REFERENCES

Amsberg, Joachim von. 1995. Selected experiences with the use of economic

instruments for pollution control in non-OECD countries. Washington DC:
The World Bank.
Aran Hanpongkittikul, Poonsook Prasertsub, Saowalak Jitrbanjerdkul, Kanlaya

Srisuwan, and Verasak Tongli

. 1994. A study on oil separation from

Songkla University.
Bangkok Bank Public Co itedy® re ment. 2001. The palm oil

industry. (Onlin .co.th/mreview/200006
palm-oil1.htm M

Chapter 4: Harnessing.#he _L J! nline) Available from:

arch 18].
Christensen, Hans S. 1998 ,_[‘,_' ‘_! cing. ¢ m astructure — Danish
adllda ﬂl‘ "
experience. Denima ”sju’E Wi tal Protection Agency.
Department of the Envirofme Tr.ampjﬂrf I.the Ragions of UK. 1998. Economic

instruments for wate (0 linie) Available from: http://www.
environment.detr.gov.uk/svgd e} /ey Lithm, [2001, September 26].
Field, C. Barry. 1994, ExiVironmental economies: An infr@tubsibn. Singapore:
McGraw-Hillipp. 226-243. ' Y
Godard, Oliver. 1994.

on with the Ec@omies in Transition,

entre for Co-opera

OECD. Introduci nvironmental taxes in economies in transition:
e BB T o
Develo

B T bire

Kraemer, R.A. 1995. The effectiveness and efficiency of water effluent charge

system: Case study on Germany.

Lohman, A.F. de Savornin. 1995. The efficiency and effectiveness of water pollution

charge in France, Germany. and the Netherlands: A synthesis of available

evidence.



80

Malaysia Palm Oil Board.2000. By-products of milling [Online]. Available from:

http://mpob.gov.my/mill_products12.htm, [2002, June 8]
Ministry of Industry, Department of Industrial Works (DIW). 1997. Development of

economic tools in industrial environmental management. Bangkok: Thailand

Environment Institute.
Ministry of Industry, Department of Industrial Works (DIW). 1997. Environmental
management guideline for the palm oil industry. Bangkok: Department of

Industrial Works.

Ministry of Industry, Departmer

University and j i
New South Wales - Environment Protectlon Authority. 1995. Guidelines for the -

P
] nning register/

register_docs/reusegui.pdf, [2002, August 163,

o i 5 PRI O Ltk

istruments in developing countries: From theory to implementation. Paris:

Organization of Economic Cooperation for Development.
Office of Agricultural Economy. Annual report [Online]. (n.d.) Available from:
- http://oae.go.th/statistic/yearbook/2000-01/Index.html., [2002, July 10]

Office of the Permanent Secretary for Science, Technology and Environment. 2000.

Environmental Impact Inspection Report of Palm Oil Mills in Surattani and



81

Krabi Provinces. Surattani: Environment Office Sector]1™.

Organization for Economic Co-operation and Development. 1999. Economic

instruments for pollution control and natural resources management in

OECD countries: A survey. Paris: Organization of Economic Cooperation
for Development.

Rattanapong Phaoborom. 1999. A study of technical efficiency of palm oil
extracting industry in Thailand. Mater’s Thesis, Department of Economics,

August 1].
The Thailand Research F

001" Final report: b\‘tu, ng environmental
performance indi j ! Qﬁ\\ )QL ss for Thai industry.
Bangkok: Thailand Envirg i

The World Bank. 1999.4Greefiing industiy: Ne u ; _L; ommunities, markets, and

AtH ﬁ |_u ntal considerations into

' n Malaysian exports.
AD.OT o/drpad/pub3/integra/

governments. Ne
UNESCAP. 2001. Measureuie

agriculture: Impact o
(Online) Available from: 1

volume3/malaysia/
v

ﬂUﬂ?ﬂﬂﬂiWﬂ”ﬂﬁ
awwmmmumwmé’ ¢)




AU INENTNEINS
PRIANTAUNMINNY



‘8661 ABIA “ou] ‘[euonRUINU] APPH 29 J[BOISJAl YIIAM UOIIBIO00SSE UI *PIT “0)) Jueinsuo)) ASojouyss], ssa13oid

83

o€ = (6 91UV J “S[ojuBg Ul UOIID9[]0D) 99,] JudwaSeueA] Jajemalsep Jo Apmig A[iqises) v g '[oA ‘wodar urely (€
81'9C = o3eIoAy . A , . Lval(z
ov'es = Xe]\ suodas Apnis $,1.00 (1
oL =UuiN ‘woJy uaye) P_%m::&cm JeluauepUN,] : 90IN0S
o¥'€es 8601 08°L 8I'e = T€9°50T 08¥ 00§ U ‘1 nyg e depy
90'8¢ 66'0 I¥°0 8S°0 e 0T6°ST 081 002 ﬂ-ﬁv Te3] uog
¥0'9¢ 8¢€'8¢ 0s°S¢ 88'CC LTT0¢ - 000029°1 081 &Hm._ﬂ_ Q\m&.mm efened
$6'¢eE 0Tc 8Y°1 . 65Tl 008°¢9 ‘T . Sueepuiq
99°C€ $8°0 €570 ¥ 026°ST =) 0 £ eUBNEA\ [NQId
ee 0601 0Z1°0€¢€ € ¥y x9[dwoo [BIOIDWWO)D)
99T W [s : L°06 a_l n.p@“_ 1es ByL
L6'9C 9¢'11 i 0059 unf 3uory]
69'vC 008y _ | w 000°0€ eheld IS
1972 1€ / .véﬁo “q £501, Suory
£8°€C €9’ n/. . e 1 SuoySuos3uoy],
16°€T 6L’ S pmm— W ‘e oppywoy
80°CC 9T S ﬂ g ‘b BlRWY
€0'TC [4X — Y4 o91yd Sueg
Se6l 0’1 w o oeq3ueg
€061 c6'¢ 7 Suoyyuid
SL8I €L°0 ) & I enH
8891 96'81 m ﬁ.o Sueqeyowsae]
9L 8v'vl 005 000 Sueqernjpe]
Gueq) qog Bd | af(@pw) [ ak(@pw) | @dg . ke
350D JUAUIIEQY [¥30], [el01,

(dLAAAA S93B)ST [BLI)SNPU] PUE dSIWO(]) SIS JUAIIJI( JO 3S0)) JUIWIIBQY JJBMIISBAN JO uosLiedwo))
V XIANHAddV



84

APPENDIX B

Questionnaire for Palm Qil Mill Industry Interview

Instruction

1.

This questionnaire arranged in partial fulfillment of the requirements for a thesis
of the Master degree of Science in Environmental Management, Inter-Department

of Environmental Management Graduate School, Chulalongkorn University.

2. The information received from yo ill be kept as a confidential document and
utilized only for the thesis. Fact name Wil e appeared in any part of the
thesis and will not be publicize { without 2 & from you.

3. The questionnaire was designee i ecutive levels or policy
makers who have well a Wilel : . economic performance,
environmental and produgt roces \\:\\\‘-\ divided into 5 parts as
below 224 4 ,

Part]I General Inform
Part 2 Production Proc
Part 3 Economic Perform
Part 4 Waste Management
Part 5 Environmental Policy‘ ,
4. Please answer all questio gadon *
5. If there is not identified {o-6theis, please-answer-the-questiot

ased on year 2001

information.

{
ﬂuﬂquﬂ§WH ny
amaxﬂmmumwmé’a

Name..........
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Part1  General Information of Owner and Factory

L. Factory NAME.......cuiunirieniiiit it ee e et e e et e e e e e e eens
Registered Number....................cooeiiiiinnn.

2. Education level of Owner(s)
1. Lower than Bachelor Degree 2. Bachelor Degree
3. Master Degree 4 4. Other (identify)..................

.............................................................

......................

5.2 Shut down for

Insufficient raw mziei

Part 2 Production Proceg

ﬂuﬂmm HNTNYING
1. Raw material
- Fresh Fruit élunch (FFB) Congumption rate gy ....c..oeeeees 4.4---ton/day
ARAR TEIAA TG o
........................ Consumption rate .........‘..............ton/day
2. Rated Production Capacity ..............cceceveevenininninnnnns ton FFB/day
.................................... tonCPO/day
.................................... litrerCPO/day

................................. tonCPO/tonFFB
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3. Average production capacity ..................cccoeereeereeii. tonFFB/day
...................................... tonCPO/day
........................................ litreCPO/day
4. Average water consumption rate.......................... m3/day (Please attach
production process and water consumption)

Part 3 Economic Performance

1. Production Cost

Expenditure

2000 2001

Raw Material

Fuel/Energy

Labors

Water/Electrical

Transportation

Marketing

42N

Others

.......................

.......................

F
£
%

Total Production
Cost

2. Product Markeﬂ
Domestic......" ‘
q

....................

A HARINTUNNIINGAE

2.1 Market shared

region

guantity.......... IRIYE, VallB,. . oseomumress ozmamms Baht/yr
.......... QUANTLY conwene s TONIYE, ValUL. .\ corinivnen. ... DabUYT
.......... QUADIILY cvmnsmner TOIIYE, VAR, | , sonscinnss s s s ssalSANEIPE
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2.2 Distribution of Products
1. Directly distribute to consumers 2. Distribute to agency/broker
3. Distribute to Refined factory

2.3 Tentative demand of domestic market

1. Increase 2. Decrease

3. Constant
5. Other (identify)............ SN s

...................................................................................

2.5 Reason for decreasingfcon

1. Products quality not rgply fo the marke
W’ 10
s ':.-:'_.l A

2. Expensive than competi{0:
3. High competitor ‘

T |
4. Other (identify) ...... ST U

2.6 Do you have the ‘-’"*‘
1. No (Monopoly) 7" |

s fUEINENINENT
e VRGFIRE 194 A5 A B 6 B

ascending)

..........................................................................................
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Exported Market

2.1 Important exported market ( in term of country)

1 quantity................ YO TE, VRS, 1o conmemue 15 msmmn Baht/year
B3 3 s asuiviian o s quantity...............ton/yr, value...................... Baht/year
hsseomes s st 2 47 quantity...............ton/yr, value.........................Baht/year
4.coerinninnnnn.. quantity........ OSSN value....................... Baht/year

1. Directly distribute to ) Disteibute to agency/broker

1. Increase
3. Constant
5. Other (identify)...... 4. 4. 7. - At X NETUTRR

2.4 Reason for increasing of domé
1. Qualified produgts
3. Non competit, -" K_——_‘ = = ' ............................

......................................................................

iy ﬁﬁmﬁﬂﬁm

2. Expensiv competitor

AR I NN INEN A Y

4. Other (IAentifyy) ......ooeiie i

2.6 Do you have the commercial competitor(s) ?
1. No (Monopoly)
2. Yes
3. Non data



4.7 Important competitors (please answer in order of important ascending by

1 = High significant , 2 = significant, 3 = fair , 4 = poor )

Country

Important rank

- Malaysia

- Indonesia

- Singapore

- Japan

- Netherlands

...........................

............................

2.8 Production marketi

ascending)

........................

.......

3. Actual Sale of Crude Palm Ol

..........................

...........................

........................

................................

Year = # A e (Baht/yr)
2001

2000 - ‘
1999 @

1998 ¢ o

1997 ‘ ' ﬂ li

' ““%3 %ﬁﬁ%wnizuumq%ﬁﬁ’ /

Part 4 Was ‘e Mnagement

1. Water supply for production process line
1.1 Source of water supply
1. Surface water
3. Tap water .

2. Ground water
2 DR CIACTIIY .o ssssmmmnscaspmmssimssase



. If there is no wastewater tr

90

1.2 Consumption rate.......................... m>/day or payment bill of last
month..........Baht

. Water supply for employees or labors (included households, if any)
2.1 Source of water supply
1. Surface water 2. Ground water

3. Tap water . Othe RN o s s iimizon s i womsininmon

1. No
2. Yes

o1y please identify why not
1. Sent to ex-situ treatment and expénse for . B\ T Baht/month

2. In constructing period =
3. No budget
4. No necessity due f 0

5. No preserved area oEar

6. Other (identify) ..... ™. ................ov.en.. e e
. ithee s vafbh ﬂ&%&ﬂiﬂﬂ bty s e
1. Oxidation Pon Aerated Lagoon) g

R4 1) T 3NN &)

(pleasg attach wastewater treatment flow diagram)

. Wastewater receiving body
1. Surface water body 2. Public sewer ‘
3. Underground water body 4.Other (identify) ..... e,
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7. Construction cost and operation & maintenance cost

BB oot e sy s st e Baht

7.1 Land value..........o.ooooviiiiiiiininin.. Bath, Area ........................ rai

7.2 Construction cost...................... Bath, (established for................... years)
7.3 Machine cost ................ooeunenn. Baht

7.4 Maintenance cost..................... Baht/month

T Operation COBL. . ..o s s s sssmrsorsiss Baht/month

7.6 Other (identify) ................... ol g

8. Wastewater treatment systena.operator(s) ......
1. Name......coccovnsases j ......... W ........................
2, Natfie... ., commcssrou SR RS N
3. Name......cccvvveneee . 4. £ K’ O T .. ..........ceenenn
4. Name............... 5. 40 I BRSO TN .o

10. Wastewater characteri -f— S ai

10.1 wastewater quality-analysis frequency................ tlmﬂ)/month

(idelll(t)ify) ............ ﬂAﬂ g"] i ﬂﬁ%w Hw fi‘ i lab

10.3 wastewater gﬁaractenstlcs (average from last 3 month data)

mfwmﬁmmﬂumwmé’ ¢)

Bl P cscnbnisnosames

(please attach wastewater quality analys1s report)

10.4 Updated wastewater quality analysis (date....... 15110, {3 PIPIENN, year........... )
Inf. BOD......oovvviiniin, mg/1

(please attach wastewater quality analysis report)
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11. Wastewater treatment problems

1. Malodor 2. Expensive equipment/ spared parts
3. High operation and maintenance cost 4. Insufficiency of expert

5. Hardly comply with effluent standard 6. Other (identify).....................

Part 5 Environmental Policy

1. Existing wastewater management has \¢¢

to fulfill the purpose of

2. i ental management
policy especially on wasteyéte ¢ ‘f' o\
(4= most important, 3=fe ant, 2= : | much important, 0=
not important) , '..'E:g... ‘
§
Issugl ——r— Ranking
J s, 4 %
Domestic Clients ;':"-—.:
International Clients
Shareholders
Employees ﬂ
NGOs
T AV WES
Press or Public | S
Petitions the courtJ L] = o/
Subsidize omft load, grant, or tax exemption
Energy and raw material conservation
Environmental Deterioration
Environmental conservation cost
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. Do you have engaged the environmental management staffs or teams for your in-
plant management?

L. Yes, please idemtifyl...ommemsmmmosmssorme rsssss

.............................................................................................

director.

1. Yes, please identify........ < DI .. . : i 5 5 5 i 5 1

...................................................................

2. No

es ed for environmental

issue?

Amount................. vestment cost
Nowadays, which enviro [ ement principals your factory is

applying?

1. Environmental Management S stein { EMS

2. Clearler TCChnOIo /Po 10n-Pr VCi l. : " B e,
3. ISO 140000 Cel'tl ‘l 1100

. Have you ever %{ ic instruments
on industrial p t1 ﬁ ﬁﬂ-p ﬁ %pal?

Lo Yes, from.. .o e e gt e e oo e e een e
> N@’W‘fﬁ“&ﬂ‘iﬁu IR1INYA Y

. Have you ever been informed that DIW is preparing for implementation of

economic instrument as called “emission charge” and “pollution management fee”

system on industrial pollution management which encourage factories to abate

pollution load to environment?
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9. Do you agree to the application of “emission charge” and “pollution management

fee” scheme for environmental management in Thailand?

Lo X E8, DOCIIE, s s esmmmmiotins A RN O S 3RS 0 .

...................................................................................................

...................................................................................................

........................................................................................................................

*** Following questions have \ ra / data and information from
rganizati ﬁ, the ‘x’ symbol will be

- — —— .
substituted by the values aintegrat q siithesis of all information.
.,_ er by telephone or fax

Additional information _
w‘ 0 \ \ as below:

interviews. An equation [g

Emission Charge (E

.“N‘.ﬂ ﬂd F;

E3 I ] B@ - \\§ oad (kgBOD/year)

AT
Conclusion: &*L ;
L
From the performance of palm oil mii

=

ource: DIW and/or Ministry of

Commercial and/or steck » stewater characteristics

source: Palm oil mill ihd
(source: Palm oil mi v

: : 4. e concluded that

your factory:

goducts = X,XXX ton/yr
o ::;zmﬁﬁmﬂmmsrﬁ i,
em P ) NIUUAANYARY

1,000

Emission charge = BxCx35 Baht/yr
1,000

or as per products = BxCx35 Baht/tonCPO
1,000 x A

- Has crude palm oil
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By varying BOD concentration at several level, it could be conclude that:

BOD (mg/l) Emission Charge
(Baht/yr) (Baht/tonCPO)

if discharged BOD as current

level

if discharged BOD = 10 mg/l

if discharged BOD = 20 mg/I

if discharged BOD = 60 mg/1

. From the emission charge

on current BOD load,
is it an appropriated rate?

1. Appropriate, because,

........................

....................................................

........................................................
................................
...........................

..........................................

The level of emission charge—t “ at-you-expect it will not effect to your

economic performanee’ of “yourd w 0 gpay for EC is

about................. e Bahtftor ab> 4

. If you have to pay for mnission charge, what are expected@ptlons that you prefer

to do?

L mprove O,E.l,iJEJ ANLNINEANS

2. Install new equlpment of machine#o reduce BODR:load
. ol el R i) KB
utiliZation to reduce discharged wastewater

4. Improve and/or increase wastewater treatment capacity to reduce BOD

concentration

5. Increase crude palm oil price
Other (identify)

o

...........................................................................

...............................................................................................
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APPENDIX C

Cost Estimation for Wastewater Treatment of Palm Qil Mill Industry

Assumption
1 Interest Rate 0.095 (Bank of Thailand, 2002)
2 Annual Recovery Cost factor = 0.1017

3 Working Life (Years) = 30

4 Capital cost of land for wastewater treatment is assigned based on rental rate
5 Land Application
- 1ncluded cost of pump, and piping system (as shown in capltal cost)

- excluded cost of land due to wastewsz
- wastewater application rate is of 4

Factory A
Wastewater Treatment Plan

Wastewater Flow =

Inf. BOD concentration =
Eff. BOD concentration fro

Treated Wastewater Managemen
Minimum required area for land a
Wastewater treatment pond area
Pond Volume
Total BOD load removal \:,l
BOD load removal of oxidatioi po
BOD load removal of land
Capital Cost
Construction Cost 7,650, OO Baht (excavation cost of 50 Baht/cu.m

asoecon ] ) e A9 81 m A

Land rental t/yr rental rate = 5,000 Baht/rai/yr
Total annual cost ©1,185,461 Baht/yr

- RRARAN LU RN, '],ﬁ t
Labor B
Electricity 220,297 Baht/yr (for pumps and aerators)
Chemical ' Baht/yr
Maintenance 300,000 Baht/yr (for annual excavation work)
Electricity cost for land application 4,297 Baht/yr
Soil loosening expense 1,890,000 Baht/yr (6,000 sq.m./month/worker @

v 5,000 Bath/month/worker

Total O&M Cost 2,414,594 Baht/yr

Total Abatement Cost ° 3,600,055 Baht/yr
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Factory B

Wastewater Treatment Plant
Wastewater Flow = 93,450 m3/yr
Inf. BOD concentration = 50,000 mg/l
Eff. BOD concentration from oxidation p 5,000 mg/l
BOD load generation = 4,672,500 kg/yr
Wastewater Treatment System = Oxidation Pond
Treated Wastewater Management = Land Application
Minimum required area for land applicati 200 rai
Wastewater treatment pond area 4 60 rai
Pond Volume 1]

Total BOD load removal

BOD load removal of oxidation
BOD load removal of land app1m-""

46
Capital Cost -ﬂ"'——-. |

Construction Cost 0.0 excavation cost of 50 Baht/cu.m

Machine Cost " 350,
Land rental e 0, aht/yr. rental rate = 5,000 Baht/rai/yr
Total annual cost [

Operation & Maintenance
Labor (2 workers @ 5,000

Baht/month/worker)

Electricity (for pumps)
Chemical o a
Maintenance B aht/yr (for annual excavation work)

Electricity cost for land application =z

Soil loosening expense 0 sq.m./month/worker @

Bath/month/worker

Total O&M Cost

Total Abatement Cost

Factory C

Wastewater Treatmeﬂlu &J q V] EJ ﬂ j W EJ q ﬂ ‘j
Wastewater Flow = 86,400
Inf. BOD co
EST. BOD cmiman\% babed £ ﬁ%ﬁ ‘Vl 518 El

Eff. BOD condgntration from Polishing P 200 mg/l
BOD load generation = 1,728,000 kg/yr
Wastewater Treatment System = Biogas + Anearobic Pond + Polishing Pond
Treated Wastewater Management = Land Application
Minimum required area for land applicati 74 rai
Wastewater treatment pond area 35 rai
Pond Volume 112,000 4,3 (Estimate from avg. depth of
pond =2 m.)
Total BOD load removal 1,728,000 kg/yr

BOD load removal of biogas = 1,555,200 kg/yr
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BOD load removal of land appication = 172,800 kg/yr

Capital Cost
Construction Cost

Machine Cost

Land rental

Total annual cost
Operation & Maintenance

Labor

Electricity
Chemical
Maintenance

Electricity cost for land appli

Soil loosening expense

Total O&M Cost
Total Abatement Cost

8,600,000 Baht (Biogas system =3 million Baht,
excavation cost of 50 Baht/cu.m

of pond volume
350,000 Baht (pumps)

175,000 Baht/yr rental rate = 5,000 Baht/rai/yr
1,085,041 Baht/yr

300,000 Baht/yr (1 env. Engineer and 2 workers @

15,000 Baht/month/engineer and
@ ; /// 5,000 Baht/month/worker)

,000 sq.m./month/worker @
00 Bath/month/worker

Factory D

Wastewater Treatment Plant

Wastewater Flow =
Inf. BOD concentration =

Eff. BOD concentration from Ox1datfdﬁ-P"‘"" A “

BOD load generation = ‘

Wastewater Treatment Sysf _———_‘“‘—‘ tlization Pond

Treated Wastewater Managemier d ~

Minimum required area for 1 apphcatx 37 rai ﬂ

Wastewater treatment pond are%. 16 rai

Pond Volume ( rovincial Offfice)
Total BOD load remoﬂ u EJ ’J w ﬂ ﬁ%wﬂq ﬁvﬁp

BOD load removal of‘oxidation pond = 0 231,920 kglyr

cxmcnt ) W T AN S8

Construction

Machine Cost
Land rental
Total annual cost

Operation & Maintenance
Labor

Electricity

(improvment cost = 2 million
Baht, excavation cost of 50
Baht/cu.m of pond volume
500,000 Baht (pumps)
2,433,390 Baht/yr rental rate = 5,000 Baht/rai/yr

3,141,341 Baht/yr

120,000 Baht/yr (2 workers @ 5,000
Baht/month/worker)

8,640 Baht/yr (for pumps)
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Chemical - Baht/yr
Maintenance 300,000 Baht/yr (for annual excavation work)
Electricity cost for land application 8,640 Baht/yr
Soil loosening expense 7,786,849 Baht/yr (6,000 sq.m./month/worker @
5,000 Bath/month/worker

Total O&M Cost 8,224,129 Baht/yr

Total Abatement Cost 11,365,471 Baht/yr

Factory E

Wastewater Treatment Plant
Wastewater Flow = ) "
Inf. BOD concentration = \\% ‘

Eff. BOD concentration from oxi &o
Eff. BOD concentration from a '

em.=
Treated Wastewater Manage/ i

BOD load generation =
Wastewater Treatment Syst

Minimum required area for land appli
Wastewater treatment pond are
Pond Volume

Total BOD load removal
BOD load removal of oxidati
BOD load removal of land appi

Construction Cost
Construction Cost

Machine Cost
Land rental

(excavation cost of 50 Baht/cu.m
of pond volume
(pumps & aerators)

Dalit’ yl

Total annual cost
Operation & Maintenance
Labor

g

Electricity
Chemical
Maintenance
Electricity cost for land §hcatlon

Soil loosem@ w{a

. ﬁrl rate = 5,000 Baht/railyr

workers @ 5,000
Baht/month/worker)

0 Baht/yr.

ﬂ ) EJ 'g Ne w%wgm ﬁ’ﬁps el

100,000 Baht/yr (for annual excavation work)

13 Baht/yr (electrici st for pumps)
90 i A T
/worker

Total O&M Cost 1,522,931 Baht/yr
Total Abatement Cost 2,569,972 Baht/yr
Factory F

Wastewater Treatment Plant
Wastewater Flow =

Inf. BOD concentration = :
Eff. BOD concentration from oxidation p

50,400 m3/yr
44,000 mg/l
- 4,400 mg/l
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Eff. BOD concentration from aerated lago 220 mg/l
BOD load generation = 2,217,600 kg/yr
Wastewater Treatment System = Oxidation Pond + Aerated Lagoon
Treated Wastewater Management = Land Application
Minimum required area for land applicati 95 rai
Wastewater treatment pond area 47 rai
Pond Volume 151,639 ;3
Total BOD load removal 2,217,600 kg/yr
BOD load removal of oxidation pond = 1,995,840 kg/yr
BOD load removal of land appication = 221,760 kgl/yr
Capital Cost

‘ of pond volume
Machine Cost — ‘950 (pumps & aerators)

Land rental - 36, %rental rate = 5,000 Baht/rai/yr
. I

Total annual cost 7
| ). Ball worker @ 5,000
Uy

Operation & Maintenance
ht/month/worker)

Construction Cost @!’/ﬁ aht  (excavation cost of 50 Baht/cu.m

Labor

Electricity or pump and aerator)
Chemical
Maintenance for annual excavation work)

(electricity cost for pump)
(6,000 sq.m./month/worker @
5,000 Bath/month/worker

Electricity cost for land applicatiog ‘
Soil loosening expense

Total O&M Cost
Total Abatement Cost
Factory G
Wastewater Treatment Plant” y
Wastewater Flow = D > m’/yr Eh
Inf. BOD concentration = 25 000 mg/l
Eff. BOD concentrati
BOD load generatio iJn 3 % EJ % ’] ﬂ j
Wastewater Treatme stem - x1dat10n on
Treated Wastewater Management = Storage in holding pond
ront votuni] 10 161 1| 3 64 oo g V1 &k 188
Pond Volume ( g. depth of
pond =2 m.)
Total BOD load removal 3,037,500 kg/yr
BOD load removal of oxidation pond = 3,037,500 kg/yr
Capital Cost
Construction Cost 6,400,000 Baht (excavation cost of 50 Baht/cu.m
of pond volume
Machine Cost 270,000 Baht (pumps)
Land rental _ 200,000 Baht/yr rental rate = 5,000 Baht/rai/yr

Total annual cost 878,209 Baht/yr
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Operation & Maintenance

Labor 144,000 Baht/yr (1 scientist @ 12,000
Baht/month/scientist)

Electricity 6,048 Baht/yr (for pump)
Chemical - Baht/yr
Maintenance 300,000 Baht/yr (for annual excavation work)
Land Application Cost - Baht/yr (storage in holding ponds))
Total O&M Cost 450,048 Baht/yr

Total Abatement Cost 1,328,257 Baht/yr

Factory H A% 1 |
Wastewater Treatment Plant @ &
Wastewater Flow = 1 “d
‘.&" 0 (}d

Inf. BOD concentration = -
Eff. BOD concentration from Oxi 5,
BOD load generation = |
Wastewater Treatment Systefl =
Treated Wastewater Manage
Wastewater treatment pond area
Pond Volume

Total BOD load removal
BOD load removal of oxidati

Capital Cost
Construction Cost
Machine Cost (pumps)
Land rental r rental rate = 5,000 Baht/rai/yr

Total annual cost
Operation & Maintenance
Labor

Electricity ‘
Chemical - _ Baht/yr
Maintenance al excavation work)
Land Application Coﬁj u S q V] EJ ﬁq%, %ay:ﬁﬁﬁn holding ponds))
Total O&M Cost 106,048 Baht/yr

Total Abatement Costq 11211[981 %t/ir

Factory 1 I | | ’ | |

Wastewater Treatment Plant
Wastewater Flow = 64,800 m3/yr
Inf. BOD concentration = 35,000 mg/l
Eff. BOD concentration from oxidation p 3,500 mg/l
Eff. BOD concentration from aerated lago 175 mg/l
BOD load generation = 2,268,000 kg/yr
Wastewater Treatment System = Oxidation Pond + Aerated Lagoon
Treated Wastewater Management = Land Application

Minimum required area for land applicati 97 rai
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Wastewater treatment pond area 45 rai
Pond Volume 144,000 .3 (Estimate from avg. depth of
pond =2 m.) :
Total BOD load removal 2,268,000 kg/yr
BOD load removal of oxidation pond = 2,041,200 kg/yr
BOD load removal of land appication = 226,800 kg/yr
Capital Cost
Construction Cost 7,200,000 Baht
Machine Cost 1,150,000 Baht (pumps & aerators)
Land rental 225,000 Baht/yr rental rate = 5,000 Baht/rai/yr
Total annual cost " 1 33 Baht/yr
Operation & Maintenance @\ ;
Labor At @t]yr (2 workers @ 5,000
é; s Baht/month/worker)
Electricity - v yr (for pump and aerator)

Chemical
Maintenance : (for annual excavation work)
Electricity cost for land applicatj : : 297 Bahtlyr (electricity cost for pump)
Soil loosening expense ‘ : ,000 sq.m./month/worker @
,000 Bath/month/worker
Total O&M Cost
Total Abatement Cost

Factory J
Wastewater Treatment Plant

Wastewater Flow =

Inf. BOD concentration = b A
Eff. BOD concentration from oxidation p 3,60 v
Eff. BOD concentration .y;_;_._._.__._-‘,_—-:.: ------- —ad
BOD load generation = , o
Wastewater Treatment System Oxid + Aeged Lagoon
Treated Wastewater Management = Land Application
Minimum required ar i

ea for ancfa icati _
Wastewater treatme\'ﬁofﬁg ﬁ Vi &J VJS% q ﬂ j
u ’ o

Pond Volume

Total BOD load removal 92,332,800 r v
BOD load r \ﬁ%ﬁﬁ ﬁ)ﬂim @%q:@% El r] a EJ
BOD load rempval of 1 ppication's ,280 "kgfyr" " _
Capital Cost -
Construction Cost 4,275,000 Baht
Machine Cost 1,150,000 Baht (pumps & aerators)
Land rental 133,594 Baht/yr rental rate = 5,000 Baht/rai/yr
Total annual cost 685,211 Baht/yr
Operation & Maintenance
Labor Baht/yr (no operatior)

Electricity : 60,457 Baht/yr (for pump and aerator)
Chemical - Baht/yr
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100,000 Baht/yr (for annual excavation work)

Electricity cost for land application 4,297 Baht/yr
Soil loosening expense 1,597,808 Baht/yr (6,000 sq.m./month/worker @
5,000 Bath/month/worker
Total O&M Cost 1,762,562 Baht/yr
Total Abatement Cost 2,447,773 Baht/yr
Factory K

Wastewater Treatment Plant
Wastewater Flow =

Inf. BOD concentration =

7,420
i \ 0, mg/l
Eff. BOD concentration from Ox1da 1

BOD load generation =

Wastewater Treatment System -ﬁﬁr O

Treated Wastewater Manage
Minimum required area for lan.
Wastewater treatment pond area
Pond Volume :

Total BOD load removal

Capital Cost
Construction Cost

Machine Cost
Land rental
Total annual cost

m3/yr

(excavation cost of 50 Baht/cu.m
of pond volume

(pumps)

rental rate = 5,000 Baht/rai/yr

Operation & Maintenance
Labor

Electricity
Chemical
Maintenance
Electricity cost for 1
Soil loosening expense

(eonsultant company @ 10,000
ht/month)
576 Baht/yr (for pump)

,_EJ V] EJ W@Oﬁ T r n al excavation work)
yr s orage in holding ponds))

¢ 676,110 Baht/yr (6,000 sq.m/month/worker @

rusonn A 1N T YL TRE

Total Abatemen Cost

1,236,631 Baht/yr

Factory L
Wastewater Treatment Plant

Wastewater Flow =

Inf. BOD concentration =

Eff. BOD concentration from oxidation p
Eff. BOD concentration from filtration =
BOD load generation =

60,360 m3/yr
30,000 mg/l
3,000 mg/l

10 mg/l
1,810,800 kg/yr



Wastewater Treatment System =
Treated Wastewater Management =
Wastewater treatment pond area
Pond Volume
Total BOD load removal
BOD load removal of oxidation pond =
BOD load removal of filtration =
Capital Cost
Construction Cost

Machine Cost

Land rental

Total annual cost
Operation & Maintenance

Labor

Electricity
Chemical

Maintenance

Land Application Cost

Total O&M Cost
Total Abatement Cost

Factory M
Wastewater Treatment Planf.l

104

Oxidation Pond + Filtration
Reuse & Recycle in the Plant
4 rai
11,228 3
1,810,196 kg/yr
1,629,720 kg/yr
180,476 kg/yr

3,561,400 Baht

-

(filtration system = 3 million
Baht, excavation cost of 50
Baht/cu.m of pond volume
(pumps)

t/yr rental rate = 5,000 Baht/rai/yr

T (1 scientist and 2 workers @
2,000 Baht/month/scientist and
000 Baht/month/worker)

r pump and filtation)

or poly aluminium chloride =

.5 Baht/m3)

for annual excavation work)

Wastewater Flow =

Inf. BOD concentration =
Eff. BOD concentration from
BOD load generation =
Wastewater Treatment System € o
Treated Wastewater
Minimum requlred
Wastewater treatment

nd area

3,888, OOO kg/yr
OxidationPond

whad WEW’EJ na

roarpopaefloiod VN 7) m,umw JabH

BOD load rem(aval of oxidation pond =

BOD load removal of land appication =
Capital Cost

Construction Cost

Machine Cost

Land rental

Total annual cost
Operation & Maintenance

3,499,200 ke/yr
388,800 kg/yr

6,500,000 Baht (factory data)
350,000 Baht (pumps)
39,447 Baht/yr rental rate = 5,000 Baht/rai/yr
735,959 Baht/yr
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Labor 144,000 Baht/yr (1 technician @ 12,000
Baht/month/technician)

Electricity 4,297 Baht/yr (for pump)

Chemical - Baht/yr

Maintenance 120,000 Baht/yr (for annual excavation work)

Electricity cost for land application 4,297 Baht/yr (electricity cost for pump)

Soil loosening expense 2,663,014 Baht/yr (6,000 sq.m./month/worker @
5,000 Bath/month/worker

Total O&M Cost 2,935,608 Baht/yr

Total Abatement Cost 3,671,567 Baht/yr

Factory N

Wastewater Treatment Plant | ’//

Wastewater Flow =

Inf. BOD concentration = ‘
Eff. BOD concentration from M
BOD load generation =
Wastewater Treatment Systena
Treated Wastewater Manageme
Minimum required area for 1 )
Wastewater treatment pond areas’

Pond Volume

Total BOD load removal
BOD load removal of oxidation po
BOD load removal of land appica

Capital Cost
Construction Cost
Machine Cost
Land rental
Total annual cost

Operation & Maintenance

o

Labor 0,000 Baht/yr (1 engineer @ 15,000

th/engineer)
ey 7 14 53N m%mm“ |
Chemical - Baht/yr

Maintenance (for annual’excavation work)

Electricity c ﬁl@ ﬂ ‘j z I ! g% % trl i E’or pump)
Soil loosemng ense B 00 sq.m. /month /worker @

5 000 Bath/month/ worker

Total O&M Cost 2,123,114 Baht/yr
Total Abatement Cost 3,716,147 Baht/yr
Factory O
Wastewater Treatment Plant
Wastewater Flow = 11,640 ny’/yr

Inf. BOD concentration = 36,000 mg/l
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Eff. BOD concentration from Oxidation P 3,600 mg/l

BOD load generation = 419,040 kg/yr
Wastewater Treatment System = Oxidation Pond
Treated Wastewater Management = Storage in holding pond
Wastewater treatment pond area 10 rai
Pond Volume 32,000 3 (Estimate from avg. depth of
. pond =2 m.)
Total BOD load removal 377,136 kglyr
BOD load removal of oxidation pond = 377,136 kg/yr
Capital Cost
Construction Cost (factory data)
Machine Cost (pumps)

Land rental rental rate = 5,000 Baht/rai/yr

Total annual cost
Operation & Maintenance

Labor I technocian and 2 workers @

,000 Baht/month/ tecnician and
,000 Baht/ month/worker)

Electricity - (for pump)
Chemical ' ‘\ ’
Maintenance o7 - (for annual excavation work)
Land Application Cost . .\ r (storage in holding ponds))
Total O&M Cost

Total Abatement Cost

ﬂuﬂawﬂﬂ5WH“ﬂi
ammmmumwmé’a
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