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Introduction to Biomass Conversion The Four Generations of Biofuel
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Status Quo of Biofuel in ASEAN

Life Cycle Assessment (LCA) is an analytical tool that measures environmental impacts Production capacity (2022)

at every stage of a product’s value chain. Various assumptions and methods contribute : CPO feedstock: 9.5 billion tons
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The Framework Case Studies of the Framework

An evaluation framework was developed to review the viability of commercialising Case studies were conducted to calculate the IROI and test the proposed framework
biofuels, represented by its Supp[y chain steps, from viewpoint of three Sustainab”ity USiﬂg three Level 4 items: carbon revenue/loss, tax incentive, and certification cost.

aspects (ie, environment, society, economy). The framework’s strength lies in its 1G biofuel | 2G biofuel 3G biofuel
enabling quantitative evaluation of economic, social, and environmental externalities Source of data [a] [a] [b]
which the biofuel supply chain generates in both their measurement units and financial ~ |F2edstock ot Woskly Diomass Mciodigas
. . N Products & by-products Bioethanol Bioethanol Biodiesel, glycerol, fertilizer, feed
term. The framework comprises four levels of parameters, with Level 3 and 4 bearing ;
Project duration 10 years 10 years 20 years

higher degree of granularity in terms of measurement and information gathered. Annual biofuel production capacity 189 million L 76 million L 2 million L
20% (short of 40% to fulffil 60% (assumed to meet

' ' Estimated GHG reduction d 79% . -
Level 1: Pre-setup Raw material | Processing / Distribution to : _ EU RED’s requirement of 60%) EU RED's requirement of 60%)
Kev supply chain ste ; : 3 Storage : Consumption Reporting . . .
VPR ¥ i e P g e Tax incentive as corporate tax waiver 21% 21% 21.5%
Level 2: Aspect Economic Environmental Social Fossil fuel's life cycle GHG emission 95.1 gCO.e/MJ
y Gapiti posts o Carbon price US$60/tCO.e
W . GHG emissions -
} Operating costs Biodiersiby s Land rights Discount rate 10%
. Government incentives Air quality Water rights
- Indicator Revenue / outputs : Local food security
U SERREEEE Soil quality Note
'1: | Certification Water quality and footprint Occupational health and safety 1G 2G 3G . 16 and 2@ biofusl d derived f 5011 th
, Market competitiveness an iofuel data was derived from 1, the
4 most recent data publicly available online.
60 total metrics, 53 unique, including: 44 total metrics, 35 unique, including: 7 total and unique. including: Standard ROI 15% 5% 0.06% . 3G biofuel data was modslled instead of based on
Equipment cost Change in soil quality Percentage of fatalities .
Cartification fee Eooayanm Swvices o Hhe sits Wit af sl Siptis real numbers due to lack of large-scale production.
Level 4: Biofuel production capacity Reduction in vehicular GHG emissions Number of water confiict I H OI 6 ? 1 3 y 0 1 4 % » Despite ROI and IROI results, 3G biofuel has been
Metric Amount of government subsidy Particulate matter emission from production Number of recordable injuries o o . receiving more investment from the market.
Research and development cost Operational footprint using green water Amount of food crops used for biofus!

[a] Asia Pacific Energy Research Centre (APERC). (2011). (rep.). APEC Energy Overview 2010 (pp. 1-233). Singapore: Asia Pacific Economic Cooperation.
Financial proxies to calculate the costs and benefits and, eventually, the Integrated Return on Investment (IROI) [b] Das, P. K., & Kumar, S. (2022). 34 - Cost-benefit analysis of third-generation biofuels. In Jacob-Lopes, E.,, Zepka, L. Q., Severo, |. A, Maroneze, & M. M. (Eds.), 3rd
Generation of Biofuels: Disruptive Technologies to Enable Commercial Production (pp. 785-811). Woodhead Publishing.

Potential Commercialisation Pathways in Transport Sector Available Financing Options
As the global economy gradually transitions towards a low-carbon future, key sectors VO P et b e
SUCh as thanDn: marine Sh‘pping: and ro ad traﬂSpD rt are tr}”ng to I’Efj uce therr Carbon Applicability -+ Non-listed company in the early / + Issuer: firms, Fls, and governments = |ssuer: firms, Fls, and governments
iy i 4 . . . . . growing stage of business - Standards: ICMA’s Green Bond Principles, + Standards: LMA/ICMA's Green Loan
emissions. Among the available solutions, biofuels emerge as a promising option in this development CBI's Biofuel and Bioenergy Criteria Principles
energy transition. Potential pathways in respective sectors are EXDID red as follows: Strengths + No obligation to repay the money « Signalling: drives market policy and directionto  Reputational benefit: further attracts
+ Expertise from investors combatting climate change investors upon demonstration of focus
Hydro-processed Esters Advanced Biomass Limitations + Share of profit » Similar price with normal bonds * Dependent on credit rating track
Pathway Power to Liquids (PiL) “,“ v ||| pr pe ng
R — H——— HH — oL + Diluted ownership + Reporting can be costly record
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o e B Gk s wom 88% (during use phase) SN A 20% Sk Recent Viridos Inc, US-based 3G biofuel co.  Apeiron Bioenergy, SG-based 2G feedstock co.  Repsol, Spain-based muiti-energy co.
savings conventional jet fuel conventional jet fuel from conventional jet fusl from conventional fuel from conventional fuel from gasoling conventional fossil fuel example + Series A - US$25 million * Issuance of 5-year green bond raised S$50m « EUR120 million raised from European
* Breakthrough Energy Ventures, * Proceeds used for capex and general working Investment Bank (EIB)
Readiness Tl el Components provenin  Prototype proven at scale in  Technologically ready; the Port of Singapore is conducting Commercially Currently in research and United Airlines Veentures, Chevron capital - Construction of advanced biofuels
{toch./acon.) ommenclally avallable candition to ba deployved condition to be deployed bunkering trials of binfuels for scean-going vessels availabla davelapment plant in Spain
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corsmios DR mnuﬂﬂhz:aﬂnﬂgmﬁf economies of scale, a renewable electricity in « Steep rise in feedstock price may drive up ODEx_ ﬁ;ﬂlﬂy Hﬂﬂ&ﬂ:ﬂﬂﬂk mﬂ feadstock-
inthe fiire - E N B g [ Al G driveup OPEX =+ Benefts from . . ) . i
* Steep ise n fescstock e chaaile economies of soal « Primary data is essential for further fine-tuning of the proposed framework

price may drive up OpEx

- Biofuel producers need to be engaged to contextualise the framework

Aviation: Topsoe (2023), SAF: outlook for sustainable aviation fuel; Danicourt et al. (2023), A reolistic path to net-zero emissions for commercial aviation; Gassman et al.

(2022}, The real cost of green aviation. - . ;
Marine shipping: Boutos et al. (2022}, FAQ on Bunkering of Biofuels for Ocean-going Vessels in the Port of Singapore; Placek (2022), Daily VLSFO Bunker Oil Price Worldwide ~ FUture an alyS|$ mu St tn(-“':{'-':’l.‘i::’{'-'} rate more Sectoral parameters to better dete rmine
2022, Sahu (2023), VPS-inspected marine biofuel samples surge amid push towards sustainable shipping. the best SeCtOF fDF CommerCIallsatlon

Road transport: Doherty & Robinson (2022), 2022 Road Fuel Outlook; OECD/FAD (2021), “OECD-FAD Agricultural Outlook™



