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SURnvou lendnduliAngmavnssudeodluussmelne
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(Biogas) wazledmsunianisinues Tudiuveanaluladaisyuiunisannisaydoosiguduigiu

Tunsguaunisatniisiulndy msannislindsuuazin madfindseansnmundunouiioan
FununIanan nsaanansznuiLAsInden Tuvinsatunisufuusamalulaglugiunis
Usuupnunmiuduidielisvingldyagedu viedfiugadinnnisusnudaluuidufui
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AU UNY
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ludiuvesgnaivnssuuatsuivsenisnauiidulidy aastinnudidglunisusuyss
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UszAnSannsndnvesnalulagidy dlussansamgedu iwelvliinduniinuamdasuinig

9
[

897U warllnuaudinvainvatsluiienauauesnufen1sveduslaaniinululdlusuuuy

o

A9 dawslazivalulagludfenaazyilmAnn1swauidAey 1Wu Enzymatic Degumming Short-

[y

path Distillation wag Supercritical Processing 1udu windildedrinauruinvesnaluladnig
HER TaTnARuNATAUINUTENNT WU NANAANEY LazTadNRAIUNITAIULAZAUNUNITNERT
fansgeegdmiuimaluladivg Felianansaviinisinsemsedndeninalulaglaiiosinduegiu
Jadumunisamuvesusiazlsesu
dusugnainnssusiollownag Fawvalu gramnssuideindmdsnu anaimnssulowals
= = D a a a vo &
il wazgnamnsubakasiduly awnsoasuwuImaiuysEansanlasal
1) grannssuliomdmdsny axdusuimemmaununsldunduialun3osaud i
MIUNLazN1IeINe Inensiindndiunisuauligeiu lneaunsaunudladu 2 ndndue suldun
lulefwanuaingedmiunisuanludadiuiias¥u uaz Biohydrotreated diesel (BHD) @44
IAssassedneuiuRwanea®a N3l co-product A UNTTULABLNEIINIARILTINN (Biojet)
2) geamnssulewalownil lnsuwiuaewdndugivan Ao lwiaamesdaliiun uasndiweuy
a £ 2/ | ada X < a o a avy H =i
U3ans lneidugarfiintuiazanudululaluniswdnaningfvilianenamnssudatein lagh

a

wiawameidaliunanunsaldiuingivlunndslulefwaresuiaeames lnsiiumelulad
maviumydalriuslusiawanes fudivarewaluladiuiurumesisanu nldiauouusmaie
mslflmfesiludalild esananmisifssaivmedanndouldfiniy uaziedosdlefiliteentiosndi
sasansalihduildudunduingivdulunmsndngramnssursdnilonddudagtusios
i uaswananansiaidaasgiidundn dmiundafusindiweiuuiaqns Wunandnildainnis
nanlulafigaiguiu %qmsﬁflmLﬁMﬂame%qméuﬂﬂﬁﬁuLLazLﬁmU%mmw%mﬁmsﬁ yinliLfinany

UIANSYARINTAYRINARTUUTENS I aunsaldlugnaivnssudua 1y 1ATedd1919 B3N
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A

Maunngld uennidflansudeduianin Biolubricant) fiflanudesnafisgaiuegnadeides T
Judnwansariiauladmivgramnsnilealoiad

3) granssudonasidule Fudunsfuyariawmdofisannisatmitululssnuanin
ihifuuarluauindy Tnsfuuamdunmsdiuyasinisldide Wulsvemzansundy nulu wasdidu
Uy dmsuyindndanussadueinseany vsetinviwlesiiaes sen1susuusanaliafuain
nswisedededmAuLUUAs I (Kraft pulping) un1sszdageloth (Stream explosion) ¥inld
anmsltarsafinasduinsdedwnden wagninidndundvinldlnmi arunsoifiuyadls

PRAMNTINAI) LABNN1INT

6. msuszdiusmsuauransuinaznisudesineidaunssanaaaniginsdinvasmatgnuida
hifuaskandaeiinfuhdy
nsUszifiuA$usuAnIueaNAnael (Carbon Footprint of Product) Aon1sUseiiiu
USiafideunszaniiudeseeninanuanfasiusazmenaeniginstinvessdnsdas suins

[ a 1

1funBadngau nsvuds nisUsgnoududiu n1sldau wagnisdanisernudn Sueindsldau
Tunsfinntagsusmangnandusivinvesgramnssuundiniisu fi

6.1 MaUssdiumfuouraniwin1sUgnUrduthiu (Oil Palm Plantation)

Mnmsfnsueneginialdnuit Usinunsudesfimideunsyanvaamsugnundiniisy
Tuiiufiniang fusenidoanile nawmie manans neld wagniangiueen Amdu 190.21, 117.90,
110.35, 88.93 uaw 84.99 keCOseq./tonne FFB sudiu tneUSunanisudesfiesounszanves
msUgnurduthifuresUssmelnemndndiunandmduiiuluuiasgiing Sendewinu 91.24
keCOseq./tonne FFB wansynuaulnafiintuinanmsddesfelunsaeonles (N,0) 91nnnsld
Jelulsiau nmsndndeiad uaznsldidemadueiosinsnansinums minfinnsunisdes e
ZounsranannisiUdsuntanisléfifu (Land Use Change : LUC) wasn1sugnurdaningu wudn
mawdsunlamniiuivinugnunduidudelfiAsnanseuduaufe neliAenisUdesfmideu
nsganifiutu nsdimauAsuutasniuiliduiu (@urald) liinsdesfmZeunssaniiuiy
dunsdinnddsuudasninituiiugniials @vdugn) 417 wagiiuiisnire ugnunduringiy
neliiAanansgnuatuuan Ae fn1siniiuaisvsuluaiuuidu Fegreannisuaasfing
arsuaulaoanled InsAnidudnadonisudesfimifeunszanain LUC vasnisugnurdanitsiulu
Uszmnalnewingu 45 keCOeq sioRunzalsu1duan

6.2 MivszifiunsusuanGuivasnsatathiuuduiu

nan1sUszdiunsUaesfedeunsyantunsdiilssnulifissuundafnedanin (Biogas) An
Ju 1,580 kgCOseq Aofutiuldudiv Tneiinannnsudesfeing (CHy) 91nsyuutdainde
LUUUaITn sesadn fie MsynsdanndoniinfinvematduaniingnssuIunnan daunsdl

= o

lssnulssvunaning@inin azUassfinuiaunszan 676 keCO,eq ARAUUNNUUIANAU FedimAn6
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a =B

ninsalitldfiszuundnmedainmicdesas 57 dmsunsrantisuadelunduiu Sanisudes
Aradounszan Andiu 962 keCOeq Aosiuuadaluldudiu

6.3 MaUszifiunSusuaniuivasnanduinduuduTsand

nszurunsndniiiuudunduvianiannsautslfidu 2 nadne e 1) THdeinas
Woadalunsuan (dufiuwaziitun) wee 2) [demadanalunmsudn (hradu nzaneudy
W wazietanm) nansUssidiumsUsesfdounszanlunsaiilssonildidoimameada fndu
1,081 kgCOeq Giaé’uﬂfﬂﬁuﬂﬂéuu%qmé daunsalsanuldidemasiang UsesfeSounszan 905
keCOLeq Aasuthifunduuians delladninsdildidemamenada Ussanaionar 16 Tnevh 2

a

ASMANET USU1uN15Uas 950 UNSLANTRILAASNANA M TNANSENUNANUINNUITUUIRUAU

o a 1

AUSEUMILUNISUARE AL OUNTEANYDINITVUEIINOAUTERINNTUANYIN 1 AUNTUANYIN 2

q

D

' '
2 a = = =

Uil NsvaesieisaunsyanveInsvudeingivveansal@nyii 1 dd1gendn nsdl@nwyii

q

o & =<

al v X a a ) cs' v o ¥ 1 a a N A
WHa991nnstdpnasauiueansainef 1 3ndudsaindianuiuannusenadulaiide Jail
Jregnvudmzialszina 2,400 Alawes Tuvasiinsdlfnwd 2 Tdgends Faunadaluian
a P a 3w s a a Y = a v
wideltannszuaunseanunuUduRunglulseurseanlseulndifes Fella1sraainaey
INNNFVUELTBLNEIINIaNUBEAIN
6.4 nsUszdiuasusuransuivesnsnanlulafiua
nsUseiunsuaseineisaunseanveanisuanlulefwa Weanansuinisenisuaseing
13PUNTLANVDINTALNTITAAU NTEUIUNITHER wazn1svudsiitieITos aunsafmuansafng
I al oA = ’c’ A a & a 1 a a ’oJ v =6 v
panlu 2 nsal Ap 1) NSy lauINNARINAYETIUVIR 81UAN T8 wavtTiuan way 2) nsally
T INan N aINEaaT LA Ne9Rg14Ren Han1sUseliunsUaseAwSaunsEantunsaintssuly
Wowndweadasiuiuemasduia (nsddnwy 1) Andu 1,308 kg COeq nosululofiwa lay
Hansenudulngunaningau hduldauiuians Uiduadissu waznsaluduliay) sesmen Ao
v P a | ~ A v & a N a ' & o~
A5 hUE1SARIUNTEUIUNISHER ddunsaNbssnulddamastiuia (nsaldnw7 2) asUasanieseu
n32an 1,238 kgCOseq sadululofwa Inanansenudiunguianingiv (Wduuraunsusans
& a a = PRI 4 a o ~ ' = a a a A '
wazUnduaResy) Fansanldwemasdiuiaiesegiaigdlunisednlulafwa JUsuian1suase
& & v oA = ~ ) v & a a o & a A v
fgsaunsyanteunindeiIsuiisuiunsiditomameadasauiuemaus) Ussunasovas 5
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a o/ I 13 gO’ L & a 90’ L I3 a Q‘ =
NANN A nzangUndUEn Usiuddudu WIUUIEANUIANG Tulefwa
(1 funzany (1 Audndulnauav) | (1 Audnsiudiau (1 aululenwa)
s
Unduan) U3gv5)
ASUAN®EN el | Awade | CPO w/o | CPO with | To@ewmas [luwewmas| Towewmde [loaemas

biogas | biogas Noada Fuwna | eaTauay | Fna

Fa

GHG emission 88.51 91.24 1,580 676 1,081 905 1,308 1,238
(kg CO2eQ)

N8N w/o biogas Fie Llfimsfindsszuufing®inin uway with biogas Ae In1sAnfszuuieInm

7. wuamnanisveremsliusslsvdanurduiniunaenindnstanielfiludamasluniania
aufaulasnszualnii

wumensrerenisldannusslemivndiningu nanaesld uazveadeaingaavinssuudu
iy ludrundauliiuazainudou Shussasd Wesilviussvdoaus Tasnisfidadae
weluladfifiuszansam Weliuyadmaasugia viefiSandn “Zero Waste” anunsasiunns
1§ 2 wuammdn Ao nsudnlaih wagnswdalriinazarudousin dwmunsuaslnidu ws
ooy 2 JUuuy Ao mandnluliainfedinim uaznisudelihandemasiame daunisude
Il wazarufeusiy andunsminlagldidomasiunafissegianior weil Tanafiamisn

a

Prunliduwemndls Ysenausie nzateurdulan nyaturaun dulotdeannalidy wazniely

= a

Udu 0813l57f Faraviwiinead auaudfnldunzaudunsiddudemas wu ndluurdy

a1 = o

‘:1' a & 9 ° @ v a v a v ~
LI INUAMMUTUAILALUAIAIINTDUAT I3 UUUADINUNTZUIUNITUUAIENTWUIU NN IVDILND

Y

Usuupsnuaudlmminzandunmsdudomdins dsamnsaaguuwimenislduselonifanmaeld
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. Lssafaundu N
S e | Iwfhuednssuu

Undudv

Toun Adlulssannunsiuunau)

o meudalwi @

=
(Steam Turbine)

W vedszuu

T ‘ »{ Aeiuuia ‘ > @
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»

-

. Tsendusisiuungdu

7

Wivnednszuu

N Tsselulediwa

AN 3 LneveensiiusylevdTanmdeld veadeanurduthiuludulni wazauiou

1) msuanluiinannfnedinmanidsvedssainunduuiauau winlseane disuuiay
dulngjaziinsAnasssuundninadininual wisgrslsinudndeiniussuunantiedinin ay

LY

sasfien COD agluszdugs uwardeilssatasfududnnaouwisdslifissuunanfadanm day
alfnenmdmsuihumanfedinmiedrietinmildluadnnsualili Ssanduyadide
AsugRa Uszann 394 Sruumded (§1sdedeyalssauanin 60 funzarsurduansiodalus) g
sruUNanfeTanmimnzauiian fo seuumeluladuuuianiuasysal (Continuous Stirred Tank
Reactor: CSTR) tlasanilyar1ilagiuans (Net Present Value: NPV) gegn Usgnaufunisliud
torlumsfindaszu 14Tuamuuiunans wardivsyansnmlunsiida COD g sesasn Ae swuy
Covered Lagoon Ingiidn NPV fudduitaes 14Guamusan uwideddiuilunisfiadeszuuan
figauazUszansamlunsiida COD mfign ognslsAn mndimsdniunsusulgssansamues
szuunBafeTinmredsanuiifadsszuuietnmluudlniussansamlumssidn coD galu
sufsnmaniinfudutanunielddu 9 wu nnegneuthduldy ssdisiunandefedinwly
a9ty dwaliyarmaassgiannnisanussuusdnfinefnmgedunulude dmiulsaulule
Fwatu tudsannssurumandedan COD gs annsatlundnfednmldiuieatulsmedn
ihifuunda uarluligiuilssnululofisaifies 1-2 15s Adszuundniedanin dady didean
Tssenilulefina Fsdidnonmdmivianndnfietanmitethlundnnssualuilg

2) mandnlifuazaudouanidemdsdunansasundua fdnsnmawvdoliivme
dufunisihinadnarndudemadunsuanliiuazanuiou IneAndugarmansegia
Useanad 4,930 aruumsiel (81989Uayalseauania 60 funzangurduansedalus) Ine szUUNan

TrihAuangauign fe nsldngareurdulamaniuidulofonnaudunas neauau Wesin
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fifn NPV gean Uszneufunstiviinaidemdafiomedimiutoudlsdlninied aruisasne
adssnmiudunuemadld dunslizarsundula Wesedafendudomas fauduan
yamaiusesasn esndeddituamugenissuuilldidomastaueianantu uanaind &
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o

& Ada = v = s P ) I3 H A
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a % a =

FUsuTnaRuisanadmsuldununlgnannasulndi

q

3) nMsnandeundsdanasalaainnislulidy Idneanguiiesniivinnaduianunie

TuaiuUrduduinann mndmisludiduainaiudiaudssannsesas 70 YesUSuuiauvieng
:’/ I~ dg" a a [ =3 o Sudy a Qlld wa (v

NN ENALLUBIAN D UL DNAITINIRDALIA VIR BINASTILaNTaulFmuzaunu
N3l Feaunsadmhelitugeainnssusiingg Wi luldduwremddunisndannudounse
Tnile TneAndugadmiuasegia Useana 9,000-10,000 aruumsed Feaztigasneseliliiu

vy =

LNEHINS ADNNINTS
4) n1stvulduAul U S udemdmaunuinsiuelunisuaa vy liddneninly
nstldlduselend wWesnnisudalnianinduuduiuiidunuaendililunisudngandi

s1e3udelnih vihlvldfianududdenisasu lneanansaaguladennsien 2

M1519% 2 MsUszilliuAnenmuazyalBaaTegRanuNIHERNAsURaen I InTTInves

Undunisiu

Useiau vndeanlseasanisiu nsuanliiuazauiou ASHARTWRAA NSHARN
Unaudu/1s599u Funa
lulefiwa dnudin
CSTR Covered |mzangtndulsn| meaneundu | Weudurdudiu | meluddu

Lagoon wanleurau wWan naunusTueN

waznzatUan | esrdafen

Angnmingiu | Weswe | e \igawe Fornaouen | Tamenndy | uieawe

55% Yrsfupnen

NPV Eruum) | 103.30 93.90 811.68 65192 | dunuingiiugs -

YarBuATgNa 394 4,930 nhaasude 9,000 —
Euumset) Lok 10,000
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8. uuamamsaumalulad uinnssy nsuvssuisutduilaiuyadndnsusinuguuuy
N1SAAILILATEFNALUY BCG (Bio Circular Green) Economy
msAnwuumstaumelulad uinnssy Tunmafiuyadwansusiunduifuniusuuuy
MINAUIATEFAIUUY BCG (Bio Circular Green) Economy laglduuifanisiiasigsi SWOT unld
Tunsinszitagauds 9aseu Tond uwazalassa LaiasanmuInemsiauilaglduundn

TOWS &eanunsaazuuuaniamsnaunfdfgle Al

o

1) wuamalunisiaiuindaduanvdidyarigeluanaivnssusioilios desatduayu

IS %

Ausznaunsinglvinisiaundndueilndsiudu eandununside wasndnauligusenoaunis

i ! |

guannssulatalawniiauindn s ltriniiyadigesiiunisadvayulduuaendedi n15nIs
atvayusuwmalulad wagdnsuselovidneg soulidanisasrimainnielulsemaiiesesiu
nanSnald 917 nsdnaunansduavIailulglufanIsingg veesy

6

2) wummslunisudaiiduudanssuieliminveadaduaud (Zero Waste) A153n1g

Y

advayuyuIdeioasiusegdlalunside aflsanudusuuiiedugudnaninisteus duasuli
magnamnssuUrdudtuiveudeluldusslevinunan 3Rs (Reduce, Reuse, Recycle) lnglv
AndRitAwnAne 1wu nMsaangeun® Wudu

3) wwimstunislduselevianvendsnasawiagmasldanananssuUiauundiuwuy
Asuaastunsndandsuldedunssuiunisndavsedmuieg misiinisduasunisinawian il

¢ % o v a Y P a o & - | a o e

PnUrauniuinldusslevilunmdandsnu deanuSunuveunioiasiiuyarndnsioe log
asnaussgelalusunmsnandundenu advayutuamuuasmalulad aduayugsnaniausununis

=) LY

Ifuselortanvendowasiawianguialdlunisndandanuldiesunssuiunsudaaniadining
atuayunIYINEITeTINAUsENIENINe1a 159U kagmheunasy waen1siningiudeya
Uinamendsuarfanndeingramnssuirdinituresis semadioliideyalunisnauny
WAILINENUINTINIA

0) wwmamsitawmelulaimswdniiululefeauasnannanaesls enfi n1sldnagns
afausegelalunisléluledwaluusema msfmununnsgiunisnanlulefiwaiidaou n1sdnw
wanansidlulefwaiiionsnanndndailngg Wewdsundeusuaaunsainsldinduiions
anasuazfinaudunalunsnmesudeunduiniu swluisduaiunisudondadusilnaii
annsaadyarinannsudnluledios Wy ndweIuuians wideanesdalniun (Methyl
Ester Sulfonate : MES) uagansydedudanin (Biolubricant)

5) mnneivendeiiinanudnsusiunduiiuasdhiunduiiilenaadiayaduiiy
uarliiAnnansenuiauindeuuasguruniofiionin “Zero Waste” thu lul 2562 anansathves
Aounvdauazadiayaanfiuiiolivendoiiugud (Zero Waste) Aniduyadiifinsialszine

Usganas 11,100 a1mum AleangnannssuidnauainduiiaglssnuaiaunduUidy
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lduuudtaeanys (Diamond Model) ¥@4nAlwa3uUTans wilaleainasdalniun wazaisaau
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a

AoaN13vemann d1unseasuladn nAweIuuIavs witaeawmaidalniun (Methyl Ester Sulfonate

a [ [

: MES) wagansuaedudinin (Biolubricant) iJundnsduainddnaainlunsiaunitoasiayadiiiu

LLazLﬂumméTaqmﬂamam

9. funuu BCG vasgaamnssuthduinsiuvasine

FulUU BCG Model dmsugaamnssuinduingu Hingussasdilefiugarmansugia
mugluiuanudiiunssssunidemaluladazenn dagtulugnamnssuunduiy dnnsld
Usglovdanuaniusuasuanasyla 3 @unane loun dunsnAeduna wazidulourdy wu ns
Hanauduvesddunounsugnlul uie Adidesaaedulsnisluudas Tuuasnisunduiinng

i lulddudanngudu nzaneurduarnmdeannszuaunsiviiduingdu dnsunluldduian

[ a

< [ a & a ¥ § o a [ [ k%
wziin Janaquiu waziluingivlunisedalii @uleurduiinsiundadundanuanuiou
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w3alih naurduAvlundadulendn waznsarrduifinuand@linuiougesgnihunyindu

9 9 Y

Wanaunendanasnuausounazinii 5o Unlunda Activated Carbon dduiiasaduiiniiunay
Tuu azgmilulduseloviiuenms wu dndfufis i3y geamuils didunen Wusu dans
TgUszlevdmundssy vy lwlsfwa uananntglindnduanlaannnIswenasnusenauvasusy
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Executive Summary

Policy Research on Using BCG Model in Oil Palm Industry Management

World economic and social driving is currently transiting from fossil or petroleum
dependent to bio-based or bioeconomy in order to decline the effect of climate change
and to sustainably improve economy and society. This bioeconomy concept aims at
promoting creative utilizations of agricultural products to increase value and improve
efficiency of existing processes as well as create the growth of employment rate due to
emerging industries, transforming low value biomass to high value added bio-product. In
addition, there is an economic concept referring effective resource management, which
aims to reduce waste generation and to preserve or reuse and recycle the products as
much as possible. This aims for preparation of future uncertainty and possible resource
shortage. This so-called circular economy pushes the conventional straightforward economy
in which the products and services obtained from natural resources are discarded after
single use. Regarding, the new economic concept that the products are designed to be
reused. The concept from both bioeconomy and circular economy also correlate with
green economic concept. This overall concept targets on sustainability economic, social
and environmental matters by systematically balancing use of natural resources to support
domestic uses and to compete in the international market. Accordingly, Thai government
implements these three economic concepts of Bioeconomy, Circular Economy and Green
Economy as in short BCG model in the national policy in order to drive agricultural sector
based on bioeconomy development strategy.

In Thailand, Oil Palm is one of the economic plants, which involves in the three
main sectors food industry, energy industry and oleo-chemical industry. Therefore, BCG
model should be implemented to create economic value and social improvement in
parallel with environmental protection.

This study focused on the national approach for energy security development in
parallel with the sustainable development of palm oil industry based on BCG model.
According to the Alternative Energy Development Plan (AEDP), oil palm is also considered
as one of the mains feedstock for biofuel and alternative energy production. As a result,
this project was carried out the assessment and analysis on the policy management in oil
palm industry. The information gathered from upstream to downstream was used as
guideline to improve the overall oil palm industry within the concept of energy security.

Consequently, a concrete and systematic plan for oil palm industry development and a
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business model are objectively expected. The results of the study are briefly presented

within executive summary.

1. Objectives

1) To be a guideline to balance the overall oil palm industry in Thailand.

2) To promote further integration of oil palm industry including upstream,
midstream, downstream and other relevant industries to create high value-added
products and to respond to the concept of energy security.

3) To apply BCG model to improve oil palm industry as well as other relevant

industries.

2. Oil palm industry overview

2.1 Global oil palm industry

Among oil crops, palm oil production is expected to be 36% of the total production
of oil crops. During 2009-2017, the top-three producers in the world were Indonesia,
Malaysia and Thailand whereas the main refined palm oil exporters were Indonesia and
Malaysia. Compared to other economic plants such as soybean and rapeseed, the markets
of those plant oils were larger, even though, the price was higher than that of palm oil. The
countries of destination of those plants were similar, which included China, Mexico and
USA. The main palm oil consumer countries were Indonesia, India, Europe, China and
Malaysia. Currently, every plant oil producing country is implementing similar development
plan for oil palm and related industry which involves 1) being less fossil dependent, 2)
increasing exportation and 3) promoting domestic industry by supporting sustainable
production as future trend.

Global palm oil industry is considered as low risk regarding the food security due to
its high production rate and its annual increasing trend. Also, each country implements
policy that prioritizes the production of palm oil for consumption purpose, the risk for
energy security is, as a result, also low. This can be seen from the global palm oil stock,

which is higher than the normal stock of the last 3 years as shown in Figure 1.
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Figure 1 Global trend of palm oil production, consumption and stock from 2007-2020

Beside annual increase of palm oil production, the leaders in palm oil production
(Malaysia and Indonesia), plant oil producers (Europe and USA) and major consumers (India,
China and Europe) have put a lot of effort to improve production efficiency and reduce the
use of resources such as energy and water. In addition, waste management has been
considered and clean technologies have been utilized including biogas production from
waste water and biomass to energy technology from oil palm empty fruit bunch and trunk.

2.2 Oil palm industry in Thailand

In Thailand, oil palm industry has been fully integrated from upstream and
midstream, while downstream industry still relies on importation of feedstock in order to
respond to consumer needs for both domestic consumption and export. Fresh fruit bunch
(FFB) from farmers are all brought to oil mills or refinery plants in order to produce crude
palm oil and refined palm oil, respectively. Most of the palm oil mills are located around
plantation areas, which are mostly in the south of Thailand. Refinery plants are mainly
located in the central part of Thailand due to the convenient logistics. Biodiesel producers
are also located in the central and the eastern parts of Thailand due to similar reason. For
oleo-chemical industry, the plants are also in the same areas as other downstream
industries. Their main products are fatty acids, fatty alcohols, ethoxylate, crude glycerine,
pure glycerine and epichlorohydrin. The ratio of exported and imported products varies

each year.
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During 2014-2018, the number of imported oil palm products, crude palm oil and
crude palm kernel oil significantly decreased in Thailand due to the restricted policy on
palm oil importation announced by government in order to stabilize domestic price. For
downstream industry, refined palm oil was mainly imported from Malaysia and Indonesia,
and biodiesel was imported from Malaysia. Thailand exported both crude and refined palm
kernel oil. The largest market for crude palm kernel oil during 2013-2019 was Malaysia with
86% of market share and followed by EU. India and China had 84% and 2% of market share
respectively. In the same period, the largest market for refined palm kernel oil exportation
was also Malaysia with the share of 97% while 3% for India, Pakistan, Cambodia and
Philippines.

From estimation, the value of the major domestic products, Thai palm oil industry is
205,524 million baht. The upstream, midstream and downstream industries are worth
around 48,000 million baht, 60,000 million baht and 71,000 million baht, respectively. In
addition, downstream related industry such as oleo-chemical industry covered 27,000
million baht. It can be noticed that the largest industries were refined palm oil and
biodiesel.

Regarding the data collected from 2018-2019 , the trend of demand and supply of
current and future oil palm industry was observed with 7.2% annual growth of oil palm
production. For crude palm oil, the fluctuation of export was noticed. Since it was the most
sensitive indicator, this study used the exportation growth rate to calculate the export rate,
and the value obtained was -18. This was due to the increase in taxes of crude oil palm
import in India to support Indian farmers. Thus this dramatically affected Thai exportation.
Currently, the exported quantity is reduced by 15%. Moreover, European policy also
negatively affected the main producers, Malaysia and Indonesia. Also, the export rate in
Thailand was consequently decreased. The palm oil import was also restricted to the
lowest at 2,560 tons a year according to government policy to stabilize domestic crude
palm oil and fresh fruit bunch prices. The palm oil consumption was calculated based on
the populations, published by the office of the National Economic and Social Development
Council and 3.77% of biodiesel consumption growth in 2020 estimated from Alternative
Energy Development Plan (AEDP) policy launched in 2018. This was taken into account for
the estimation of oil palm production, import and export and crude palm oil consumption.
It can be observed that the stock of crude palm oil during 2021-2023 tends to decline and
then rise up again during 2026-2029 as illustrated in Figure 2.
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Figure 2 Trend of palm oil production, import and export, consumption

and stock of crude palm oil

3. Oil palm cultivation area

A number of oil palm farmers in Thailand are more than 235,38 6 households.
Total areas of cultivation are 6.97 million Rais with 15,395,255 tons of total fresh fruit bunch
produced. The average production per Rai is 3.02 ton. The largest planting area is the
Southern (83% of total planting area) followed by the eastern, central, north-eastern and
northern parts of Thailand. Weighted Linear Combination model was used to study the
suitable planting areas of oil palm and the results showed that 4.66 million Rais out of 6.97

million Rais were in the suitable areas. The level of suitability could be classified as follows.

Oil palm planted in a very suitable area 0.85 million Rais
Oil palm planted in moderately suitable area 1.43 million Rais
Oil palm planted in slightly suitable area 0.66 million Rais
Oil palm planted in unsuitable area 1.72 million Rais

The suitability depends on soil condition, which was defined by 3 soil qualities
including plant needs, land management and land conservation. Inappropriate soil quality
could be improved by relevant technologies in order to adjust to the better condition and

to increase productivity and oil yield.
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4. Economic, social and environmental impact study to promote oil palm production

4.1 Evaluating problems of economic crops and promoting oil palm plantation.

The study focused on the influences of the 6 economic crops including rice, para
rubber, sugarcane, maize, cassava and oil palm on economic, social and environment
impacts. Rice and rubber had the highest impact. To substitute these two crops with oil
palm, the cultivation efficiency for higher production yield must be implemented and the
quality of land must be in suitable state. Information received from Land Department
showed that rubber, rice and cassava plantation areas are currently located in the areas,
which are also suitable for oil palm. Rubber plantation is reported to be mostly compatible
with oil palm and the area is larger (34,500 rais) as compared to other crops (50-3,500 Rais).
Therefore, economic and financial analysis to replace rubber with palm oil should be
carefully considered.

4.2 Financial assessment of the replacement of economic crops with oil palm

The economic and financial analysis on the substitution of rubber with palm oil in
suitable areas in the east, north-east and south of Thailand indicated the negative results.
The least suitable area is the north-eastern region followed by the eastern and southern
regions, respectively. This was due to the lower revenue from oil palm as compared to

rubber.

4.3 Identification of oil palm cultivation areas to replace other economic crops

According to AEDP 2018, the future expansion on oil palm cultivation area should
not exceed 1.54 million Rais by the year 2024 if current production per Rai (3.02 tons/ Rai)
and the recent oil yield (19%) remain. Even though biodiesel consumption was in
agreement with the prediction of AEDP 2018, the further plantation areas should not be the
solution. In the study, the attention was drawn to oil palm cultivation in marginal areas
such as old oil palm plantation, rubber plantation, fruit plantation, peat soil of the 3
provinces in the southern area and Pakpanang estuary. The results brought to suggestions
that improving productivity, especially in the east, north-east and south is more important

than expanding cultivation areas.

4.4 Impact of oil palm promoting campaign

As mentioned in the previous study to improve productivity of oil palm, the target
areas for improvement were accounted for 1,228,740 Rais. The rise in productivity increased
production of 2,376.65 million kgs after land adjustment is expected. The income of farmer

should be potentially added up by 1,501.43 baht/Rai and help the national economic
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impact to increase by 1,913.65 baht/ Rai. From this land development campaign, it could
lead to national economic impact of 3,029,159,250 baht for 15 years of projectsl.

However, revenue from both oil palm and rubber was varied, thus the price and
demand and supply management should be considered carefully either for the campaign

to replace other crops or for land development to increase oil palm production.

5. Efficiency Improvement of oil palm industry in whole supply chain from upstream,
to midstream, downstream and related industries

Oil palm industry involves several stakeholders from farmers who may gather in
different patterns such as cooperatives, association or others. Based on the opinions of
farmers, the problems for farmers in the upstream or oil palm cultivation are the lack of
knowledge and area management skills such as financial source, cultivation technology,
fertilization, which significantly affect the productivity. The best solution needs to provide is
the good practice, so that the farmers could become be self-reliant and be able to produce
high quality products. In addition, government policy directed to oil palm should be put in
action in order to establish the oil palm standard so that, they could be recognized by
responsible organizations.

In the midstream level, raw materials, i.e., fresh fruit bunch is brought to milling
process to obtain crude palm oil along with the residue from the process, such as empty
fruit bunch, palm kernel and fiber. These residues could potentially be used as biomass for
energy production for internal usage in factory or apply in other related industry such as
pulp and paper, fiber and fertilizer. Biogas could be also produced from waste water. To
improve efficiency, milling technology should be developed to minimize oil loss. In
addition, energy and water utilization should be strictly monitored. This improvement aims
to reduce processing cost and environmental impact. Moreover, the good quality of crude
palm oil should be maintained and at the same time more value-added products need to
be promoted. Another way to increase process efficiency is to separate palm kernel as it

could not be collected in the conventional milling.

For downstream or refinery plants, most of improvement are carried out based on
the existing technologies in order to produce oil with higher nutritional value to meet the

customer demands. Although, new technologies are available such as enzymatic

! This study estimated the project duration to be 15 years based the return of the revenue after land development which
may vary depend on the age of already planted oil palm in the area. This is why project duration is shorter than the
general project of oil palm cultivation which is usually 25 years.
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degumming, short-path distillation and supercritical processing, there are still certain
limitations. These limitations include scale-up and technical issues such as odour released
as well as the high capital cost of technologies. Therefore, the choice of technology
depends on the business plan of each investor.

Related industries are classified into energy industry, oleo-chemical industry and
pulp and paper industry. The development plan is summarized as follows.

1) Energy industry: palm oil is targeted as feedstock for alternative energy
production in order to partially substitute diesel in both cars and aircrafts engines. This can
be processed by varying mixing ratios of two accepted products. The first one is high quality
biodiesel (FAME) with high mixing ratio and the second one is biohydrotreated diesel (BHD)
which has similar structure to fossil diesel. Moreover, the process of BHD offers a valuable
co-product as Biojet.

2) Oleo-chemical industry: two main products are methyl ester sulfonate and pure
glycerine. This industry focuses on using raw material from downstream industry with the
application of new technologies. Sulfonate group is added to methyl ester, which obtains
from biodiesel production. Sodium bisulphite is recommended as it has minor
environmental impact and safe to operate. Furthermore, used oil can be used as raw
material for producing detergents which are usually imported or chemically synthesized. For
purified glycerine, it is obtained from further purification process after biodiesel production
process, purified glycerine could be used in advanced industries such as cosmetic and
pharmaceutical. Moreover, bio-lubricant is also the product from oleo-chemical industry
that is continuously of interest.

3). Pulp and paper industry: all the fiber containing parts including fruit bunch, leaf
cladding and trunk can effectively be used in packaging and furniture productions. Relevant
technologies have been slightly changed from Kraft process to steam explosion to reduce

chemical use. Also lignin can be recovered for high value applications.

6. Carbon footprint and greenhouse gas emission evaluation through product life
cycle of oil palm cultivation and palm oil products
Evaluation of carbon footprint of product is to determine the quantity of
greenhouse gas emitted throughout the life cycle of each product from raw material
reception, transportation, assembling, use, discard and waste management. This study

focused on the main products of oil palm industry.
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6.1 Evaluation of carbon footprint of oil palm plantation

From regional study, the quantity of greenhouse gas emission from oil palm
plantation in the northeastern, northern, central, southern and eastern regions were 190.21,
117.90, 110.35, 88.93 and 4.99 kg CO,eq./tonne FFB, respectively. From the quantity of oil
palm production in different regions, an average greenhouse gas emission of Thailand was
91.24 kg CO,eq./tonne FFB. This effect was mainly caused by nitrous oxide emission from
nitrogen fertilizer utilization, chemical fertilizer production and fuels for agricultural
machinery. Considering greenhouse gas emission from land use change (LUC) of oil palm
cultivation, it was found that the deforestation for oil palm plantation instead led to
increasing greenhouse gas emission. In case of the substitution of fruit plantation with oil
palm plantation, no negative impact was found. Meanwhile, the positive impact could be
observed from changing of rice paddy fields empty lands to oil palm plantation as it tends
to generate carbon accumulation in oil palm plantation. The average of greenhouse gas

emission from LUC of oil palm cultivation was 45 kg CO,eq./tonne FFB.

6.2 Evaluation of carbon footprint of oil palm milling

Without biogas production system in milling factories, the average of greenhouse
gas emission was 1,580 kg CO,eq/ tonne crude palm oil. This was firstly due to methane gas
from waste water treatment in open system. Secondly, it was because of the
environmental burden of fresh fruit bunch that entered the process. In the case that
factories equipped with biogas production system, the average of greenhouse gas emission
was 676 kg CO,eq/ tonne crude palm oil, which were 57% lower than those without the
biogas system. For crude palm oil production, the average of greenhouse gas emission was
962 kg COeq/ tonne crude palm oil.

6.3 Evaluation of carbon footprint of palm oil refinery

Refined palm olein process could be categorized into 2 types: 1) fossil fuel (coal
and fuel oil) process and 2) biomass energy process (palm shell, empty fruit bunch and
biogas). For factories using fossil fuel, the average of greenhouse gas emission was 1,081
kgCO,eq/ tonne refined palm olein. By using biomass as energy source, the average of
greenhouse gas emission was 905 kg CO,eq/ tonne refined palm olein, which was 16%
lower than the first type. Comparison of the two processes showed that using the fossil fuel
needs to import coal from Indonesia via shipping which is 2,400 kms distance. Therefore,
greenhouse gas emission was higher than using biomass energy. The biomass residue could
be obtained from crude palm oil milling and/or neighboring factories thus the

environmental burden for transportation was significantly reduced.
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6.4 Evaluation of carbon footprint of biodiesel production

Considering the greenhouse gas emission from raw material reception, production
process and related transportation, the study was categorized into 2 cases 1) Steam boiler
powered by natural gas, coal, biomass and fuel oil and 2) Steam boiler using energy from
biomass. In the case that the mixture of fossil fuels (case 1) and biomass were used, the
average of greenhouse gas emission was 1,308 kg CO,eq/ tonne biodiesel. The main impact
was from raw material (partially refined palm oil, palm stearin and fatty acids) and chemical
used in the process. For case 2, the average of greenhouse gas emission was 1,238

keCO,eq/ tonne biodiesel and the main cause was also raw material. When only biomass

energy was used, the greenhouse gas emission was 5% less as indicated in Table 1.

Table 1 Evaluation of carbon footprint of the main products of oil palm industry

Products Fresh fruit bunch Crude palm oil Refined palm olein Biodiesel
(1 tonne fresh fruit (1 tonne crude (1 tonne refined | (1 tonne biodiesel)
bunch) palm oil) palm olein)
Cases South Average | CPO w/o |CPO with| Fossil | Biomass | Fossil | Biomass
biogas biogas | energy | energy and energy
biomass
energy
GHG emission 88.51 91.24 1,580 676 1,081 905 1,308 1,238
(kg CO2eQ)

7. Guidelines toward the utilization of palm oil as a fuel for heat and electricity
productions

The objective of utilizing by-products and waste from oil palm industry for electricity
and heat production was to get closer to zero waste process with technology and create
value added products. There are 2 approaches; using biogas for electricity production and
using biomass for electricity production. Cogeneration of heat and electricity is produced
only from biomass. The biomass that can be used for fuel are empty fruit bunch, palm
shell, fruit bunch fiber and leaf cladding. Some of them, i.e., leaf cladding is less suitable for
fuel purpose due to its high moisture content and low heating value. Therefore, there is an

additional process to improve the physical properties. The guideline to use by-products and
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waste from oil palm industry for electricity and heat production is summarized as followed

(Figure 3).
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Figure 3 The guideline to use by-products and waste from oil palm industry

for electricity and heat production

1) Using biogas produced from waste water of oil palm milling for electricity
production. Although most of oil palm milling is equipped with biogas system, COD level of
waste water is still high regardless the fact that a lot of oil palm milling is not yet equipped
with biogas system. The economic value of using the biogas for electricity production is
approximately 394 million baht (the factory with milling capacity of 60 tonnes fresh fruit
bunch/hour is used as a reference). The suitable system for biogas production is continuous
stirred tank reactor (CSTR) due to its highest net present value (NPV). Moreover, the system
is not required large space and it can be set up with moderate amount of financial
investment and high capacity of COD reduction. The second best is covered lagoon system
with slight lower NPV and low amount of financial investment required. Nevertheless, this
system required more space and less efficiency for COD reduction. In case that it is
currently used, the additional system including fermentation with palm oil sludge to
improve COD reduction, and biogas production efficiency may be used. For biodiesel plants,
the high COD waste water could be also used for biogas production as well as in oil palm
milling. At present, only 1- 2 biodiesel plants are equipped with biogas system and so the

waste water could be used for electricity production.
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2) Using empty fruit bunch as a biomass for electricity production. The economic
value of using the empty fruit bunch as fuel for heat and electricity production is
approximately 4,930 million baht (the factory with milling capacity of 60 tonnes fresh fruit
bunch/hour is used as a reference). The suitable fuel is the mixture of empty fruit bunch,
fruit bunch fiber and palm shell due to its highest NPV. Moreover, the supply is sufficient for
the whole year, so that the cost of fuel could be stabilized. In case of using only empty
fruit bunch, the cost is low as it requires more amount of financial than the mixed biomass
system. Besides, improvement of combustion technology is needed along with biomass
preparation. The suitable area is the southern part as it is the main location of oil palm

plantation and milling so the biomass is continuously available.

3) Production of wood pellet from leaf cladding. This way is potential as there is a
lot of biomass left from the plantation. If 70% of leaf cladding from total amount is used to
produce pellets with the suitable properties for different applications, the economic value
of around 9,000 — 10,000 million baht can be reached. This should be another approach to
increase the farmer revenue.

4) Using crude palm oil as fuel to replace fossil fuel oil. This approach is totally not
suitable as the production cost of electricity produced from crude palm oil is much higher
than the on-grid electricity price, so it is not worth the investment. The summary of these

approaches is presented in Table 2.

Table 2 Estimation of potential and economic value of the complete life cycle utilization

of palm oil as a fuel for heat and electricity production

Issue Waste water from oil electricity and heat electricity Wood pellet
palm milling / production production production
biodiesel plants
CSTR Covered Empty fruit | Empty fruit Using crude Leaf
Lagoon bunch mixed bunch palm oil cladding
with instead of fossil
fruit bunch fuel oil
fiber and palm
shell
raw material | sufficient | sufficient sufficient Outsourcing | During low price |  sufficient
supply 55% of crude palm
oil
NPV (Million 103.30 93.90 811.68 651.92 Production cost -
baht) is higher than
Economic 394 4,930 sold price 9,000 -
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Issue Waste water from oil electricity and heat electricity Wood pellet
palm milling / production production production

biodiesel plants

CSTR Covered Empty fruit | Empty fruit Using crude Leaf
Lagoon bunch mixed bunch palm oil cladding
with instead of fossil
fruit bunch fuel oil

fiber and palm
shell
value 10,000
(Million
baht/year)

8. Guidelines for technology and innovation to increase value of oil palm products
according to BCG (Bio Circular Green) Economy

The study aimed to improve the existing processes by applying technology and
innovation to increase value of oil palm products according to BCG (Bio Circular Green)
Economy. It was conducted based on SWOT analysis. The strength, weakness, opportunity
and threat were analyzed and the strategies are summarized according to TOWS as follows.

1) New high value added products development in the related downstream.
The private sector need to be supported for co-research and development to share the
cost. The oleo-chemical industry need to focus on new and high value added products
with government support such as soft loan with low interest as well as technology or other
privileges. In addition, domestic marketing should be promoted also by the government
support.

2) Innovative production technology to Zero waste. Research on this topic should
be encouraged by funding campaign. Establishment of pilot plants as a learning model
should be available. The 3RS approach (Reduce, Reuse, Recycle) should be promoted to
the industry level with privileges such as tax exemption.

3) Utilization of by-products and waste from oil palm industry either for energy
production of internal use or for selling should be launched. This should be encouraged by
providing funding and technology especially for those who plan to utilize by-products and
waste for energy production for internal use or for selling. The public-private projects
should be planned and set up. The data base of all by-products and waste from oil palm
industry should be created for future plans of biomass energy production.

4) Improvement of biodiesel production technology and by-products can be done in

many ways; for example, promoting domestic biodiesel consumption, defining the standard
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of biodiesel and creating new application of biodiesel and its by-products such as purified
glycerine, methyl ester sulfonate (MES) and bio lubricant. This is necessary for the future
decline of fossil fuel dependency and also traceability requirement.

5) Opportunity analysis for value creation from waste of oil palm products and palm
oil and environmental friendly, Zero-waste. In 2019, waste from upstream and oil palm
milling in Thailand could have generated the value of 11,000 million baht if zero waste
approach applied.

Diamond model was used to analyse the potential of oleo-chemical industry. It can
be concluded that the products from downstream industry, i.e., purified glycerine,
methyl ester sulfonate (MES) and bio lubricant have high potential for value creation and

they are on market demand.

9. BCG model of oil palm industry in Thailand

BCG model of oil palm industry in Thailand aims at creating and adding economic
value in parallel with sustaining natural resources with clean technology. At present a
number of products and by-products from oil palm industry are effectively utilized. Biomass
and fiber are used for planting material and fertilizer. Leaves and leaf cladding are used as
mulch. Empty fruit bunch after oil milling is used for planting material for mushroom, mulch
and fuel. Fiber is also used for heat and electricity production, while raw fruit can be used
for fertilizer. Palm shells which have high heating value are also used for heat and
electricity production or activated charcoal production. Wax and oil are used for food
products including edible oil, margarine, shortening and frying oil. Biodiesel is produced for
transport fuel. Many consumer goods are produced from palm oil refinery such as fatty
acids, stearin, fatty alcohols, fatty acid ester, sglycerine and derivatives. Waste from
processing such as palm residue and waste water is converted to biogas for heat and
electricity production. Palm kernel and sludge is used for animal feed. Nevertheless,
utilization process is not totally complete as energy produced from biomass has short life
cycle. These indicate inefficient use of natural resource as the economic and social impacts
are low. In addition, there is a risk that the pollution is produced. To ensure the availability
of raw materials and protect environment in parallel with preserving biodiversity, BCG
concept should be systematically implemented. This will also help to increase the
competitiveness of oil palm industry in the future. Moreover, there are clean technologies
available such as enzyme technology and bio-refining, which produce biomaterial and value

added products. Recycling or upcycling of waste water and the use biomass such as empty
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fruit bunch, trunk and cladding to produce energy or other forms fuels such as ethanol or
bio-oil is also beneficial. Advance technology, i.e., hydro-processing could be applied to
produce BHD and bio-jet. It is estimated that the economic value of the products should
increase by 19% and 12% for by-products if BCG is fully implemented. The greenhouse gas
emission can be also reduced by 25% for each tonne of product generated. The amount of
recycled energy should increase up to 55% which will help to get closer to be less
dependent on fossil fuel. This can lead to a better and more controllable production

system and result in infinite recycle as indicated in Figure 4.
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10. Structure and capacity analysis for competitiveness of oil palm industry in
Thailand

Oil palm plantation areas is scattered all over the country but highly in the south,
east and upper north- east of Thailand. Oil palm milling is thus located nearby the
plantation lands. For other downstream industries such as oil refinery, biodiesel plant and
oleo-chemical factory are mainly based in the central and eastern parts of Thailand due to
the lower logistic cost. The major weakness of Thai oil palm industry is the high production
cost due to many factors. Current production standard of Thai oil palm industry has not yet
met that of Roundtable on Sustainable Palm Qil (RSPO) which is also required by European
clients. This issue limits the extension of related downstream industry in international
market and also creates a competition with the imported products for domestic market. In
addition, lower price of petroleum is a competitive with the palm oil price. Selling raw
material through middle men can also elevate the price of palm oil and products. However,
there is still an opportunity for domestic market as it is less competitive and production
technology is well-known. Moreover, there is a positive trend in market demand that
favour oleo chemical and green products. Although the palm oil industry is under pressure
due to environmental issues, there are opportunities available to focus for future for oil

palm industry in Thailand.

11. Development plan and policy recommendations for Thai oil palm industry

Major problem of oil palm industry in Thailand is the high production cost which
consequently affects the cost of other downstream industries. In addition, high quality
products corresponding to market standard are required from business partners, which
cause Thailand in competitive in the world market. Short term development plan focuses
on 1) reducing production cost; 2) reaching RSPO standard; 3) improving human resource to
support technology development; 4) revising law and regulations to improve investment
confidence and support green products; 5) Zoning plantation and industry 6) using in-house
technology; 7) supporting domestic market and seek for new business partners and 8)
supporting infrastructure from government for electricity and irrigation system including
investment policy. To extend to long term industrial development, it should be started
from the related downstream industries such as purified glycerine, methyl ester sulfonate
(MES) and bio lubricant as they can absorb large volume of palm oil. In case of decline use
of biodiesel due to unpredictable circumstances, the concept of biorefinery could be

helpful to produce chemical building blocks for various biodegradable products or
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bioplastic from palm oil. Also, alternative energy such as BHD should be well set up. In the
final stage, electro-fuel plants should be considered. Hydrogen from water will be
combined with carbon. This carbon is from carbon dioxide in atmosphere absorbed from
amine, a product of oil palm industry. The system is initialized by alternative energy for
example sunlight or wind, and then the heat from systems will be used for electricity
production.

This plan can be achieved only under the collaboration with every stakeholder
including Ministry of Energy; Ministry of Agriculture and Cooperatives; Ministry of Industry;
Ministry of Higher Education, Science, Research and Innovation; Ministry of Commerce;

Financial Institution and others.
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