I
| Activation |
_* v v v
Op“mlfm . Optimum activation| |Optimum concentration of Optimum size of palm oil
temperature : 800 °C time : 3 hr ZnCly: 40 % shell char: 1.18-2.36%
| I [ ]
v

Optimum condition for activation:
800°C for 3 hr, size 1.18 — 2.36 mm, 40%

ZnCly

Figure 5.22 Flowchart of activated carbon preparation by zinc chloride activation
(Minsirinun, 1999).

Factory A generates 5.5% of shell from 1 ton of FFB Rrocessing. In the year
2003, they processed 173,000 ton of FFB, so the total amount of shell generated is, about
11245 ton. The Rreparatlon of activated carbon by activation with steam %IVGS a yield of
19% of shell. The ‘factory has excess steam from boiler of an activated carbon plant
capach of 10 ton activated carbon per day. The product can be sold activated carbon for
apout 40,000 Baht /ton. So they can gain 85 million Baht/ year. Based on the above
flgures, Factory A has a great potential n turning its abundant Supply of these by-product
into products with a high“added value.

Besides combustion of the shells, also pyrolysis is Ipossible. From the research
of Kawser (2000) it follows that pyrolysis yields liquid oil, solid char and gas. The liquid
was found to contain a very high concentration (43.3%) of phenol and its derivatives
Ecresol, catechol, guaiacols, “syringol and syringol). These components are considered to

e chemicals with a high added value, if they can be, produced in a sufficiently high
quality. However costs ot these processes are also very high.

5.4.3 Reuse of Decanter Sludge

The mill employ decanter. maching for rec_ove& oil from wastewater. The
gener_ated decanter cake can be utilized as fertilizer like EFB. However decanter sludge
Tasb Ih| hlgotentlal to use as animal feed. The chemical composition of sludge is shown In

able 5.13.
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Table 5.13 Chemical composition of decanter sludge.

Fresh decanter sludge Palm oil sludge
(Hutagaluncy, 1977)

Moisture content, % 70-80 931
Crude /proteln, % 125 124
Ash, % | 112
Phospharus, % 0.8 0.18
Magnesium, % 04 0.25
Potassium, % 0.2 |

Zinc,mg/L . 1,075
Iron, mg/L - 1757
Gross energy, Milkg : 196

, Decanter sludge contains about 75% moisture content. It composes of hlgh
Rroteln content which can be used as animal feed. However if keep for longer than 24
our, it s fermented and produces a_bad smell. In order to sell this by-product to feed
mill, the factory has to dry.it. The mill could use low pressure steam from boiler to g
the decanter sludge. An indirect, horizontal dryer could be used to dr¥ the decanter solids
to, low moisture content (90% total solids) O(Flg. 0.23), Low pressure steam from the boiler
with a temperature of 210°c could be used &S a heating media to dry the decanter sludge
to_ moisture content of below 10%. The temperature in the dryer exhaust gases is about
100°c. Dry decanter product can be made into commercial grade pellet aniral feed.

. For factory A with production of 173,000 ton/ year can be characterize &
following :

o Amount of decanter sludge 32 kg/ton FFB. The moisture content of the

decanter sludge is 75%. =
Dry decanter cake production is 0.032* ( 100-(75-10))/100 * 173,000 = 1,938

. ton/ year.
0 Dr5{ gecanter cake can be sold for 500 Baht/ ton.
» Value of decanter cake = 1,938 * 500 = 969,000 Baht.

Abatement gas from dryer
Decantercake e | ———

rye S
30% TS feed I
ryer

T v % moistur
A Condensate return ) £

Steam

Commercia 1
grade pellets

Figure 5. 23 Indirect, horizontal dryer used in decanter cake drying.
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Perhaps, one idea would be to promote the use of the fresh decanter sludge (15-
20% dry matter) for finishing pigs which, compared to younger animals, have a greater
capacity to effectively use larger amounts of more liquid feeds. This approach might
require supplementation to increase the crude protein content to that of cereal, as well as
some molasses to improve palatability, It would have to feed immediately, preferable near
the mill in order to avoid transportation of a product. Several authors { Devendra et al,
1981; Hertrampf,1988 and Abu et al., 1984) reported the use of these sludge in place of
maize at a level of from 15-30% in order to reduce feed costs.

Hutagolung et al (1977) investigated the use of sludge as feed for grov_vinP pig.
Two type of different mixing meal used in this study such as: tgge 1, 35% palm oil sludge,
32.5% cassava root meal and palm kernel cake and type I, 32% palm oil sludge, 17%
palm kernel cake, 17% grass meal and 34% cassava root meal. He conclude that it is
economical to replace 50% maize (the regular diet constituent) with mixing meal, which
gave asaving of RM 0.02 per pig per day and a higher extra dollar benefit of RM 0.08and
0.0t per kg gain, respectively.

~ The later option could be applied in factory A too. The sludge could be recycling
as animal feed for small farm households in the Surat Thani Province because there are
many small milk cow farms in the southern region of Thailand. For this meal, decanter
cake will be mixed with palm kernel cake ( extracted kernel) at a ratio of 1:1 hefore
selling it to the farmer.

5.4.4 Reuse of Fly- Ash

The hoiler of crude palm oil factory uses fiber and shell (ratio 4:1F2 as the energy
source. The fly ash of this biomass fuel is @ mixture of SC2, Ca0, K20, P20s, MgO and
Al203( 59.16, 8.0, 7.6, 4.74, 4.13 and 1.9, respectlvel_y%. This fly ash can be used to
directly to replace Portland cement up to 10% by weigh, This is a high value-added
application; provided its carbon content is less than  8.5% and its physical and chemical
properties are reasonably stable.

545 Alternative Use as Fertilizer or Sustainable Treatment of Wastewater

~Results of wastewater analysis from factor%A indicate high quantities of oil
and orgamc substances as the main contaminants, BOD, COD, SS, TKN and O&G are
about 52.2, 68.3, 30.9, 1.0 and 7.3 (_1/L, respectively. The organic components in the
wastewater are biodegradable and could be reused as fertilizer or recovery of biogas for
electricity regeneration.

545.1 Fertilizer

POME contains about 94.2% water and 5.8% total solids. By evaporation
technology of POME the water can be recovered and the residual solid concentration
utilized. Ma (1999) I|{:gre_se_nted a commercial scale evaporation plant using a multi-stage
evaporation system. Efficient evaporation of the water Is achieved by taking advantage of
the available heat in fresh POME at its average temperature of 80°C and applymP a
vacuum of 600 mg H? to lower its hoiling” point to about 60°C. A high “solids
concentration in the effluent is achieved due to introduction of a forced- circulation
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system to pump the concentrate, liquid. The concentrated sIud_?_e IS an_appropriate raw
material for making fertilizer while the presence of small quantities of oil does not affect
product quality. Table 5.14 shows the amount of nutrient composition in concentrated
sludge. And “Table 5.15 illustrated the qual,ltY of distillate_from. evaporation. The
concentrate also contains about 13.5% of essential amino acids, Thus, It can potentlalh(_ be
used for making other products like animal feed, or as a feedstock for' fermentation
products. The distillate is contained low solids content as 150 mg/l and can be reuse in
production Proce,ss. However there have been numerous attempts fo convert palm ol mill
effluent into viable animal feed resources; however, most methods have been
discontinued due to the, large initial capital investment required, and particularly to the
cost of fuel for dehydration

Table 5.14 Nutrient analysis of POME concentrate from evaporation ( Ma, 1999).

~ Parameter Concentrated POME

Moisture content (%) 80.0
N, % 207
Eio 3% 0.96

20 % 6.5
Calcium (Ca0), % 0.023
Magnesium (Mg0Q), % 0.39%
Manganese (MnQ), % 0.003

Iron, % 0.007
Sodium, % 0.04

Table 5.15 Quality of distillate from evaporation ( Ma, 1999).

Parameter Concentration
AIPlpearance Clear to slgggtly turbid
EoD, mylL 103600
BOD, mP/L 20-150
Total sofids, mg/L 150
Qil & grease, mg/L 10
Total nitrogen, mg/L 20

5.4.5.2 Wastewater Treatment
1) Biogas Recovery and Anaerobic Treatment

The major source of wastewater generation in factory A is clarification process.
The general chiaracteristics of wastewater are highly organic. The water contains a hI%h
oil content, acidic high solids and high temperatuire, It is made up of 94.2 % water, 0.7 %
oil and 5.8 % total solids including 3.1%_suspended solids, which are mainly debris from
fiber (cellulose). Since wastewater contains biodegradable organic content, the treatment
system _consists of anaerobic/ oxidation ponds. At present, wastewater from the
production process is treated by ponding system including anaerobic ponds and
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facultative ponds as described in section 5.2.3. A disadvantage of this system is the
effluent does not meet effluent standard.

. From review literature, show that it is feasible to_recover biogas from POME by
using anaerobic digester tank. For 60 ton FFB/hr palm oil mill operations for 20 hr/day,
approximately 20,000 m3 of biogas can be obtained per day, The qas has a calorific value
0f 53,000 kcal/ m3. The gas contains about 65% methane 3% CO: and less than 20,000
mgi/L of HzS (Ma, 1999).”"From the result of blo%as production from POME in Thailand
bath pilot plant scale and full scale plant ( Kochapansunthom, 1998 and Lavanprasert
2003) show that the using of completely mixed anaerobic digestion tank capacity of 2,300
m3for treating wastewatér from palm oil mjll at the flow raté of 300 m3/ daly can generate
6,000 m3/ day of blogias ( 60% methane). The biogas can reuse as fuel in boiler for
generate Steah and eectrlcn¥ using Inproductionn process or reuse for electricity
(Jeneration djrect_lﬁ. The use ot methane for power generation could be considered, hut
most palm oil mill self-sufficient in power. S0 the mill could sell electricity to electrlut)/

eneration authority of Thailand. Another advantage of anaerobic digestion’tank is,95.5%

OD reduction. The construction cost of the closéd anaerobic tank _sy_stem |nclud|n8 as
engines for electricity Productlon on the produced hiogas is 18.4 million Baht (~ 10,000
Banht/ m3 of wastewater per day). The simple pay back time for this system, when
calculating saved electricity as an‘income, will be about 4.3 years

Another alternative to reduce costs, as well as operation cost for treatment of
wastewater and production of gas system is the cover lagoon _sxstem. The investment
costs ~ 5,000 Baht/ m3 of wastewater per day. For factory”A with daily capacn?/ at 300
mJ day will cost around 15 million Baht. The simple pay back period, when calculating
saved electricity_as an income, will be about 2.5 years, The efficiency as BOD reduction
will be 60 %" The BOD reduction will ?enerae 0.8 m3 of higgas each kg of BOD
removal, Table 5.16 shows efficiency of POME treatment using completely mixed
anaerobic digestion tank and Cover lagoon system.

Table 5.16 Comparison of Completely mixed anaerobic digestion tank and Cover lagoon

system.
Completely mixed
anaerobic digestion tank 1 Cover lagoon system 2

Investment cost, million Baht 184 15
Construction cost, Baht/ m3of wastewater 10,000 5,000
per day
Pay back period, years 43 2.5
BOD removal efficiency 95.5 60
Biogas production, m3day 5,000 4,000
Wastewater after treatment:

BOD, mg/L 2,300 20,000

CoD, mg/L 3,000 26,000

Note: 1) Kochapansunthom, 1998 and Lavanprasert, 2003
2) Ministry of Science tehnology and Energy, 2004

Result from the measurement of factory A showed that about 71 % of
methane and 29 % CO- are generated in the first anaerobic_pond. It is estimated that
biogas generation = 0.3 m3/ ky BOD of POME digested or 13 m3/ m3of POME (9.3 m3

methang / m3). This figure is'more or less the sae quantity of hiogas generation of the
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above literature. This wastewater treatment situation of factory A can be significantly
improved b mtroducm? completely mixed anaerobic digestion tank which Teduce the
COD and.BOD of the eftluent and produce capture methane. The. methane could use for
fufe+ r|‘n_5)0|é|er or for power generation and sell electricity to electricity generation authority
of Thailand.

2) Complete Treatment System
o Wastewater characteristic

The quantity of wastewater ?enerated from Factory A is 0.6 m3 ton FFB. This
means that about 101,000 m3 of wastewater need to be haridled every year. Fresh POME
IS acidic and contains a high concentration of organic and suspended matter, and is
dlscharPed_ to a treatment Pond at a temperature of 80-90°C. BOD, COD and ol & grease
concentration of such wastewater are 52.2, 68.3 and 7.2 ¢/1 respectively, The BOD? N: p
ratio is equal to 100; 1.9: 0.07. The nutrient content in wastewater is too low for a
completely aerobic bIO|O%I0a| treatment system. However POME can be effectively
treated by reactor or pond anaerobic treatment followed by an aerobic post treatmert
(oxidation pond or facultative pond or another aerobic treatnient system such as activated
sludge) system. The characteristics of wastewater from factory A'is ?lven in table 5.17.
This comiposition characteristic more or less the same properties as other crude palm all
mills In Thailand. Comparmgl to _Malaysia, the oil content and suspended solids in
wastewater from Thai crude palm oil mill'is higher than in Malaysian wastewater.

Table 5.17 Characteristic of raw wastewater from crude palm oil mills in Thailand and

Malaysia.
Factory : _ Emission
parameter A Thailand*I'  Malaysia*2*  standard in
Thailand

Temperature, °c 80-90 80-90 80-90 45
pH 4.83 481 47 59
BOD, mg/L 52,200 46,500 25,000(3) 20
COD, mg/L 68,300 51.000 50,000 200
ss, mg/L 30,900 34,600 18,000 50
Qil& grease, mg/L 7,250 5,200 4,000 5
TKN, mg/L 1,020 1,100 750 200
TP, mg/L 40 47 : -
Amount of wastewater, m3 tonFFB 0.5 0.64 05

Note: (1) Average value of the five studied factory in Thailand, 2003
(2) Yeoh, 2004
(3) BODj, 3 day at 30°c

. Factory A employs a Ia?oon system in wastewater treatment system.
Anaerobic first statIJ,e followed by facultative treatment. As discussed aIready Wwastewater
In the final pond still contains high amounts of COD and BOD (360 and 34 mg/L)) and
does not meet Thai effluent standards. Such wastewater is_kept into the pond without
dlschargie. This system is used by about 90 % of Thai palm oil mills, The reason that Thai
Palm oil mills have adopted the IaPoon systems for treating their POME because of their
ow_capital and operatln? costs. In fact”looking to the composition of the wastewater
BODICOD ratio and the femperature it can be expected that anaerobic, treatment is a very
serious option. It is observed that not all crude palm oil factories can treat their
wastewater up to the level that meets the effluent standard at all time. However, a serious
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drawback of the lagoon system is the emission of the greenhouse gas methane. Only. two
mills in Thailand uSe and ‘operate of an anaerobic treatment by mean of completely stirred
tank reactors equipped with a biogas recovery system. The required effluent COD and
BOD limits are achievable if the tréatment systems are well designed and operated.

* Crude Palm Oil Wastewater Treatment System

. Many researches (Yeoh 2004; Faisal and o, 2001; Boija et al., 199)
indicated that an anaerobic biological 'system offer a lot 'of benefits potential for the
treatment of POME. It has heen récognized that a first-stage treatment of the wastewater
using anaerobic technology in which the methane is recovered for reuse i the best option
hecause of the high organic concentration in POME and do not have the high energy
demand of aeration as aerobic biological sgstem. Chin et al. f1996) stated that exP_erlence
In South-East Asia has shown that POME can be effectively treated by facultalive and
anaerobic biological treatment process. He evaluated the treatment efficiency of a P_lond
system consistinig of § ponds In series treating 600 mJ day of POME at an overall HRT
of more than 60 days in a Malaysia crude pali oil mill and reported that the effluent was
not able to meet the discharge Standard of 50 mg/L. However, he recommended that the
final effluent contained COD: N: p ratio at 159:18:1 that sufficient nutrient for further
treatment b}/ the aerobic treatment system to meet with the effluent standard. Comparable
treatment study of POME from a mill of similar capacity using an anaerobic-aerobic
treatment systém showed that the treated effluent met with the discharge standard of 50
mg/L. The Use of conventional anagrobic lagoons to treat POME is chafacterized by long
residence fimes, often in excess of 20 day, necessitating large areas of land or large
digesters (Borja et al., 1996). Moreover, the lagoon is quité difficult to control and
monitor due to the size and confl(tquratlon of the lagoon. The greatest environmental
problem is the emission of methane to the atmosHhere. Another problem of lagoon system
is the accumulated sludge at these ponds and then reduces the pond treatment capacity
and consequently shortens the HRT. So bottom sIudge have be removed to Improve the
treatment efficiency  (Chin et al., 199%). However desludge from lagoons is a difficult
task. In practise, tfiey remove the bottom sludge and dump”near the pond. Mills have to
face the pollution problem with large amount of sludge and bad smell generated durmg
drying these sIedgies. However, the most common and &fficient treatment Systems adopte
by the crude palm oil mills both in Thailand and Malaysia are lagoon system. In

lalaysia, only a few mills have reported the use and operation of closed-tank anaerobic
bioreactors equipped with biogas recovery system.

The application of modem high rate anaerobic digester technologies for POME
treatment have been mve_stl?ated In"lab scale tests, A modem hllgh rate anaerohic
dl@@;gesters have been investigated as continuously stirred tank reactor. (Kochapansunthom,
1998); anaerobic baffled reactor (Faisal and Unino, 2001); thermOR/fI]IhC upflow anaeropic
filter' (Mustapha, 2003); high rate anaerobic fixed film (RDCUKM, 2004); thermophilic
digestion (. Yeoh, 2004). Table 5.18 shows research on varjous type of wastewater
tréatment of palm oil waStewater Not all these systems are applied in Crude palm oil mill
yet. . Kochapansunthom (1998) reported  bench-scale experiments with™ full mixed
contlnuousIY stirred tank reactor (CSTR) dl%esters. It was found that the system removed
90%COD at a hydraulic retention time of Odazy. The full scale CSTR 'system is now
adopted by a Thai crude palm oil mill BOSCH (2004). Yeoh (20042 studied the effect of
temperature on the anaeroblcodlggagon process by Comparison of systems operated, at
digestion temperatures of 45 °C,"0U"C and 55 “C. 'He revealed that methane production
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Was S|’g/|n|f|cantly enhanced a thermophilic condition compared with mesophilic condition
of POME. It wds also found that methane yield from the thermophilic diggstion increase
with increasing the temperature of the System. The temperature at JO.{, the COD
removal efficiéncy was 96% which was higher efficiency than the mesohpilic digestion.
Table 5.19 shows the process parameters used for the comparative economic analysis.

Table 5.18 Lab scale of various wastewater treatment processes for treating POME.

Complel ; i~ Termophil
pond  stiTTed taik Termoohilic g'r{ggrg%tlg Agg%rlggm ic upflow  Constructe
Parameters g srt]em Kre%ctor digesPion fedfilm  reactor 4G obic ~ d ‘,{‘I’e“a{(‘d
(Coin,  (Kochapans — vedf o009 (ROCUK  (Faisaland  ier, (B
1696) unth%;n,199 , g asahond Muiagra 204
Qperating temp, T 35-40 42-52 5 - - %
Organlc oading
Rate, kgBOD/md 0.2:0.35 0810 1.88-3.52 - 16533 26-4.9 -
Influence COD, mg/L - - - 1,600 55,000
Minimum retention
time, day 0 20 7 : 3 - -
'|F|RTI’ dayt Effc 30-135 20-30 1-13 34 310 510 5
%rea Mt EMICIEEY >0 >96 >90 87-9% 94% 74%
Effluent CCd)D,tmg/L <150 1,250 2,320-4,910 : 754-3,630 -
raltggarsnpyomg% o - 04-0.6 2 64-4.96 04-05 0.82 Ilg COD 0.6 -
Table 5.19 Process parameters for CSTR and thermophilic anaerobic digestion system of
palm oil mill.
Thermop lilic anaerobic digestion*2
Parameter CSTR() Temp.4sec Temp50°c  Temp.s5°c
Operating parameter
Digestion temperature, °C 42-52 45 50 55
Minimum retention time, day 8 10,9 9.2 7.0
Minimum effective reactor volume, ms 4,000 4,950 4,150 3,200
HRT, day 13-8 206-11.0 17.3-9.2 133-7.1
BOD loading rate, kg/day 0.8-1.0 1.21-2.27 1.45-2.71 1.88-3.52
Biogas production rate, m3/ ms POME/ day ~ 1.5-2.0 1.11-2.09 1.44-2.68 2.65-4.96
Effluent BOD, mg/L 1250  1,230-4,890  2,500-5,000 2,320-4,910
Cost-henefit ana?ysis
Capital cost, million Euro 0.38 0.97 0.98 12
Payback period, year 3 96 8.6 6.7
Electricity generation, million Euro 0.13 0.22 0.24 0.34

Note: Mill capacity of 45 ton FFB/hour, wastewater load at 240-450 m3/ day
(1) Kochapansunthorn, 1998; Capital cost including reactor, biogas and generator
(2) Yeoh, 2004; Capital cost including reactor, biogas, generator and land application

BOSCEL (20042 reported that CSTR system is suitable for treatin? POME.
The treatment plant capa0|yof4,000 m3treating wastewater at the flow rate of 300 m3/
day 6,000kg OD loading/day) can generate 4,500- 6,000, m3boigas/ day. These biogas
can be used for generaté eleCtricity 2.4-3.5 million  unit/ year bg using Eas-e,ngln_e
generators 300-400"kw. The investment costs are 19 million Baht and pay biack period is
approximately 3 year,
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In Malaysia, The anaerobrc\)ig est ers are o erated as a conventional high rate
Ystem with organic Ioadrn 0f 4.8 k m3 day. TeHRT Is about 10 days operat rng
temperature” range of 250 C. biogas produced IS harnessed for heat an
eectrrcryggnera ron The digester Iraluor 1S applred 0 the plantation nearb as fertilizer,
uah and Gilles 19812 reported field data on the operation of two 3 CSTR
r%es ers and indicated that the digestion emperature Was maintainecy 8 t 44- 52
Inherent heat of the influent anne he temperature variation was 2-4 Cand no opera ron
difficulty had been experienced with these temperature fluctuations.

* Purposed Wastewater Treatment Plant for Factory A

Based on literature research several sustainable options for treatment of
wastewater can be set up. At present, wastewater from the production Process IS treated
and stored in ponds as escrrbed above. The new more sustainable wastewater treatment
system is schematrcal showed and described. The plant will treat POME and recovers
methane for loower genera lon and makes effluent able to discharge fo the river near b
the factory. In this Case, it is possible. to apply a closed ideally “mixed anaerobic tan
system (CSTR) followed by anaerobic pond’and aerobic treatment system &aerated
lagoon) and post wetland tréatment system. The desr?n parameters of each unit in the
syStem are summarized in Table 5.20°and flowchart of wastewater treatment technology
IS presented in Figure 5.24,

Table 5.20 Designs parameter of the purposed WWTP for crude palm oil factory.

Qil Anaerobic : -

Parameters Unit %Iérrrrlr( Di gsntlr(on Anﬁgﬂ%b'c f‘_%%%tgﬁ Ma%gﬁé'o Wetland
HRT , day 512 10-20 20-50 4-10 5-20 1520
Organrc Loading
Rate kgCOD/ m3-d 5-10 0.1-0.5 <0.014
Arial Loding Rate  kgCOD/ m’ - » 0.02-0.05 , ,

Solids Loading

Rate kgSS/ m3-d 15

Volume m3 200 5000 15000 2000 2500 7500
Surface Area w 140 30 4000 400 1800 10,000
Treatment

efficiency %(by COD) 90 9 50 50 60
Effluent COD my/L : 7000 700 350 180 80

Methane Recovery

4
4

) 1 Oil skimming tank Anaerobic Digester Anaerobic
POME _!  HRT=5-12hr > Tank = Pond
V=200 m® HRT = 10-20 d HRT = 20-50 d
Q=500 m'/d V =5000 m’ V = 15000 m’
COD = 68000 mg/I
A 4
SFF ce)nstruc(ed Maturation Pond Aerated Lagoon Aerated Lagoon
”R\;’clllasmzio i 4 HRT = 5-20 d HRT=2-5d HRT=2-5d
o - 3 V =1000 m’ V =1000 m*
V = 7500 m’ VSN o
SS <50 mg/l
COD < 120 mg/l
River

Figure 5.24 Proposed WWTP for crude palm oil mill wastewater located far from
plantation area,
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. Result from wastewater characteristic of crude palm oil production in Thailand
which contain high or?amc and high susPended solids .concentration as_shown in table

2.22,1 proposes 4 was
criteria and objective of each unit process is

ewater treatment plant as shown in table 5.22 and Figure 5.24. The

* Qil skimming tank Since POME contains high oil content (~ 1%), the objective

of the oil skimming tank i to reduce oil”contaminated. in wastewatér. Qil
removal in wastewater results in reducing BOD/COD in wastewater ?rlor
feeding to biological treatment. For anaerobic digestion tank, oil removal from
wastewater can efficiently increase mass transfer between microorganism and
dissolved organic contaniinating in wastewater because oil film can cover the
mass of microorganism and effect on mass transfer reduction.

* Anaerobic digester tank Since POME contains very high solids content (3

Biogas prodyction rate
PONIE tonta

/1), anaerobic digestion tank system (completely stirred tank reactor, CSTR) s
recommendled in This study. Sirice the temperature of the digester is in the range

of 42-52°C that is closed to thermophilic digestion, the organic removal

iciency. is high. The objective of this unit process is to remove BOD, COD,
by uSing anaerobic bacteria. The COD removal efficiency is higher than
90% (see Table 5.22). However the wastewater after treatmént still” containg
high organic content which have to be further treated by ather hiological
tréatment system. The by-product from anaerobic digester tank is biogas which
can e reuse as fuel in boiler or electricity generation as previous mentioned in
section 5.4.5, The advantage of anaerobic are;
Receive hI?h|y or%anlc pollutant loading wastewater
Generates fow sludge in digestion tank = _
Requires low COD™; N: p ratio for anaerobic hacteria
(Generates biogas as byproduct
No oxygen re(%uwed _ _
rom CSTR is 0.4-0.6 m3/ m3d. Biogas produced from
E contains 60-70% of methane. This biogas can be reused s fuel.

Anaerobic pond Since large portion of biodegradable organic content in
wastewater is, removed in anaerobic digestion fank, effluent from this unit
rocess. containg hard biodegradable organic content ((jlow,BOD/COD ratio).
he objective of anaerohic pond is to remove suspended solids and BOD/CO
form wastewater. The anaerobic digestion tank  is used_for pretreatment of
organic contaminated in wastewater and recovery biogas. The other benefits of
anagerobic digestion tank are to reduce organic”loading in wastewater before
feeding to anaerobic pond and at the same time to reducg GHGs emission to the
atmosphere. The result is reduction in volume of anaerobic. pond. Moreover
Increase the HRT of anaerobic pond will increase In organic and suspended

solids removal efficiency.

Aerated lagoon The 0 gectlve of aerated lagoon is to remove residual organic
contents and color n wastewater, Since anaerobic treatment srstem cannof treat
wastewater to meet the Thailand effluent standards, aerated fagoon is used for
removal BOD, COD and color in wastewater which cannot treated by
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anaerobic bacteria. Then final effluent from this proposed wastewater treatment
systems can meet the effluent standard.

» Maturation pond Since effluent from aerated lagoon contains high sIud%e
content, maturation ponds is used to remove suspended solids in wastewater by
grawty sedimentation. Long retention time results in g further biodegradation

y {ﬂlcr(t)organlsm and results in reduction of organic and ss contents In
Wastewater.

o Constructed wetland The obljectlve of constructed wetland is fo remove

susRended solids, COD and color. Effluent from maturation pond still contains
high SS (algae and microorganism), color and nutrient (N). Subsurface-flow
constructed wetland can be rémoved ss, nitrogen and color effluentl%. Effluent
characteristic meet the effluent standard and can be discharge to near by cannel.

5.4.6 Physical - Technological Model of an almost Zero Waste Industrial
Ecosystem

A physical - technological mogel of an almost zero waste industrial ecosystem at
factory A'is"created by integrating all oRtlons as discussed in this chapter, This. model
representation of crude’ palm”oil factory that located in community and tar from oil palm
plantation area, o they can not reusé their solids waste (ash, decanter cake) and and
Wastewater in_oil palm plantation area. The material flow network of the” model is
simulated in Figure 5.25.

N — Generato
Feed hoiler water 760 nF a Natural water :
e 1,200 m3
Fre 1,000 | Bought Out Power
. 1,500 kwh
} r!
T . h CPO 167 ton Refinery
ITpmpl 65 Err
Boile  Fier. FrFOaC%tSOS% A Shell 65 ton  Activated
10 ton 000 tons/day Sludge 32 tnrf
EFB Wastewater Feed mill
oS TSRS LN
Cre naeropic - Electricity.sell
~ Mushroom 1 tank ticea TFGAT
~tushri rower T )
Consumer  5ton  { &Aeratlon lagoon Discharge to
___{maturationpond nearby canal
Fertilizer
Fresh fruit bunch Aqgriculture Are Production line
17 ton/halyear for%r%%%%%g pa?m Boudary of CPO factory
1year Growing season Naturarresource input
Product/ by-product/
waste

Figure 5.25 Material balance of the proposed Physical-technological model an almost
zero waste industrial ecosystem at factory A.



98

In this model, crude palm oil production of factory A is uses as a starting point for
the model of the development. Existing oil palm plantation area, new designation of brike
enterprise, modification of the existing wastewater ponds to recover biogas, construct of
actlvatted carbon plant are all desigied to reach a model of a zero Waste industrial
ecosystem.

.. This situation_can be significantI%imeroved by introducing enclosed anaerobic
digestion system which reduce” the COD, BOD and”ss of the effluent and c%pture
methane. Anaerobic system converts the dissolved organic substrate into biogas. Result
from measurement showed that about 70 % of metharie and 22 % C02 are generated in
anaerobic pond no.l. It is estimated that hiogas generation =0.5 m3/ kg COD of POME
digested or 32 m3/ m3of POME

55 Conclusion

During the last decade, there is development in the crude palm oil industry.
Factory A is aware of the environmental pollution and adopt .in” clean technology
approdch. However there are still a pumber of pollution problems in production process
of factory A, such as generation of hlﬁh organic content of wastewater, generation of
large quantity of solid Waste and greenhouse gas. These pollution problems which have
environmental impact to commdnity surrounded the factories “are in-efficiency of
wastewater treatment plants and solids waste management. Industrial ecolo?g theary is
apPlled, to improve the environmental_performance of the factory and also 10 make the
Ba m oil production more sustainable. The proposed possible solutions for these problems
ased on recent research are as following;

L Some b -Rroduct such as empty fruit brunch, fiber and shells are already reused/
recycled, however the other altérmative options that may have potential ds a more
valle added product such as using shell as raw material for activated carbon, fiber
for medium density fiber broad. : , ,

2. Waste such as decanter sludge can be sold to animal feed mill after drying by
[eUSe excess steam as a heat source. , o

3. Recovered biogas from palm oil mill effluent and burning the gas in hoiler to
generate steam used in production process or feed to gas turbines to generate
electricity which can be sold to the grid.
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