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Abstract

Abstract

From the past until year 1900, the world economy was driven by natural
economy. Later on until 2014, the petroleum and fossil based economy so called
fossil economy took place.. Nowadays, the world has changed due to the population
growth and climate change problems. Society is transforming from fossil based to
bio-based economy in order to miticate climate change effect in sustainable
practices. Two key industries food and non-food industries, are the main driver of
bio-based economy. In order to balance these industries and escape the middle-
income trap, studying bioeconomy development status and synthesizing a
recommendation for bioeconomy related research and development for Thailand
become of importance. To achieve, literature review of bioeconomy related
researches (emphasizing on value-added in agriculture) both national and
international has been used as a tool.

Form data base, it can be seen that Malaysian and Korean policy in aspects of
agricultural and industrial management as well as innovation development are the
most adaptive approaches to our country. Moreover, policy should be driven to
whole chain value agricultural management such as producing building block
chemicals in stead of agricultural waste utilization for Thai 6 economic crops
including rice, cassava, para-rubber, sugarcane, corn and oil palm. These building
block chemicals can be further developed for green chemicals, agro-industry and
food industry, bioenergy and bio-chemicals industries. Considering the quantity of
agricultural materials, building block chemical market demand, policy support and
technology readiness level (TRL), the outstanding building block chemicals from both
1 generation (sugar based) and " generation materials (cellulose based) are
glycerol, acetic acid, sorbitol and succinic acid that could be derived from rice,
cassava, sugarcane, corn and oil palm respectively.

A recommendation in research and development for 1" and 2" generation
were devided for upstream, midstream and downstream. For 1St generation, research
in upstream (agricultural practives) have been well performed thus improving on
productivity shoud be focusedFor midstream, increasing of building block chemical

production and purification from whole chain agriculture should be emphasized,



Abstract

therefore downstream industry could consequently conduct more on product
development according to the materials. As well as in 2" generation material,
midstream and downstream industries should be develop in the same direction of 1"
generation material. However, limitation of 2nOI generation utilization is pretreatment
process that still required more research and development to obtain cost-effective
pretreatment method. To reach a sustainable Bioeconomy, the most important
approach is to develop our own production technologies for both building block

chemical production and also product development.
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Commercial production of biofuels, chemicals and materials in Thailand

Industry
Agriculture Companies
types products
VJ@ — Ethanol 1088 miL/yr | N 72 @KU Sk
» lotuels A
gugmq”e Biodiesel 1168 mil Lfyr || emo R E@svis
& Blosneegy Biogas 1,523 mill m3/yr @ @ <1 KL
Biomass to ] AN KTIS
Electricity 2321 MW @ [T & LS.
Lactic acid 100,000 t/yr con
Y - Citicacid 15000 t/yr A @
CUSSO\{ Gl 17 mil L/ (7)
ycenne m| yr 2 PATUM TOL
,\ Biochemicals
Sorbitol 43,000 t/yr G - e
Lysine 47,000 t/yr D)
Oleochemicals 120,000 t/yr Go. &... %...
Palm PBS 20,000 t/yr @
.. @") Bioplastic Blochem
PLA 75,000 t/yr

purac

Source : Modified from Petroleum Institute of Thailand and Sasin Management Consulting, 2015

A9 3 geannnssudinmiagtuiniilulsemelng (Bhumiratana, 2016 )
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A A

Liquid, no water

Petroleum

ot Lo o ot Aot e e s ety CTYETIICAS Chemicals/feed/food

Fr: Kanyawim Kirtikara of BIOTEC,)

fan: (Bhumiratana, 2016 )
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High value )
4’:;

Bioplastics and
polymers

Low value Energy and heat

Prof. Lene Lange of Aalborg University. BIOTEC IAB meeting 2013

ﬁm: (Bhumiratana, 2016 )
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Fr: Kanyawim Kirtikara of BIOTEC,)
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M13199 2.1 A NTINVRUlEUIENIAIU Bioeconomy Tungussina G7 wavanninglsy

du13n s’i‘iaqmsmﬁﬂ% wi89USURAYaU Key Funding Areas
wan
LAUIAN Growing Forward | Ministry of Agriculture | R&D on renewable
resources and
Bio-based materials,
Bioenergy
a‘mm‘wsﬂiﬂ Innovating for DG Science, Research, | Research & Innovation
Sustainable Innovation (Horizon 2020), Public-
Growth Private-Partnerships
NG bundle of Ministry for Ecology, Bionergy, green chemicals,
Bioeconomy — Ministry for Research clusters,
relevant policies circular economy
LWaTUN Research Strategy | Ministry for Research, | R&D on food security,
Bioeconomy, Ministry for Agriculture | sustainable
Policy Strategy agriculture, healthy
Bioeconomy nutrition,
industrial processes,
bioenergy
ANINY bundle of Parliament, Depts: Bioenergy, agri-science and
910413NT Bioeconomy - Energy & Climate, technology
relevant policies Environment,
Transport, Business
Gk no specific - Participation in EU
Bioeconomy programs
policy
ﬁjiju Biomass Cabinet, National Research & innovation,
Utilization Biomass Policy circular economy, regional
and Ind. Council development
Strategies
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gu13n %aqwﬁmam% %89 USURAYOU Key Funding Areas
wan
aw%’gam%m Bioeconomy White House, USDA Life Sciences
Blueprint, Farm (Biomedicine), Agriculture
Bill (multiple areas)

pg1alsAn lusrenuildalastnsienevidadeninanssnusenisiaunuuleuis
Yadunimasarilenslunissrsulouiganieniu Bioeconomy wazna1idauleulanieniu
Bioeconomy 84Useinalng srudwuseuiisuanudulule wavden deidy 1ile

ol a U 1
WIgumeunuaNaUselne

2.1 ulaunen19iu Bioeconomy vasusewmasaqlungu G7
2.1.1 AauIa
UseimAuauan duleune Resource Wealth as Leverage for Growth wséialaisl
gnsmansulou1en1e Bioeconomy Manzianzas ursglsfiniy Snarulouiedaim
At oauazannndeItun SIS NEINITINI 1

[y a

= = o 6 o o [ = o val & o w
- U 2549 dimsivuanagnsdnsundsnunawnuiminensldnduingaudfy
- ¥ 2552 “Blueprint beyond Moose and Mountains” Lﬁuqmmam‘ﬁgﬂﬁmumﬁﬁu
Ingan1AumAluladTInInLiewIs BioteCanada
- 1 2556-2561 ﬁmiﬁmumnaqwﬁ‘wNmim‘wm “Growing Forward 2” Faduns
AruANlegUIEN19N13NBASTIUTENALALIAT tnelin13aenusIunsduly CAD
U 3 Wuaugls dmsuiaunuianssunddnenm nsudadu uazniseain Sguna
wALIAAIAITIn mMstdmalulagdininlusiunisineesiazUnld agagliiAnnisly
Uselevdaganvramingins AulunsimeugnludamndvdvasiivdnuUaniugnssuds
Tasunisweusuunlulodisuiulutiesudu
1 =3 a = o A a ¥ [ . o 1 1 |
pgalsimuiiuleuisnsilomalsduiitie a3l Bioeconomy endaggitu Tul
2554 Sgunausavladuidelausenaani Bioeconomy n1elannuTulAYaULRINTENTI
1 dl U U U dl ! ¥ o v 6 1 1
L5991, Msvieiieazuinnssy Jwmdanasyadunanlunisldusslovdaninlvguay

v @ s

PNSNYINTNINNTINEATNALLANAIUTINN LaTTFOAUIA ADNTIIUIIIANIINITINEYATT

)

uwBaunseiantunau1nl wazgninindusuins Bioeconomy  8ndae asuenuniesin
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[ LY [

NAYNENINITNEAT Sgaatuasmdeduasunisuanalsiaiiuagiandinin saudandenu
FINNBNAE
Uszinmanauinndinsznsruneasidufiuianvevlunisimuinagnsnisinuns
“Growing Forward” Tpgazaniiunislusiumuliunasdanindundn Natural Resources
Canada JufdsuiinveulunismmuauleuigludundsnuiininuaznisUnld souds
atuayumsIde nsimuiwazdieneameluladly Canada’s forestry sector Ingnisdads

The Forest Innovation Program (FIP) @saulyegjuleuieniesnu Bioeconomy Lindiinnum

szeza1 5-7 U Tunsaduay aawandlumisnan 2.2

1Y o

MITNAN 2.2 W1eINsNdIRYdEnTunITaaesH Bioeconomy Tunauini

Key Points

Policy Measures

Budget
Concrete Implementation in CAD Timetable Sources

a) Promoting Basic research and Funding programmes in the 2013-2018 Growing Forward 2
innovation applied research areas of agricultural research (website)
(particularly cluster projects)
and the commercialization of
innovations.
Forest Innovation Program (FIP): 92 m 2013-2016 MNatural Resources
research, development and Canada (website)
technology transfer in Canada's
forestry sector, with biobased
materials being explicitly men-
tioned.
Canadian Biomass Innovation CBIN (website)
MNetwork (CBIN)
EcoENERGY Innovation Initiative 2009-2013 Natural Resources
und Clean Energy Fund: innova- Canada (website)
tion projects in the areas of
sustainable resources, biomass
conversion technologies, biore-
fineries and measuring sustain-
ability and its performance.
Pilot and demonstra- MNextGen Biofuels Fund: dem- 500 m 2007-2017 Sustainable Devel-
tion plants onstration plants for second opment Technology
generation biofuels. Canada SDTC (website)
T
b) Commer- Marketing Funding programmes relating 2013-2018 Growing Forward 2
) cialization to the commercialization of (website)
agri-tech innovations
Support for biomass Grants for and tax relief on Growing Forward 2
producers biofuel production (website)
eI
c¢) Demand-side Public procurement "Green" procurement policy from 2006 http.//www tpsge-

instruments:

pwgsc.ge.ca/ecologisa-
tion-greening /achats-
procurement/index-eng.
htmi
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2.1.2 ananglsy
Tud w.e. 2548 Janez Potocnik Fuluanznssundnisannimelsy dunisive

(%)

Inermaniuazuianssy Idinaue anudiAeatu Bioeconomy uafusn Tasionn
\Agafu 03AAImEAL Bioeconomy n15UFIUTMIMIMansegadedu nsldszuuiing
08198UsEANS AN wazkAn Sgifianansaudstulénianisnain anuulANAAdInET7
Bioeconomy lAsiuAanssunnaATygiauazanavnssuidmeiy silvaanislanineans
Fanwilondandnsaeilngg saudenisuiniseneg Tnethuianssuniedanin LAEANS
mesumalulaBuaznszuiunisuily egnslsinudmsuanamnssudinisunng dedndu
gnamnssuvIalvgvesannnglsy wazlddinislduleunemein Bioeconomy iileldly
nNanTIndy wazerdmiudal

mounlul 2550 The German EU Council Presidency 161514 “Cologne Paper” lag
AMUUALLINIIUBS Bioeconomy Ttdunislansnennsiinmununisidnineinsneada lag

[ a [

THFuraluingAundnuaznszuiunis biorefineries Tunsudn luvazifediundn i
Frnmuaznszurunsanidildfuniseeusuinduesdusenevitdrdyvesnalanainly
AN

¥ 2555 avamelsulsinauenagns Bioeconomy samfuusulfuAnnsneléide
“Innovating for Sustainable Growth: A Bioeconomy for Europe® Imaﬂaqméﬁ Usznauly
PB@BIdIUAD communication document Way working document uaﬂfﬂ’miﬁuﬂ 2555
annmglsusaiinisnesannudandioutnnssy  (EIP-AGR)  iitonisinumnstu Tas
AnNIINSMTanamglsy dunumdrdglunisatuayunisimuives Bioeconomy EIP
Tneilinguszasdifiodaadudunsinumsuazdilsfodnedadu saufsnsimuauuimaile
thlugnmsimunnunmuazUiinaesiunaiivanzay dndunanoms emsdnd uas

nsudaluledanuiialng

dusugnsaaninienisilissdmiuvuleuns Bioeconomy wudeenilu 3 umang

1) msamuluinuen1side MaAdeuasuinnssulsyatulunnisamuiazsiuyuly

[

nsadeassAuinnssufiegindsazeendnaiald ienvzatuayunagnsaing elaing

(%
v o

IAFILATINITIVEY Horizon 2020 Fu laelasanisidgsanaiilaanuinefuaIulumaniy
U A aov g . -:4' a

91113 AMTNEATLUUSIEU N15ITeMmzia uenanil8adlusinsu Horizon 2020 due dn

nanglusunsufiinisatiuayuuinnssunie Bioeconomy LU L3aungfiunsidninens

2819TUTEANT NN LAYLSDINAIUALDINDNAIEY
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2) msUsvarunuuleuieiugidiulauazide  INNagnsn1ewy Bioeconomy
dielfuilaidnsidenlsamediunlovsluannmglsy Felddinnsdasanmenssunis
3wy Bioeconomy Fulul 2556 iteflagliidUinwduuloune dwiuniadausine
Tngdidnuaszegiinnuduszeziiaiassd n15UseaIuaIuYeINenUITeaIsITe
Bioeconomy  vesannmglsuiinisuiulsiedsseiilossieninutasivdeinngu
“Bioeconomy  ERA-NET  Actions” wazfinsszaunuAnvesUssImagud nuitedingg
TNIINFIUMESL T UUTEUIETINAY

3) MiwwIna1n Yuugoiiddguniu Aludasadeenns TIBaN1SANATeS
Aanndenuazaningiiennia Aanssumsatuayudulngifsrdesiunside masgiuuas
MsUszauUYesRInssuMsAiunusineg MAsdedluglsy Tnedaaznssunisuinsgu

(CEN) 1Fuganiiuns wu nMIsimuIsnsinuazsangguaieg Aneriundniugidinn

Y

Y oa

SAUDINITANUAT BT A NS UNSARANSNUDNANWAULNANA UTLNDEUSTNA AI8AIINSIND

Qed

'
=

ui’mnssmq‘lsﬂLﬁamit,ﬂwmﬁqlﬁﬁﬂﬁ%’ﬂé?q “Operational Groups” YULNDEIUIIAINNALAIN
Tun1sdeans nisdreneaniiuiludiunisinemsuaznisualsd uenanddléfutuyu
#UUAYUIINIIN Horizon 2020 Jieduadulminnisyiauves “Operational  Groups”
Tnglanzog1ada lumsiaundnsdasiing Bnisnszuaumsuazimaluladluiunisinens
Ulsuargramnssuens uenaniddimsdandlasimaisesingg wWu mauiulseile
gUNuIMs M3inwanuUasafevesaningiionnmisonistesfuduinden 1as Tng
nayns Bioeconomy  karAUIINTENIUINNTIUVRIENAME LU Tn1519naens Uil
2563 N13A9LESUN9AU Bioeconomy wadannmelsUlusuanaziduluniansiasuasng
Auanisalunisudsdunazuinnssuvesseinaaundn waztilugnisiasuntas
gnamnssuesadsulunguusemeglsy (Reindustrialization) wenanndanamelsusil
AudRyABafY Multi-disciplinarity wargUnuuAUT Il 1auTnnssululsening

AAeNYULazn1asy n1saduayulusunsy Bioeconomy  AIazildiuglslun1susy

NNSANYILALTLTUUNISHNDUTY
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[ o

A A o o ! a .
A9 2.3 UIRTNTNEAYEINITUNTAUEIN Bioeconomy I‘LJﬂVIﬂ’]WEﬂ?U

Budget
Key Points Policy Measures Concrete Implementation in Euro Timetable Sources
a) Promoting R&D Horizon 2020 Call “Food se- 2.8bn. 2014-2020 Horizon 2020 (website)
innovation curity, sustainable agriculture,
marine and maritime research,
and the bioeconomy”
Horizon 2020 Calls “Climate 2014-2020 Horizon 2020 (website)
action, resource efficiency and
raw materials™, “Secure, ¢lean
and efficient energy”, “Health,
demographic changes and well-
being” und “Inclusive, innova-
tive and secure societies™
Key enabling Horizon 2020 “Industrial 2014-2020 Horizon 2020 (website)
technology Leadership and Competitive
Frameworks”, promotes the
development of biceconomy-
relevant technologies, e.g.
biotechnology, material science
Clusters, Public- SPIRE: chemical PPP (Horizon 2014-2020  hitp//www spire2030 eu
Private-Partnerships 2020 "Resource efficiency”)
BIC Bio Industries Consortium 1 bn. 2014-2020 http.//biconsortium.eu
(Horizon 2020 “Bioeconomy”)
T L T T T T T L T T T
b) Commercializa- Financing and venture Horizon 2020 “Industrial 2014-2020 Horizon 2020 (website)
tion capital Leadership and Compstitive
Frameworks”, promotes SME
innovation and access to ven-
ture capital
T R L T T P P T P P PP
¢) Demand-side Public procurement Public Procurement Network Horizon 2020 (website)
" instruments (Horizon 2020 “Biosconomy”)
Standards and labels e g CEN/TC 411: standards for ongoing hitp.//www.cen.eu/
biobased products and labels work/areas/chemical/
biobased/Pages/de-
fault.aspx
e B A et e e A B ek R A A A A A A AR A
e) Political frame- Policy coherence EU Bioeconomy Panel 2013 - 2015 http://ec.europa.eu/
work conditions research/bioeconomy/
policy/panel_en.htm
EU Biceconomy Observatory 20143 - https://biobs_jrc.
(monitoring and modelling) 2016 ec.europa.eu
Key Enabling Technologies 2013-2015  https:/webgate.
Observatory: Monitoring of ec.europa.eu/ketsob-
the development of industrial servatory/

biotechnology in the EU

2.1.3 tl¥sea
UszinarSaea Julsuie Industrial and  Ecological Renaissance vlesamdu
Uszinauaanfdslddensaansulouiens Bioeconomy 7langianyas usegelsnalu

9
H3aueid Biobased Economy ngnlde131 Green Economy (économie verte), Industrial
Ecology (écologie industrielle) %5 Circular Economy (économie circulaire) lagfn
wiall dmfuszimadTuaagninindainuninefediuiu Bioeconomy  BansauARUds
WBLNAITININ WAIUAINTINIA Green  Chemistry KARANIINTAATININ (Wanafin
S 2% s 3 v I3 v ¢ o o o
Fanm) nsuenitearsueulaesnlesd n1sdaiuuaznislduselovd n1surdai uaz

AAINTTUEINADY
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Tnevialy Bioeconomy TunSuea aunsawdaliifuaosdin drusniie nisdaasy
waluladfviuadiy wazduiaes Ae usegdlanmsmsaradsunasszuuined 1l 2548
$adsausiufiomsdumsidouazgramnssy meldnsevvesnguiifienuanansaluns
utdadu (“poles de compétitivite”) wagnguiananidadu Bioeconomy luviazadnse

(WU “union des poles de la chimie verte du vegetal”, “France Green Plastics ") lag

NANAINTINNAWIUTINNIUNTEUIUNIINITTUUTNIAAAIMNTTN L5aUATNUgIY

AFNBAT FIUDINITHNARBALNTUTELEYUINNNTNYINTNINLLANNTININ LARNIZDE4

(% A

81 YaawdoldnianisinuenswazUnlsl Wunsnensnanveainasnasnunanulusuiae

q

N (% s ad a ¥ LY N a
ﬂ’]iL‘UE]iJIEJQUIEJU’]EIﬂUEJ‘VIS?T']?!@TU’W]‘V]LﬂEl'J“Ua\'mUﬂ’]’iLUaEJULLUﬁQGUaﬁigUUUL']ﬁGUEN
Useend (“Stratégie nationale de transition écologique vers un développement
durable”, SNTEDD) gnafiusilulasunan 1 vesl 2557 lnedlingUszasdiiieasianisimun

oA a U A A a a a v ad
N wuIAIUARYaNAe LilalAan1sIURsuLUaesssuuiiiag Llagoideisnisnig

PRAIMNITTUVUNUFIUNITINGIA1EAS LazuTnnssy laglriinnsiasuwlaaniedinuind

LY

Fevimisuiuwasiinguuuuresnsuslnandady

nagnsuleusLazEuN1TIANTS diulvgazaseunquszeziantall 2563 v3e 2593

a

TaefisgUIakaznIENINILIAINY NN 1THAIUIDENETIBULALNAIIY TINTINTENTIUNDNIT

Weowaznisinuas Wudsuinveulunsimuinagnslunisduasumaluladiiuade was

Y

o o

dmsumsiUdsunlasweeszuuiing nTenINinmng NN ISWAUIDEEEULAT NI

1§3nds SNTEDD wielieusnuwunninusenvulud 2557
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= o 9 ] a . <
A9 2.4 UNRTNTNEAYEINITUNTAUEIN Bioeconomy TurlSaeia

TP FA TR F TR F T E R PR P PN P TR N TN AU AP R AT P AT PR PR T P AN AT AT AT I P A PR FUT P T RS FE TR T FUTEACHACEA ALY

Budget
Key Points Policy Measures concrete Implementation  in Euro Timetable Sources
LIC AR L] LI RLR LR IE LN IR LI RLIE IR IE EIRELRE LN LI E NIRRT RLYER]NII NI IRELRLILYEYEI NIRRT RLIRELE LI NELNLEIRELEELNLIRLLELIRTS
&) Promoting Easic research and Establishing interdisciphinary 30% of 2010-2020  INRA website
innovation applied reseanch INRA meta-programmes in the INRA
the aress of food, 2cology and budget
agriculture
“Future investments™ promot-  2-3 2010-2020 Wttpy/wwe gou-
ihg research, education and Billian uememeanr,.-'inwe&-
innovation with special pro- tissements-d-avenir-Cgi
Erammes on biotechnology plus
bioenergy and green chemistry.
Centres of excellence in the
ares of non-fossil energdy (IEED)
Pilot projects and Biorefineries: =g 14R Pomacke- Repart on the strategic
demonstretion plants Bazancourt, Bio HUE, Axelone, sectors of the “&con-

Pivert, ARD-ERI, Biobutterf omie verte” (2013)

Bioplastics: e.g. Plastipolis,
ylofutur, Pole Fibre Grand Est,

PEP
Biotechnology: &g Toulouse
White Bantech
LAl DAL LR LR L L L L L L Ll L L L L Ll L L L L LD L L L L L LA L L L L L L L L Rl L IR LE Ll Ll gttt Ll Ll L LRI L Ll L L L L L LI LYY
b) Infrastructure Cross-cutting “France Eenotoul™ network with hittp://get.genotoul 4r
technology 5 compatence centres |GeT)

ahi more than 140 rasearch

te&ms in the areas of genome
saquencing, high-throughput

ahelyzses, Dioinformatics

R A R A A R R AR R A A A R A R R R A A R R AR R AR RN R AR R R RN R Ak F A AR R R Nl A R R A R

c) commercializa- Private innowvation Thres official labels for sustain- White Paper on financ-
tion capital able investment funds [ISR) are ing ecological transition
used in France, Life insurence [2013)

CcOMmpanies and pension funds

may invest in such funds.
AR R R R ol R R R R R R R e R R R R R R R BT R R R R R R R R kR R

d) pemand-side T relies on sustain- IMprovemants in the tax dedwc- 2014 White Paper on financ-
instruments: able investments tion provisions for investments ing ecological transition
in sustainable energy [2013)

Public procurement Extended national sction plan 2014 -2020  Plan national d'action
for sustainable public procure- pour les echats publics
ment: energy efficiency, - durables (PNAAPD)
based products end (Fe-pycle
anglyzes

Labals Label for buildings made from 202 hittp:/www.certivea.
renewsble resources (Batiment fr/certifications, tabal-
BiOSOurcE | Betimant-piosource

T N R o N Ay P Y P Py P Y IR P e P T e F Y Ty Yy
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Budget
Key Points Policy Measures concrete Implementation  in Euro Timetable Sources
FIFATHIFF T I F I I PRI PP A PRI F A F A F T P A P A PR B P I P Y I P A PRI PRI FHA F A F A PRI FT F P PR FH I F R FHA FHU PFA F A F R F A FHAFEYFAT HAIYF
&) Policy frame- Plans for industrial Analysis of DaITIErs 10 invest- 2014-2020  The new face of
work conditions  remaissance ment and to industrisl transition industry (2014)
it 34 aress eg. green Cherms-
try, bicfuets, wood construction,
food systems
Participation and Eco-industry commitiee for since 2008 COSEl {Comite
Fl:lliﬁt‘.ul I'EFI'ESE"t:ITﬂ" closer cooperation between St'HtéEiquE des
Ereen economy ahd policy ECO-industries)
makers
Green taxes Taxes on CO, emitting propel- Comite pour la fiscalite
lants andl fossil fugls are being eCologinue (website)
Progressively increased.
Tax exemption for bicfuels is
Eradually being phased out over
3 years.
Lews andl regulations Examples: Ban on plastic bags 2014 Legislative initistive

with the exception of composta-
ble plastics. Approval of natural
pesticides and plant health
MmeesUres. Ban oh eefial Sprey-

for biodiversity. Law on
the future of agricul-
ture, food and forestry
{2014)

2.1.4 wasuil

wosuil Juleuns Comprehensive Bioeconomy  Strategy %’mi’ﬁ]umﬁﬂuﬂﬂwm
lann1suleuiy Bioeconomy Tudl 2552 flmi‘-ﬁlﬁglg(‘lﬂmzﬂiiﬂJﬂ’ﬁl}EL%U’J“lﬂmaﬁiz (German
Bioeconomy  Coundil) @sflunumddylunsatuayuiasugionngiudinm lasfing
nviunulfoanislunisldninensuyuileudmiuianuagnsnanndanu (2552/2553)
uunsAumsAeIfundInunauIY (2553) waznagnsnisUnldl 2563 (2554)

NagNsn15338 Bioeconomy  UWewIAlATUNITIAMLINIETAAINSURAYRUVRS
NIENINNTANYILAZNITIVY (The Federal Ministry for Education and Research; BMBF)
nagnsuleuty Bioeconomy  LARAINANNTlETEMINeNTENTAlonMIUAEATLNYAS
(The Federal Ministry for Food and Agriculture ; BMEL), BMBF, n5¢n539AsuygnaLay
WANU (The Federal Ministry of Economics and Energy ; BMWI), nsEnTIfioniny
JLENILATEFAALNITWAIUT (The Federal Ministry for Economic Cooperation and
Development ; BM2), N3g0N334¥8355U1ana W msuan nIndaun1soysnedsssuinay
Aulasniuilnmays (The Federal Ministry for the Environment, Nature Conservation

and Nuclear Safety; BMUB), AsENSIUMAINY (The Federal Ministry of the Interior;

BMI) wazdtinausnauszina (The Foreign Office; AA)
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Tngauadunsiigiunslansnensuyu g udnsuTanuas N INERNE UL
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nagnsn1ansiduseleviainialll gneenlae BMEL  waslaualunIsiAgIfungsau
nauwnulasunsiaulaensensATygiawas na sy

NAgNSN15I8WATIR (The National Research Strategy 2010; NFS) lasuvu
atuayu 2.4 Wuaugls InelingUssasandniiowasuasieninuaiunsalunisaineasse
WINNITUVDIDIANTAIUNITITEUALgINA WUsunsusinag Nlasuyunield NFS endiagiauy
TUTUATUNSNEINTVAUNY BonaRes (M1Au), GlobE (Autiuasatusinisuadlan), IPAS
(USuU3aiugiig), DPPN (plant phenotyping), ANIHWA (gun we®) wagnsideduiugiu
dmsumalulagdinin wasndanudinin wnsnisnisatuayuil duasuliinissiudives
WusHnsseninsyuvwiIneg mans fUsenaun1s SMEs waghUsenaun1sanamnssuvuInivgy

| | = ¢ 1% | ' i 1% . & 1 |
NN1AdIUANY TnegnuseasAliioasnaiialgyariniesy Bioeconomy Tulval 1gu 159
naudnluwaglagvesndaines Bioeconomy Tuiiles Leuna lasumsatuayulunisusuls
lsanaudia 40 augls

N mSUaEakaslIUAULUY IiNsatluayuaInaIensenseedsyula
nakan1TUNATedIuginIa fegrudu Isanundaeniueaiunastluiles Straubing,
159974 Recycling Biogenic Waste lulilas Karlsruhe waglssnauiiduiinainaivsglu
A ey
W9 Jalich

nagnsauuleuIeATouAguN1TUTEYNAltag19nN1199119mae NI lgAUAIUD Y
Bioeconomy 119vun $au8HulUen19n1siilauangiiiadaasy Bioeconomy lagailag
Autaudamanaysylevd nagnsmuuleungllofunefieguuuunsseauyuiienideuay
nsimuAgIRUNSNEINILWILY BRamnssumAlulagTinIn warIneImansnisinyns

sudamsangloumalulad sieunnievas Salinsatuayugsnalungy Start-ups wazlssnu

Q

a

Fuluy Bnde enfegiatu mMaiwuINIAnyInaznsineusy waznsilddusiudiiia
Jufummesinsvominaulungy Bioeconomy daindudsidunnagns
dmfunnumsideiiegmeldanuiuinveuves an13deussid (The  National
Research) Faidumihssnuiiivihiisusuulevsuagiomunanisdniunu ddduilagiu
uuulovisgninaluauded 2559 nagnsmsidesadiulufinisaiisassauinnssalusi
nguithmne Ao 1. msfnweuasnisensvialan 2. Msnasmisnsinumseeedsdu 3,
guaniazAuUaendenslnruinig 4. mstonsnensvyueuluseauananssy way

5. nsldndanudinineg1editu laegn1uaned 19898 uraansneInsnyuliguLas

23



unil 2 ulsuy Bioeconomy

AunMutlusumaluladdinin deindutladeduindouidn

[

QU3 Bioeconomy L#

(%

agslsfimugnsmanivasulouienig bioeconomy galiifinsrimunyndugafiuuuen

v o

.:4' A o Y] ) a . a
AN 2.5 UmIN1TNEN UAIMIUNTTELE N Bloeconomy IULEJ'EjiﬂJu

FUPET RS FUS AR PR PR SN PR PR P F U P U P PP NN PR RN FU AR A FU S AN P P U PR FU P EF AN PN VU P U P AP AT P U FE NPT PR PRV EA P U PE

Key Points

Policy Measures

Budget
Cconcrete Implementation  in Euro Timetable Sources

E E R P Ty PR ey PR ey e sy Py e Ry e s Ry P P P R P ey Py P T PR P P PR R PP Y L

a) Promoting
innovation

Eimsic reseanch and
applied rasearch

Clusters, demonstra-

tinn anid pilot plarts

International

collaboration

For example: Batechnology 2.4 bn 2010-2018  Bioeconomy 2030
20204, Innovetive Allsances rezaarch strategy
(industrial biotechnology), Bon-

aRes (land), Plant-KBEE (plant

bigtechnokogy), IPAS (plant

breading), Renewatle Resours-

&z Funding Programme, Federal

Organic Farming Programme,

Binenergy2021

Forest Carbon Fund: reseanch c. 100 m 2013-2018 www. waldklimafonds.de
the potential of forests to
reduce Cﬂ: amissions and

adapting to climate change

Funding of pilot plants (biore-
fRETiEs) in LEUna, Straubing,

Harlsruhe and Klich

Cluster Biolndustrie 2021 c. BOm 2008-2012
{5 clusters)

Binegonomy Cluster Central Upto20m  2014-2017

Germany [Leading-Edge Cluster

Competition High-Tech Stretegy)

Bioeconomy International (inter- Eipeconomy 2030
national collaboration on R&D research strategy

projects with non-EL countries),

GlobE: German-African researnch Eipeconomy 2030

RETWOTKS re. food systams research strategy

LIRI T LRl Ly L LI IR LR LIS IR Il LY LIl IR LEL YL IRl I IR Il I LIl IRl Ll il Lyl Il IRl R LIRL IRT I LIl LI L IRITRILY ISR LIERL] Y]

b) Infrastructure

Centres of competence

Research networks and

training of speciglists

GEnOme SeqUEnCing, Systems oNE0ing
biglogy, DFPN (plant phenotyp-
ing) and, from 2014 bioirfor-

matics

Educstionsl parmerships and Bioeconomy 2030
thematic Subject networks at research strategy
individual sites and centres,

a2 Bereconomy Science Centre

Hilich, Hoherheim University,

Halle Plant Bipeconomy-Science

Campus

LA R LIl LRl Ly L L L LRl LRL Ll I LR IRl LE L L L Rl EL Lyl Ll L L Al el L Ll L LRl L L L LRl LI R LRt Lt LAl IRl LEl L L LR )]

c) commercializa-
tion

Market development

Start-up funding

Financing and ventura

capitel

INROQ network for sustainabal- Initigtive Machhaltige

ity certfication of renewabile Rohstoffbereitstel-

biglogicsl resources Iung fiir die stoffliche
Biomassenutzung INRO
[website)

“Renewable Energies” export ongning BE policy strategy

initigtive
&g GO-Bio start-ups for biotech ongoing BE policy strategy

rasearchers, life-soiente ihou-
batars

competitive call on idess, & g. ongoing BE policy strategy
for new Dreconomy products

SURROT to innovative SMES

{&.E. biotechnokogy)
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Budget
Key Points Policy Measures concrete Implementation  in Euro Timetable Sources
LA LRI T I RSN TRIIEIR LRSI IR ISR TRELRETRECEREXNLEERT TR RTIRIY ALY RIRETRENNFEYEYENTERTE]RTIRLERIRITIRLSRETNELRETRELTRTERLTRT Y DT
MNion-bipeconomy-Specif: ahgning
high-tech start-up fund, capital
Erants for Business Angeals,
mezranine floor funds, Centra
SME Innovation Programme
(ZIMt)

LI TAT T TR AT R TR TR T AT SR TR T RS PRSI RL TR TRNT TR PR PRSI RSSR TR T PR AT RT YR A PR TR ST AT RTES AT TR TR TR T LI R TRL TS TR IR R LT )Y
d) Demand-side Support for Diomass Feed-in tariffs for oenengy, OnEDing Amencdment of the
instruments producars focus on biomass from waste Renewable Energy

Sources Act 2014
IRfOrmation &hd SOCis Communication initistives and 2004-2014  BE policy strategy
dialogue recrmmendations, e g on bio-

based progucts, food waste
Laieal fiar consumer Blue Angel (2 g paper prod-
products ucts), Developing & methodol-

ogy for susteinability labeling

e} Policy frame- Palicy coherence Interministerial Bioeconomy ongoing EE palicy strategy
waork conditions WOTHINE Group

Information and knowledge ongning EE policy strategy
management, monitoring stud-
ies, et
ACCESS D renewabie International biomass part- ongaing BE policy strategy
FESOLUMCES nershaps in comphance with

sustainability criteria
L T T T Ly L T T L R T T T Ty Py e )

2.1.5 @NS190IUIINT

413190114905 duleuie Unleashing  High-Value  Potential liladinagws
Bioeconomy 4an1e4a1zas ognslsfiniu firniswes Bioeconomy Sinumiuldainienans
nagNsdu uagaInmsnnsinunsuiiuniaa vl The Natural Environment White
Paper (NEWP) gnitiulul 2554 \enAdeimifeifunsinunsesadadudmiu 50 U
dramih amideimidviliAnlasins “Green Food” lelMAnnismssviiniAeaiunie
NEATHAYILEEIMT0E1995439 ans1weandnsladnsweunsuinns sunagnsnisnliily
¥ 2557 Tneilqnsjamsnevesnagns Aonsiaduaineszuuinees  Resilience vaaUnlifd
ihlugmsauiegiedadutazenaivnssuliuuy Low-Carbon dmfunsideniameia il
nsjvngvealeuefindneiu Ingldimuelilugnsmansinermanimanzia 2553-2558

31NN15319NagNSYINIE  (Biomass Strategy) Tul 2550 dewallul 2555 nagns
wauInmgnianly Tnedunsldianumaeldsneg wasiivndududu nagnsusn
dmsumnaluladnisinuns  (Agri-tech Industrial  Strategy) gﬂﬁwaﬁuiuﬂ 2556 lagaj4

a

Wwsneluinisaneneamalulad n1sevesduanunswazns3ideUald nagnsnisudniidl

yargagnimvuadulud 2555 Wunagnslmifysinunisaveunaluladuinnssudimniv
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NFINNTTY T,mamia'qLa%uqmmvmsiué’qsamﬁﬂmamiﬁLﬁ'mﬁaﬁumsﬁwmﬁaméq
Fanm wanadndanm Taguaranamnssuimeluladinmdndae uenanidmugmsaans
U 2557-2558 WHUUOIEIINUTANTTULAIENI1¥018419nT (Technology Strategy Board,
%39 InnovateUK 2014) lanmuneg1etniauda Agricultural Sciences, Biosciences uag
Advanced Material Sciences \ugnamnssuiifyagediniuialsemns uazdmiuns
Tinsnensfiiusyansam

NAYNSNAIUTININ 2555 LASUNITHAILIMALHEUNIAENTENTWNFIULALNIS
L'U?iEJuLLﬂaaaquﬁmmmﬂ?iauuﬂaa (The Department of Energy & Climate Change;
DECQO) NSUAIINEDN DIMTHAZAINITVUUN (The Department for Environment, Food
and Rural Affairs; Defra) wavnsuiien1suuas (The Department for Transport; DfT) W&
nagns Agri-Tech 2013 lagnAnAulagnsugsiauinnssuuagyinue (The Department for
Business, Innovation &  Skills) nsfinsudawindeneimsuazgianissuun (The
Department for Environment, Food & Rural Affairs) LagnTuRmuUIUILIgIG (The
Department for International Development)

AaNssu R & D 91u3uUINT8Y Bioeconomy  lua1v1T¥INgAanslasunuan
NITNTNUNIINYIRULAZNTZNTIINYVAIART Lﬁaﬁazaﬁuayuﬁaﬂ'ﬁumﬂqmammsu
wialulagyinw i"gmaléfﬁmaﬁaé‘?ﬂawuﬁuuw AINAULET “Industrial Biotechnology
Innovation and Growth Teamns” 1ud 2552 uena1niinisinuasnssy (sustainable
intensification, food security and industrial raw materials), PAINUTININLAY

gnannssuwaluladdinim gnszyindudufidrdgues Bioeconomy lu The BBSRC’s

2013/14 strategic anfeg1agy BBSRC Tiuwnniieddendsnudanimed9dsdu dadu

'
a

AMUTINTDTENINAN1TUNITITENITIVINTDE 25 atulaus Wuaivild aluasiae
r-:ll U . . . = U Y U gj 1
A3y biorefineries  WUUYIMINTT kazn1sUszananadInm Galasunisaduayudauwsy

2551 @19n9UUINNTTUNNTIE WA WAL LA SURUNUAITETUA UV DINE I UNALNY kA

q
a =

qmammsui’mmummw

q

av a o

WNENUIIBANINUVD M TUANTYDIENTI¥0IUINTYINUTIUAY The Global Food
. o ¢ A o A v P
Security Programme lagilingUszatAliionnudaguniwueIms ieauaIniazaly

Uasnfpvasomnsdmsuuszrinslan dalusunsuiiluanine1nisnyaduninudunsinu

v [

21sRaeavildaUnIueImIsluansve1andng waglusunsuiidsdodndunisundaym

AnuileuaraLe1nau Tusedulandnale Jamn Bioeconomy 1alandegnliainuaula

] [V 7]
a a v

Tngnewuingimansuasuinnssy (Newton Fund) 7ifiasadulagansiverandnsiduy
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Usesnutazlasua1nusiudenUssmanatswauI a9 19U AusIuionieaiu
Bioeconomy AUUTENAUSITA

uaﬂmﬂﬁmmmiaﬁuayumﬂﬂaqmé Agri-Tech farpativayulyiinisdnnuidy
mamsinuestuldlunaufun (au Wsunsunseiunanaluladyanin uasnsinuns) uwag
wnsnsadvayudeliifiauinnssulud 1ngn13seauyuwasNIsHRIUITSAaNIWATYY

=

Wuslingnneg 099 wmsnisUasanisnisansnindaaning udideusylovi Tuses

9

a

Renfumsiaunan uaznsudandsnudanin SgeedGugamulidmiunsdafeany
Uszneunsildnisgesuuulaileendiaulunisuvasverdunidiundanu (Wu WRAP
Programme)  lagu1nsnisvesigaiulngazaseunauluied 2563 wiu19InInI15e19
AsouAgulURal 2593

[ o

AN 2.6 WIAINITNAARAIMTUNITELESY Bioeconomy Tuansivenandns

Tab. 6: Important Measures for Promoting the Bioeconomy in Great Britain

L L L Y

Budget
Key Points Policy Measures Concrete Implementation in GBP Timetable Sources
AR AL AL A A R A A L A L A A A A L A A A A A L A L L R A A L A A L A A Al A A A A A A A R A A A L L A A Al L L A Al L L A A A A A A A A L L L A L R L A A L AL R A A A A A )
a) Promoting Basic and applied BBSRC R&D relating to biotech- 6m 2008-2013 BBSRC (website)
innovation research nology and biobased chemistry
Bloprocessing Research 23m since 2005 BBSRC (website)
Industry Club
BBSRC Sustainable Bioenergy 24m 2009-2014 BBSRC (website)
Centre
UK Global Food Security 410mpa. 2011-2016 Global Food Security
Programme Strategic Plan
Centres for Agricultural Innova- 90m 2014-2018 Agri-tech Strategy
tion to promote sustainable
intensification
Pilot and demonstra- Anaerobic Digestion Loan Fund: 10m 2011-2015  Wrap programme
tion plants state grants for building anaero- (website)
bic digestion plants
T LT T T T P P P P P P T
b) Infrastructure Key enabling Centre for Agricultural Informat- Agri-tech Strategy
technologies ics and Metrics of Sustainabil-
ity: bioinformatics and Big Data
Rural development On Farm AD Fund: business since 2013 Wrap programme
plan advice and loans to farm- (website)
ers to build small anaerobic
digestion plants
Education Academic courses and doctoral BBSRC (website)

programmes in the context of
the BBSRC Research Clubs and
the Bioenergy Centre
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PITNT 2.6 WnINIINdAEMSUNTENETY Bioeconomy Tuansnseandns (sie)

Tab. 6: Important Measures for Promoting the Bioeconomy in Great Britain

Budget
Key Points Policy Measures Concrete Impiementation in GBP Timetable Sources
...... B T T T T T T T T T
¢) Commercializa- Feasibility studies "Agri-tech Catalyst™. project 70mp.a 2014-2018  Agri-tech Strategy
tion funding for feasibility studies
for near-market agricultural
innovations
“Industrial Biotechnology Cata- 45m 2014-2015 Technology Strategy
lyst™: commercialization of proc- Board (website)
ess and product developments
“High-value Manufacturing Technology Strategy
Catapult™: commercialization of Board (website)
production technologies
Advice to businesses Coaching, networks, partner Agri-tech Strategy

programmes, etc. should help
life-science companies to raise
capital and to globalize.

d) Demand-side Support for producers Grants for biomass producers Biomass Energy Centre,

instruments Grants and Support
Funding of tax relief and feed-in
tariffs for bioenergy producers

T NN NN rae it ieieieaerssstotstenstoasisisiorciticcssntisossnese sesensenies Cheisisseitasatetstens
e) Political Frame- Green taxes Climate Change Levy: tax on Biomass Energy Centre,
work conditions commercial energy con-sump- Grants and Support

tion, tax exemptions for renew-
able energy.

Renewables Obligation: energy
providers must buy a cer-tain per-
centage of renewable energies

2.1.6 84
ludnauuIAnves “Green Economy”  #8nSwaunni1  Bioeconomy Na

guamNIIUNdAYAe guamnssuall Famaelinisasuwdadlddansenitgaamnssy

aa a = IS A LY L [ A U
wildeIvsegaannssuiaianiiy n1siauwinnssuagliniulunsinenssensneins
o ¢ o IS (Y di ! 2/ & a o = Y1 a a [ a
dndunmilounulsemedu s wiazidulumadomasdinin faudindnndaslidesiing
WU TulugRaINITUBIMISUINTN WANITAMUIAIUNITANKUAINUTNTIN  AIUNISNYATE
AnumMmthuazgniuildeganindugaainnssuemis

wi5gunanansuesdnndlaiinisienagnsvig Bioeconomy 13t usaealsinny

dl I a aa

galufivenans wienisnisinindila Wundngiuesaudueu wnnsaldfyiseyindana

]

' i 1% ) . ! 1% d
druieadesiu Bioeconomy lunguanainglsy densiludinim The 3~ EU

Bioeconomy Stakeholder Conference 1w 2557 wag The World Fair 2015 3sansedndty
saiulufinistnueudasafoomsvedan anmsiidwdndenadussnsedu viliaa
nsmUINaEns Bioeconomy Tudnnd dmsunisiammiainemansunningdevessylu
Wedlulagay T8 93U wazWasLsud Tmnuauladuegaunfisatu Bioeconomy lng

Tu¥ 2555 The Ministry for Education, Universities and Research 1&1’%’umﬁaﬁi’uaqumq
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nsRuIInannInglsy neldlusunsy Horizon 2020 Tugisuanel 2555 nensadlioydld
the SPRING National Biotechnology Cluster %ﬂ:g:ﬂl,ﬁumiﬁmmiﬂﬁ “Green Chemistry”
Tnefluagiiniadifauuazdusniununfeusituin venanilul 2556 The Ministry for
Fconomic Development 155@éfgﬂﬂamumi@ﬂma*&i’mﬂbﬂgu (Fondo per la Crescita
Sostenibile) lnefiqaszasdifioatiuayusznauns SMEs fenssznumuismaUszun
300 &ugls dmumsideuasiannisaiuludiuuinnssuiididiyues EU Horizon 2020
Programme

a a

dmatunumdugunidnlunisimusaiawazssia anniseenngvanevinuldlild
geanadnilsidosaanslull 2554 Feildruddnyrion1snsesu Green Chemistry Tudmaidy
961911 WaEN1INIAMTYRIBA1aHIN158519 Bioeconomy Tudiuvesgnamnssu Green
Chemistry 1ngl433n15 Bottom-Up Approach &slgsuauthemdeniasinsideannn
glsU fegnadu n1sasielssnunisasavuining dmsundn succinic  acid Tinanlu
Cassano Spinola, %58 butanediol Fn1wlu Venice Faduillgtuanusiniloan dfuaa,

a ¥ ! a a 2/

waidew, dnd iuitenannssuvesansy 8nde ureg1alshin Bandyadunislinuidewas

3

| [y

o | oaa ! aa =
nsatvayunguiddusuiulusunsuresannmelsvludiuveaunalulagdininuaziad

1NN NI

2.1.7 du

o 1 e " 1 o A 1 1 S A = I3

111 "Bioeconomy" unvagligniunldludssmaglu wisgrelsnagduiinagns
LAZLHUNITRNIEANEITUNTHENLAENITIEUTINIA WA N TTUTIADAAR DI ULLIAR

. o | | & . . A Yo

Y84 Bioeconomy 8NAIDYIUTU NAEYNTYINIA (Biomass  Nippon  Strategy) lasunis
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4) Demand and Market Development
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5) Specific Biomass Strategies

6) Comprehensive Support Strategy

7) Globalization Strategy
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Budget
Key Points Policy Measures Concrete Implementation  in JPY Timetable Sources
a) Promoting Basic research and Bioeconomy research by the http://www.aist.go.jp/
innovation applied research National Institute for Advanced index_en_html
Industrial, Science and Technol-
ogy (AIST); industrial biotech- http://www.jst.go.jp/
nology: Advanced Low Carbon alca/en/index.html
Technology Research and
Development Program (ALCA)
RIKEN: comprehensive bio- http://www.riken_jp/
economy research programme bmep/english/index.
html
T T NN
b) Infrastructure Rural development and Pilot projects: regional biomass Annual Report on the
biomass suppliers industrialization clusters and Environment, the Sound
infrastructure Material-Cycle Society,
and the Biodiversity in
Japan, 2013
Local biomass-recycling zones
(waste-to-electricity systems)
c) Commercializa- Market development Collaboration with neighbouring Biomass Industrializa-
tion Asiatic countries on strategy tion Strategy
and development of business
models
Innovation capital Tax advantages for companies

with high R&D expenditure,
makmg losses from venture

capital holdings tax deductible
R e e R A A B R A AR e e e Rk A AR e ISR AR AP P e R AR AR AR AT A A A

d) Demandside Support for biomass Uniform feed-in tariff for Biomass Industrializa-
instruments producers biomass tion Strategy
Support for biofuel Tax relief (on wealth tax and 2012
producers corporation tax) for biofuel
producers.
Public procurement Green procurement policy 2012 Act on Promoting Green

Purchasing

Labels Biodiversity label, Ecoleaf
(products with quantitative
details about their environmen-
tal footprint), GreenPla and
BiomassPla (for bioplastics).

e) Political frame- Green taxes Carbon Dioxide Tax of Climate from 2012 Carbon Dioxide Tax of
work conditions Change Mitigation Climate Change Mitiga-
tion
Recycling e.g. Food Recycling Act Plan for Establishing a

Sound Material-Cycle
Society, 2013

L T Ty T T Yy P Ry Ty T YT I

2.1.8 an3goLsm
av3gaLsNT TN siauisIunIanNIsHauIsaintng (Development of New
Markets) $5u1av83  Obama 1adn15319uleue The  Administration’s  Bioeconomy
=
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ATBUARNNINAIY Bioeconomy Wagsdeasy Subsegments mmﬂumiﬁwmﬁuﬁmwm
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#3iLTe7 Bioeconomy gniMuAKkAEIeKULAY The White House tagludl 2555
nagnsnennnensldsumatau tuneldaruiuiaveuresnssvsianuyns saufnie
MAevesszlatiaiusinlunsiamuinagns Bioeconomy wazansnIsdsuleuly Ly
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Key Points

a) Promoting
innovation

Policy Measures

Bioeconomy research

Concrete Implementation

Biomass Research and Devel-
opment Initiative USDA-DOE

Budget
in USD

112 m

Timetable

2014-2018

Sources

2014 Farmbill

DOE Genomic Science Program: 3
Joint Bioenergy Research Centres

2013-2018

GS program (website)

Agricultural and Food Research
Initiative (National Institute of
Food and Agriculture)

136 m

since 2011

BE Blueprint

Research into organic farming

100 m

2014-2018

2014 Farmbill

Advanced Research Projects
Agency-Energy (ARPA-E): Biofu-
els and bioenergy

since 2009

BE Blueprint

Research into special crops

C. 400 m

2014- 2018

2014 Farmbill

Living Foundries Program (bi-
omanufacturing), Department
of Defense

since 2011

BE Blueprint

Cross-cutting
technologies

High through-put technolo-
gies, e.g. TOX21 screening of
chemicals

since 2008

TOX21 (website)

Synthetic biology: DOE Biologi-
cal and Environment Research
Program

30m

BE Blueprint

Interdisciplinary
research

NSF Research at the Interface
of Biological, Mathematical,
and Physical Sciences

c.50m

2014

BE Blueprint

NSF project "Science,
Engineering, and Education
for Sustainability”

€.220m

2014

Promoting innovative
research

COMPETES Reauthorization
Act gives authorities the right
to put contracts and prices out
to tender, these are listed on
Challenge. gov

since 2010

BE Blueprint, COM-
PETES (website)

INSPIRE (NSF) as a continua-
tion of the CREATIV program for
funding high-risk, interdiscipli-
nary research

since 2012

NSF (website)

Public-Private partner-
ships

Foundation for Food and Agri-
culture Research: use of private
funds for research

200m

since 2014

2014 Farmbill

Plant biotech research: BREAD
program in collaboration with
the Gates Foundation

34
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Key Points Policy Measures Concrete Implementation

Budget

in USD Timetable Sources

Education Science Technology Engineer-
ing and Mathematics (STEM)
Education Initiative, including:
MNSF Research relating to STEM

education (1.2 bn p.a.)

b) Infrastructure

FY2014 Research
Funding, STEM
Education Initiative

3bnpa.

Courses available at the
Community Colleges, business
partnerships, e.g. via the
TAACCCT program

Vocational training
and further education

BE Blueprint

Beginning Farmer and Rancher
training

100m 2014-2018 2014 Farmbill

FDA entrepreneurs-in-residence
pilot program

since 2013 BE Blueprint

Cyberinfrastructure NSF: Cyberinfrastructure Frame-
work for 214st Century Science,
Engineering, and Education

(CIF-21)

since 2011 BE Blueprint

Rural Development Biomass Crop Assistance
Program (grants for biorefiner-
ies to develop value chains
with agricultural and forestry

businesses)

125 m 2014 Farmbill

Lab-to-Market plans For example:- Tech to Market
from ARPA-E;- NSF Innovation
Corps (I-Corps);- Innovation-6
(i6) Challenge, U.5. Department

of Commerce;

¢) Commercializa-

tion

since 2013 Lab-to-Market Intera-

gency Summit, 2013

Investor consortium: USDA Agri-
cultural Technology Partnership
Innovation Foundation ATIP

since 2011 ATIP Foundation

Small Business Innovation
Research Program (biofuels and
biobased products) and Small
Business Technology Transfer

Market readiness
and penetration

c.18m 2011-2017 BE Blueprint

Passing of the America Invents
Act (faster patenting and mar-
keting of innovations)

since 2011 BE Blueprint

Innovation capital USDA “Biorefinery, Renewable
Chemicals, and Bio-based Prod-
uct Manufacturing Assistance

Program”

€.200m 2014-2016 2014 Farmbill

Research and Experimentation
Tax Credit extended to start-up
firms and adapted to the needs
of SMEs

2014-2015

Globalization of
businesses

USDA Foreign Market Devel-
opment and Market Access
Program

200mpa. 2014 2014 Farmbill

35



unil 2 ulsuy Bioeconomy

[ o

M13199 2.8 WmsNINEAydmsunIsadEsy Bioeconomy luansgelsni (sie)

Budget
Key Points Policy Measures Concrete Implementation in USD Timetable Sources
d) Demand-side Public procurement Procurement guideline for c.25m 2014-2018 Biopreferred program
instruments the preferential treatment of
biobased products on a federal
level.

Farm-to-Fleet program: procure-  ¢. 400 m since 2013 USDA News Release
ment of biofuels by the US Navy. MNo. 0237.13

In parallel: promotion of biofuel

production by the Defense Pro-

duction Act, Advanced Drop-in

Biofuels Production Project and

USDA Commodity Credit Corpo-

ration funds.

Labels "USDA certified biobased 2014-2018 Biopreferred program
product”

Use of bioenergy Repowering Assistance Pro- c.75m 2014-2018 2014 Farmbill
gram: biorefineries should use
biomass for energy and heating
purposes

Investment in energy efficiency c.350m 2014-2018 2014 Farmbill
and renewable energies

Bioenergy Program for c. 175 m 2014-2018 2014 Farmbill
Advanced Biofuels
LRI AL AR R AR L PR RN YRR A YRR R R RRR It RNl d Rl RtRdRREdRRERERUEdRdR iR lyZRlygdHds:]
e) Political frame- Legislation for and New principles for the regula- 2014 BE Blueprint
work conditions  approval of new tion and control of new tech-
technologies nologies

FDA reform: increased involve- 2012 FDA Safety
ment of patients and industry in & Innovation
approval processes Act

USDA reforms concerning risk
assessments and regulations,
pilot projects for improving the
approval process for genetically
modified organisms
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M13799 2.9 UleUIeN19eU Bioeconomy uazkenansiiedtes lunguusemeaidunldiin

EL L L LR R Ry R R e eI R e R ey Ey e L e LN e L e L e L Y ]

Country Perspective Document Name
Australia High-Tach 'Naﬂnnal Maﬂﬂa S-manm F'han 2015 2025" 121]15;
Research & Innovation  “Mational Collaborative Research Infrastructure Strategy” 2013)
Blue Economy “Opportunities for Primary Industries in the Bioanergy Sector;
National Research, Development and Extension Strategy” (2011) +
Regional Bisaconomy Warkplan (2014)
Development
“Strategic Roadmap for Australian Research Infrastructure” (2011)
"Eluliclmga Eoeoon-urn;.rm South Mﬁ‘ttﬂla [2011. 20'.'.5}
China High-Tech "Eu:lmdustnf Developme rrt P‘ian {2012#
Research & Innovation 12" Five-year Plan (2011-2015) on Agricultural Science and
Technology Development® (2013)
*12™ Five-year Plan for National Strategic Emerging Industries”
{2032?
India High-Tach “Mational Biotec nnomgr Davemome nt S‘trate_gu (Emem Stnrategf m'
1200? 2014!
Indonesia Bioenemngy "Gmm:l .tgﬂcultural Stateg}r 1’2015#
Biobased Economy “Mational Energy Policy” {2014)
Fiesﬂﬂmh & Imu\ahm
Malaysia Hcﬁlstu: BIIJ'BCEI namy “National Biomass Strategy” (2™ version) (2013)
Development
“Bipeconomy Trnsformation Programme” (2012)
“Mational Biomass Strategy 2020: New Wealth Creation for Malay-
sia's Palm Ol Industry® (2011)
“National Biotechnology Policy® (2005 - 2020)
New Zealand Bivenergy “Biokogical Industries Research Fund® (2013)
Blobased Economy “Business Growth Agenda® 2012)
Hesaarmaelmowum 'Hioen«gysvategr {2010:
Russia Hkgh—TBch “Comprehensive ngramfor me Devebpme nt l|:|f En:ltech I'Ill:lh:lg].f In
Russia wzo:cr {2012# and Roadmap (20131
South Korea High-Tech "3"’ Basac Hanfor 5[.‘-|EI'H:=E andTachﬂng}r 1’20135
“Strategy for Promotion of Industrial Biotechology” (2012)
“Blue-Bio 2016 Plan” (2008)
“2™ Framework Plan for Promotion of Biotechnology, Bio-Vision
2{:16 12005:
Srf Lanka Hﬂh Tech "Na‘aonai Ehtech.mlogf F'ohc;r 12010:1
Thariand High- Tﬂch “r~laﬂona+ Bigtechnology Policy Fra rnemm {2004 203.1. 2012 2021!
Bloenemgy “Alternative Energies Development Plan® 2012-2021

ERTET IR E LR R RS Sy PR SR S R R R R R R T R R AR TR PR IR R R R TR TR LR R LI R R LI AR L] ]

4 : (Christin Fund, 2015)

*BioPlastics Roadmap” (2008)
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atulunsatuayumadiu Bioeconomy faust® w.e. 2550 audsluilagtu nilvludude
ulnefinaeunquieus® ne. 2550 - 2558 Fod1 “Building a Bioeconomy in South
Australia 2011-2015” 53ufla “ National Marine Science Plan 2015-2025” Fauanslvfiiiu
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2.2.2 3U
arani1sidesliairuaulanisniu Bioeconomy Tagtaniglunisweaun
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mmﬁﬁqmmwﬁwaﬂaﬂ Taelud w.a. 2529 dnnsdnds The High-Tech R&D Program (863

£%
= o

Program) 14 Taerdunisnseduuasimumaedumeluladdinmuesuszma audantuil
yonaniddinsdawsy The Medium and Long-term Plan for the Development of
Science and Technology $21814 The 12th Five-Year Development Plan for National
Strategic Emerging Industries waglugisaned wa. 2555 Sganivesusemedudalainig
29U “Plan for Development of Bioindustry” Faifuunufiatiuayumswmuningsny
Inglutagiudssimaiuduguilunisndnluloteniuea uwaziinsledmdsuluuzunamin
vioifoueimiliwosnnudomislfitemdmesema Jagtuunuiamungnseansuily
gaavinssulyal Tnsnausuiedumsidulaiidedu msiauniasugie Tnelanznnssessy
arwdesmanielutssna maidenmeinuininemansdursfetanssugramnssudidan

walAL uonntusesAIUGElLNUAEIAUNITHAMUW Smart  Urbanization  Tuidlesluey
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WARSNGRAU Feazarunsadunalain Usemeaduiin1sa1eulauienieenu Bioeconomy 8814
TaLau LLamwmmv‘fﬂﬁﬁmiﬁmm%’;qma’mmiﬂﬂl:‘ﬁluasi’mmﬂﬁ]urrﬁzﬁ"qmmmaﬁuauu
N9 AvlnvaRAsYgRavesUssmals TusuianUseimaIuiin1s19un Ui “The
Agricultural Science & Technology Innovation Program” Taglul w.e. 2556 - 2568 4z
dulvluniswannuinnssududainisineasidundn lngendeninusiuiieduniissyine
sudmsiaulassadendnnglulseine (Infrastructures) Taanunsasessuiumalulaglu

Yal v
2UARlADNA1Y

2.2.3 Buife
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walulagyinin u’I&Jma‘ﬁ'Lﬁaaﬁaaaﬁ’uLLiﬂﬂQﬂL%&Ju%u‘Luﬂ W.A. 2550 A9 Biotechnology
Development and Innovation Strategy Mﬁﬂmﬂﬁ?uﬁlﬁﬁmw'%luﬂqﬂu% W.A. 2557 lag
H3URAYaURD NsEnTITInermansuazimalulag lneuleueniey Bioeconomy ety
Tlunsimuuaznsldesdanudmsndnemansuniamuinszuiunismduuinnss
A1499) 'mﬁﬂmsﬂszqﬂﬂ“[,%’mmiiumam%mmLLsumL%’wé’asJﬁ’uLﬁadaiﬁﬁmimqmi@hm%u
wazilosnnUszimaduio dulssmafidusznsunn Jsiinsaduayuinuidediisg oz
anansnvlissrnsdinsfnuninduasingds sndaeghatu nmswammsiuimelulas
ansauwmeluedn sabsussimaduislinisaduayuiagiauinisiunandusisndundn

waitudagduiinsusuusanunisimulvatiuayunisiauimisinudmaanuy wilu-lule

WA NAUIAEN AN UAILINADN BAZANSNAIUINTEUIUNITNAS bNUUleUIULAL

2.2.4 dulatliy
Uszimadulatiediulouglunisaun Bioeconomy agluguvesgnainnssudiinin
NeNsnas nednisimuiluaesdiundngfe Fandsu wavenainssunua s Junan
%au‘[auwmﬁm%awé’mmﬂﬂﬂgagﬂu National Energy Policy U w.f. 2557uazuleuny
N1IAAUINNAURAIMNTTUNEAT TN151eukuluszere1d Tngusingegluuny Grand

Strategy of Agricultural Development 2015-2045 u#ag19lsANINULNURNRLINIIAIU
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Summary of gap analysis of sustainability issues in official BE strategies V= The issue is addressed
S |= e @ -E
’: § a (& Q " E 8 '2 §g i [
gggn S8zl EIER S| |2 aglé (38
BEEED FREEREAR AR E 58|s 25 [ §|2
B % SH i gg HEIRE : g §§ HH
B I3 |- gg Sl3 [&[5]gls |8 AR R
7 o - > E G| R s >
o El TR |0 (i
c - 2 =

§§§ s |5k EES: c§§§EaE§E§ 8313 | 13
'fg 5 |~ |Be g b (§s a g *8 B1s g E E 5 E |8
H A EHEHHHEHEHY R
HEH EHHEER THAEE e
ﬂ’“Sg-f Egi HHBEAHPIHAE gg-ﬂaéim

et !g W g 3 x é 58| 8|5 | #|az|ed & g &9 LHLE 55

m""ll““m" vlv|v|v vl vlvlvlvlvlv|lvlv]|vl|lv]v ¢ |lw|lw| %

x"“"‘”"‘ vl iv|v|v vl lvleleleled]y viv|v]|v AR A AR

Comp etition/

l"“‘"‘:::::.' v | v i v v v |v v 7

sectors

Food v v v v | v v | v]|v v v

Enabling Factors v v]|v]|v vl vl vlvlvlvlv]lvlv]vlv]v | 2] »

Note: The State of South Australia (Australia) has a regional strategy: "Building a Bi in South A lia™ (2011-2015), however, the document is not availible

There also exists the "Manitoba Bio products Serategy” (Canada). France and Norway will release national BE strategies in 2016 (Lang, 2016).

#11: (Olivier Dubois, 2016)
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swanBenselul

ynvinnlsuifisudoganinmzugnuesiinasssiaudazedn wuin d1adnnsandiud
wnzdgnasedraiulddany drilnadssdnifuulduvesiuinzgnanantusuusegludndlsiun
i Tuvaugd Bremns didiniitu doslsanu uasifudvsnds SuualiunsmneUgniud unudidy

(@FINITeLATEEAINITNEAT, 2559) AILAAILARITIHALBER URISINN 3.2

M1519% 3.2 Wiguiiigudeyanmsuaniiuiasugiausazyiln faust 2555-2559

YUANY 318N13 Wy | 2555 2556 2557 2558 2559 | Smsiu
(Sovaz)
UNPERH dofiugn | Gwile) | 83405 | 81.038 | 77.135 | 69.252 | 64.124 -6.6
Soelsesrn | fleffiuden | @l | so1 8.26 8.46 8.76 8.91 2.75
fudwends | dedfuien | Gwls) | 8513 | 8657 | 8431 | 8961 | 892 1.29
dlwadesdnd defmzdgn | @uils) | 74 7.53 7.43 7.23 7.15 -1.09
YNNI defindels | @l | 156 1649 | 1822 | 1881 19.55 6
Undanisty defflda | @l | 37 377 | 403 43 4.59 5.97

LAz INtayan1sinizUagn waskandndaunds 5 U Useneuiudadiuvesmdninaivdnuasnanasy
lpanmsAinwvinldgumuvesivasegiausazyiia avanunsauszanumsUSinandniusivanuazua

nasula lnrasalull

1) 91

Y [

Foyamaiwizlgninn @ninddaimsughanisinues, 2559) Swuneenidu 919w 41au1uss

[

v i & vy ! a4 & 4 a 5% a v =~
LA EU1ITIU LLG\IUinN"quzﬂgisfﬂJaiﬂaﬂ']LQﬁEJLu@mﬂ@jﬂ LLazmamamm@liU@Uﬁaﬂ 5 UU89U1357U LND

14 1
A A

UszanunisuSunawdndueivdnuazranaselaaindty delaafevesiiunug ndnwiiu 74.99 auls

warNanAnmalsALVINAU 459.60 Alansusals AaLanIsI8aLReAlUAISI9N 3.3
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157991 3.3 Lilefiugn wandn Handnsals veeUIAAU 2555 - 2559

YUANY 318113 wide | U2555 | V2556 | V2557 | V2558 | U 2559 Aade
(2554/55) | (2555/56) | (2556/57) | (2557/58) | (2558/59) | dounas 5 U

fund | defivgn | @wls) | 65304 64.951 62.08 60.791 58.063 62.24
NRAKER (@usiu) | 25.867 27.234 27.09 26.27 24.312 26.15
nandemsls | (An) 396 419 436 432 419 420.40
frus | defivgn | @wls) | 18101 16.087 15.055 8.461 6.061 12.75
Wamdm | (@udu) | 12.235 10.766 9.672 5.347 3.777 8.36
nandemals | (nn) 676 669 642 632 623 648.40

f1som | dlefiugn | Gwld) | 83.405 81.038 77.135 69.252 64.124 74.99
WanAR | (@ueu) | 38.102 38 36.762 31.617 28.089 34.51
nandemsls | (An) 457 469 477 457 438 459.60

Nnvayailenvgnuasnanineals aunsaUsvanansUsnandndadivasnanasslandniade

99991997 F9azlavlasnuszunalay 345 aufuael LHoKHIUNTLUIUNISHANALNANTIIENT b9

waslay 22 A ususal

vV

PvnrRasla

a A

(9
o

9.6 a1udu 1 easlar 3.2 a1usu Unsus1917LeaY

Uszunaay 88,000 ans N1ns191edelay 3 a1usu wnauwdstay 7.2 a1usu wavvat1iadslay

16.9 AUAUAILENITIEAZLDYNTUANSIN 3.4

AN5197 3.4 UszunaunisUSunaundnsuivazianass lenaneagsaUuaatid

NARNMIILAZHANADY AT (%) dndau (%) dadn ()
lawnan

1Uaen 15 34,465,772
Y17 15 64.1 93UTIUNaNARU1LUGDN 22,092,560
Y19n 15 27.9 wsUSInamanant1LUden 9,615,950
101 N/A 9.3 wasUInnaNandnv UGN 3,205,317
vrsfusdn @ns) N/A 255 9a3UsinaNanant1lden 87,888
A1N3IU7 N/A 8.95 Ya9USunauNaNanTUEen 3,084,687
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AN5199 3.4 Uszanaunsusunanansuisazianasylavaniadesnatyastd (6)

NARAILaTHaANARY AU (%) dndau (%) dwtin ()
lawnan

WNAU 12 21 YasUSinananandnlaen 7,237,812

N199717 10 49 YpaUSUnuNaNARU1 AN 16,888,228

o

2) 9pylsau

[

Payan1sinzUgnoeslseany @indTeiasugnanisinens, 2559) @1u13aununUseuiinis

YSunamdnsiadivanuaskanasslaaindeslssnu Tusisauilaglitoyariadeilioiivgn uaskandnse

4

lsdaunas 5 Yvee9eelssnuy Felmndsvesnuinuansaelseaiu windu 8.69 auls wasnandnsals

Y

=

WLALWINAU 11.74 dusals Awanssieazidenlunisnen 3.5

AT 3.5 LeTAUNET NakEn Nandneals v019alseu ALEY 2556 - 2560

U Wefiuien NANAR nanannols

@wuls) (A1) (Au)

2555/56 8.26 100.1 12.12
2556/57 8.46 103.7 12.26
2557/58 8.76 106.33 12.15
2558/59 8.91 94.14 10.57
2559/60 9.07 105.15 11.6
AaBedounds 5 U 8.69 101.88 11.74

mﬂ%’a;ﬂaLﬁaﬁﬂqmmzwamamdi aunsaUsTInansUTINaRAR S uuasnanass laudnLade
yeadoslsanused dsarlddosUsvanaliay 102.04 dusiusel Werhunszurunisuanazadntiinald
Wasday 10.20 dudiusiel mnthanadedas 5.10 Ay nneznewadslay 0.31 d1usiu W udos
wasUszanadas 28.57 d1usu wazlufusendeundelas 17.35 Audusuanisivazidenlunisied

3.6
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MITNN 3.6 ﬂﬁ%uqmﬂqﬁﬂimqmma@ﬂm%LLﬁ%Na‘Wﬁ@EJIWViaﬂLQaEJ@]ETUSU@Q@@EJ

a -] '3 v %3 d’l 7 ] 9°I %3
NARNILasNaNaaelanan | AU (%) dndu UINLN
(Audu)
908 - - 102.04
14198 - 29¢: 4914 10.20

(1 éu : 100 Alansu)

ANNUINA - 998 NNUIANA 5.10

(1 4 : 50 Alansu)

AMNRAITNBDU - 99Y: NNUIAA 0.31

(1 4 : 30 Alansu)

YUDBE 50.73 28 % VDI MUNKNANARND DY 28.57
Tukazeandoe 9.2 17% VRIUNNUNNANARD DY 17.35

a v Y a

LagananateyalenIueal 2559 MAUTIUTINIABENIANNISANENARLEN1LDAINY GEIHY

Y Y

nsAENanENIYealng, 2559) wuisesiiihuwandueniusalaensuiuiosas 0.75 vesnanansoe
Vaviun wazlovuea 1 ansl¥esuszana 13.33 Alanfu uonanidsdinisthninihmaswdseniues
Hufevar 62.1 vesnntmasiemn wastenuea 1 ansl¥ninthanauszana 4.17 Alany

FatuavannsaUssnaumskananeviueaansssldadssdetUssunn 57.31 &1UART Laziem
yoaanmnunaaeassetussann 759.83 dwdns saudunandneniueatadesedanndeswinfu
817.14 audns

CAC)

3) fudynas

Jayansingugniiudrends (@Eninddeiasugianisinuns, 2559) a@ansadiunuseiung
USunundnsasimdnuasnanassldainiudwsvd lumenuiadlidoyadiaiodeivgn unsnanan
solsdounds 5 Tvowiuduends Taflnadevesiiufiugniudends wirfu 870 &1ls uasnandnse

IswBewinnu 3,519.20 Alansusols Aauanasieazidenlun1snan 3.7
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A15799 3.7 WadlAuned Nandn nandnnals veTud Usnds Aaust 2555 - 2559

Rl Wefiuien NANAR nanannals

@wuls) (Buu) (Alan3u)

2555 8.51 29.85 3,506.00

2556 8.66 30.23 3,492.00

2557 8.43 30.02 3,561.00

2558 8.96 32.36 3,611.00

2559 8.92 30.56 3,426.00
Aadedounds 5 U 8.70 30.60 3,519.20

17 ]
A A

mﬂﬁi’fayjamawﬂqmmzmamﬁmiali au1sauseanunsUSUNuNAR S wazNanans lenanede
YassiudUznasmat Feazlatudusndsuseunaday 30.6 audunal WoNIUNTEUIUNTHANISHANTY
vdulsedelay 5.2 aususel wilswiuadstay 3.49 a1udu nnsundsday 11.3 a1udu widunde

Usznnalay 6.12 a1ufU LasNAneNIUDats 352.5 ANUARSAILERISIEaTLIEAlUANSI9T 3.8

AN5197 3.8 UszunaunisUsunaundniusivazianass lavanieagseaUvaaiudiuznas

nanAuTiuaznanaseldnan | AuTy (%) dadau (%) dwrin ()
miuddenas 70 - 30,604,371
uLdu 7-11 41.24 Y99 uan 5,204,480
wdagluy 10 51.55 Y@avnduan 3,485,770
nINgiu 80 37 wauniuan 11,323,617
Wasngiu 67 0.06 VoI UER 18,363
Wi 59.4 20 U9 uEn 6,120,874
OYUDA (3R3) - 7.21 Y99iiuEn 352,488,042
A5 AN - 30.77 ¥99588a% 36 VDILUILU 386,126
NANAUTOINNT - 24.62 v9350vay 36 Yoty 308,951
gnanvnssuseiileg - 15.38 vaafovay 36 veaudaliy 193,000

96




unil 3 NuAswgnanianusahluiwung Bioeconomy

AN5197 3.8 UszunaunisUSunundniusivazianasslananieissaUvaaiudiuzngatnd (ms)

nanAuIiLazNanaaglanan | AN (%) dndau (%) U9 (Au)
Haysamarlsgu - 23.08 UpI508aY 36 Vawileiu 289,626
NANERNTINN - 6.15 UpISEAY 36 VDI 77,175

4 Imlnadesdnd
JoyanisimizUgninilnadedn (@nindduiasygianisinens, 2559) a1unsainanuseannns
USinamdadusivanuasranaselanndiilnabesdnd  lusenuildtoyarnaiodlonlan uas
¢ o A

a 5% Y] N v L o e & A v & ¥ & 1w v ]
Nﬁﬂ\lﬁmm@liﬁlau%aﬂ 5 USU'PJQGUTJIW@LGEN?‘@’J sU\'illﬂ’]LQ@EJ?J@QWUVIU@Jﬂ?J’]'ﬂW@LﬁENﬁ@U WINAU 7.27 mul‘s

wazkanan@alsagwintu 653.60 Alansusals AwanIsgazdunlun1s19n 3.9

A3 3.9 WeTMAUNET NakEn NarAnrals vestlnaldeadnd daust 2555/56 — 2559/60

U Wefiiudien NANAR nandnsals
(&uls) (AuAw) (Alan3u)
2555/56 7.53 4.95 657.00
2556/57 7.43 4.88 657.00
2557/58 7.23 4.73 654.00
2558/59 7.15 4.61 644.00
2559/60% 7.03 4.62 656.00
AnaAdounds 5 U 7.27 4.76 653.60

RUBAR: * Uszuiunig

(%

Mndayailenignuasnaninsels awnsaussinumsUsnandniasilasnanasslavaniaie

= 1

vt 1lnadgsdnidel Feagladilnafesdaivssanadar 4.75 dwdudel wavidndenamnssy

IMSERINIMNA Wakignsruiunisnanagla denilnaedetay 1.14 a1y wenanlldelladiun

witesgluulasriediuinilng Usinauadetay 3.90 ausiu duansseavidunlunisnan 3.10
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= a a o ¢ Y o a1 a % X o o«
M54 3.10 Ui%uqmﬂqﬁﬂimqmmamﬂm‘mLLﬁ%NaWﬁ@EJIWViaﬂLQa?Jm@UGU@\TGUTﬂW@LaFNﬁW']

nAnAusiaznanaseldvan | Anudu (%) dadau (%) wn ()

11N - - 4,754,286

9NTdR - - 4,754,286

RTINS 40 20 YDINANARVIILNA 1,141,029

AAUTILNA 42 82 UDINANARVUIILNA 3,898,515
5) g1NIN

Poyan1snizUanensnist @inidewrsugiansinuns, 2559) aunsaiiunussanunisusus

a % 6 U ¥ dy VY 1 d‘ d’lj Qll a 1 [ [}
Hansdusanuarnanasgliangans lusnenuiaglitoyaradeillenuan waznandnsdelsdounds
5 Y9819n151 Fedaadsvasfiunnsne1els windu 17.73 a1uls waznandnsalsiadoyindu 247.60

fusals AaanIsIazdanlun1sIen 3.11

AN5197 3.11 LWLaNNIALY HANAN NANARADLT VDIBNNIST AIWFAT 2555 — 2559

Rl Wafingald NaNEAR nanannals
@uls) (AuAu) (Alan3u)
2555 15.6 3.89 263
2556 16.49 4.29 265
2557 18.22 4.34 251
2558 18.81 4.2 235
2559* 19.55 4.16 224
Aadedounds 5 U 17.73 4.18 247.60

WUBLUe: * Uszuiunig

ndoyaillonninlawasnandndals a1uisaussuansUsu andndunuaznanasylavan

' v
S B

Wwagvete1amsrel FavslatienUssunaday 439 Susiusied Wiluldlugramnssunieludseina

ndglay 0.56 Audiu diunmaediosnlugy Wiensduadetay 0.64 d1udu uiauadetay 1.6 au
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Y

fu eraudusuaTuadelag 0.76 dudy vspeulamadelar 0.72 d1ud e1auidue) waslas 0.1
Fudu uenarnthens srenadsindesasilsdldnauiidaiiuluwiesy mnAnegadsdmiunms
dafluiiony 25 U uazdidadrlunisdaitumindunng 3 avanusauszanamdnnaliussuldedslas
6.74 &rususiel wazinanassld wu Tides wasTay 2.35 Sususel Tl wasTas 9.38 Sudusied
Uaneldl indedag 9.38 d1udusiel uagsnlyl wdeTaz 3.9 dududed Fuwanieazidenlumisied

3.12

a 2 a LY 6 ¥ LY a S
A5 3.12 UszanaunisusinaunandusiuazianasslavaniafeneUuese1ans

nAnAusiuaznanassldvan | Audu (%) dndau (%) wtin ()
thens 4,390,938
qmamnssmma‘iuﬂimm 12.65 909USIN QTN 555,435
henedu 16.80 ¥83USUQUINTEIDDNYN 644,249
YN 42.07 993USUIUNTAIDDNE 1,613,579
YINUTHATY 19.71 Y99USunun1SdI0anyg 756,101
g19A0NUNIA 18.67 U99UTu10UN15dI99N84 715,973
RO 2.75 v09UTUIUNTEI9DNYNY 105,601
Taiuusgy 55 8.62 Ausials 6,740,840
Tidoy 55 3 Gusiels 2,346,000
Unlgl 55 12 funnals 9,384,000
Uanglyl 55 12 siusiols 9,384,000
sl 55 5 funals 3,910,000

6) Unauusi

¥

FoyanisimzUgninauidu @inddeiesugianisinens, 2559) @1u15at1uUsEanmng

USunamdniasivanuazranassldainurduiniu luseauilagldteyariafeiienugn wagkaninse

1% '
o w =

198unds 5 Vvosurduuniiu daliandsveenunlvng wirdu 4.32 a1uls waznandnsalsiadeviniu

2,819 Fupols FLAnITIEASIDEAMUAITIN 3.13
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AN5197 3.13 wilafdudu Wailina nandn nandnsals vasuduuniy AaeU 2556 — 2560

U Wafiguduy (du Wofilvina NaNEAn nandnsals
13) (&uls) (Buu) (Alan3u)
2556 4.49 3.77 12.43 3,297
2557 4.62 4.03 12.47 3,100
2558 4.7 4.3 12.05 2,803
2559 n.a. 4.59 11.17 2,436
2560 n.a. 492 12.1 2,459
Aadedounds 5 U n.a. 4.32 12.04 2,819

Mndeyatilonlvinalaznandnsiels awnsaUssinunMsUTnudaduLaznanasglavdnady
yosUnduinTiuded Faazlanalrdufuyszanatas 8.53 ausiusal wazaunsanamdurinsuuduaule
2.19 audusal usnanilfilinanassladudnuinuiy wu neatslrdauiual nzanuiay tWusu wanan

FAzAlUT UL NaNaulauNEUlaRD NIUNAN ALAR9SIEALLDEALUAISINN 3.14

AN5197 3.14 Uszanaunisusunanansuavazianasslavanieassetyasuiduingu

nanAiLasnanasslanan dndu Ywin (Fw)
ASMAGET 70% 8,528,603
nzargUrauan 20% 2,436,744
Tyurau 14% 1,705,721
drstuhduiv 18% 2,193,069
nINRENDU 4% 487,349
uthend 1% 0.18% 21,931
Yrstudndudu 949 16.90% 1,889,630
nsalusuUEn 5% 0.92% 112,090
1o1adu 70% 11.80% 1,437,679
ALAETU 30% 5.10% 621,370
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A15197 3.14 Uszananisusunandnduswazianass lendneassetuasurdudniu (de)

nanAiLaznanasslanan dndu Ui (Au)
ngan 6% 731,023
dhsfudely 2.50% 304,593
nnwanlu 3.20% 389,879
MsuUnaY 141% 17,179,042
anuUIaY 10% 1,836,000
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dn3/3u 100 3.4 d1udns/Su Tud 2558 wazssuradsliniseenuinsnisadvayunisldlulefiwanazing

[

wiunsuanwasldlulefwavesuseme laudst 2569 Taaaainlut) 2569 Ussmnalneasinndinisuan

1% a

qefle 10 &1udne/Yu dofuidanssdnaiddutioqiudl 34 1udns/u awanuisandandieuld
Uszanal 299 ¢u/Au mnvhnisudesionnn 300 Su/d axldnfisetulszan 89,760 fu/Al warannis
mansallud 2569 Magsdnlulofivalior 10 Audnsdetu awnanndimeTuld 880 fu/fu wieUsvanm
264,000 §iu/U winvinswda 300 31/
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3.6 M3tnNAseghalulduszlevi
1) 917
drulsznevredimiianunsathuldusslevdlduveendy 7 daundnade wiadnn $19
wnaue1? W1991InIN917 Tuen wagdednn

1.1) wdndaueianndtn 1dnindueims endaegradu nsdnudndy wmdsmdudads $ramegn

L= 4

157 30 dfsdusagy dnussnszlesduasiulavuinisusedieuide 41090 (@ins adiad

Y 9

% ¥ 1

T, 2546; oUsTRU d@dne9, 2552) 913kl (AUALI YuuIA, 2549; 3885 35UNSNS, 2551) Nagil 97173

q
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13 d’lj 13 o [ goj t% 3 = a = 13 [ [
naurdumaziloUdy annsarhunaiauduUrdieldlunisuilaa sadsnnuiaunasainadie
ifundrausat g duemsdadle (ndy Audiiieg, 2535; Juiend auneda, 2552; aud® @3
Jung, 2542; w@atin ausBiEsy, 2541, 2544) Mnradraudinisinluwlsguduenseany G ossa
Wysn, 2550) nniletrduanunsainlUldiludanunzimiaiige (dual s, 2547)
& ¢ ° ) I3 a a a . .
wenInilualiau anunsailuannaisanualiduvsenisiaguzuniediinim (Bioconversion)
1 al a o U L3 96’ U o U a a =
U wedlansendsaniluenainnisudnninuiauungu (udydns 3uai, 2558a) nndnualsfiulazi

latlsoavinninuiau (aingn weiis, 2553) n1swdn Nutrient Base (Naaf asesndiad, 2552) lulefiua

(Kareem, Falokun, Balogun, Akinloye, & Omeike; Ojolo, Adelaja, & Sobamowo, 2011)LaURadNT
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WU (Zarei, Ebrahimpour, Abdul-Hamid, Anwar, & Saari, 2012) warnawesea (Orua O. Antia,

2011) leanene

[ |

ngareUaud1dy waviarurdnanunsathlulddusinanduiananegldegravainane 1wy

9

nrargUrduaiunsaindulevraulviludiunanveddnugosaaislanisdinm (Saqun velveasen,

2554) WonsymuwwaznsEawaniin (@afive) Indnsilsay, 2553) imsdndulewaglaaainadisuliauly

Y L3

Iindnnofiuesidausenau (Hunind wonwiving, 2556) nanduleuluwaglaa (@1inn Weigisse,

[%

2555) wiuldlgn (Nqwa1 ALAY, 2552; ARNGA fA9f, 2543) uaswiugaduiefiau (iR nesduns,

2555) squnaindulevrdullanmdulelaale (Riansa-ngawong, Suwansaard, & Prasertsan, 2015) 161

(2
1 s

Unduanuso W Humsnaluneundn Gsans utis, 2547; ¥ oynawus, 2548; guistiuvi ue
W7, 2553) Fuua (Tulya LASeney, 2555) Alanadiues (%’S‘iﬁ U594A3, 2555) Tanuegleaiu (35974
Hed3ims) wansBuasiiuluens eyl Bumsiand, 2555) sudsldduduusznaulunisiuio
\sndia (auwa Auulenia, 2557)eaneae

nratgUraudsanusathluldndntaunadiounss (louy gida, 2555) wavi Ul duansdaduly
nszUIUASRINNSALAAANA Juturu & Wu, 2017; Sitompul et al., 2014; Ye, Hudari, Li, & Wu, 2014)
asudauansalundnlelaauazledvnea (v nlising, 2549)

dy 1 1 3 L] o a Id [ 1 1 I3
wonani drusineguesiidudeaunsainlundntundsanulugduuuningg Wy nganuidy

v
o w A

11501 lUKER LWandeonuna (vug LHeanuadei, 2548) wavindudinaw (351Wes AfLeY, 2551)
LATENAENIAULLOIT (Sharip, Ariffin, Hassan, Nishida, & Shirai, 2016) ngatglrauaunsairlunan
guiudud (35505N UNATYNA, 2548; @3RN JUNITISNY, 2549) wavteniuea (Faun Yning, 2556)

ysluUrdulglunisnaninin (@ana fauludiewds, 2557) diieaintssnuinsiuuiay aunsadrlundn

Aafiinnuazlulefiwa (@1iu fuy, 2557) wavienuea (Kosugi et al., 2010) 1udu

o/ o/

3.7 asuingavnddnenwlunisirlufneuasiaunneldvannisiasegiaaingiudanam
mniasanUsinaingausuivnuddeiinedesiunsiiluldusslevdvesiiviasygiandnus

azyiln agwudn
Y A = v ° v ¢ A ] v i = Y A ' v
- F1in1sAnwnunsin WldUssloviifeunndiuuds wiasivetnndiulngnisly
Usglosidaduiundanu Jo Jaguanity uazTanuszneve1ns Sadsflyadiuldganntdn Yseney
v & ] v Y & = 1 ! [ Y £ = & 14
fuidudunlalaldidueims Felinansenudenisudesduniuanamnssuomng Watidudunanasyla

Mhaulalunmsiaunnelivdnnisesugianngudinimiusgieds
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- fudzndadufinasugadnvlandsifinisldusslovdegrsunsnats Insaniziagdu
ninsldusleviagimainuaie witsednalsdumidunuiinisihluldusslevilugnamnssueimis
[ o Ao = % 1y ¢ 2 o o [ = 4 o
Jundn dwnsinsfnwsnunislilsslevisesaunde nndu fwdlussezusnasilunisdnwiiiodnly

Huesdniidundn windsantulainisAnewinislauselevdlumunsuanaisainag undu 19 1o

a AaAa

Muea Unanglaa NIATA3N NIALAIN Lazdus meUTunvesingAunidiulIvnnweauals nndu

q

d“ui'j v A =

Judusndoniuirauland duliu Tu e wasudl Famndean1sasiaunelandnnisiAswgnagin

IS d [

FuFnmumdndilymaumealulagndgilietos wasiduyugseglulagdu

Y a ]

o % dy I I3 [y [ 1
- dmsveramsvaeiiusemelnadugndauazdeansamsnluduiuasvadan ud
1 <@ a ::1' < a 1 % v =] 1 4:4' [~4 dy ¥ 1 ::941 dl' = %
aglsimuuenanmanaafiuensuaseaunusgusineianuds Sundediunduield wu Bides Unlyl
Uangldl sl soufieldiudsyu dullelindureunioangnamnssuenansdlngiilulduselov
Tunsudawlosdioes Wewnds Jaqunziiia U 1udu Jdifidumdeldliiunuimsdanisuazimun
AelANSNNILATEENAINGIUTINN
a o ¢ v aV v ¥ & 4 ' ' < o & H o
- HARATNENNLAINGRe Ao Uina wisgelsiRveundenisangnainnssuuina gl
agluuSinaunn wu ¥udes mniana ludesuasludes lngTanmasianarlannsailuldusslev
Tavaneadnd WU ¥1usey a1u1savlunamduionsea1e wHUsn [WalnaIdaLa Jedunsg Jendn
v € Y @ LY o o @ o o w g 41' Y & | &
91sdnd T duigaduidalangniin Mdadluiiden uwazarunsaldiluunasasveulunseuiums
HER Lnuea wazieysald mﬂﬁwmaﬁﬁwmaLﬁuaqﬁﬂizﬂaua@jum duluginuanldduunas
A15UUTUNTEUIUNTNITALNONAAEI TR 19U Lo U UINIUDa LWendsdinw Lagaisazans
dunsdaneg lusesuazledey aunsathlundamdunseaiula Weiarsaianusuianaznisinluly
Uselgay nun mwué’ami‘]ui’mqﬁuﬁﬁ Anenn Weosndidnadiumaeaingaavinssudinalulsuinuin
U101 28 % vanimtinnanandes wwassedanidu 28.57 atusu wazdaunsanlulusslevule
wanviay Mnin1sHaNglanaNN1sATYERINgIUTININTR ALaTALILYAAIY8INITEINTN
v v & | = | v v a Y] v
yudeelUldlmdusgiaunn 81019n0liiugnAuuYRINTUIMIIININeINIINTeY
- drwsudnlne waadnlne awnsatllduslaalaenss wazdsanusailuulsguse
W wdatlne wazisudnilng shudanisihlvlddusimsdnd weegralsinny wanasslaainnisudn
113lwe Ao 99 wagddutilng lnsnanasglanuiaulame drsudalne esnnmdesgludsuinmin
TneAndu 82 Wesiudveswandndilng niswinduuSunanadelas 3.90 aruiu lngdiulugdisu
Fneinisulguselovd wu dhluviueulelisnduud wemduden wazvindudlneansninelddy
o & 4 Y o ) Y a =~ Ao A a ~ ° P
9130 FId LN elEnaNN1TATYERINEILTININAR UazdivTuaissnelunisilule

Useloy
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- geavnIsuUnay Inandavanae Uniuudy adiesu uwavlowduy uenanildlinanass

v
3 o w [3

Fngramnssuuduinduie ulwend nsalututidu nean tifusdely nnwdalu meundy wae
Srduundy Taeiletiasgiludainananassldfuiaulade nsurdy esandiudunmuminis
17 &wsusetlnonds Fedsldimanluldussloviivney dulngilvlddudemas S1aansath
yathdusiauaeglivdnnisasvgianingiuiinim  aanmsninifingasiazvoundeiisan

gaavnssuuulaule
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= o A v a o Y a
unil 4 dgarunmasunaluladiiensudssuingaudwanielduleunaiasegiaaingiu

=
BINN

a _a

n15dsunIuaINAIEATYgRAN NG uLararsiadinufiullnsfeulug iasugian

<9

TULATOUMIEHINIA Y30 LATHFAIIINGINTININ (Bioeconomy) UBNWHBINNITANIITUILNEINLIVDS

[y a

= v o Y 1% = a v  ea
%7178 (feedstock) LLﬁ'JEN@J{jﬁ]‘UEJﬂ’]UQ'JWN'Wi'@NSU@QL‘WF"IIUI&EJLLagqmaqﬂﬂﬁiﬂﬂﬂziﬂﬂi‘UNamﬂﬁu‘wﬂ

Andu Tuuntiaglmiaueuuimslunstunfsumsimuinaluladlaeasunnanuidenneitouas

WlHUIENINUULATYFNINTINTIN NN AU SENARIL

4.1 mslduurRalsandudanmdunasd

wuaAalsandudanim Borefinery)  Aen1sUszgndmaluladnisudszy (Conversion
Technology) wuuysanns lnefiinguszasdvdnlunsuussuTmnaliidundsnusuindniaeiad
yaFvsnsmaavanesiafineuausstenudesnisvedaniaomneiundany evnswazansied (nw
7i 4.1) Wnendndfayfiennudsdu (de Jong & Jungmeier, 2015) f%'ﬁLﬁmsﬁulé’mﬂmﬂ%"imqﬁuﬁﬂu

URIAUYDILTINAUUITU

pol)

ninensiamnsaiinduanldlndle (Renewable Resources) Tuwuziiing

Unsdeultwavunall

HEAT
POWER
FUELS
CHEMICALS

BIOMASS

FOOD
FEED
MATERIALS

fisn: (de Jong & Jungmeier, 2015)
Al 4.1 FlavemananaINnTEUILNSIsINEUTINIM
fnsuunussnnveslsinduiinmdenasifuandeiuly wadofinnsandisluduingiv
(Feedstock) wplula8viansyuauns (Process) was Kansawet (Product) n1suuslsendudanmesnidu
Seuedl 1 szesfl 2 uay 3 MUWINIBY Kamm and Kamm (2004) anansasesdiuainudoulels

AU (Clark & Deswarte, 2008; Fernando, Adhikari, Chandrapal, & Murali, 2006) Fail
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4.1.1 159nautin nszeey 1 (Biorefinery Phase 1)
Junmsudssuingaudsiuriadememaluladifeiiolilindndasindnuilaia (Single

a

Feedstock, Single Process and Single Major Product) feg1svedlsenaudininszesy 1 laun ns

a v A

a @ =~ = = = a = Yo o A o
HARWEIUIINTINIATUN 1 (Hyemn9) Tuglsuiinsudnlulefwaainldirduivlaedingiundnde

q

Rapeseed uagldnszuiunns Transesterification (0¥l 4.2) Wundn nsgurunsaenalanansiue
nanpslulefiwatasndweiuludnsdua wuhgiiunsdaieniueadntinaluansyelsnnly

walulagnisndn (Fermentation) Arggusuulidudouvadlsandudininssesi 1 vinliaiuise

[y

gnszauNISHanlUgseavgnamnssuladie uidedesvesnisldnszuiumsifiende vinanudanguly

3

A ! a

nsreyenLieasHARS U Iyl UNLIYAA LY

methanol + catalyst

RAPE SEED
single feedstock

glycerine

ﬁmw: (Clark & Deswarte, 2008)

AN 4.2 F9g1952UUlSINAUTIN NS EEEN 1 9nnszulIunsHantulafwa

4.1.2 Tsandudnmssesd 2 (Biorefinery Phase II)

Tuszed 2 wiihingAvezdenaduriafondudetulsnduiinmluszed 1 uinslivans
wialulagyionszurunsansaasananiudlavaisytn (Single Feedstock, Multiple Processes and
Multiple Major Products) #ineUaNBIREAIILFBINITVOINAIAUBNNTDIINNE I KAZTIBAIS
waAfiu Tssnduanmszesdl 2 dnlvgidunisldmeluladifiufniouussunandanaoe|ifiindy
Pnlssnduiinmszesd 1wy lunsudnndslulefiwadslinandanasslindn fie ndwesu wie Crude
Glycerol Fsfiyaasuazilulivselondlaonsldtionionniindeuararsdutuidion Wefimafia
UsunanmsndnlulefwarilviivsinandweSumniiuanudesnsdaalisaisiias Lﬁ'mﬂmyjamﬁum
nAweTuiedlanAfeidnwislunsdsundwesuliiduoyiugdu (Koutinas, Du, Wang, & Webb,
2008) fpg1aun1snds Ethylene Glycol wag Propylene Glycol annaeiulaenszuiunislalasi

lula@a (Hydrogenolysis) #eansassviiniiinsuannilaniduuSunuannlaeaisnesufe Ethylene way
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Propylene MnnszUIunsndusTnsidey {a9Uu Ethylene Glycol wag Propylene Glycol T#du
mﬁ%ﬁﬂuqmmmmwaaLN@% 19U Polyester Fibers wag Polyethylene Terephthalate (PET) resins
suiald Suansuaedu (Freitas, Manfro, & Souza, 2018) uenainiifeanunsayilunanlslasiou
(Hydrogen) ansiiuusdludonas (Fuel additive) m1uaa (Methanol) Llenuea (Ethanol) ezlasau
(Acrolein) wAAAIANYAAIMNTTU (Chemical Industry Products) W&nsiausien (Pharmaceutical

Products) wag lulawia (Biogas) (C. A. G. Quispe, C. J. R. Coronado, & J. A. Carvalho Jr, 2013)

CORN
CORN

e a-amylase enzyme e
I m Fermentation
m '

e e Steepwal Stecpwater

Evaporafion

cc
2 - Milling
Germ
Fermentor B
Yeas[ and
ucoamylase enzyme ~— Grinding
Whole stillage

n-uu.
Fiber T
~— Starch/Gluten Slurry
Coarse solids Thin stillage

Distillation

J

Distillers Condensed
Dried Distillers
Grains Solubles
with

Solubles Starch
= x o =
Meal Fermented
. Extractives.
Three feed industry co-products w_.mmm
of the corn dry milling process
Syrup Com Syrup —= Dextrose
refining l

High Fructoss
Com Syrup

Feed industry co-products

(1) Dry corn mill ethanol (2) Wet corn mill ethanol

fan: (Jerry Shurson, Mindy Spiehs, Jennifer Wilson, & Whitney, 2006)

Al 4.3 nspuIuNIsEneNILeaINdIlNAIENSE U Dry Mill (1) uag Wet Mill (2)

(%
a Y

wuieiunsaneuealasanizluansgeusnnlddnlnaduingiunsiu dulvandne

9
1

MUBAINNTEVIUNS Dry Corn Mill Tmenisuatuandlnauditlunauiviinagieulesd (nni 4.3

(1)) Mnifuthdrurauiauasudinssuunsgesutls (Liquefaction) Inswanfuleulesinouiding
nszvaumsnindegaunielliienusasell lneduiignuensendunaniusisiuie drunauvesayn
#1lne 1#uly uaglusiuisatenneenudanisvinaiunsadsnliifuemsdndle Tuvassl wet
Corn Mill agfimsudiirieu 48 $2lus snifudsunszuiunislidenifieusnaynd1alne ngiau wule

wazktaeanaINiu TunszuunsinealminndndunNvainaite Wiy kwisaiunsaunlulgnsdunisudsie
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yuoa wildinlng uazdnden syndrilneausaldadmirduining witmeluladlumndnon
uBALUY Dry Corn Mill agdiduuiniusnalduaseniusarouiinaudninasuduifnifmemuiu
(Cole Gustafson & Fewell, 2010) luiieafiuluglsy U3H Roquette vosUszimaAlSnAaiignaIvnssy
fdirlnasuiudnfsaessiaduingiudonisudnasiedainme q 1nnd 600 via gy uils
dauus anslimnuvin Indesa safaeniuea dedndugnamnssuiliuunfalsainduianmszesi 2

WU (N 4.4)

CEREAL GRAINS Multi-products

1 1
1 1
single feedstock "I~
1 . 1
i ' ' Hydrocolloids |
1 1 1 ——  — 1
1 1 1 = - |
1 Physical separation 1 1
1 Pre-treatment ] ): Polymers 1
1 L 1 1 — |
1 1 1 1
1 V 1 1 Vitamins 1
1 [ - 1 1 L J 1
. Chemical and/or 1

' %‘ iochemi i Y S—
1 Enzymatic process biochemical catalysis FH. 1
1 1 1 Amino acids 1
' N ] L J
' ' Y —
1 1 1 1
! ! 1 Polyols !
1 Fermentation T >| ¥ :

1 — el
: Multi-processes : -
--------------------------------- ! Biofuels !
1 1
1 —_——— 1

1‘7im: (Clark & Deswarte, 2008)

ANA 4.4 F1981958UULSINAUTININTZ LN 2

4.1.3 159naudin mszeeil 3 (Biorefinery Phase IIl)
sUwuureslsenaussesi 3 duindanududeuniniaaliosainidunissiusiunisuszendly

waluladNrainuvane Fatdivuigveanalulad nnein1sAsusnanisliaiusaas1ansiuataviaie

YUAREILAITIRRIAINT0TRITUTRgAUNTLATIET I BT NIuANFaiuAI8 (Multiple  Feedstocks,

a

Multiple Processes and Multiple Major Products) Lt Lignocellulose LLﬁ’j’lsﬁjE]WUENEULLUUIi\‘méLu

a A

seeedl 3 e Yrwanaudssvaslymnisuiauaauingauiliosnnauisaldingauivainvale us

9
] I v a

Uatumaluladninerdesiunisudssuinnameiuianlsanaudinimssesn 3 fegluszividouas

[

WAL T9INFIUIAANUANAMINATEEAY winsannnglsUuazanigasniulouigaiuayuanud

(e

a o

=~ 1 aa o 13 1 ' =~ [ o O a d' PN I gj a v
Weafrunalulagninduegesaiiies Ingdngavd miulsanaudininssesn 3 Negluduneounisive
e tutagdu 1w Lignocellulose anngmanvingsudlyl wavianuioNan1amsinuns wu wnednd
nnPoy TINduAnLaYaIRUTEISERiY (Whole Crop Refinery) u 41alwa 417814

Tuglsuiin1359ungusenIng RISE Research Institute of Sweden unninendeuazniaenyulud
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2546 Tuw1y Processum  lasfiuauidenaviaunigitulssndudinmlagld Lignocellulose 1Ju

IngAu (Lignocellulose Biorefinery) Litatutadaunisiduselesiainanainnssuunlil lnglduandnain
NITUIUNTNARALTBLAZNTEANBNSHAEANS 1 ULaza SATlkaNEndBnrateviia lnue1fuesd
ANUIHaTINALULAEILANAITUYRINGNANTN (AW 4.5) Fadnanmvaamalulagau Pretreatment

I [ < N A o L4 1 1 [y d' 1 1% X
foilugnulveasgramnssuibanaznseuivilinisdesendseauanamnssuau ululdlauinauly

BUIAR

e o A

S
ﬁ & SLU Kbo Akademi
= BIO4ENERGY

HOLMEN PR ) L S e o
........... ovik energi

ONIVERSITET
Velmet > sveAsKos Mg A

MoRe Research

Kempestifielserna

RAGN SELLS s,
Endelavetsioppet *Airgrindet 0. o Forest Raw g
. matetlal 3
@ Brux -
B e THE BIOREFINERY
SCA processum OF THE FUTURE Sadtis
s kommun
VS UMEA ENERGI Ut .E;i_
KOMMUN
# CRTHAOL Mets#Board T ORMSKGLDSVIKS KOMMUN

Comoncs g/ ALMI
» y BloEndev INNOYATIONSBRON o
AkzoNobel i '

1.1 4 Miljsteknik och Y,
5 forskning

BADET TODAY FUTURE

fisn: http://www.processum.se/en/sp-processum/our-projects/the-biorefinery-of-the-future wag
(de Jong & Jungmeier, 2015)

M 4.5 WUINNYBINGH Processum lunsguiuns Lignocellulose Biorefinery

Turue NansgoisNBelgIUeNaIMINITUNBATVUIAIMAVDIT 1 INALTONEN T AU BIM1S
o & o v v a . . P v v ¢ = v
dniuasndsanulaiinisussyndlduuifin Whole Crop Biorefinery wialvanunsalduselesiandiuials
a3an LagsuannTzuIuN1TNalunIswenduna1eg v0ed1lng 1w win fu uaviuden Tnadiud
Ju Lignocellulose %L%dﬂ'ﬁzuaumﬁ Pretreatment wenLdu Cellulose Hemicellulose uwag Lignin
WULEIU Lignocellulose  Biorefinery  w3eanu1saidngnssuIun1smn (Gasification)  tivelila

Synthetic Gas Nanunsanamdundsnunazasimnatsesansiniivaresiinaely (nna 4.6)
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Combustion Energy ‘ | Grain [ Cereals, Com, Maize ]
Electricity I
| 1
‘ Straw ‘ l Seed H Grinding H Meal ‘
] ] |
De- Elevated- ‘ Starch >_.| Extrusion Directly Use
composition pressure
Gasification I l'
. Decomposition
Biotechnological Chemical ‘ Co-Bxtrusion || 4 actef pasting
Conversion Conversion /
Modification o
I Plasticization
Glucose |
; T i
8llel [ 5 s c| | &
S| | @ Fermentatlon = ® 2 T
=2 5 E 3 E
8| |2 [112 |5 |5
g S Ethanol 5, b E 2
T I o L
TIE
+ e
= g Acetate- Bio-Plastic
@l 2 = IS Starch
o || F 3 s : .‘ Adhesive
Sl gl 5 8 C Co- and Mix-
o= W E; arboxy- polymerisate
o methyl Starch

'
a

N1 (B. Kamm & Kamm, 2004)

Yo oA < o

AN 4.6 LwInevesmslosy i duinaudmsulsnaudinim (Whole Crop Biorefinery)

o

INBUIAALTINAUTININTIE1UTEEENEN AN IEUTEIaTUINNTINIALTUAUIINNITHAIUN

wAlulaginen1suUssUdIIanssun 1 uagiui

9

2 Tnefie@n e vanitinlu Ao WAULAZANSIAT WA

wamslunsiautagifodmivinnaiassiuianuuandisfuadiulddaaunnlsndudanw
sveedl 1 uavszesd 3 Tngmswamnmaluladlunisuusgudanaguil 1 finquszasindndiotiiondn
w¥aau vilifansddedulnapdluiininioussansanlunsussuansioiu 1 ula dea
wazthifunnfivownsuasfunandalsvomdsnuiinmiudey nanldmamaluladiidmunade

A o ¢ a A a A Y ‘:4'
NAGNUNLNYITUALAYIABNAIU (N1 4.7)

Technology 1

Fuels .
Technology 2 Single product (e. g., EtOH)
(convergent) Technology 3

etc.

Chemicals Single technology < E;ggﬂg{ ;

divergent i idati

( rgent) (e. g., selective oxidations) Product 3

etc.

fln: (Bozell & Petersen, 2010)

AN 4.7 WUININITIVULNONAINULAZETALNNTINIA
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(%
o v v

Tuwgivningiudsiududmaiuil 2 Ao Lignocellulose nMsauimaluladilinaldves
nEsugsaafissosafoaliannsaramedununissdafifiutuanduneunisuivanmdesiu
(Pretreatment) Mellasulassadiaves Lignocellulose T3y Cellulose  Hemicellulose  way
Lignin Tngiamgluseiugnaivnssy nmssdnansiaiiaingudanmildundndneisauiiyadiganin
wasdadunnmeiidesdudunsnugiuly uiemwhmevesmsimuimaluladlunisussds
wajuil 2 Teillassaromaniiidudou fo wndonmeluladlatuniauuaniiensudnansiedviale

flyaruinnearliiinauAuAmLATEgRa

4.2 nsldfansiaiandauadunued
Uagulddnasdunisudsgudmiaguil 1 v3e 2 nsasisyaaniinlaeniswarmnmalulagiu
a Y o a Y @ an =t 0§ ¥ a = o
nswUsgURandanaselandeainnisudandanuduisnisuildunisiliingaaivnssuiiaiunsaly
UsglerianTanialdegedadu egndlsinunsdnduladenmaluladvseasulunsiauimalulad

v a

IndudeadinsfinwimnuduAmiaasygenansiiasnnarsniining udininvaieyiaidyangaind
9

4
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A1slulansniduansfsdu (Choi, Song, Shin, & Lee, 2015) @sanswaiinsenuluansgaenadaiu

ad oA

eTeaLAINAMEENN sugar platform vasann nglsulul 2558 Falusrenuvesanninglsuiinig
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Wisuisuyaauazdndiunisnaindsagulunissi 4.2 lnedadiuvesaisinidindu Drop-in (15 vila)

InailAesriu Novel Bio-Based Chemicals (12 ¥iin) lngduunatnaaauasinalulagnisuanlulagdua

Novel Bio-Based Chemicals unainmatulagnisvain

Biological route

Sugars 3
} — Biohydrocarbon
4 .
PEP. — Ethanol
on o
W\/k/w Pyruvate —sls | actic acid
Glycerol l
i Acetyl-CoA —— Biohydrocarbon
A B E}hanol
3-HP o e
Oxaloacetate — 3-HP
- / ‘
Mm / ?/ Citrate — =~
Aspartic acid = Itaconic acid
S Malate
3-HP t

e @
Succinate

a-ketoglutarate

" = kﬁ')
Fumarate / t

A

A
Glutamic acid

Biomass

Starch
Sugars

Sucrose

Glucose

Arabinose

Xylose

Fructose

oil
Triglyceride

Acid treatment

Acid treatment

Oxidation

S ———r.
Hydrogenation

.
Transesterification

Hydrogenation

Hydrogenation

Dehydration

Dehydration

v =2

Chemical route

3-HBL

Levulinic acid

Glucaric acid
LR =

i
Sorbitol
. 1':"1" 2
Arabitol
e

e
Xylitol
Furfural ok
. [ oxidatien ~ 2,5-FDCA
<~ A
HMF Ay

~—Hydration > Levulinic acid

o o
Glycerol

a = i a )~ s
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3799 4.1 welulaBnnsuusgy (Conversion Technology) wagmisldUsglevtivesansiaiiunanilosuvesanigeuiin

a15u0d / walulag A5 tgUse gl

Polyethylene glycol

n dﬂl a
1) taNIUDA LUBLWAN
b2 1
Polymerization with clyurethane ﬂ?ﬁ@ﬂﬁ]ﬂ‘ﬂ@%@ﬂﬁﬂ%ﬂﬁﬁﬂﬁi
isocyanates .
Ethylene oxide Ethylene glycol Polyethylene terephtalate(PET) | 2 2 3 {
T e wAAeAWeT vanevia 1y
terephtalic acid
T L it Polyethylene (PE),
Aceticacid
Vinyl chloride Polyvinylchloride(PVC)
Reaction with
Chlorine
1-Butene Propylene »{  Polypropylene(PP) .
Dimerizatimn _ Reaction with ethylene Polymerization (PET), POLyV|nyL Acetate (PVA),
ydration
Hydro-

Propanoic acid » H :

Hydrogenation g Pentanol POLyVIﬂyLChlorlde (P\/C)
carboxylation

Reaction with _ Dehydrogenation Polystyrene(PS)

benzene

Acrylonitrile butadiene styrene(ABS) |
Ethanol Polymerization with

butadiene Styrene-butadiene rubber(SBR) |

Polymerization Hydration

Polyethylene Terephthalate

Dihydroclorination Polymerization

3-pentanone

Dimerization

i

Polymerization

|

|

Polymerization with
acrylonitrile and butadiene

—,-_Acetald ehyde - Ethyl acetate
Oxidation Oxidation Reaction

with Ethanol
Dimerization or Reaction Dimerization Hydrogenation
with acetaldehyde

Ethyl esters 4-Vinylcyclohexene
Esterification Dimerization

- Ethyl halides L 3| Nitrile rubber
Halogenation Polymerization

with acrylonitrile

Dehydration

fan: (Choi et al,, 2015)
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a15u0d / walulag
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2) a13Usznaunsu (Hydroxymethylfurfural, HMF)

2.1 lansenTudaiasilsen

Hydrogenation

h

2,5-Dimethylfuran

Hydrogenation

w

2,5-Bis(hydroxymethyl)-furan

h 4

Oxidation

w

w

2,5-Diformylfuran

Hydrogenation

2,5-Bis(hydroxymethyl)-tetrahydrofuran

Amination

Oxidation

2,5-Furandicarboxylic acid

w

Hydroxymethylfurfural |4 dration

Levulinic acid

Etherification

w

5,5-(Oxy-his(methylene] ) bis-2-furfural

w

Hydrogenation

fan: (Choi et al,, 2015)

2,5-Bis(aminomethyl)furan

h

1,6-Hexanediol

Dehydrogenation

Caprolactone

Reaction with ammonia

Polyamide 6
Polymerization
4 Caprolactam

=14udn Caprolactam #ldlunis

Na® Polyamide 6
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2.2 wesylsea (Furfural) " ansafulunisnan Fufuryl

> furfuryl alcohol ——p| Tetrahydrofurfurylalcohol Alcohol Talun1sw@n Plastics
Hydrogenation Hydrogenation
.. DAFIUNITNEN
> Furoic acid kK
Oxidation .ol a a =
VLMM?J@Hﬁﬂ'ﬁNﬁGH]']ﬂUIGﬁL@EJN
> Furan > Tetrahydrofuran
Decarbonylation Hydrogenation
> 2-Methylfuran »| 2-Methyltetrahydrofuran
Hydrogenation Hydrogenation
> Furfurylamine
Furfural — Reductive
amination
> Fumaric acid
Oxidation
p| 5-Hydroxymethylfurfural
Reaction with

formaldehyde

‘171|m: (Choi et al., 2015)
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15799 4.1 malulagn1sudssu (Conversion Technology) wagnsidusglevivesansialiunanilosuvesansgaisni (se)

a15u0d / walulag
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2.3 n5a 2,5-Fusulapsuend@an (2,5-Furandicarboxylic Acid, 2,5-FDCA)

Hydrogenation

2,5-furandicarbaldehyde

Hydrogenation

v

Amination

2,5-Bis(aminomethyl)-tetrahydrofuran

h 4

2,5-Dihydroxymethylfuran

l Hydrogenation

Polymerization with
Ethlene glycol

v

Poly(ethylene furandicarboxylate) (PEF)

Polymerization with
1,4-butanediol

2,5-furandicarboxylic acid e

fan: (Choi et al,, 2015)

Polymerization with
diamines

h 4

Poly(butylene furandicarboxylate) (PEF)

Polyamides

v

Polymerization with

Polyester polyols

diols

v

Polymerization

Polycarbonates

Plasticizers

Polymerization

2,5-Dihydroxymethytetrahydrofuran

Ul dululusesnauwnu
Diverse Polymers LU Wad (U7
auilusulamsuendian
(Poly(Butylenefuran
Dicarboxylate)), weatolua
(Polyamides) , wodloanasned
904 (Polyesterpolyols), Woa
A5UBLUR (Polycarbonates)

wazwanamluwas (Plasticizers)
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3) nweseauazansusznauayiusumau "I Juansdsiulunisndndu
Reaction with CO, sthylens :I Glycerol carbonate |—’|Etherification - Glycidol | awﬁuﬁ‘ghqs] LGUITJ ﬂaL"(ja’ﬁaa
or propylene carbonate esterfirication . v o o
=} Epichlorohydrin | AU THdudivinazane

Chlerination

:I. 1NN LATBIAIDNE ALY
» Acrolein
Dehydration

> Prop lene glycol 4>| i
v » | Y Bly | GlYCErIC acid |

=| Glyceraldehyde |—4>| Lactic acid |
Oxidation | Isomerization
l Dihydroxyacetone |—>| Lactic acid |
Glycerol |7 Oxidation | Isomerization

';I Diglyceraldehyde |

ANSARNLSIRIR

Y

Dimerization

:I Acetol I :l Propylene glycol |
Dehydration L 1 Hydrogenation |

:I Formaldehyde |
Dehydration L

-;l Acetaldehyde |
Dehydration |

[ —
3-Hydroxypropionic aldehyde
Dehydration | Y yprop v

> Syngas |
Reforming

»| Ethylene glycol |
Hydrogenolysis

» Acrylic acid |
Oxidative dehydration

1 (Choi et al,, 2015)
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4) lulelalasansusuwazlalansy

WAR Isoprene (W39 Butadiene) HIUNNATZUIUNTUNANITININAIY E.coli (Jung-Hun Kim et al.,, 2016)

Y Glucose
)
>-
6
O G3P
S=
-
O  pyruvate dice
Y
atoB/phaA_ pcetyl-con DXP
¥ dxr
Acetoacetyl-CoA k‘ MEP
¥ mvaA 77 ¥ ispD
HMG-CoA \ CDP-ME
§ mvas TCA Cycle v ispE
Mevalonate CDP-MEP
mvaK1 \ ‘/ v ispF
Phosphmevalonate ME-c?P
¥ mvak2 YispG
Diphosphomevalonate - HMBPP
» IPP > DMAPP
lisps
Isoprene

MEP PATHWAY

P

Isoprene

A

r

(Sds|)
aseyjuis auaidos|

X

O OH

s
I

+]

Pyrophosphate

*Talun1suanesdansizi

*lglasAsuouatsend (C10-C23)
I Huhsuedasduloniy uay
AL

~lglnsAnsueuanedu (C5-C12) 19

AsunanuLialsauy

126




w4 aaunmveanaluladiien1sudssuingavtianiglauleuigdamsugia

15799 4.1 malulagn1sudssu (Conversion Technology) wagnsidusglevivesansialiunanilosuvesansgaisni (se)

d15iadl / walulag Asltuselevd
5) nIAnanfn (Lactic acid) * Juansisdudmiunanansiad
> Lacide —p{  Polylacticacid (PLA) waziEnnaneYile WU NIA
Self-esterification Polmerizaion an ax
BEAIAA IW?‘W@‘UﬂaEJﬂ’eJa
> Propanoic acid ) 3-pentanone 44 Pentanl v
DehyirationFlloed Ketonization Hydrogenation (Propylene Glycol) NIANY3IA
by hydrogenation , - (Pyruvic Acid) ezwavian Lo
: P 1,2-propanediol - b Propylene oxide
Hydrogenation Dehydration (Acetaldehyde) 2’3_qumu1@
Unsaturated palyester resin lou (2,3-Pentanedione) Lty
Polymerization with
unsaturated maleic anhydride 1uda (Pentanol)
disopthalic acid a o a
 dceliehvde Aresopeced *lalunsudansaluauwan@n
. e y b Polyether polyal —  Polyurethanes o
Decarboraton Polymerization with Polymerization with (Polylactic Acid; PLA) a9@13158)
. Propylene oxide isocyanates v gy y
o Acylicacid & T Junanainidevaanale
Dehydration
b Lactate esters
— Esterification
Lactic acid
p 2,3-Pentanedione
Dimerization
p  Pyrwvicacid
Oxidation
u: (Choi et al., 2015)
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6) NIRLAZN (Succinic Acid)

i

2-Pyrrolidone
Reaction with
ammonia
N-Alkylpyrrolidones

|

Reaction with

|

alkylamines i i
v-Butylolactone N-Hydroxyethylpyrrolidone Dot N-Vinylpyrrolidone Polyvmﬂ)\y;;olldo%
Hydrogenation Reaction with enydration Polymerization

ethanolamine

Hydrogenation 4>| Poly(butylene terephthalate) (PBT) |
Polymerization with
Terephtalic acid
X — Polyester polyols
- 1,4-Butanediol Polymerization with
Hydrogenation ; Polyurethane

dicarboxylic acid olymerization with

Dehydration ~—p| Polyester polyols | giisocyanates
Polymerization with — Polyurethane
alkylene oxides }J P‘?tlmf?”m'ont
_ with diisocyanates
- Tetrahydrofuran — Poly(tetramethylene ether) glycol (PTMEG
Hydrogenation Polymerization v v gyeol { ) . N
Polymerization with

Succinic acid

>I Poly(butylene succinate)(PBS) | dicarboxylic acid

Palymerization
with 1,4-butanedig
— Polyester polyols Polyamide 4,6
Polymerization Polymerization
with diols

Succinonitrile 1,4-Butanediamine

with adipic acid
i —— »|  Polyamide 4,10
Reaction with Hydrogenation Polymerization with

ammonia sebacic acid

- Succinic anhydricle - -
Dehydration Dehdrogenation Hydration
Oxidation Isomerization Hydration

- > Malic acid
- 2-Pyrrolidone Hydration
Hydrogenation

(Diammonium succinate)

- N-Methylpyrrolidone
Hydrogenation

(Diammonium succinate)

Esterification

Maleic anhydride

f#a: (Choi et al,, 2015)

= aunsandsuduansusznoundiidl
yarlavianesile W 1.4 Janm
lpoea (1,4-Butanediol, 1,4-8DO),
unusn-Uaielsianlau (Gamma-
Butyrolactone, GBL), mns1lalasi
w3 (Tetra Hydrofuran, THF) Lae
N-gSainesisalau (N-Methyl
Pyrrolidone, NMP)

» Huensissulunswandadlulu
58 (Succinonitrile) FailUldselu
nskan 1,4-lnezilludunu (1,4-
Diaminobutane) ‘Vi'%a‘vu\ll,‘vliﬁ%u
(Putrescine)

" annsaliulilusesvemed ol

T duliluseslums@smed e’
Fanmilavenevile Wy wed Uanau
i (Polybutylene Succnate,PBS)

= Julalusesnaununsnevaiia

(Adipic Acid) lumeie/3isu
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(Polyurethane)

7) nsnlansendlnsiilofia uazueadlan (Hydroxypropionic Acid/Aldehyde)

Polyester polyol

Polymerization r

Jhydroxypropionicacid

fian: (Choi et al., 2015)

w —¥  1,3-Propanedil L.
i - .
ydrogenation T — Polytrimethylene terephthalate] (PTT)
Terephtalic acid
Acrylates P Acrylate polymers
Esterffication Palymerization
¥ Acylicacid Acrylamide b Polyacrylamide
Dehydration Amination Polymerization
¥ Poly(3-hydroxypropionic acid) Detyoration
Polymerization — ¥ Polyacrylonitrile
Polymerization
— Acrylonitrile
. 3ydroxypropylamine acid —| Styrene-acrylonitrile (SAN)
Amination Polymerization with
styrene
. ———{ Acrylonitrile hutadiene styrene (ABS
— P Malonic acid Polymerization with ! tere )
Oxidaton butadiene and styrene
——— Acrylonitrie styreneacrylate (ASA
N . Polymerization with ! y Hte A
3hydroxypropionate esters
Esterfcation acrylate and styrene
— ¥ Acrylonitrie butadiene (NBR .
Polymerization ! ee Polymerization [ Palyamide 6,6
—{ [-Propiolactone with butadiene with adipic acid
Lactonization — ¥ Adiponitrile ¥ 1 6-hexanediamine
Dimerizaton Hydro- Polymerizationli Polyarmide 6,10
genaton with sebacic aid

=1 Juansesfulunisnanansiad
auNusra1eYile 1y 1,3-Insiny
lno9a (1,3-Propanediol) nsn
prA3an 3-lansondlnsianilu (3-
Hydroxypropylamine), nsaxla
1A (Malonic Acid) way Uan-In

silawanlay (B-Propiolactone)
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8) nInd13alla (Levulinic Acid)

|

- Angenlica lactone |
Dehydration

|

Levulinate esters
Esterification

Succinic acid

i

Oxidation

i

— Acetyl acrylic acid
Oxidation

Oxidation

Condensation

|

Acetic-acrylic succinic acids |

|

Diphenolic acid

|

— 5-Aminolevulinic acid |
Amination

i

Valeric acid
Hydrogenation

y-Valerolactone

|

Hydrogenation

B CjAlkanes
Dehydration and :I

Hydrogenation

[ < romanol |

Ring opening and Ketonization and

hydrogenation hydrogenation

y-Valerolactone 4>|

Reaction with
formaldehyde

a-Methylene-y-Valerolactone

:l Branched C, alkanes |

Dehydration,
isomerization and

» S5-nonanol |

hydrogenation

» C,zAlkanes
Dehydration,
isomerization and
hydrogenation

1,4-Pentandiol

Hydrogenation Dehydration

>I 2-Methyltetrahydrofuran |

Decarbonylation

3 (Choi et al,, 2015)

Hydrogenation and
oligomerization

» C,,Alkanes

" nInaaila (Manzer, 2004)
GVL gnldiduansiiuusaluuiale
au

=4 Juasindiiduunanviody
dwdundnansouiusdue 1wy
nsuanSawmmsilalasiusuy
1,4-munulaooa wnuun-11ala
LAALHIL (Y-Valerolactone; GVL)
nsalaluedn (Diphenolic Acid)
waznsn 5-ailludiaina (5-

Aminolevulinic Acid)
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9) g950n9a (Sorbitol)

Dehydration

ydrogenolysis

44 Propylene glycol |
H

ydrogenolysis

fan: (Choi et al,, 2015)

Dehydration

Aqueous phase

4>| Ethylene glycol |
H

Esterification

:I Isosobide esters

= Juanssedulunisudnansousiug
waneviln 1w a1susznaulely
g93kUs (Isosorbide) Tnsiaunaey
ADALAZLIBAUNALADA LAT

ansUsenaudalAuaNeEyY

10) le@noa (Xylitol)

Oxidation

Xylaric acid

Xylitol

Hydrogenolysis

Y

Ethylene glycol

Hydrogenolysis

fan: (Choi et al,, 2015)

P

Propylene glycol

= anmilUldlugeamnssuvane
a1y Wuens n3esdens
wagLNdUFNERNS

= lganoasunsaUasudunsele
a13A (Xylaric Acid) to8aunay

=) aa LY ¥
Ao MIelnshaundumea Lo




unil 4 anmunnveanaluladiienisudssuingaudianieliuleugdiimsugia

M51 4.2 I ALLAA1RaALAgUTEINNYRIANTANIINTIIALATAAANSLATITIVIIA

Bio-based market

Total market (bio+fossil)

EUROPE** Volume Sales % of total Volume Sales
Price ($/t) Price ($/t)
(ktpa) (m$/y) market (ktpa) (m$/y)

Acetic acid 617 1,357 837 10% 617 13,570 8,373
Ethylene 1,300-2,000 200 260-400 0.2% 1,100-1,600 | 127,000 | 140,000-203,000
Ethylene glycol 1,300-1,500 425 553-638 1.5% 900-1,000 28,000 | 25,200-30,800
Ethanol 815 71,310 58,141 93% 823 76,667 63,141
3-HPA 1,100 0.04 0.04  |assumed 100% 1,100 0.04 0.04
Acetone 1,400 174 244 3.2% 1,400 5,500 7,700
Acrylic acid 2,688 0.3 0.9 0.01% 2,469 5,210 12,863
Lactic acid 1,450 ar2 684 100% 1,450 472 684
1,3-propanediol (PDO) 1,760 128 225 100% 1,760 128 225
1,4-butanediol (BDO) >3,000 3.0 9 0.1% 1,800-3,200 2,500 4,500-8,000
Isobutanol 1,721 105 181 21% 1,721 500 860
n-butanol 1,890 590 1,115 20% 1,250-1,550 3,000 3,750-4,650
Iso-butene >>1,850 0.01 0.02 0.00006% 1,850 15,000 27,750
Succinic acid 2,940 38 111 49% 2,500 76 191
Furfural 1,000-1,450 | 300-700 |300-1,015 |assumed 100%| 1,000-1,450 | 300-700 19300-1,015
Isoprene >2,000 0.02 0.04 0.002% 2,000 850 1,700
[taconic acid 1,900 41 79 assumed 100% 1,900 41.4 79
Levulinic acid 6,500 3.0 20 assumed 100% 6,500 3.0 20
Xylitol 3,900 160 624 |assumed 100% 3,900 160 624
FDCA NA (high) 0.045 10 assumed 100%/| NA (high) 0.045 10
5-HMF >2,655 0.02 0.05 20% 2,655 0.1 0.27
Adipic acid 2,150 0.001 0.002 0.00003% 1,850-2,300 3,019 5,600-6,900
Sorbitol 650 164 107 assumed 100% 650 164 107
p-xylene 1,415 1.5 2.1 0.004% 1,350-1,450 35,925 48,500-52,100
Farnesene 5,581 12 68 assumed 100% 5,581 12.2 68
Algal lipids >>1,100 122 >122  |assumed 100%| >>1,000 122 >122
Polyhydroxylalkanoates| 6,500 17 111 assumed 100% 6,500 17 111

(PHAS)

fan: (EaTech, 2015)
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TATIvANEsatunLdaturetaramelsUiuginiadululan wu ewisnmile awwsnle uwag

widy lunisdrsiagaruntmnalulagnisudnarsiadldnisnimesuanas TRL  (Technology

Readiness Level) lHudauiinunainszsiu 1 849 9 laslfsnnainusakandlunisned 4.3

[
Y [

FTinanIUAINYA

Tumsiwmuasyau TRL Jenalianunsaldridiniswdn (Plant Capacity) Wissagnafeaduy

1ula8 AL 99INIEAUVDIVUIANITHANAMSULFBENAN A T LlindU F9A1§9n1S

WA I UAULUUVDINAA S NN T AT UNITHAR T UM TS0 D NNAR Ul faTiuannIn

glsuldusunanisudnnel (Ktpa; Kilo Tons Per Annum) e

A1519% 4.3 TR muaTEAuAUNIanvaunalulad (TRL; Technology Readiness Level)

TRL | Plant stage Definition
1 Basic research Principles postulated and observed but no experimental proof
available
2 Technology formulation Concept and application have been formulated
3 Applied research First laboratory tests completed; proof of concept
4 Small scale prototype Built in a laboratory environment ("ugly" prototype)
5 Large scale prototype Tested in intended environment
6 Prototype system Tested in intended environment close to expected performance
7 Demonstration system Operating in operational environment at pre-commercial scale
8 First of a kind commercial system |Manufacturing issues solved
9 Full commercial application Technology available for consumers

fan: (EaTech, 2015)

mamiﬁﬁwﬁagawudwL%ﬂiuiaW‘lﬁﬂumimémmimﬁmﬂ%amaﬁ’]LLuﬂlé’Lﬁu 4 walulad

nan Ae NTEUIUNITNNTINIW (Biological Process) nszulun1sUanUassainiwaa (ntracellular

Process) NS£UIUN15N14LAT (Chemical Process) LAY NTEUIUNITNIGLALAIIUS DY

(Thermochemical Process) luami 4.9 uanstoyasysuaiuniauveanalulagnldlunisninans

Ag 9 9nUena / A1slulanse AuaTEAUUITY (TRL1-6) QuiiessAunsNaaBawidiae (TRL 8-9)

eniulunsdl LC Ethanol wanediald Lignocellulose 1uingiu wan1siasiziaingnainssud

ASITDINUI NTEUIUNITNNTININ WaNTEUIUNITNINAT LTUaRInTzuIunIsnanNldluseduLds
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v

Welvd FavoyadinseninsrezialunTveNgIuIANIIHENINTEAU Pilot Scale (TRLS) lugsees

Y

WIWalwe (TRLS)  139%01na19e191ee 10 U TunsmiNan nwinaautdasule (Wleuly @nin

v
£y o

WITHENA ANNABINSYRIRATR FHnvewnalulad LasdnanduiiuazUaietmingveq)

Research Demonstration Commercial

1G ethanol

Key

FDCA Xylitol

5-HMF Levulinic acid Furfural

chemic IR L — || tmconicand

ai | e
S ey e

Al

a Y} o P~ a a a
AN 4.9 38@1]?]'3'1117\139&]6(]@@WlﬂI‘LJIaUSLUﬂqﬁNaWﬁ']ﬁLﬂllf\]']ﬂsﬁqll']a

ndeyavenswlsiuiiialunsasinsa wudnislduuimadsnduiinmlunisudnans

a

FuadarliingiuGudulaslnssaiswesgnanvnssuindusduindeunsiammalulad Tuvay
msldviinvesanstuniifiyadianudeinisvewmainuazsyiuaruniauveavalulagiluladud Ay
Tnsgaamnssuiidnniiunumddglunisanasaiandiunalssian dopin Chemicals 1w
gnawnssuafifufiigunisudnamsieinmisiudlnnden lnetadoddyfazndnduliinnisude
asiadandunaluBandudie siniawisaudsduls danisanwideyadanaiivirlifananss
Svuanumaiitaadlfinntudatuyselovideruumamstmuulsuenmstuindouasugia
1ngdinm wagmstamumaluladfifsrdedioliamnsaindugnamnssuidyadifiuuas

ansaudstulanuenavnssutinsiad
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4.3 wuMeNsHanasIalndLazasialianndauialulszmelng
NToyagnaInnIsuiiigIdesiunsHanndinukasalsiaiandinian uinusemelne

o val o £ Y v o v < [ a v a (% IS4

Fapslddnaasun 1 loun deoe uazsiudends WuingAunanlumsudandsnuuazaisiadl Awuans

[

Tun A 4.10 @53 1AANINSHAR MUSLAUDNAMNTIUVBIUTLNA LA NIALAARN NIATMSN NALYD

9

[%
a

Su ladu uazweidnea lnsionvudndniinusenvesUsemealng LasuTemsiuuaInaUseme
weluladlflutlagiuvesUszmalnedidnvanifunuulsndudinmszesi 1 wu lunsditingiv
Susuuisundu SsdinsilUldudalulefwanasindiweiu iWunandanassld udsslifinisld
welulaBifimdslunsussundweiu Humsneiisinduidyad ity uaslunsdvoansnuanin
Fu9u Novel Bio-Based Chemicals fwanvandieglulszmalneduuidnimmAainyssineg
lisesuaus (Corbion)  Liesnanmunimnaluladvesuszmalnediulvgidogluszfu
HosUftfnis defuuumdunsiauimeluladviodenldmaluladandeussmaiitogifions
wAnansiasinTunavesstmalne Sududosiansanhdsuisaiinansaiiiamnsondnldazd
msthlldusslovidednslslundndusianviheUsziavla Werislunsimunfiensitgnamnssy

nsuanansiaianndaunasialadanundeusnigadmsulssnalne

Commercial production of biofuels, chemicals and materials in Thailand

Industry
Agriculture Companies
types products
¥ Ethanol 1,058 mil L/yr A2 @K ISk
*\'YSU arcane Biofuels
Q g Biodiesel 1,168 mil L/yr oon M) E@ERE
& ) Biogas 1,523 mill m3/yr ’% @ <SS
Rlosaery Biomass to m o
7YX\ KTIS
Electricity 2,321 MW S fﬁ} @ AT
5 Lactic acid 100,000 t/yr coot
&
YV - Citic acid 15,000 t/yr LA &
CGSSO\{ ] 17 mil L/ (7]
ycerine mil L/yr £ PATUM TOL
’\ Biochemicals
Sorbitol 43,000 t/yr G 7 e wers
Lysine 47,000 t/yr >
Oleochemicals 120,000 t/yr Go. 2. %...
Palm PBS 20,000 t/yr @
- Bioplastic Blochem
PLA 75,000 t/yr

purac

Source : Modified from Petroleum Institute of Thailand and Sasin Management Consulting, 2015

A9 4.10 gnaunnssuinndagtuniludssinalve (Bhumiratana, 2016 )
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usnnaafianTamnaiud 1 udringvussian Lignocellulose atfurfuunasdauna
ddnlunmsndeanned wiegfnuiseduunndaiilunni@manguiulisslenitaie
n3nan Cellulosic Ethanol wazansiafliu Sugar Alcohol dsldiduanslmnumuusinalulad
fansegluseiuresufifinig wenainidesiiandn fe dunu 1iesan Pretreatment  Faidu
Sunouiidsimunslumsiasy Lignocellulose Tiduthaasiasieg eldiluasisulunisuan
a1siadl (Chemical Building Blocks) fauanslunnd 4.11 FadlerSouiiisuiudnaui 1 1Wu
$ou nszvrumadsuduhmalfifieadisnemna viensduesuds iy 41lwa 4199 uazdn
and Maeulvflunsdsuniaduiina n1svih Pretreatment 18932328 Lignocellulose §1dnin
frududousnn uivinfinnsanangranvnssndeuasnsyauinindugramnssuilinszuiuns
Pretreatment ({{undndsiudunuuazsedunundouvoaneluladenslilatigmndn Ssenadudn

gaanssunilaniunumlunsndnansadanndiueg
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Mechanical W Chemical Chemical
process | process process building block

fiun: (EaTech, 2015)

A9 4.11 3nsnsuSuanimilesiu (Pretreatment) vestaulavianiee lWiluihnia
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4.4 gadminssuiganaznIEAEgn1suUTUTINIRREEIUSE RS A NE 9gn

4.4.1 NSTUIUNMIHAMEDLATNTEAY

[

Tsanudensyany iulsenuivhnsudssy 1 nszaviloda vie Sagauduqidl
waglaaifusaduszneundn luiluide mmﬁwﬁsﬁaﬁlé’%gmﬁﬂﬂmémLfluﬂizmwaz
wanAnusiAEItowioly dmsulunsssmadsanansondnidonszavainingaudilaldliile
wiu gudes T whe e waz Unu 1usiu

FuneundnglunandnBouaznszaululssrugramnisuiiuan mawdeuingiv
Tnens sudndedligadiglssny wiuddnszurunsaaniuden (Debarking) anduiiu
nsdugesliiiududng (Chipping) nduiirgdtunaunisduibe sende uag n1sudn
nSLAY ImsﬁiiwumﬁmﬁaLLainmumﬁmigmwawagjLL&mﬁ’w‘%aagﬁwﬁuﬁlﬁ (Gary A,
1994; Hamaguchi, Cardoso, & Vakkilainen, 2012) TnenmsnaeenszuIunIsHandouaY

N3eAlUlTUNAVNTTULEAIRINING 4.12

Paper
‘ ‘ Products

(0) )
oY
—p | Effluent

Evaporation

4

l l Paper Mill
L &8

!

Boiler

|

White
Liquor
Recovery Line

A9 4.12 nszurunsHanauaznszawlulssugnamngsy

nsudndenszatvaiunsaldiaifnaaiuazniana lne3iniana (Mechanical
Pulping) agldmannsualilduibeseniasiionuuniieg fu wu ldfuua S Stone
Groundwood Pulping ldaunsaiilesun 158011 Refiner Groundwood Pulping Tdaanu
1% | g v Ay = i . . <& v o ) a
SourlvunsldaunIaiesuaianit Thermomechanical Pulping tUuAu d@usunisuas
WWonsymwlaedsiall (Chemical  Pulping) tluniswasielaeldarsiaiianndniiu was
drudsznaumaaidu sananllelilisnnian wdsliudiaglaa YagUuinisndnigowds
wiled 2 Ussniluiiflon Ao 1. nsguiun1sas i (Kraft Pulping) 3anszuiunsdamin
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(Sulphate Pulping) uag 2. nszurunsdalusi (Sulphite Pulping) egalsfimunisndnide

b4 = N

BaaildulugSesay 90 Wuniswanainnszurumsdams einiinliarinmunmningen

q

' (% ' '
aaa (Y a A o

WIENAINITAU NImemuauwledtazUfAsemaunen1snend winananLteazaIndn
(Aun3s Tupeyad, 2550)

nsrvaunsaTivy ansedidlddmsuduiulidu Yseneudsarsazatenas
seminsludeulansonlusuazladondalis (White Liquor) Taevialuazivualinsidau
vasansLAfiinfusiotulii#u (Liquor To Wood Ratio) ey 5:1 U$ugangiivasvisiofy

Tvlgaumgiuszunn 80 eeAnwalded naaantuAseiugunlivesniionuot1991q

(Uszana 1.5 sarwaiBeaseunl) udloamiimuidmun laenilugumgiawaalunisugs

v o9
v

WaNTEAIIENTTUIUNIATINNIE g iuseann 150-170 asrwaidua Julddunle
Y v P Y a [ o v oA N A a vy
M sauvziidnvaeduansausuendudulels wenseawisaidulefindalaazgn

o 1% v 5 < ! ° [ a o = <& a 3
1N819a78NaE M IUNNAAITuAe dmSuaisavateddivisenuaniniaes (Black
Liquor) Mwdeann1suanidonseaumienssuiunsnsmnazgnin el fiunssuiunig
Wethansiadinauunlalus (Chemical Recovery Process)

Aaa 3

Wanseawinlnainnssudsainanuiwal a1aeanisunlulevinnseanuiidv1inaes
Haunszuiun1sHeniie TnguszasAvasnisnenyinenisindndniuiivieegnds
v oA v N o o | a & ¢
ATEUIUNNSAUED Peansialldnsunenl Wi aandau talasiaulaseanten tolay na
Wosezann lufsulalunaslsdnassulaeanlas waz aassu Wudu nennineldans

= I~ [ d' [y} 4:1' Ly ] a g.;
Aaesudundniunisvlenige Tagtululsesnuinvivady sendnuszgnldludunsulsnveinis
NonLED WBIINABINISUANLALINIT M ESLALUTENTARDTUY tAEL519EL3annNSHBNLE a7
UTIFIANNANTAABIWIN NTEUIUNIT Total Chlorine Free Bleaching (TCF) &nszuiunis TCF
1 fglmimsannszuiunmsenaunsagnlewdnlulundeletird miunisudalounla
nduarldlotfisndnlwindsastivanusuiuasuaiuNuasseanul WAdIMSUNTEANY

A o o & o ~ v a & % o a

U19rdadadndudesiinisidarsaansulaeanleniiuaeslunssuiunisweands 15198580
nIzUIUNITNENLEBNIINIZUIUNTS Elemental  Chlorine  Free  Bleaching (ECF) @3
nszuIuN1s TCF uag ECF unszuiumsnendenduneensuludagiu esnndulng
AOAILINADY

PndubeNwssulaszgnilugnsruiuntsndnnszay lnensdibenaieyinnay
Auiludnndiunmunsauielilanszgavaunmaudieanis taghvasniivissiinie
1 q' @ o gj dy 1 d{' c‘l’ dl’ d' cl' 1 d'
FIALANNINVDINTEA AT LA tuTumnoull WuberaudlununsunsmIndundoun diui
Juierluaniuszinss wdededudaududuuiy wdmiudign ndseurinliuwia agld

NILATUMUABINTT
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4.4.2 #nearnlunsiUasugnamnssuidouaznszaugnisulssuianiangiad
Usandnngagn
gnamnssuauarnszawilidnenwdiaziJugnanunssundniiaansasznaneidy
LU53UTmnangsiiuszansan dmsuilulunanisluiasvgianingudanm wie
Bioeconomy luaunan 11aiLieda1n By Product waeldwivaeii ﬁlﬁmﬂqmammim?ja
waznszauiidnea szl ssuidundnsasilniqfiflyadt uenwileluainnisuan
N3EA1Y UTIYAMY vise nseauiivy endegiuty asazanednionuininiaes (Black
Liquor) fivaeannmsuamdenseamvaziliosduseneundnidudniuazainey deanunsntmn
rrunsguaumInnagnouiieianiululivselovisely vieimwmndofisainnszuiunis

[ a

a | o 2 t ° o oA i |
wigudngau i vl wWaenldl awrsadiunasiayadiulalugusuusiie Tagniu
nszvIuNsiuanaRiuazihlviduemdwiseasiedniuyan naadulndwesyin
' = £ I v & =) [ o !

AN99 NIBudus UL seninaznou (Sludge) 1o AFINTULLUIFUNIUNTZUIUNTS

a d, aaa =1 avy 1 o = ¥ -

wazimalulagineqnangiluansiadndyarvseamdslauiu wenainiimndesni siiie
n1slduselevdadnegean anaviunszulunsanaleiiiwaglaa (Hemicellulose) oy
nszvIumssuie Weuneliwaglaaluulsyuiluansiedniinyarsely iWusiu Tnannd
4.13 uansdiediufnee seninensruiumMndnidenaznseauianansat Ui sgul iugadd

fale

Hemicellulose

t @

o Hemicellulose ‘ Paper
Black Liquor

Residues l
Paper Mill
Sludge

Sludge

ﬂ’]‘W‘VI 4.13 LLﬂﬂﬁﬂﬁﬁ’Ju%ﬁ’]ﬂﬂiﬂuql‘ULL‘Uii‘UL'Wllllﬁﬂ'?@]@i@ 'NﬂalIﬁL!’]L\‘i‘L!

) \—p | Effluent
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4.4.2.1 MmsuUssUiAsindeds (Residues) NNTLUIUNSWTELIRGAU
wislivdeimundenningAunisinuasiuiednduingiuiiuiauls Wesandisien

[

gnimgAvisnisdadulunisndaibenseasfenainavmardlumnnilnensaiolidu
mudeutazndsnululseny nszuunsmadendmdunistdusslenimumaeiandni
aunsantaeanidy 3 wuu Ae 1. AsTUIUNISIBana (Physical Process) loun malulagnis
Soufiaidoinas (Pelletizing) 2.nsvurunisidainudousiufuiail (Thermo-Chemical
Process) laun nalulad Gasification  Combustion  Torrefaction  Pyrolysis — wag
Liquefaction ag 3.n52UUNTNNTINMNIIUAULAL (Bio-Chemical  Process) Laun
wialulad Hydrolysis Fermentation dsusiaznszuiunisiazlindnsausinainraiaunns

fulU (Hamaguchi et al, 2012) (n i 4.14) Faidsvesnslduseloviiavmvioiataua

'
(% a )

wiail Ao UsunadludiingAungs agluaie 35% 89 60% (Lehtikangas, 2001) lagein

q
¥ [

AUTULTUREAUANINDINFALAZTZEELIAINTTALAUNEIndalY Falunszuiunnsg

Y

Pelletizing, Torrefaction, Gasification 3@ Pyrolysis TagAufilddndusiesanainuiuag

{ = a

Wide 10% -15% Falaeunfazlisndudesldiunisinlmilaensslunsiolotiniuseansaw

v & = o & Vv AN v A v g Y o a v %
PNUU QQQ']LUUW@QNTU@]@Uﬂ"ﬁ@ULL‘VNLW@IWLUUIUG]']@J?J@ﬂ']VU@LWﬂJLGU']ﬂJ']ﬂ'JEJ

Pelletizing >
—{(_gas turbine, engines }

synthesis )—»(methanol, Ha, FT diesel, DME)

\ 4

\ 4

g;gﬁ?g;g‘%') syngas fuel cell

excessair | Combustion
(700-1400°C)

partialair

steam turbine

torrified biomass

Residues Torrefaction
(220 - 300°C)

noar " B Pyrolyis
(300-530°C)

Liquefaction I .
(3%0-350°C) upgrading

charcoal

bio oil

transport fuel

) ( HEAT ) [ ELECTRICTY)

\ 4

FUEL

bioethanol

Hydrolysis e
distillation

A7 4.14 AsEUIUNIMAdend mTuLUsTUwnaee (Residues) (Hamaguchi et al., 2012)
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4.4.2.2 maieiwaglad (Hemicellulose) ulduselew

nsanaeiivaglaaainingiviiiasenunldusslevinauniulugnszuiunisey
Jo feindudnisnisiiezanunsondnansiaiiifyaduazindies iosnnefiwaglaaain
Fanawanil ssdtsznaufetina C5 uar C6 Faanunsognildsuguiemeluladaniwl
nanewduasiaiviinnngg wu tenuea 0nmuea lwdnea nsauanin nsednilaila (Wudu
Tnenszuiunsadneiivaglaadeunssuiunsfudeiuinenunisinuuudmainvany
n33u3s ldinanfumsatadeansaraneiua nsatngaetnieu wie nssuisaun (Amidon,
Bujanovic, Liu, & Howard, 2011; Amidon et al,, 2008; Chirstopher, 2013; Heiningen,
2006; "Roadmap 2015 -2025 The pulp mill biorefinery," 2017) Al 4.15 uans

[y

nandawndululdannsieliwaglaaulduszlov

Xylose
Isomerase

Solid State
Fermentation

A

Applications

Furfural

Acetone
Butanol

Applications Hemicellulose

Acetic acid

Xylulose

CHP
Fertilizer

|
JTLL

A4

Biomass Hemicell\.llose Hemlcellglose Bioconversion
Extraction Hydrolysis

Extracted :
P2
Chips ulping Cellulose

fan: (Chirstopher, 2013)

Al 4.15 udnfasiidululdannsihieiiwaglasunlduslowd (Chirstopher, 2013)
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4.4.2.3 msuusguidulewaglaa (Cellulose Pulp Fiber) guansiasindlyadigedu
Borvsedulowaglaauenainnisihlundadundndoueinszaviasusseiarinm

I a

fuoglutiagtiu daanmnsathuulssugnanduriaiyadgeduduandunind 4.16 (Babu,
O'Connor, & Seeram, 2013; "Roadmap 2015 - 2025 The pulp mill biorefinery," 2017)
Wy \Heiwaglaadimiudane (Dissolving  Pulp) dulounTuiwaglaadiniundndasmiag
AnianTRATAYing Sanelud 2563 amndnduleunluwagladazgnianliduasiaiuuss
Tunandnsiussgdnsinssauwuazimeslumanadia uazenalulflugnaivnssuduslésnly
aunan Jagduidulounluwaglasanunsandnlawdiluseiugnamnssy (‘Road map 2015-
2025 Materials from nanocellulose,” 2017) uaﬂﬂﬂﬂ‘ﬁlﬁuiﬂL‘aniaﬁmﬂﬂizU’mmiﬂi’]Wﬁ
fafidngamiiaztianldluian Bio-Based Composites  @sannsnvimnldlundnsasii
a1nNnany v esiiees ussydne aunsaliu wazaunsaln1an1sunng A8
AR ATTUEN19N156 W ARSI Durapulp TiRmulaeusen Sodra Sulundnsous

Biocomposite Milunswauszninadewaglaanu PLA (A51735 wunile, 2558) (0wl 4.17)

Product Opportunities of the future p

Textiles materials from cellulose

Materials from nanocellulose

Bio-based composites

Paper
“ Tissue

Packaging

Today’s products

Al 4.16 sandausimdululdanidulewaglaa (Cellulose Pulp Fiber)

AT .17 wAnsaut Durapulp fivalaeusen Sodra (‘Durapulp,’ 2017)
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4.4.2.4 m3fsyaalsiunuudadniaes (Black Liquon 3nnszuILNsende

Unflulsssmudonszamsuudnaniaefazgninlusniiielildansiedidudenduanld
vl n¥eumdnanufounazndsnuilililulsanuislaiunssuiunmsaiasednduanld
Tyal (Chemical Recovery Process) wagiiiosnndniudeusioundiegluielsanineas
avaveglunuindnaesilinnszuiunsduie dufumnnisfuyaelvuiuuiainees
(Black Liquor) msiniswendniiu senanuuindnaesteudiierhaniululdussleniadis
A Tnenandasiiidululdannsuussuandu lun msueulvlues 158u 1iadu uay
a5l WWudiu (Chirstopher, 2013; "Roadmap 2015 - 2025 The pulp mill
biorefinery,’  2017) (Al 4.18)  3Fnsuendniiuesnainuudedninesiiteulddanis
anagnoudniiunienisinliaisazarsuvandniaesinnnudunse lngldarsazaronsa
sauffu CO2 7BennszuIuNTHIN Lignoboosttm Process (Tomani, 2010) UanAINNITANN
dnilu eontilothluldnanansiniviondn Aueifiiuyadiuds Snmadenvddunsly
Uselomiuudmdnines Aen1sthuudednineslusiiunssuiuns Gasification iiendandsny

(Hamaguchi et al., 2012) (m‘wﬁ 4.19)

Dimethyl
Ether (CH,),O

Methanol Acrylic acid Polymers,
CH,OH C,H,COOH Adhesives, Paints

SUELT Ethylene Ethylene Oxide (Surfactants),
C,H,OH C,H, Polymers, Aldehydes, Alcohols, Acids

Fischer-Tropsch Carbon fibers Vanillin
Hydrocarbons
Carbon fibers Binders
Adhesives

Phenols, coal 400-500°C Additive

Fillers

Syngas, coal, 700-1000°C Pyrolysis
ethene, benzene Gasification Dispersants
Emulsifiers
Acethylene 1200°C Black

: Resin
Liquor
4 Co-reactant

Cellulose Pulping Biomass

Extracted Hemicellulose
Chips Extraction

Al 4.18 msldusslenianiivanuudadniaes (Chirstopher, 2013)
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Turbine

Gas
Turbine
4 FT Fuels
Syngas Chemicals
Raw

Gas
Concentrationy) Gasification

White Green
Liquor Liquor Smelt

Condenser Hydrogen

Condensed

Vapor Fuel Cells

Cellulose Pulping

v
H,S
Chlorides

Extracted
Chips

Bi pemice ose Hemicellulose
SOV EsS Extraction

A 4.19 nslduselevinudadnimelaeniunszuiuns Gasification (Chirstopher, 2013)

4.4.2.5 nmsusglerininagnau (Sludge) vaaduannlsenudslaznszny
nnaznau (Sludge) fawludnuilavesdenaninandululssunseane (Wnde 50

nn. WA 109N INAznouUgu)il (Primary Sludge) #ia 1 fiuns¥aw) Faninagnaulguniiil

Y]

gaulumeansdund laun ansusenouaslulamsnluyag 20 -75% Juiuingavilssuld

B3

NARNTEANY WANTIAIUSENaULUA8TA1TaRUNTITIUIULIN WU ANTY AULATET 10N

%

wazflaiaas Wudu (Boshoff, Gottumukkala, van Rensburg, & Gorgens, 2016; Fan &

Lynd, 2007) Astiunisazneuanlssunseavanunsaldiduwnasingiuwaglaadmsunds
wdsuuavansiad esnniidedfelusidudesiitunaunis Pretreatment Liiel¥ldinds
Gilowaglaa esnnluduneumsindenszauldiadniusenluuddumiouayéida
lassaiaduleaglaguaniliiiedenisnssinmenseuiunmeduaiveaisinilnely

a 4 1

wazyinlidszudnanldanelunisyin Pretreatment Anafusie ag1elsiny Tatdefa n1n

q

a L3 = v a a v = = = <
AZNOUNAULUTUTIUTDIDIAUITZNOUNILALEY SaNUTUIALEILAZLAIINNUA F9LTY

guassadnAgNnlstasunisuntluiielyiiin Bioconversion  ¥8nNaunIEAIwoE1l

Useandn1n (Gottumukkala, Haigh, Collard, van Rensburg, & Gérgens, 2016)

walulagnisiininazneuainlseunseanvunldusslevilaenisuussiilu
oundsdanm vde ansiell Fatunisulszuiananiednlumagloa Sweglusedunsidelu
ﬁm‘dﬁﬁamﬂﬂamﬂiuiagﬁﬁ’mﬂ%ﬁﬁﬂ Bioconversion, Thermochemical Technology,
nIomAluladsiusyuing Biological wag Thermochemical Technology (mwﬁ 4.20)
(Gottumukkala et al., 2016)
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—> Bioethanol
—> Biobutanol
—> Biohydrogen
— Biogas
Biological
—> | Volatile fatty acids
Chemicals | —> | Lactic acid
and =
biomaterials | [—> | Enzymes
Sludge L—> |Bacterial cellulose
Others
|
Thermal / Fuet:,
— X chemicals
Thermo chemical
and
biomaterials

Al 4.20 walula8nisuusguuagndndaamdululiannmnazneuainlsanunseay

1) wAlulad Bioconversion WiaNAMIBLNAITININ (Biofuels) a1nNINRzNau
NM15WAn Bioethanol Biogas Biohydrogen Wag Biobutanol 2MnNINRLNDUAIEIS

. . Id Ql o a o = [y I LY = v a
Bioconversion 1Uu 4 nalulagvaniinnis@nwiiuegludagtu iesanninaznaudad

USunandn (Ash) eguindaduguassadenszuiunisniadinmildlunisnde Bioethanol

= o

ez Biogas Auuudadnlunazdasdnszuiunismindilaenisauaznssineuazdssiolig

1%
v A

N92UUNT Bioconversion Milliis1891un15Anw1inn1sAIdadnenneu azvnlwanu
dituvesenusaiindnligedu (Robus, Gottumukkala, van Rensburg, & Gorgens, 2016)

NT2UAUNTITNER Bioethanol L‘T]umzmumiﬁgﬂﬁﬁmﬁﬂmmﬂﬁqﬂiuszﬁu
wesUfURnsuazdinsilu@nuiluseau Pilot Scale Wssdntoy lnonszuiunswanom
uaamsﬁlﬂﬁﬁ'ﬂ‘] 1 3 walulad Ao 1. Separate Hydrolysis Wag Fermentation (SHF) 2.
Simultaneous Saccharification &g Fermentation/Co-Fermentation (SSF/SSCF) 3. Fed-
Batch SSF/SSCF (Kang, Wang, & Lee, 2010; S. Marques, Alves, Roseiro, & Girio, 2008;
Peng & Chen, 2011; Jiayi Zhang & Lynd, 2010)

NILUIUNITHER Biogas #1875 Anaerobic Digestion 210 Secondary Sludge
msAnwiuluedned  wAn1sWER Biogas 910 Primary Sludge é’ﬂa&ﬂmzé’uﬁuﬁuﬁﬂm
d1UNILUIUNITNER Biohydrogen ey Biobutanol 21AN1NAZABUNTIBIIUNTITANILNES

WBnteuwintiu (Gottumukkala et al., 2016)
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2) walulad Bioconversion  Lilendna15IATLALTAATINN (Chemicals  And

Biomaterials) 31nN1NAENDY
MNANTUIINIAAENBUINISIUNTEAWIAIUAAIEAReTUTIIA AN TwgAg Lad

ada <

lundvasSununguay asnlindiauinunefondazadalalaeldnseuiunis SHF v3e SSF

a

wuuiiy Tneldidogauniduuuiieanieuvunay Yagdumsldnmamenouanlssnunszay
Huansssulunsndnanaiififyassdmsdnwiiosun sgslsfiniunszuaunisiidng
senulifannsatweniadneaimusaninagneufiannsaliiuingiudmiunssuiunis
Bioconversion #ldlunsuanansiaiisingg wu Volatile Fatty Acids (Vfas) induszning
N3¥UIUNTS Anaerobic Digestion Tun1swén Biogas (Bayr & Rintala, 2012) NMsHaANIALA
aRnanMNAzneuvaslssunAnnszasilufa Taldnszuiuns SHF AflnsAuunaldou
ANSUBLUA (Susana Marques, Santos, Girio, & Roseiro, 2008) ANSNANNTALAAFRNAINNIN
nznau lagldnszuaunis Semi-Continuous SSF waw Fed-Batch SSF (Budhavaram & Fan,
2009; Lin, Lee, & Koo, 2005; S. Marques, Girio, Santos, & Roseiro, 2017) ANSHAR
Bacterial Cellulose 1A Hydrolysate wasningenau (Cavka et al., 2013) yona Nl
enudneulesiiwagiaa (Prasetyo, Zhu, Kato, & Park, 2011) uasidulourlugaglaa
aunsandnannInagnauls (Ledo et al,, 2012)
3) wAlulad Thermochemical Conversion 31nN1NAZNOY
waluladfifissnudnnuzaunisude Wounds aaiadl vio Jandinm Ao
ns¥UIUNIS Pyrolysis laidnazidunisldnszuauns Pyrolysis uuuLAed vde nszuIums

Pyrolysis $31AUNSZUIUAITNISTININ (Gottumukkala et al., 2016)
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= v
unn 5 aguiazvaiausuu

5.1 asunan1sAnwansunannasuluuszwmelne
o A = o g v o RG] % a
nulevennsginautuuni 2 ihlinsivitssualvneddifiulevisauesygianngu
= A o P DY aa P DY 8
Finmlaensasiiisnlovenineiesiumalulag@inimiazuleuigiiieitesiuaianun s
UNTENT Useanad weungainieu U w.a. 2560 Sgunalnedalafiuleuteyusessgnianiu Bioeconomy
lnenssanfiviasugianivelinundoneguas wu Tud1znds wazdes (Duivtises weads
a o ea ] . : = | o a I = =] ~ =
HARnAuTIYINMYAAES (Biorefinery) Fawuamsaiiuaueenily 3 sver Ao sveeil 1 4 3 lAsaNsn
a DY Y = a a v Y N o a a v Y
Neasiundanudinim 4 lassnsiiieitesivgaamnssueiing uay 13 lasamsiigitesiu
gnaInnssuTInnyanadue) lawn ieddueindulinsreduinden gaamnssunisinuaswazulsgy
919115 @RAINMNTTUTBLNAIWINNUALLATITININ QRAIMNTTUNITUNNEATUINDT UAZQAAINNTTY
wAlLLAEIUEY UARREVINTINWABUIANDUY IABUNUNIINIURISTUIAITNIINNGUN 1 WAIUFINW

[

AINNWIENGUN 2 WAARNTININ WANGN 3 DININEFUNIN FAVINUADNGNN 4 aRanNITUENTITng

q

v 5 ] o P 2/ . . = 1 a
waginTuTugs seeeil 2 in1sauiteaia Biorefinery Complexes uaziilodlnsiuuAsugianin

FIUTINMLAZUIANTTUNATUIRT dwmSuseesn 3 aghnisamuaiisdsaundnedringvlusedu

<9 9

€

[y a

FUKUULAZIZAUNITRAAKUUNTSAN Lieansesug Regional Hub uduluuanamnIsuwiseunn lng

AIANTAIINALAWUVINUAUTEINN 377,000 AU (@UnaaUseensy, 2559) dawandluning 5.1
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Projects

Investors

Policv/Reculations

Investment

S

RN NN NN NN NN NN NN NS NN NN NN NN EEENEEEEEEN,
.* .

o *

* .

*

1% Phase (2016-2018) .

Bioeconomy : 10 Year Roadmap
2™ Phase (2019-2021)

3" Phase (2022-2026)

Bioeconomy projects in existing areas:
- 3 projects in bioenergy + 4 projects in biopharmas

Preparation for Biorefinery Complexes:
-Site selection (Sugarcane/Cassava)+Sites preparation

- 13 new projects for high-value bio-based products
- Preparation for R&D, investment partners, and new markets

creation

ssssssssnsnnsnnnnnnnnnnnns®

Establish Sugarcane/Cassava Biorefinery Complexes with
synergy in:

- R&D

- Energy

- Development of value-added bio-based Products

- Cross-sectoral collaboration among stakeholders in

Bioeconomy

Establish Biopharmaceutical  pilot plants and
commercial plants

- 2 new projects in nutraceuticals

Implement  domestic/international ~ full  scale clinical
research

-Bioenergy: PTT, Mitr Phol, GPSC, Thai Wah, KTIS, GGC, Cristalla
-Biochemicals: PTTGC, Mitr Phol, Cristalla

®  Cosmeceuticals: Mitr Phol, Ueno Fine Chemicals, Cristalla
-Food ingredients: Mitr Phol, Ueno fine Asia Star Trade, Cristalla

-Biopharmas: Siambioscience, Baxter

- Urgently resolve the Factory building plan approval &

Bioeconomy: Mitr Phoi
Biopharmas: Siam Bioscience+alliances in USA, Europe,and
East Asia

- Nutraceuticals: Cristalla+alliance from Australia

licensing conflicting with City planning

- Offer tax incentives appropriate to break-even period of
each industry

- Study and found Consortium/Center of Excellence for R&D,

technology, and innovation supporting Bio-based industries

industries

- Establish Bioeconomy Development Unit to sustainably
promote and support

Bioeconomy

- Fund government sector in capability building of human
resources along Biopharma value chain e.g. Clinical

research, scaling up, etc.

Fund government sector in capability building of human

resources along Biopharma value chain e.g. Clinical

research, scaling up, etc

- Define appropriate Diesohol price structure

- Define policy and purchase price for bio-power supplied by SPP with firm contract

- Re-engineer the food & drug approval process

- Government procurement of bio-based products

- Development of personnel responsible for IP review and fastening IP approval process

Total investment (with R&D) “377,000 MB
(R&D ~101,450 MB, where 90% is biopharmas)

RN NN NN NN NN NN NN NN AN NN NN AN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NNNEEEEEEEEEEEEEEEE,,
L]

-51,000 MB

.
M ITTITT]

~182,000 MB

~132,000 MB

*°
*

S

B
L2 "
"aassssssEEsEEEEEEEEEsEEsEEEmeEEsmemmenunt?®

*
*

=t

Al 5.1 Bioeconomy : 10 Year Roadmap
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wanaNNIsANwIsuUleuewa Silavinnisfnwiuarasudeyanianisnainvesansi nanvlasy
Tupanalan wui1 ansiedlunanvefuiiiaulduasumsnanEosddunuunliunan suianain ua
nsliusglond annsaSesdiunniaulalddedeluil

1) asesluwanrlosuiiunlilumadulngsiigafe nsadadin lnefifosarmaiiulavesyas
AaniNiU 28 (3NN15AMNITAlluTENIngT . 2559 - 2564) wiyarnainveansadadinayligs
WNtn (63.2 peaansansy ul w.e. 2554) udilis1AvngnemiieAeutnag (2,860 - 3,000 USD/MT 1wl

w.a. 2554) finsldnunvainiae laeanznsldduasaadulunisudnansiaiionius aunsondale

L |

ngIlnadesdnd Ssamunsodeasulniinsuand wivlindn nsadedin lalagliiinnsudetuiuiiy

913 Faiinsugnialuludssmelng Wesnnaudesnisvewmainiiiuuindu vilin1sidowaiam

= A

welulagnisudnnsadrdinandimia Wudu Tussegeniduyunisndansada@in Jaduuildunizanas
nandadinTuduasndunanesuniinnumusangeganvzdauasuliianisideuasimusiely

2) enueailuarsiaiiunaarasuiniinisldnuunsuarsuniign nsWwauvesnaluladuay

[

Togaulunisuan Aeudeesdl dyarmenisnaings (56.66 Wuauneaa1sansy il w.a. 2559) i§n9

A5AULSENN9T WA, 2560 — 2563 WINAUSREAY 27.2 NLANUMLIENNrdnasSulrIn1sNEAR Y

'
a =

Usene g dngauiimangauazdaasulildlunisndnfedudivsnas Tilnadesdnl wasiawiannia

q

nsineasiiteUesiunsuedingiuosey

3) gslianuiuwulea sestivea uazledvea Wunquatsiadiunsvasuniuuildulunis

[

wulanen1seatnegluseaud 1HeaandgUisluininy wagdustnansnguain windu vilindndoueii

Tganslianumusnuiisalunisuanlasuainudey Ingledneaiisegaznisiuls 6.6 wazwasinaal

Fewaznsiiiule 3.5 goiinea wazledneaaunsandnlaainawll FalaunuAringaui Juminginay

duasulvtinsnannald

4) asweiunanesufifisesazmaiuladia wanzuinisduasulifinswaslugwudaufense
81173fA 91nnsaan1sallusznined WA, 2559 — 2564 nsnaladaiifesaznsiAulamingy 14 @
nsAuTaAaduiesanaunsaldnsnainadaduasaedulunsdansiesiansiadau dmsuldly
QMANMINTTUY UAYRAAIMNTINDIMNT UanInfinTadraTindianunsandnldainaglaa vinlvinaels
mmi’mqﬁuﬁumﬂwma

5) ansUsznavylusu WWunguarsusenauiifauielvg avsadlunduilgnldlugaainnssy

o w A

wanuate tneaisidanudidge ensaweanesed Jaldiduivhararglunszuiunisndnungdu

Ulasidoy ansusznevusuiifosazmadivlawiiu 11.9 Tusewdned we. 2557- 2563 egnelsfinu

a a a o = o A a a o [
Wesniivsunanisldanugs Jaiivateussmansuamulunisudaansusznoun sy Mlisiavesy
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a a

wsulunaalanfiuuilduanas SagAvimunzanazduasudmiundnaisusenauyusufion1niuén

q

'
a [

mumgiu uazdstnlng Welrildunuiuingiui aunsoudsiusiusailunaalanld

6) nsawandn iuasadunannosuiifinsldnuedrunsvats Tugnamnssuems wazisud
msldnulugramnssuussydugt ualdifuasdsiulunsuinanaiaddu neduunltdunsdulams
nsmataiiy esay 7 fagRundnlunisndnnsauaninfedimauanlnaluid duduawndely

U o v A Y a

nszuIuMIHARTa dadnlne wagiudends fenswdnnsauaninaindanadlduyunisuandeudis
a1 iosmnmeluladnislfideqaunideaslumandn dilaingi

7) ndweseaiduansindiunasosuiiinisldnuinn sanmsldaudedies waznsldiduansds
fulumssanansiadidu madulavesmainndigeseaniniuiesas 6.5 ngaundnlunisanndisesoain
NnAwnderesntsivingu wasmawdeluledwa duhliduyunmsudamas minnafiuturesnisld
ihifululefien shlsmemaevesndwesealusanalanduuiliiuanas Ussneufuinansussmaasuly
nsuanndwesea yhlvdusinuniwesealusaialanuin wasuainvaleinsa munalulagnisndn na
woseadalAuwInauteslunsduasullinsHEs

U

8) Tulolalasaduauwarloloniu dnszuiunisdunsziandiunaisdeinisnsideway
Wansnunn wenaniinsduaszilelendunnessssuna Sueuitamiensdunanlulssme
Junenuminzautesfiazduadulifinsndslulelalnsaiveu wagleleniuandna

9) lansondlnsiiledin uodnuazueaflerd dngnlfiduarsieiulunismananaiity wu Tnsile
fin wodn nswmulneea wazezadlalulens Jsanseifaindndnsisdunsaainuinnitleasendling
Tofin wolnuazuoadled duduasdaiy Woswnasadinguianusondaldanasdedunatesiia 1w
Insinulaeeaaunsandnlaannawesea ovaslatulasuananaisusenoutediu A sudstuly
AUINgAY YaAmuNITRaIaLadnsInsivlavesasinlunanesulungulansendlnsiilolln wodin

) 5 = Y] | ! ) a va a ) v a
LLagLL@aﬂlgﬂ f\NVLlIGUWL"\]u 111LV]JJ']%LLﬂﬂ']ﬁaﬂLﬂﬁllIVilm’ﬁNam @Qﬁ?ﬂm@%ﬁium"ﬁqﬁm 5.1

151



unil 5 asluavdalausuuy

157991 5.1 YaAmanseaavesansialunannesuusilalunaialan

dsalunannasy IngAumEn 3IAHBNUNY YSuunsudnsied yaf1ma1n (USD) fovazdnsimaiivln
n3AdRITin Frlnadesdnd 2,860 - 3,000 USD/MT 40,000 MT (2011)’ 632 USD (2011)" | 28 (2016 - 2021)"
(2011 - 701.0 USD (2020)"
\enuea - fudznda”’ 0.22 USD/gallon (2012)° - 66.77 Wuduans (2008)° 5.66 fudu (2016) | 27.2 (2017 - 2022)°
- dmlnn’ - 88.69 WuduAnT (2013)°
- LAy TanNIeNSLnYRS
wosIvea ~ple? 2,000 USD/T> - 1.85 &y (2015)° 4 Wudu USD 3.5 (2016 - 2023)”
- Lﬂw’g’a@mqmimwmm - 2.4 dwdiu (2023)7 (2023)”
leAnoa wliig - 43,000 T (2005)"° - 340 & USD 7.0 (2016 - 2025)
- Y TaANINSNEAT16 (2005)"°
- WAURDIINATEUIUANS - 737.3 @11 USD
Inszaw24 (2015)"*
nInaINAdn - waglaa 2600 T (2013)° 32.5 &u USD 14 (2016 - 2021)"
(2021)”
asusznouniIuy - mAuez Ty’ - 1 USD/ kg (2001)6 - 300,000 T (2013)8 505 & 11.9 (2014 - 2020)5
- dadlne’ - 2,200 USD/ MT (2011)° - 652,500 T (2020)°

- 1,700 - 4,400 USD/T
(2016)’
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15991 5.1 YaAmanseanavesansialunanesuusiialunaialan (se)

ansaiiunannasu

[

AgAuUNEN

1AL

J3ununisuanset

yaAma1n (USD)

Saeazansini1swiule

ASALAARN

- WFYMARIINNTTUIUNTS
a o 14
NANTA
o v 14
- FaU1INA

o o o 14
- dud1Usnay

~1,200 - 1,800 USD/T
(2013)"

130,000 - 150,000 MT
(2016)"°

)16

7(2017 - 2024

naweseauarayiusly

Wlan

- WeReINNSHaR L ULD

= Y o a 10
ALY UIHUNY

- 1N3AA 1,100 USD/MT
(2011)°

- 15PN 180-540 USD/MT
(2011)°

- 750,000 T (2009)"

- 2.47 U
(2014)"
- 3.04 AUAY
(2022)"

6.5 (2014 - 2022)"

TulelalasAsuouway

B o 5
- vuldl awiannuns

1,600 - 2,300 USD/T (Lalam

)13

800,000 MT (2008

1-2 Wua1u USD

T LATWoAR b

v H 18
- 998 U8
v =18
- A
Y o a 18
- UNHUNY

1% 18
- 91lne

P o v 5 a 5 13
Tolansuy - Fa91lne &) (2012)
v 5
- 78N
= a 18
lansendlnslnleda wa | - ndwesea

fan: 1(Lu, Lin, Campbell, Sagisaka, & Ren, 2012), 2(Gupta & Verma, 2015), 3(Bas’cianin, Galeotti, & Manera, 2016), Q(Marketsandmarkets, 2016a), S(Biddy, Scarlata, & Kinchin,
2016), G(Hayes, Fitzpatrick, Hayes, & Ross, 2006), 7(Gosvvami & Mishra, 2016), 8(Pulicharla, Lonappan, Brar, & Verma, 2017), Q(Weastra, 2013), 10(Sara, Rouissi, Brar, & Blais, 2016),

11(

15(

C. A. Quispe, C. J. Coronado, & J. A. Carvalho Jr, 2013)
Harmsen, Hackmann, & Bos, 2013), 1 (Pachapur, Sarma, Brar, & Chaabouni, 2016), 17(I\/larke‘(sandmarkets, 2016b), 18(Tingirikari, 2016), 19(Birgit Kamm, Kamm, Schmidt, Hirth, &

12
,

Global Market Insight, 2016), 13(de Jong, Higson, Walsh, & Wellisch, 2012), 14(Gruber, Henton, & Starr, 2006),

Schulze, 2006), 20(!\/\arl<etsandmarkets, 20160), 21(C. Marques, R. Tarek, M. Sara and S. K. Brar, 2016), 22(Lichtenthater, 2006), 23(Globat Market Insights, 2017a), 24(Research,

2017)Grand View Research (2017)

153




unil 5 asluavdalauauuy

a |
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Inenuaulaesddulanuasusalill lnswanisvasdenlumsned 5.2 uasnmi 5.2
1) naweseauansiaiiunasvlesuninisldeuann nssldnumedies wagnisldduansaiu
lunsuanansieidu Mmadulavemainlandmsuniweseaminiuievay 6.5 wavlyadinisuidiunly
Uszmelngaguszanas 1,000 n1a1uum uenanlidadiyarinisdiesnaguseaas 700 NI1A1LUM
Uszneufuwwiliduniswinlulefwalulszmalneiuwildugdu 990 3.4 dudessetu Tdu 10 &
dnssodu Tud we. 2569
anelulag - Tuyasves Biorefinery phase | @wjatiunisudsnasnunuiimalulagng

nsfnediulngAansmLINTZUIUNSUATUTEANE AWANTHAANE WY 1T eviusadnutliiaziinia

1% '
1a

= a 5 s = A N o A a o I
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' '
v A = o v

seauilugeannnssy Yagtudsemalneisudng Biorefinery phase Il Fainsimuinislduszlesiuves
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a aa o
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£%

t

umalulad — Wesnnsauanfnaluisandalaaininafudsdunduiinana Saafumdu 1°

generation anunsauldldaziinaluladsesiuiideudteni muidensjatiulunsfaududane
ihsjutudosmunmemanainiinmiindaannsanaaindenindiidefedunmantd Wy A
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