CHAPTER IV
RESULTS AND DISCUSSIONS
Before the discussions, it must be noted that during this research the
factories discussed will be designated by a letter, using the letters A-O (Factory A,

Factory B, and so forth), based on commercial confidentiality.

4.1  Palm Oil Industri

in the southern region

of Thailand because raw matagial ’ e promoted in that area.

ago. This factory also

has conducted researches oil p - d and plantation. The
newest one, factory F, was fes : ‘ -}s Lhere were no significant
differences of know-how betw n, ‘ 'c ariation on the operation
periods due to a well inter-exchang; : — rocess information. The operation
day per year depends on the-availability of fre unch(FFB). The avérage

. . . —— — = - o
operation time is 300 da ,&r:____ i, 2 shifis/day iy

[

ctory owners or executives wer@ graduated at 33% of

fémﬁmw By oo
’Q i) ammwm e ﬂ )

According to the surveys of 15 factories, the information of

production capacity, raw material consumption, percentage of crude palm oil (CPO)

extraction efficiency and CPO production are shown in Table 4.1.
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Table 4.1 Palm Oil Production Capacity of Surveyed Palm Oil Mill Factories

No. Factory Rated Actual Raw CPO CPO
Production Material Productien* |Extraction*
Capacity Consumption* (ton/yr) (%)
(ton/hr) (tonFFB/year)

1 | Factory A 30 153,300 26,506 | 173
2 | Factory B 60 - 186,900 33,642 | 18.0
3 | FactoryC _ %g Y1 #216,000 36,720 | 17.0

4 | Factory D —0 = 56,844 18.0

5 | FactoryE | w45 | | 19351004 31,862 | 16.5

6 | FactoryF m 28560  17.0

7 | Factory G S0 2700000 45900| 170

8 | FactoryH o = 8,000 48,960 17.0

‘ }

9 | FactoryI a5 4 s 36720 17.0

10 | FactoryJ 2 45 1) 4216,0 34,560 16.0

¥112 ]

11 | FactoryK agl 91,400 15,995 17.5

Fi e J
12 | Factory L 45} 01,200 34,204 170
PP e

13 | FactoryM ST 26,730 16.5

14 Factory N . ! 23,808 _16.0.

15 | Factoryo [71 ,100 .,1 4,802 16.5

s
Total | ¢ 620 $£855,60(‘)H 485811 N/C
Average m ﬂJMiI jlﬂ q EI ' z gg . 17.0
11 I B

Standard Deviati N/C N/C N/C 0.6

andard Deviation / ¢ - & _

Mini 9 1S £19 D E ""I ﬁ%' JM___wlﬁ;Q_

, NTT ool -
Maximam 60 315,800 56,844 18.0

Note: * based on year 2001 factory data, surveyed on May 9, 2002 to June 29, 2002.
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Generally, Thailand’s palm oil supply cannot meet the
domestic demand. From tactory surveys, over 90% of crude palm oil (CPO), product
from palm oil mill industry, was supplied to the domestic market. The eprrt
proportion depended on the world market price and government policy. CPO is

practically sent to refineries located in Bangkok and vicinity.

Table 4.1 presents that the existing cumulative production
B productivity. In 2001, the FFB

but maximum production
ies ‘,s p&é y 834 tonFFB/hr (refer to

hours/day). Therefore, factgii perate at onl % of their maximum

capacity of all palm oil mills is mor
production is approximately 3.88

capacity of overall 20 wet-prd&m’

chapter 2, Table 2.2) or 6

capacity. Since, the gove -Min} griculture and Cooperatives
aims to increase oil palm pro
the budget of 2,400 mi

Economic and Social Deve

The CPO. xt.rgaﬁ’r“ 1c; Thai mills is in a typical
i _?,-'l e ot ]
range of 16-19%. The factors mﬂuer}gﬁﬂﬁ h action efﬁciency are raw material
P AN 3 k. 2 -
source ratio, sterlhzatlo& conditiors, “oil ldﬁs C

quantlty and quahty of Ol-CXIracti 1 -f--—:::'":::;:".

The raw material source ratlo is a portion of FFB from the
factory’s own pl ﬁ ﬁﬂ lglhjch have their
own plantation, c }iﬂqﬁ Qj)ﬂ harvest time,
palm breed, fertlllzer addition, and plantafion management. V‘l El "I a El

In production process the conditions for sterilization such as

temperature, pressure, and sterilized time are the import factors on CPO extraction

capacity which may differ on each factory.
Oil loss control and oil recovery also influence the oil

extraction capacity. The factories, which have labs for oil and grease analysis, will

have higher CPO extraction capacity because they can monitor their performance and

120652650
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control oil loss and oil recovery. Although each factory has the same oil extraction

machine, the capacity and sequence of machines still affect on oil extraction capacity.

When comparing the efficiency of CPO extraction to the
biggest palm oil producer, Malaysia, Thai still have lower oil extraction efficiency.

About 18-20 % oil extraction is a typical range of Malaysia mills when 16-19% stands
for Thai mills.

Oi

4.1.3 ThaiPalm "W Structure
From @ﬁveyd pa __-jvugtlon cost is of 10.6

bath/kgCPO. Over 84% of

from raw material is depe

. The production cost
ar-by-year basis. The
rest 16% is a fixed cost i rgy cost, labor cost,
overhead, marketing, main : N sents that FFB price
] " Im oil industry. An
tion area will reduce
yield of FFB with the

same amount of production cos il breed also increase on CPO

improvement on palm oil

FFB production cost becaus

Table 4.2.

From T abl(g.é, t of 15 grveyed factories are
varied from 9.6-11.6 Baht/kg{JPO There are mapy, reasons why the production cost

of ;.)alm oil mill teﬂ ﬁ}oﬁ;w ﬁl%ﬁ@eﬂe‘} proportion of

their owned oil antation, plant location, size, production technology.

Z;Slil‘;ﬁﬁ‘“‘ﬁ’iﬂ hashnrgen e

their owned oil palm plantation, could control FFB breed and quality, control

approprlate harvested time and have less potential of lacking raw materials.
Moreover, the capital cost of FFB is lower than of the factories that purchased all
inputs from farmers. The other reasons of such variation are transportation,
fuel/energy, labors, interest, maintenance cost, machine depreciation cost, office and

marketing expenses of each factory.



Table 4.2 Production Cost Structure of Palm Oil Industry

Average FFB Pric

1.50 Baht/kg

(average value of year 2001, calculated from palm oil factory records)
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U Cpeb]) A

No. | Factory CPO Fixed Cost * Raw Material Cost | Production
Extraction ** ~ Cost***
(%) | Bath/kgCPOY % | (Bath/kgCPO)[ % | (Bath/kgCPO)
1| Factory A 173 BN a3 87| 87 9.9
2 | Factory B 18.0 [ 5 83| 87 9.6 |
3 | FactoryC 17— g | S 88| 83 10.6 |
4 | Factory D 1¢ v ll.-|.8 Hﬁk 831 82 10,1 |
5 | Factory E 7hh %118“\‘::\" 01| 82| 111
6 | Factory F 7 1'5 ‘&}d\ﬁ ‘_ \e 88| 85| 104
7 | Factory G 17 \ 11.3 ]
8 Factory H i * - s
" Factory I 17.0 23 1:11:33' | 106
10 | Factory J 16. pn 11.4
11 | FactoryK 17.5 | JE5E o4 o 105]
12 | Factory L 17.0 ,;_'.,éar;;;#r.;gf 10.0
13 | Factory M é& ;o 10.8
14 | Factory N 6.0 0.7 _-:J 941 93 ~10.1 ]
15 | Factory O k| 25| 2 oor| 7 11.6
Average 1700 17| og6 8 84 | 10.6 |
3Kk FM 1] I -
Minimum Y 160 ¢07] 7o 83|78 | 9.6
Maximu W 11.6

Note: * Fixed cost = transportation cost, fuel/energy cost, labor cost, overhead, marketing,

maintenance, interest and others

** Raw material cost = Average FFB Price x 100

% CPO Extraction

*** Production cost = fixed cost + raw material cost

Source: Factory data, surveyed on May 9, 2002 to June 29, 2002.
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When compared to previous study (DIW, 1997) on palm oil
mill production cost structure (see Table 4.3), there are the differences on both
material cost and fixed cost. The raw material cost of year 1990 is higher than of year
2001. It is because the average FFB price is of 1.89 Baht/kgFFB in year 1990 and
1.50 Baht/kgFFB in year 2001. When convert those costs into per unit of CPO, the
raw material costs are about 11.1 Baht/kgCPO, 8.9 Baht/kgCPO, respectively. The

raw material cost is a major proportion of production cost, therefore, the variation of

FFB price significantly influences to tK&W cost.

For thm%gst, $ere ' ecrease. The fixed cost of
- ——

; . -
. ad reduced from 2.9
1s hai palm oil industry

year 2001 is lower than

Baht/kgCPO to 1.7 Baht/k o a resu

has modified and developed® bt ocess bate production cost
according to several gov gt fan. I;tmcr technology/pollution
prevention is commonly#app : '* ' ﬁe‘effectiveness of that
application represents morgfutilizing by-produets Preventive maintenance,
reducing water and energy comsug ption, etc. ing the application of waste

the °re significant improvements in palm oil
B, | 1

mill industry due to the, implémentation of “Environn visory Advice for
ry ' _

b4

Industry” project condu

o

Items ‘ 051‘ NS
7 _ DIW study | L This/stady***
1‘I Bath/kgCPO [+ % &aht_/kgCPO jJ_ %
Fixed Coga jg ‘_' F N’ 'v i 16
Raw Material Cost '10.0 77 8.9 84
Total 12.9 100 10.6 IOOI

Note: *  Fixed cost = transportation cost, fuel/energy cost, labor cost, overhead, marketing,
maintenance, interest and others.
** Refer to Chapter 2, Table 2.7, large factories (based on average domestic FFB
price = 1.89 Baht/kgFFB).
*** This study analyzes based on average domestic FFB price = 1.5 Baht/kgFFB from
factory surveys, year 2001.
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4.1.4 Water Consumption

Most palm oil mill factories use surface water as a water
resource for production process. Only 14 % of them use groundwater as a water
resource because their locations are far away from surface water resource. Water
consumption rate of surveyed factories is typically 0.56-1.5 m*/tonFFB. However, the
above data was not exactly measured and recorded, but, factories estimated from

relevant data such as pump capacity, watér t system capacity, boiler capacity,

several organizations. The

difference on water consumption-rate are iler capacity, oil extraction
T——

il when compared to

ization application, such

as recycle of condensed stea i in oi se trap, and reuse the

¥
3 ‘:l'.f;';-:"i;x
Average wastewate;
P Labnes:

the factories’ wastewater analysis refi'ﬁ;g-éhe' D concentration is typically of

All mweyed factories have installed rwastewater treatment
system. The well- e i: i yf [ | er cost and
uncomplicated coﬁ:ﬂyﬁ?mﬂn ﬂ;ﬁﬂﬁ,m wastewater
treatment operators are always the workers'or foremen ofgach shift and sdpérvised by
fctory enfilior o ik, Hhesk b o oot fitesome 1
handle wastewater treatment system. The investment cost of wéstewater treatment is

never recorded.

The important problem of factories concerning wastewater
treatment system is malodor. 100% of palm oil mills is unable to solve bad odor

problem due to anaerobic condition in the earlier ponds. Over 50% of them claim that
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the effluent standard is too stringent and hard to comply. They recommend that the

standards should be set up based on practical treatment level.

Factory L declared that its existing treatment level could treat
wastewater beyond compliance with the effluent standards. The poly aluminum
chloride (PAC) addition following with filtration system is the option that the factory
applies before recycle their wastewater in the plant. The effluent BOD is lower than
with cost of 0.46 Baht/m>. If

EC is implemented, this alternative wou actory when compared to the

20 mg/l (about 8 mg/l, measured on Oct

EC rate. The existing waste ed factorles is shown in
Table 4.4.

From .
ponds, 33% employed oxidatiofi : eth agoons, but, generally
not run the aerator, and 7 J
qualities from final ponds o mi I f ﬁ oties tly. not comply with effluent
standards especially for BO o

systems are the anaerobic trea SIS it ca t treat the residue BOD

concentration met the standard -
= .--"w"l AT

3v1ronmenf e}iéepiéd' for 1 .'

discharge wastewater to

reserve large area to stor:

T _a m

By 73% of all factories apply their wastewater for oil palm and
rubber plantation j \ﬁs ﬁ pumped or
discharged by grav zal m cﬂﬁ @Frhrgtones located
among community and no palm oil plantation area, they kave held their wésfewater in
oo Sy 3 o b Kb Shabiit
monsoon is cémmonly occurred. The spillover wastewater may cause effects to the

aquatic life, surface water quality, and environmental deterioration due to high

loading of BOD, grease and oil.
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4.1.6 BOD Load Estimation for Emission Charge Calculation

According to the existing condition of palm oil wastewater
characteristics and existing wastewater treatment system, the BOD load in final pond
does not represent the overall effluent BOD load from palm oil mill industry. Over
70% of wastewater is utilized for land application. Most BOD loads discharge into oil
palm or rubber plantation areas. Moreover, the land application normally does not
uses the wastewater in final pond, but, regulas y employ it from the high BOD

ated that when the BOD level is

concentration pond. From Malaysia

brought down to below 5,000 alffl oikmill effluent is allowed for
€ —
land application (Malaysia Pa 1 ' 20 BOD concentration of
wastewater treated by facultai Anagrabic meyed factories when
assigned 90% BOD removal.afe ifhits {5,000 Mgk, Thus, the BOD load
estimation is based on an assumipt : ‘i”‘w@glymg their wastewater
for land application use wastewaters ‘ﬂoblc pond, not from
final ponds. Studies by var t such an application
was beneficial to oil palm, besig ing on fertilizer cost. Moreover
long term studies have also estab he ity of the applied area was not
affected (Malaysia Palm Oil Bo‘;&_ﬁdjﬁO(J)‘ —:o NSW-EPA guidelines, it
recommended that the I{laximum‘"dfgﬂgm ¥ i.. should below 40

kgBOD/ha/day (New ‘South  Wales-Ei oninent—Protection Authority.

Accordingly, it can be ca gj 11nin ij
based on each factory B load. Those figures guide that if factories apply their

wastewater for 1rr1 i ﬂ gl] ss that those
figures. From facto \u iT tﬂ fi) astewater for
irrigation always exyt with larger areasgthan that required by the minimum area

e 1 RFEE] G G PR B0 PRI, Fichay Bia o

possible and acceptable.

1995).

for land application

The effluent BOD load for EC calculation was estimated from the
actual removal efficiency of wastewater treatment system. The removal efficiency of
anaerobic or facultative system, such as anaerobic pond, oxidation pond, polishing
pond, and stabilization pond, normally not exceeds 90%. Thus, the calculation is

based on the maximum removal efficiency of 90% because all palm oil mill factories
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employed many series of ponds that the summation of removal efficiency could be up
to the maximum capacity. For the factories that employed the aerobic system such as
aerated lagoon, the removal efficiency was assigned at 95% following to the actual

removal efficiency of aerated lagoon.

Wastewater from anaerobic or facultative system is applied in palm or

rubber plantation by factories that informed that their wastewater is irrigated. Out of

this, the factories which informed tht stewater was stored in wastewater
treatment ponds, all BOD load is ¢ heme. This solution based on
an assumption that it is impe ewater in ponds without
overflow. It is because palm oilmill factorie 1 ern region where high

intensity of rain is well kngw 0T T3 | 1, yr). The abatement of
ot for the factories that
employed the aerobic trea oon (by 95% removal
efficiency). It is reco applicable for EC
implementation. The factori n can appeal for an

approval by third party monitgr. The cdleulation BOD load is shown in

ke

calculation will be applied for EC ca@@m‘ in

galuate the level of emissions t@at the palm oil mill
factories would e ﬁ 3{1 e%‘w‘ to know the
function of abateﬁlﬁ th ﬁaﬁw e ﬂﬁﬂﬁt provide the
actual costs of abatement Thus, this study would estimate the abatementicosts based

on the ool Rondifop et ke bt b %ﬁw&r}sw of
several parts‘as below:
e Capital Cost, including:
- Construction cost: The treatment systém of palm oil mill
factories mainly employed the pond system, thus, the construction costs for palm oil
mill factories are from the excavation cost of treatment ponds. The estimations are

calculated from the volume of ponds and the unit cost of excavation (Baht/cu.m.).
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The factories which employed additional treatment system
such as biogas, and filtration systems are assigned by the actual abatement cost that
informed by the factories.

- Equipment and machine cost: Aerators and pumps are the
major equipment/machines that used in the wastewater treatment system of the palm
oil mill industry. The estimations are based on the wastewater generation rate of each

factory and the application of wastewater (land application or storage in ponds).

B ﬂ‘r.d.-
from the cost of annual dredging F

decanter for oil extraction] ve. er i _ oSt ctories which using

separator. It is because de Canier-ean-remove-1mor SR {". es more impurity

in wastewater. Thus, the ponds have n vannually.

N—— 01 ko) 1)1 1101 e
AR TRRT R KR IIVHIQ ) B

according to the above assumption and shown in Table 4.6. The details of abatement

and application cost: The factorie

cost estimation of each factory are shown in Appendix C.
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Table 4.6 indicates that the abatement cost of land application
is higher than the abatement cost of pond treatment. The average abatement costs of
both cases are illustrated in Figure 4.2 and Figure 4.3. These results will be

integrated with the EC rate to find out the emission level of palm oil mill factories

under EC scheme as shown in Section 4.4.
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Figure 4.3 Average Abatement Cost for Pond Treatment
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4.1.8 Existing Environmental Management Policy

The existing environmental management policy of factories is
performed‘by level of participation in government and academic institute projects.
53% of all factories applied CT/PP, EMS, or benchmarking project assisted by DIW
or TEL

,427% of all factories have a good

environmental management. 33% are 1 a 1l “ ironmental management level
and 40% are ranked in poor envi ental as weighed by the level

of participation in the environm

t or academic institutes,
benchmark ranking of fa /i ) tal-. nt, availability of

environmental management r

The i

policy of factories are co

ental management

40%, respectively. It

_.Mi‘.*.-,e!,, e =
have an acceptable env1ronmentzd"m/alﬂg ement level.

factory and commlmlty Zils '-.ZI-II'-L\VHI-.\'__l.\_rzl"elnhin"i-_ulubl ‘-1..1‘:.‘., co_committee to

solve the environmental -’ coblems, donat; Or publics or government

offices, welcommg for fa --'o visits, employing workers frém community. The

Vi) %JW%‘% Jifli PR
q Wﬂ‘ﬂ“\%ﬂﬂ T4 9

Implementation

73% of 15 surveyed factories have been informed on polluter-
pays principle and emissions charge implementation policy of DIW. Over 80% of 15
surveyed factories agree to the implementation plan. 20% of 15 surveyed factories
disagree to the policy and are unwilling to pay EC by the reason of high charge rate

and effect on their prbduction cost.
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The main reason of the agreement of such factories associates
to the existing restriction of palm oil wastewater discharge to environment. The
permission of palm oil mill discharge is only for irrigation. Accordingly, the factories
with no irrigation application and facing with overflow problem are willing to pay
EC.

It has to note that initial EC implementation will be dually

enforced with the command and control app . DIW regulation states that the

deterioration. The final solufion ill'bg express 1j ¥ coefficient” in the

EC equation. The study on i yagt ; 1 othe ial sectors should be

competitive ability in

enforced. Moreover, moiﬂ) ing ensured factories on
h

e researches and developmenfs on the appropriate
quantity and quality ?ﬁ s it could be
effected to enVlroﬁr ﬁﬂ ﬁm’ﬂ wﬂut?litabhshed for
approvals of land ap;?f'lcatlon irrigation, retise and recyclealternatives.

RN IUURIINYIA

4 The details of awareness level of surveyed palm oil factories are shown
in Table 4.8.

monitoring  strengthening.
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4.2 Economic Performance of Palm Oil Mill Factories

4.2.1 Profit/Loss Calculation

The profit/loss calculation of the palm oil mill factories was
established to find out their economic performances. The profit/loss also provide the

information for the EC implementation policy that would not burden to factories

alculation of this study may not
sé 1 were abstracted from several
m each other. Moreover,

ue to the commercial

under EC scheme. It has to note that

dimensions of each factory infommat

the production costs was hard

confidence. The completed da

From the d factories, over year
2001, it could be estimated*the average FFB price | ) cost. The average cost of
FFB and CPO were 1.5 Bahtfkg 3al espectively. Both figures

9ﬁ ‘. ié‘nn 0 Bangkok market, 1.19
>fer t Table 2.6 in Chapter 2). It

were higher than the averaggfdg e"s‘tl
Baht/kgFFB and 10.86 Baht/kgC D, ;

is because, year 2001, Thai had a lar'gv:stock

i) 2 R
%\jugher tﬁﬁ%d’mesﬁd t
¥

o .:.:_:-_——-—----—;-,---‘-—-------w-w—;i‘ as of 14.50 Baht

de palm oil during world market

CPO cost was increase

period, world market ¢

(http://www.dailynews.co.@éhc . Thﬁ, Thai crude palm oil

was exported a lot in such péried. From annualgrecord, it is increased by 160,810

en copaby 5 Yy BAE5H  )ren evi

higher volume in high-cost period. The 6gverage CPO cost has to wei ht with the
ey Riier el gt e
surveyed CP th m tic _

For FFB price, the actual cost purchased by factories always
higher than that declared. Palm oil mill factories have provided extra rate for a large
quantity of FFB supplied. Moreover, the FFB price is depended on the CPO cost. If
CPO cost increase, the FFB price will also increase consistently. Similar to the CPO

cost, the average FFB price has to weight with the actual purchased volume.
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As described above for year 2001 situation, the calculations for

profit/loss of palm oil mill factories are determined with 2 cases of CPO costs:

A. With CPO cost equal to the actual average cost from
factories surveys, 12 Baht/kgCPO, and

B.  With CPO cost equal to the average domestic market cost,

ase B 1 for the study on impacts

of EC on palm oil mill facto i r 20 il mill factories have to

factories regarding to
profit/loss are not availab : ; @gs, the estima m related data have to

special reference to

the economic performance. By the ers or executives, the

year 2001 data included raw mate i2 ercent of oil extraction, CPO

production, and production cost per kgCPO

7, %)
the actual sale (AS), total producfion cost (¥C) an P) of each factory. The

study is analyzed based'on: ;"“-'_-;--'"’-_-:':T“'"m"" i' ating such figures
Wi

as the input data for estimating

are as below: ED
W PP 4.1
AR WEINS

When AS = Actual Sale (Baht) ¢ o/

ey W GeeBTEAI 111 V1216 ¢

Ccrof = Average CPO cost (Baht/kgCPO)
TCp=Cpx Pcpox 1000 (kg/ton)........coeveveveerereenneneee. (4.2)

When TCp = Total Production Cost (Baht)

Cp = Production Cost (Baht/kgCPO)

 Fixed Cost (Baht/kgCPO) + Raw Material Cost (Baht/kgCPO)

I



e

Pepo = CPO production (ton)
Fixed Cost=Transportation cost, fuel/energy cost, labor cost, overhead,

marketing, maintenance, interest and others (refer to Table 4.3)

Raw Material Cost = Average FFB price (Baht/keFFB) x 100
% Oil Extraction

P=AB -TCp v AR o ............ocuneninnnsnane 4.3)

When P = Profit (B
AS = Actual Sa
1Cp = Total Prg

As to thé g ' equations,  the “ecc mic performances of
surveyed factories are shown inglable/« g For cas 'CPO cos equal to the actual

average cost from factory sufveys, 12 B ‘# gl PO. Brom ¢ s checking with the
actual profits received from availah ﬁ ory data’(fa \ D, T and N), it confirmed
that the estimations from related d liable data because the estimated

profits match with the actual profits. et

........................... tor : ‘r of 5,825 million
Baht per year while the to al-prod omBaht/year. Therefore,
the profit of surveyed palm il factories is of 703 mllhon Baht/y¢ar.

ﬂA‘UeEJ NN VAN T

- 9.6-11.6 Baht/kgCPO and gain profit of 0.41-2.42 Baht/kgCPO typically. g
ARIANNIUARTINE TR E
The difference of profits under plant operations is the

production cost as discussed in section 4.1.3, Thai palm oil production cost structure.

For case B; with CPO cost is equal to the average domestic
market cost, 10.89 Baht/kgCPO, the economic performance estimation is shown in
Table 4.10.
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Total actual sale of the surveyed factories is of 5,286 million
Baht per year while the total production cost is of 5,122 million Baht/year. Therefore,
the total profit of surveyed palm oil factories is of 164 million Baht/year. However,
there are 4 factories that take a loss if CPO cost is of 10.89 Baht/kgCPO. As per
kgCPO unit, palm oil factories have production cost of 9.6-11.6 Baht/kgCPO and gain
profit/loss of -0.70 - 1.31 Baht/kgCPO typically.

However, this condition hagdly occurred due to the FFB price is

5,286 million Baht per yéar st is of 4,244 million

Baht/year. Therefore, the total pr of: ctories is of 1,043 million
ﬂ.l i o '

Baht/year. This performance mdlcatex at-the 01l mill factories are not affected

er Lo 2/ A )
from the variation of CPO cost: The"ﬁ;a'iiﬂi'jl oil mill*of eeps profit by settmg the

' -2.98 Baht/kgCPO
ts of EC on the palm

qpﬂﬁwﬂw%WSWﬂﬁ

R4 DIMURIANENAL..,

the FFB and CPO cost relationships should be determined to anticipate the economic

typically. Thus, case B is nj a worst case for the study on imp'

oil mill factories.

performance due to the movements of market FFB and CPO costs and the impacts of

EC on profit/loss.
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The relationships between CPO costs and FFB prices are
analyzed according to the production cost (CP) and actual sale (AS) of each factory
by using the Equation 4.1, Equation 4.2 and Equation 4.3 as defined in section 4.2.1
and calculation sheet is shown in Table 4.9. By varying FFB price between 1.5 - 3.5
Baht/kgFFB and CPO cost between 10 - 25 Baht/kgCPO (as a historical market cost
of FFB and CPO shown in Table 2.6 in Chapter 2) The relationships between FFB
price, CPO cost and profit could be calculated as shown in Table 4.12.

he values of estimated FFB

price, CPO Cost, and profit co

-
= |
8 %

|

>

z |

«< P i i

g g S =T.00x ¥ 2244 !

8 g "y = 1.00x+ 19.46 |

S = :
o Y5 = 1.00x + 16.51
6 2.0 = l.OOx + l3.55
B b _}". 00x + 10.60

=1 .00x + 7.64

<15 -10 0 m 15 20

Net Profit (Baht/kgCPO)

-

—— Linear (FF%st 3 00 Baht/ngFB) ' — — Linear (FFB Cost=3.50 Baht/ngFB) |

rihol il 3030l UHAANLIAY
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The equations of FFB price, CPO cost and profit from Figure

4.4 are as below:

Y, = X, +22.40, when FFB price =3.5 Baht/kgFBB ................. (4.4)
Y, = X, +19.46, when FFB price = 3.0 Baht/kgFBB ................. (4.5)
Y; =  X3+16.51, when FFB price =2.5 Baht/kgFBB ................. (4.6)
Ya = X4+ 13.55, when FFB price =2.0 Baht/kgFBB ................. 4.7
Ys = X5+10.60, when FFB price = 1.5 Baht/kgFBB ................. (4.8)

When Y, =  CPO cost (Baht/kgCl

! J, are determined from
Figure 4.4 which represe i . PQ o minimum market price.
ion of FFB prices in the

range of 1.0 - 3.5 Baht/kgFFB, -0 in Equation 4.4 -

Equation 4.9, the FFB prices a =0.
Waindnss o 2 ‘
Table 4.13 MinimuhcCPO Cos ) for profit =0
FFB price (Baht/kgFFB) Ao m) N ni PO Cost (Baht/kgCPO)

T ]

35 '*‘-'——--;';

3.0 O 9.4¢
25 EB 1%;
2.0 1

10.60
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[ ]
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. et T30 da
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4.0
~ 35 Minimum CPO Cost at Profit=0
= 3
& 3.0 ,
%’ 25 |- _LossZone
=
| 204
*g' 155
: 1.0 | s / =
05 |- . -
0.0 , ‘
0.00 5.00 20.00 25.00
_
‘I. S t :AJ;‘ :-
- I
Figure 4.5 Relationship bety P u " \} price at Profit =0
4.3  Impacts of EQ'Sclie
Thailand is afme 0 {aalrh ¢ lrade Area (AFTA). Following to

the AFTA agreement, Thai has isfer’ palm oil items from the Temporary
Exclusion List (TIL) to a Fast 5 ¢
import tax to 20% within year 2000..W

tax to 0-5% following ,}Mm grex

from including CKD-CK

lusion List (IL) and reducing
ailand has to reduce import

alaysia excuses itself

ides to delay entering
palm oil in to the IL on groﬂds that the ot ready. ever, Thai palm oil
industry has to develop the productlon efﬁcxen%for competitive ability in world

market due to hlﬁtwﬂ 63 wgm W si ﬂﬁndonesm The

government also 0 Issue urgent measures to minimize the effects of a steady
downturn of p os m uction
restructurl iﬁ-ﬁ\aﬂ?ﬂ moﬁlﬁlﬂﬁm Ejreport
2000, it 1den?1ﬁed that the impact of the production restructuring could cause some

unadjustable planters and palm oil millers to close their plantations and mills. The

government ought to make preparations for their rehabilitation.

Accordingly, the study on impacts of EC scheme has to consider

separately into 2 cases: with AFTA obligation and without AFTA obligation
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implementation due to the international trade policy has a significant effect to the

performance of palm oil mill industry. The analysis will be presented in the later

section.

The impacts of emission charge system are analyzed based on DIW
proposed Equation 4.10:

EC =fXCXB”“"””“,”“
When f = i : ad]ustment this study

4.3.1 i “ '::.;ftl Y

3 L‘III- ‘-.-- -l‘n‘I' b“"‘ "r*\"‘mid_ Study anaIYSlS ls

‘ f
based on the economic perfor year 2001. The EC
ewater applications:

4.10 are based on 2 types of wﬂ

BOD loadofpond ?Taﬁaﬁﬁ)ﬁdﬂ ARG S

OD load of pond storage is calculated with f= 1 following to

QAR B IR VY B b -

charged undeg EC. If factories do not agree to that calculation, they have to prove for
their storage capacity by third party monitor.

calculations using Equatz

According to proposed EC notification, land applications are
not under EC scheme, if it is approved by the responsible governments. By this study,
however, the land application is included in EC scheme but with the variation of

coefficient . It is because the appropriate BOD load limits of land application still are
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not set up by the responsible government. In the earlier stage of EC implementation,
land application still can not approved by any government. The study on the
appropriate level of coefficient f for land application has to be identified. Such level
should not effect to the economic performance of factories and they are willing to

pay.

At =1, it indicates that EC strongly effect to palm oil mill

factories. Over 90 % (14 factories out of d factories) will burden with EC

per profit more than 10% (10.2—323%) ‘ y is not accepted by factories.
From the interviews with pal mill factori 5for iheir willingness to pay, it

indicated that most factories pre f Vi impacts on their economic

15 surveyed factories)
A2 » ). There are only 4
factories that burden with E@ p "mote that 0.2-323%). Those 4

factories have stored their wast PShd Syste Yand have not employed aerobic

From the fa = that the palm oil

e T e b s S —— ——
T 5 e -

mill factories agree and n Oi0i ‘ 1s of 5% of their

a’
profits.

om0 ol fﬁiﬁﬁﬁ‘ﬂﬁ{ Wﬁ*iﬁif -
ARAININ YN INIAE

the responses of palm oil factories to EC implementation,

they plan for the improvements as below:

* 87% of palm oil factories will apply wastewater for

irrigation and recycling to reduce wastewater discharge.
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" 67% of the factories plan to improve and modify
production process to reduce BOD load.

*  40% of the factories plan to improve and/or increase
wastewater treatment capacity to abate BOD concentration.

* 20% of the factories plan to install new equipment
to reduce BOD load.

the options that factories expect to do,
, apply cleaner technology,

pect to do, it can

QDUOINS
believe that EC application would j/ / \\\\\\ BOD load from palm

oil factories. The important cirgfimsf: \ rnment agencies have
i : 1mp nl ental w

to research and develop priof to he a propriate dosage and

characteristic of wastewater agpli ion‘have ¢ tlﬁed due to palm oil

industry have been prohibited o s&?@ﬁ

.. 9 b il f
permission for irrigation. Land ap c, JonST a]

vastewa of factory, but given
j reduce EC that factories
would pay. As shown in Table 4.14 7 with

A ) i _,l‘" rE *J' -" .
wastewater for land application-will be fevied by I 0 than that stored

‘the factories that utilized their
wastewater in ponds. ‘v;—_m :’

4.3.2 WithmFTA Obllgatlon Implementatlon

ﬂ xuﬂél %l EJ m ilﬂﬂlﬂ m:jomesuc CPO

cost and world CPO cost will has no differénce. Thai palm oil mill factofies have to

w1 00 oG DT 1Bl B Vbl B

analyses will firesent the CPO cost by world market cost.
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== === Linear (World Mz \

Figure 4.6 FFB price dnd €P0 i \. Market Cost
&J:

-.

From Figuge 4. F:--: sents the FFB and CPO

cost with profit = 0 based on the or ,.l zed from surveyed information
(from Figure 4.5). As existing it BIA obligation, the FFB
and CPO costs relationshit i#:* e solid line. Tt is
expressed that current palm ©il mill 0 1, the existing Thai
market cost of CPO is higher }han world market cost (refer t;%lalaysm market). If
there is no tax ba ket will be
expressed by the LZE mg ﬂﬂﬂjﬂﬂjnﬂ be run at loss
because of the FFB and CPO cost relatlonsﬁjilare state W to the lthlch the

wori-o. | WIRANTI ISR AW TIVIE TR E

Thai has rose CPO cost that imported from other countries by a
20% tax. From this policy, the difference of domestic CPO cost and world CPO cost
is of 20% on average. To fine out the relationships of the world CPO cost and FFB
price, the 20% incremental has to be deleted from domestic CPO cost. The equation
of world CPO cost and FFB price from Figure 4.6 is as below:
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b 13 e (L N TP —————— 4.11
When Y = FFB price (Bath/kgFFB)
X = CPO Cost (Baht/kgCPO)

The analysis of palm oil mill economic performance is based

on the average FFB price of 1.5 Bah i ing to factory surveyed data. By
substituting Y = 1.5 in Equation 4._&% PO cost of the world market
cost, X, is of 8.9 Baht/kgCP ‘ hg&* of EC on palm oil mill

industry with AFTA obligati : is i§ s f.. e 4.15.

From ) '\- ndustry has to sell the
CPO at world market cost, all bt ss condition. It can be

oil'mill industry will be
gation, EC scheme is not
responsible governments
have to plan for the support on p :_ ar i : oil mills and palm oil refineries

to protect those large valuable industries from g down their processes.
LA TS :

© governments also has = :# the incentives for
factories to abate their poliutio ondiic performance and

their competitive ability mmlord market. The subs1dy for research and development

on such as p a:ﬁ(ulﬁ %zjmﬁ ﬂo’]’ﬁ duction/waste
- minimization/cle (ﬂ ingation and
wastewater treatment technology should Be engaged todmprove overall productivity

wacrindfl 161113 00 LT 1 TIE) 16
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4.4  Emission Level of Palm Oil Mill Industry under EC Scheme

The emission level of palm oil mill industry under EC scheme could be
determined from the marginal abatement cost and the EC rate as described in Chapter

2, Section 2.1.4. Factories will reduce emissions until the marginal abatement costs

are equal to the emission charge rate.

40,000 -
30,000 -
s
e
B
-
< 20,000 o Abatement Cost,
m
= y = 33,788 e
3 22 = (.41
O =
10,000 -+

ﬂumvmm Mﬂﬂ’ﬁ“
AMTNEATR SN TANEAA Y

The marginal abatement cost could be determined from the average

abatement cost equation (Figure 4.7). The emission level of land application case can
be analyzed by substituting marginal abatement cost, MAC, with EC rate. The

determination of emission level of land application case can be calculated as follows:

Y =38,788 X o i 4.12



&

Y =33,788 XM 4.13
X
Y =337 %%
MAC =dY' = d(33.788X"*)
dx dx
= (0.82 x 33,788)X#2D
SILTOETIME e oo sasiss s 4.14
When Y =
Y’ -
X =
If MAC =

>
I
‘ )

From above ca xbdd 50nc "u od that factories, which use
their wastewater for land applicatio Jwdild cho apply their wastewater for land
application until the BOD load is ;j}'.’% 7] B vould pay the EC for the
residue BOD load. Als _——-— --------------- : han 0.27 tonBOD

would choose to pay the BC . r land application.

From Table 45,mtal BOD load efsland application is approximately

s 42 cnponiyel kAT N B Sovatror o

appllcatlon would &hit total BOD load ‘gqual to 3,442 tonBOD/year 1f EC is not

e R B LD ST T TR
factories is al' to tonBO 27 tonBOD/yeat x 11 factori he EC

provides the factories an incentive to abate their pollution load closely to 100 %

reduction (abatement level = [3,442-2.97]/3,442 ~ 100%).



73

substituting marginal abateme

90,000
80,000 -
70,000 A
o 60,000 -
=
< 50,000 -
=
— 40,000 - BC
[72]
o)
O 30,000 -
srage Abatement Cost,
20,000 - o
4—693 390x
10,000 i _0'99
0 100 == 700 800
Figure 4.8 limissio ’
The emissiofi legel fof pOnd fféatment case can be analyzed by

ate. The determination of

emission level of pond treatment/€asg;can be calculated as follows:

Y =693,

Y’=693,398%

X ":

Y’ =69ﬂ90 -

MAC =dY' & €(693390X"%) as

ﬂ‘l{ﬂgﬂﬂﬂ‘iﬂﬂ’ 79

amaaﬁ‘%m URTING1aY

When Y
v’
X

If MAC
X

= Average Abatement Cost (Bath/tonBOD)
= Abatement Cost, (Baht)

= Emission (tonBOD)

= 35,000 Bath/tonBOD

= 35 000' -(1/0.92)
[55,471}

1.65 tonBOD
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From above calculation, it could be concluded that factories would
choose to treat their wastewater by their own treatment system until the BOD load is
equal to 1.65 tonBOD and would pay the EC for the residue BOD load. Also, the
factories which have BOD load less that 1.65 tonBOD would choose to pay the EC

instead of installing more wastewater treatment system.

From Table 4.5, total D flged from pond treatment case is
approximately 1,292 tonBOD/year. It indicatég ‘the factories that treat their
é BOD load equal to 1,292

total BOD load of 4
65 tonBOD/yeat x 4

tonBOD/year if EC is not i
own-treatment factories i
factories). The EC provides 168 fan‘ifice | ate their pollution load to

99.5 % reduction.

4.5  Relationshi W i for EC and other

Factors
- L - T .
The willingness to pa?éa’:EG m o1l industry are varied on each
Y i .uw ! '- - = o .
factory and cannot be accounted dﬁﬂfﬁﬁéi&v& fifactory prefer to pay. Factories

Thus, it is difficult
J

for factories to identify the However, the factories

jIe calculated EC in term of agre
By integrating all T P; i t%f eirs commends on EC
implementation, itﬁjﬁznﬁzﬂﬁmp ﬁWrEIc)tj)ﬂp_ ity, the policy
maker’s education, and existing environngental policy of palm oil mill fagtories are

o ARG R B H S R

The profit levels of each factory are varied by reason of the differences

replied their agreement fo fent or disagreement.

on their production cost. Raw materials, CPO extraction efficiency, and operation
cost are the major factors influencing their production cost and profit. Among the
well-economic-performancé factories, they have differences on agreement in EC
payment. Some factories comment that the EC is high, even though they have made a

large profit.



75

According to the existing production capacity of palm oil mills
industry is higher than the availability of raw material input, thus, the higher capacity
factories are still challenged with lacking of FFB like the lower ones. They can not
utilize their maximum capacities, correspondingly, the production capacity of palm oil

mill factories has no significant reflection on the their willingness to pay for EC.

In term of policy makers’ education, there is no relationship
between the willingness to pay and the educa I ven if the policy maker has earlier
been informed about the polluter ‘ C implementation, it is not

w }
expressed on the influence of policy makers’ ed M‘t

he willingness to pay for
T — J ——

EC. It is interesting to note th ies with no' EC payment never have
been informed about the pol / ciple.and emissi charge implementation.

It indicated that the gove

% factories before any
policy implementation. Ac e W‘wﬂl help factories to
design their responses an ven though it not encourage

their willingness to pay.

influenced to the willingness to pay forEC. it 1

-

ibi AN T
have prohibited for wasgvater discharge to envi
5

if they have a good

environmental policy ’, ..... oli—participation—in—goverfimient environmental

assistance projects or high serns not relate to the

=
5
=}

due to the fact that they may have been settled for the

marketing purpos eiuji ‘t ﬁtm m l\ﬁvpj?gl 3m petitions of
communities and Ejp Ej oft (ﬁ fficers. eover, thé prohibition for
wastewater dischargﬂé'I may influence themy'to preferablypay EC instead of wastewater

s /) SN H 3 ) S| e v

community ‘petitions on effects of their overflow, especially in rainy season and

willingness to pay for E

concentration on inspection from government officers.

The treatment level or treatment ability of existing treatment
system influence to the willingness to pay for EC. The factories that agreed to EC
payment often have low effluent BOD concentration, although, they cannot treat to

comply with effluent standards. It is interesting that one factory has demonstrated that
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it can treat wastewater beyond compliance with the effluent standards. Nevertheless,
such level will be conducted only for special purpose, such as, reuse or recycle in the
plant. With current condition, there is no incentive to treat all wastewater to such a
level. However, the cost per removal load is lower than the EC rate. If the EC is
implemented, the factory extremely prefers to treat their wastewater for a lower EC
payment. This case can illustrate that if factories have efficiency or availability of
treatment technology with acceptable cost, they also prefer to treat their waste instead

of pay EC. This result replies the economic

W
=

with lowest cost.

/}n/nt goal in abatement of pollutants
Moreov factorie:
overflows, express their agre a6 T

ubled with wastewater

d that the government

has to consider on the othg

o

)
§

Most factonie:s{&ét@p;ai {lon the difficulty of wastewater
‘ 38 - Sitald ”"

f] ards. This“outconie suggested that the

treatment to compliance-With

s’ for irrigation, land
¢ conducted toﬁpport the industry on
utilizing their wastewater andsteducing their burdenfrom EC scheme.

@JH ae;adnasﬁgwmrzp;wlk:gnqiﬂﬁwneed to the
willingness to_nay of palm._oi %ﬁﬁf The £ tﬁma uﬁ?ed withi
palm planaoﬁg aﬂo age , iji (ijis r \ﬂ?)jl for_in-plant

utilization eﬁpress their agreement on EC scheme. Those factories prefer to pay EC,

researches and develop

application, recycle and reuse

instead of reserving a large piece of land for storage wastewater. It indicated that the
government has to consider on the other measures to prevent the high-load discharge
from factories that choosing to pay EC, instead of treating their wastewater compliéd
with standards. The command and control approach still need to enforce in the

transition periods to prevent on high-load emission from factories under EC.
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