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SUMMARY

[ . Introduction
[] Research Background
o Carbon neutrality, a solution of technology policy to solve the global climate
crisis, has been emerging worldwide

- (Carbon neutrality means having a balance between emitting carbon and
absorbing or removing carbon from the atmosphere, where the amount of
carbon emission is ‘0(zero)’

o Starting with the EU’ s Green Deal, countries established a carbon-neutral policy

- After EU announced its 2050 climate-neutral goal through the Green Deal ('19.12),
China (20.09), Japan (20.10), and Korea (20.12) among many more declared their
own carbon-neutral goals and strategies

- To achieve carbon neutrality by 2050, 136 countries participated in the Climate
Ambition Alliance

o There is a need to quantify carbon emission by technologies for greenhouse
gas reduction to achieve 2030 NDC’ goals and ‘2050 carbon neutrality’

- While the direction of Korea’ s carbon neutrality was presented through the
establishment of the [2050 Carbon Neutral Strategy (‘20.12)] , the analyses
on the effect of the implementation of the relevant national strategy on
greenhouse gas (GHG) reduction remain insufficient

- In order to effectively implement Greenhouse Gas Reduction Cognitive Budget
System (Green Budgeting) which considers environmental and social costs of
carbon, it is particularly necessary to develop a model to evaluate GHG of
technology at its R&D level

o Hence, it is necessary to estimate GHG emissions using Life Cycle Assessment
(LCA) that can reflect the characteristics of each carbon-neutral technology
and promising new technology

[] Research Purpose
o The ultimate goal of this study is to develop a simulator for calculating GHG
emissions of carbon-neutral technology using LCA and provide suggestions for
utilization
- Specifically, this study aims to provide a simulation tool to estimate GHG
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emissions throughout the life cycle of carbon-neutral energy R&D and
quantify the effectiveness of carbon neutrality by allowing comparison with
conventional energy technologies in Korea

[] Research Methodology and Framework
o (Methodology and Trend Analysis) Establishing the basis for simulator development
through comprehensive literature review of carbon footprint calculation
methodology and international standardization, policy, and simulator development
trends
- Deriving key implications for developing a simulator through analyzing
methodologies of carbon footprint and LCA
- Analyzing international and domestic international standardization of carbon
footprint and policy trends
- Presenting the direction for future simulator development for researchers
without much expertise
o (Simulator Development) Developing a carbon footprint simulator for bioenergy
technologies
- Investigating literature on carbon footprint calculation methodology and selecting
research targets through studying bioenergy technology classification system
- Collecting key inputs/output items of bioenergy technologies
- Proposing an effective way to link inputs/outputs with existing LCI DB
- Developing and verifying the bioenergy carbon footprint simulator
o (Research Framework/Organization) Establishing of a cooperative system with
external experts and entrusted institutions to streamline the research
implementation and strengthen validity and reliability of the study
- (General Committee) Reviewing the appropriateness of the target technology,
the scope of system boundary, and data collection for the development of a
carbon footprint simulator
- (Subcommittee on LCA) assessing appropriateness and linkage of technology
input/output items LCI DB to review detailed methodologies

II. Analysis of international and domestic carbon footprint trends
[] Carbon Footprint and Life Cycle Assessment
o [SO 14044 and 14067 review functional units, system boundaries, data
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collection, allocation methods, and land use changes to derive key implications
for simulator development

- (Functional Unit) Functional unit provides an environmental advantage over
existing or new technologies

- (System Boundary) It is integral to set the system boundary in accordance to
the purpose of analysis as the results may variate depending on whether the
system boundary is set to Cradle to Gate or to Grave

- (Data Collection) Despite the fact that data must be collected from raw
material extraction to disposal, it is realistically difficult to do. In this case,
existing LCI DB can be used

- (Allocation) If allocation is unavoidable, it is first advised to allocated
according to physical properties (e.g., mass, energy). A second option would
be allocating based on economic values (e.g., market price).

- (Land Use Change) When calculating carbon footprint, dLUC “shall® be
considered whereas iLUC “should” be considered

[1 Analysis of trend in international standardization of carbon footprint
o It underscores the global importance of estimating GHG emissions from a
perspective of life-cycle thinking
- ISO/TC 207/SC7 has newly established ISO 14068 as a standard for
quantifying carbon neutrality since 2020
- The standard includes LCA-based carbon emissions beyond the concept of direct
and indirect (energy use) emissions covered by the Emissions Trading System

[] Analysis of trend in international and domestic carbon footprint policy

o The focus is shifting from GHG emission at the facility level to carbon footprint at the
product level, and it is highly likely to be regulated in the future, which suggests the
need to preemptively estimate carbon footprint of technology, processes, and products

- (EU) EU’s CBAM currently considers only indirect emissions from power consumption
but the analysis highlights the possibility of expanding the scope of emissions to
include all levels of supply chain in the near future. This once again emphasizes
the importance of LCA through PEF and new EU battery regulations

- (US) With California as their model, many state governments and the Federal
Government are instigating their own [Buy Clean] policies and initiatives,
which further indicates more rigid carbon footprint regulations.
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- (Korea) In order to respond to the rapid pace of international carbon
footprint regulations, the Korean government (Ministry of Environment) is
implementing various strategies to expand the guidelines for mutually
recognizable Environmental Product Declaration (EPD). Yet, more robust
efforts at industrial level are required.

[] Analysis of trend in development of carbon footprint simulator

o Presenting the direction of simulator development for researchers

- (Application) 5 out of 6 commercialized simulators are strictly suited for LCA
experts, making it impractical and inconvenient for non-professional
researchers to estimate life cycle carbon footprints

- (Data input) Since it is cumbersome for a user to provide all the input/output
data and link the LCI DB to each input/output, there is a greater need to
develop a non-professional user-friendly simulator that automatically connects
provided input/output to the LCI DB and the emission coefficient

- (Allocation) As most users discretionary choose and apply allocation methods
without proper guidance, there is a need to reflect the most widely used
allocation method through the comprehensive review of PCR and guidelines
developed by specific industries/technical groups

- (Functional unit) Simulators need to be developed separately for specific
industries and groups, defining functional units as default values

. Development of a Simulator for Estimating Greenhouse Gas Emission Based on
Carbon Footprints
[1 Selection of a technology field

o Selected detailed sets of target technologies based on a draft of the
Presidential advisory council on science & technology’s carbon-neutral
technology

- After integrating similar or redundant technologies, selected six technologies
(Solid biofuel, Biogas, Biodiesel, Bio-gasoline, Bio heavy oil, Bio jet fuel)
among 11 sub-categories of the bioenergy sector classification system

- Categorized the bioenergy’ s main usage in three key types: steam(heat),
transportation fuel, and electricity
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[] Study on the Estimation Methodology for Carbon Footprint

o

Functional unit, system boundary, allocation, land use change, and Global
Warming Potential index are determined through rounds of survey on the
estimation methodology for carbon footprint of bioenergy

(Functional unit) Functional units are defined as 1MJ bioenergy use
(combustion) for heat (steam) and electricity production, and as distance
(km) for transportation fuel production

(System boundary) Grounded on EU’ s Renewable Energy Directive, an
LCA-based guidelines, system boundary for bioenergy includes biomass
production (cultivation) or collection stage, transportation, bioenergy
production process, and use (combustion) stage

(Allocation) Two ways of allocation are energy content (low calorific value) for
the bioenergy production process and exergy for energy conversion facilities
(Land use change) Only dLUC is considered in this model, and when
calculating GHG absorption and emission of biomass, the amount of carbon
uptake is assumed to be “0.“ Hence, biogenic CO, emission (discharged
during fuel combustion) is also assumed to be “0°

(Global Warming Potential) The simulation model can be adapted to both
[PCC 2006 and 2013 considering the consistency with the Greenhouse Gas
Reduction Cognitive Budget System (Green Budgeting) and the possibility of
variation in the methodology.

[ ] Greenhouse Gas Emissions Data Collection and Simulator Development

o

Derived key inputs/outputs for each bioenergy technology through a comprehensive
examination of literature and expert consultation and surveys in bioenergy
technology development

Systematized LCI DB selection criteria by identifying patterns in domestic
production and flows in import and export of bioenergy feedstock

Linked the simulator with LCI DB by conducting rounds of survey of
input/output of bioenergy.

- (Main raw material) A total of 76 feedstock LCI DB excluding 8 of which do

not have LCI DB is embedded in the simulator

- (Transportation) Transportation distance of exported feedstock has been based

on Standard Navigation Distance Table, and transportation distance of
domestic feedstock is based on the longest distance from the EPD Guidelines



in Korea

- (Sub materials) A total of 38 out of 62 LCI DB for subsidiary materials has
been reflected in the simulator. The LCI DB for the other 23 subsidiary
materials could not be found.

- (Utility) For electricity Korea medium voltage from Ecoinvent DB has been
applied. For steam, a user can select from 5 different sources of steam.

- (Waste/Waste water) Once a user distinguishes between the amount of
recycled waste and incinerable or landfill waste, the LCI DB has been
programmed to automatically classify into designated or general waste based
on statistical data

IV. Composition Status of Carbon Footprint Simulation model
[ Utilization from the user’ s side
o Implemented functions specifically for non-experts based on the development
direction sought in Chapter 2
- (Data input) Once a user provides inputs of the bioenergy production
process, the input data will be mechanically linked to the embedded LCI DB
- (Allocation) The simulator is systemed to automatically assign products and
by-products generated throughout the production process when the user
enters the low calorific value
- (Functional unit) Steam (heat) and electricity are fixed in MJ units, and
transportation fuel is fixed in km units
[] Utilization of the simulator developer’ s side
o For future scalability, backdata consisting of 6 separate sheets can be used
to add LCI DB by input/output and change emission factor by fuel source

[] Verification of Carbon Footprint Simulator
o Validation of the simulator developed through comparative analysis with
research paper that calculated the carbon footprint of PFAD-based biodiesel
- The CFP value in the research paper was 30.6gCO2-eq/MJ, and the simulator
calculated CFP value was 28.1gCO.-eq/MJ, showing similar results.

V. Conclusions and Future Developments

[] Conclusion
o The simulator is expected to bolster government-level application of GHG
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emission models to implement national carbon-neutral strategies

The carbon footprint calculation model can quantify the effectiveness of
domestic carbon neutrality of both fossil-based traditional bioenergy
technologies and renewable energy technologies based on LCA

In particular, the government-funded research institute can contribute to
future policymakers’ decision-making by proactively presenting GHG
reduction potentials on bioenergy technologies in the R&D stage

[] Future Developments

o

Advance the current carbon footprint simulator for bioenergy

More DBs will be installed into the simulator through the use of various DBs,
literature and experts committees to reflect 8 of the biomass (feedstock) and
23 subsidiary materials that were not reflected in the first year

More domestic LCI DB, which is being enacted/revised to be given by Korea
Institute of Environmental Industry and Technology Institute will be added
Expand technology fields for carbon footprint simulators

In order to increase the usability of the simulator, it is necessary to expand
the scope of target technologies to include core technologies proposed in the
[Strategy for Technology Innovation for carbon neutrality ('21.3)]
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1) 1SO 14040(2006), Environmental management — Life cycle assessment — Principles and framework
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Completed inventory
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% shall be included in the CFP or the partial CFP 5 emissions from LU excluding change in
management of land

[]:III]I]:IIIID] should be included in the CFP or the partial CFP 6 net fossil GHG emission and removal

shall be documented separately in the CFP study 7 biogenic GHG removal
report if calculated, not included in the CFP

#]{ should be considered separately a8 removal from dLUC and change in the
- management of land

1 GHG emissions other than specified 9 removal from LU excluding change in
the management of land

2 aircraft emissions 10 biogenic carbon in the product
3 biogenic GHG emissions 11 ILUC emissions

4 emissions from dLUC and change in the 12 iLUC removals
management of land

23] : 1SO 14067(2018)
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CO. 1,000 1 1,000
CHg4 10 23 230
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dLUC = =5 o A (o4 &)
CO. 0.2 0.08 0.004 0.03 0 0.314 79.5
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Al 0.268 0.085 0.006 0.035 0.001 0.395 100
H| 2 (%) 67.8 215 1.5 8.9 0.3 100
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TAZ 7] FISO)= 194730 AdE HARZIFINGO)E &4, 7|«4d, ZAAH &
g5 HopA TAFHoR FL&EHE= EFS NPty BgSta Arh SO+ 19939
AR IdEF3 71 Y38 (Technical Committee; ©]3F TC 207)E A H3sta 4Fsle] 671
w943 (Sub Committee; ©]st SOE TAskd LCA, S3ztdd, 2471274 9F %
#HAGF T tigk FAEZFE AAH Folth <F 2->2 o] dAA7IA F 5879 BFES
AAsF o, A} Al 1419 B2FE& MAA Foll U

<X 2-4> |SO/TC 207 2ot esl 2 & MAH &
=2 & 3 2oz Ha HY A™ =
(¥ &) Environmental management systems

SC1 @) szzgAry 02

sco (¥&) Environmental auditing and related environmental investigations 3 :
(Z&) st AAL 2 ZAL
(¥ &) Environmental labelling

SC3 lz=) szepys 8 |
(¥ &) Environmental performance evaluation

5G4 lz2) sz nml 9 | 0
(A &) Life cycle assessment

SC5  lz=) Mo wo) 5 4
S (¥ =) Greenhouse gas and dlimate change management and related activities 03 5

C7 l(z2) sasiaze o o o=

23 ;10 B4 FHOIAIE HlEow A A4

B Hoes gadas 9 LCA% 7Hd B Ado]l =2 SC3, SC5, SCToA th-Fa1 &=
%Xﬂ =3} FFol Bty Jlestaia o

1. ® 3209IA3|(SC3) SHE=St S

ISOITC207/SC3 M= 273 &oke] sha el tht WS FF3 71 AVt 7,
A7k o7t 5 2 th dF ol i xFS st Jlon, thxdo s IS0
14029 8719 ®=o] AGH lom, A I Fzol thste] 744 3 Folth

oﬁ £

3) ISO, STANDARDS BYISO/TC 207 Environmental management, https://www.iso.org/committee/54808/x/catalogue/p/1/u/0/w/0/d/0,
2022.10.26. <5



B>
nx
_?!_
Hi
Ofn
oot
A
Ix

HM2g =Ue &

<X 2-5> |SO/TC 207/SC3 =M E== HM[/7HHE =&
SO #4 | =a"a 79 Me HHE olx
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& X a5t =
SO s EX| SAtol 2t B E _ _
14004 T B - Type | Z2O0H 2 5 MEZ SolM 2t 2018
0 ype Aol stEs Ao oo HHEX
N
o FMZo| MM AAHoE AEo SHAM
o - 3: tE FIE  + U Yy ¥ =
= x} troh AT
14021 ’(“7 'T”° ARl 2EUs BAM Fmo M2 4w 202
Type X 7joke] o s ofwte 9l A Ee
sizix| =M T wy .z 2 Mt
o TypellZ2 I HT) /e 25t &2}
X x s Ir ==
so | mzammx | S0 BEEE
" - M Zol ofst MIHE-EINLCAE EMZE 2006
14025 (Typelll) MEel sEME MuHoz EAsD
x| (Gole) 2 olEsts HME
stA D e = E=STY Ef A gt
so | maepmw (O L S Ha o 207
= — i — —on'__j—ch - g
14026 | AARUAold | B0 ST
ISOITS o TypellZ2IWHME)o M2 = U=s
14007 NEHF= M £ =& (Product Category Rule) 7H 2017
4 Al Taisfob & 2o pHat x|
stA el 2l sty alnt nEstod T I~ o
_ o =tA =/ 0} ZHHS ype =
* i 2 = A =
SODS- | EE2IE 1 = nzezsseol ol 35=s gof| 0 2
020 ) BE L oy et m o eaaed e 52| 207
Sidaidal o cClotsl EPD SIZM & 7 Asoldad
ISOTS» | _EPD = O e TS
e | ERIHED)| (MANE $IE 27AEe molsm MRA| 1L
of Al olH Mg = o2 R oMol tiEt BE :

5 IS0 B4 FIHOIANE vigo R Ak A
* Draft International Standard
** Technical Specification

A ME FA SO 140209 ¢ 20199FH MBS WY FolH, F2 WHWAE W&
At x2E A wel SO 14020 L] =(SO 14021~14029 3)o] AdTA o st
AR E HPsta Atk Y FEFS AA AsS B} ISAF AF A,
A3 dFe A7, @8- E 3/ & A= st dow, A fsiAd FEe
42 At E FH0] oy FHOoEE HIAAH R 28T 4 T

E3] 2022de Al A" SO 14029+ ‘= H 29"le] Fedoz sdgh
EFoE FAHOZ AN e A H3xEA QS (Environmental Product Declaration,

4) 150, STANDARDS BYISO/TC 207/SC 3 Environmental labelling, Retrieved from

https://www.iso.org/committee/54836/x/catalogue/, 2022.10.26. <
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ISO 74| SAYA 42 e
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&g It off M
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5) ISO, STANDARDS BYISO/TC 207/SC 5 Life cycle assessment, Retrieved from https://www.iso.org/committee/54854/x/catalogue/,
2022.10.26. <5
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10) European Commission, Commission Staff Working Document Impact Assessment Report, SWD(2021) 643 final, 2021

11) Partl, H. et al.(2021), Product Environmental Footprint (PEF)
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+ Product Environmental Footprint Category “

Rules Guidance

JRC TECHNICAL REFORTS

Suggestions for updating the
Product Environmental Footprint
(PEF) methad

Rec 179/2013 PEFCR Guidance 6.3 JRC Technical Report Rec 2021/2279

Z3]: European Commission(2013)12), European Commission(2017)13), European Commission(2021a)14), Zampori and Pant(2019)15

PEF WHE-2 ISO TC 2079 =AF=(ISO 14040, 14044, 14025 )l 71¥kste] A&/ =2
AR ¢ DAse SAFIEFS AFEstr IAse A= = F Unh LCAE
Mtz AF B Mnlze AA, & dAA e ASHYH by, 15, AR R HAZIMA AlF
AlzEle] BE TAE FEl AFY SEAMe AFsele WHolth. PEF WA= 16714
R IE Y] S, e, Bt Fe 2 F5AY AR S)& ARgste] AlE 8
AR B e 7 R R P i e

12) European Commission(2013), Commission Recommendation of 9 April 2013 on the use of common methods to measure and
communicate the life cycle environmental performance of products and organisations,
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013H0179&from=SV

13) European Commission(2017), Guidance for the development of Product Environmental Footprint Category Rules (PEFCRs),
version 6.3, https://eplca.jrc.ec.europa.eu/permalink/PEFCR_guidance_v6.3-2.pdf

14) European Commission(2021a), Commission Recommendation (EU) 2021/2279 of 15 December 2021 on the use of the
Environmental Footprint methods to measure and communicate the life cycle environmental performance of products and
organisations, http://data.europa.eu/eli/reco/2021/2279/0j

15) Zampori, L. and Pant, R.(2019), Suggestions for updating the Product Environmental Footprint (PEF) method,
DOI:10.2760/424613
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16 ENVIRONMENTAL IMPACTS CONSIDERED IN THE PEF METHOD

1888 8.

Clirmate change Particulate Resource use,
matter ""N'ﬂi"'ﬂ ls. fossils
o ~’ 30)¢
Ozone depletion Human toxicity, Eutrophication Human fasieity, o] Ph
non-cancer marine freshwater Frestwater cancet Ihuman health ozone formation,

human health

Z4: United Nations Environment Programme (2022)16)

2020 5€o xS 21344 P54 (A New Circular Economy Action Plan)] ol A]
719E°] PEF WHES AHEste A4S 45T AL Adstn Uk £3], 20219 12
EU LM = A& W gl ARYA ol PHo] o
ADFINE AYFozn BAFAY Wil #H" AH 2 A=A PEF WHE
AHEsE 2 Adsta dth. HEFH o2 EUo A= PEF Axe FASFE 93t v
ol HAA AHAES vEoE AME(YAFHE HAhS (‘201239 2022 F
A o o]t

rr

-

1.3 & EU HHE{Z| tAI2t
B

20301714 148) S71d Aoz o SHa Uty AN Mrap Fge] FhEwA  #Huiy

HE 29 A44= Xﬂﬂﬂ—’ Jot. A 7Rl ARgEE gEele HEYdAs

FoABERE - U 5 ol %o el el A% WiEe £a8 wekr)
0l Hglo] SEBROA oIF B IS BAL] SIS Hol BAV H ek o

£3Y BE 947 A47P5S S 9% T4 EU wEe) 7A€ 202249 39 109
AR

oft FXE o o

16) United Nations Environment Programme(2022), All you need to know about PEF: A factsheet for businesses,
https://www.oneplanetnetwork.org/sites/default/files/from-crm/InTex%2520-%252007272022.pdf

17) European Commission, COMMISSION RECOMMENDATION on the use of the Environmental Footprint methods to measure
and communicate the life cycle environmental performance of products and organizations, 9332 final, 2021
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1. CONTEXT OF THE PROPOSAL

n EUROPEAN . Reasons for and objectives of the proposal
COMMISSION ! deveh " ie g
o is 1 mponent of Ey
[ greenhon
air polly

Brussels, 10.12.2020
COM{2020) 798 final

202041353 (OO0}

REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

concerning batteries and waste batteries, repealing Directive 2006/66/EC and amending
Regulation (EU) No 200% 1020

[ Text with EEA relevance)

ISEC{20200 420 final ] - [SWD{2020) 334 fisal) - (SWD{2020) 335 final]

and &
that it expects
lion of financing in

EN EN EN

< European Commission (2020)18

[ EU wiElg] #AIqH] o] A&HE tid AFo2e olsA(&REE, A7)

- 28, LMT(ight means of transport; H7|AAA, 2FH &), 4HdE& 5 =
HHF#EU} AT =R, B ARS i SR viEY] A AAAA ZAH DA
& Zsl, @zdd, QuiEE F£A, @eirEAT, @FFE AA 5 AH7HEd
Aoz oo gk oF ZstE Tl HiE Y BLEATS HIFHoE FHA
Zolgta AxEIPTE. 53] ofH AHd AFA F/HE WE8o=2 20249 79 1YFE
=7k A7)1AEA 2 R AAEFo] 2ZkWhE Zdste T4 4AdE HwHEE

Nz 28 A5 AR daded (@@= did Ad 3 S 9)E

FHo=w afof 3stH, 20260 1€ 1¥4FH BLEA=S TEol AR pEE P
el 2] 7F @Al v X FEFES IANE dFolth EU 937 & =)
o]ElE 20279 7€ 19FEE UdAH F$£F o|sE BAWAE A4S 2 =
HiE 2l EU oA el wige awE Adsty g sH37], 48%, AdEH
AR A AR So AR wr|% o F31E Aolgty o a1

%
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(o,
=2
o4
)
rok
[z

f
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o
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18) European Commission(2020), Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
concerning batteries and waste batteries, repealing Directive 2006/66/EC and amending Regulation (EU) No 2019/1020,
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020PC0798

19) European Parliament(2022a), New EU regulatory framework for batteries,
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS_BRI(2021)689337_EN.pdf
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Afsta vlo]E tiEHo] MEA FHYSHEA v ©aAFYH A SIE HAEH
gro|stA] HUh mlolE UIEHLE Fr|EEA EHste AAE Y% FIAHHEH
2021d 1€¥ 20¥0] AHEt= AL AFoE Efx AEU A

JREA 7= F
%
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al:l i -1 =2 [e] o
A HRg: B F k. vE YdME 53 @AFAN AR 49
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2.1 Buy Clean California Act (373 T-=1'¥)

Wzt g@aizts 745 A4 2 HEAEE AR AYExyols 201739 10¥€ 169,
[doll AHEEHE AAY @42 FFS THFES 87stE AlA Hx LCA
o] ekl “Buy Clean California Act” , 99 TAA FojH] & FAo=z dgdd.
A7 Tt AR A gEE AR %S 13 ske] embodied emissione] 22 A
2ol FulE FX3ste Aotk (AR Fuigl o wEd 2020d 1€ 1¢9HHE
A zAbe] 4709 A5 AA(FATY A2, 728 A, i, FEAF dEA)ed g EPD
ARE FFE AZFdoF doh. HE o dFAA W F% ZaYgE, AYE H
dFHFH ZE e o WE AFE 2P k
20215 HE AU geamEdFs 2949 FIFAAE AYgzyol AR =22 4F Ut
&

r
Ay
>

=]
AAol At 20229 74 14FH A EYol= EPD& /\P%’é‘}oﬂl A4 A e GWP
A =rE HES ] AFPon o e 2025 FElE 3d FUIE Ulo]EE Aot
44 sl & ZAgxyoel FRo F& Z2AEC E3}go] QAN AEYotE
Aoz e F 3 Al Aol fARRE Z=2IO8 g thefek LCA 7]‘& g3o] o]m
AYEI At ol BRI ALhE 917 LCAS FRST Ao e 4 At
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SIS A B~ Z
2017 | 2] ot |Buy Clean California Act @e8l ol SXEC R
2019 zEME |New Requirements for Concrete 232 E
Maximum Acceptable GWP Standard |Et2Z 22 H2, HAEFE S ZH,
2019 o Ul 2~ Ef _
(HF 2204) e, ojuE SAHEE cHEXY
2021 T= Senate Bill S542A 232 E

Buy Clean California Act:
2021 | Zi2| = o} |Environmental Product Declarations 232 E
concrete (SB-778)

=
Global Warming Potential For Public |AIHE 2 Z232|E &3

2021 Z22ElE _ , _ . = o
Project Materials (HB 21-1303) EIAE BHIM AE HP HAEEZ

Senate Bill 3091
2021 A K| _ Z3gE
Assembly Bill 5223

Buy Clean and Buy Fair Washington |4
2021 | 9lAlE Y Y ¢ -

Act (HB 2744) ZA 2 ZH HE
2022 22|74 |Buy Clean Oregon (HB 4139) Z32|E, ol A2HE A S

Agixz ol [HA Tl & EAE Ao} ml= A 7| A AL7EsA, 7%
Ae 2 IEY =895 sy sl A&FsA f2e om diolE PAHFR=

& [t 247154 A & (Federal
Sustainability Plan)] = 33w 14057(Executive Order 14057)& W=ttt =3 niol=
PAE= T FAHH st AvdL AEAAA AHES =R A3 Aw 2 T A
ZA 9] 90%E AASEA A= 2070 o] Fe] Hl= AW 7]#o] E3FE o] Q)= Buy Clean Task
ForceE WA 7|HA AW xpdoA el [ A Fv)A & (Federal Buy Clean Initiative) | &
e Agom A 29 2 a4 A5 AW ZRAE A
IHE =83 vk Aegs
A= 2t 7]3o] Al
Fol7] flall ZAeke HAbe

A% A4 FF 3 AE

= 3 F0O0D+= 2022 6€¢€ EPDY E85E Hola WA &4 wj&o] ¢ AF
4 Q5o AES AHsHr] sl Aga =2 FdZ(Lower Carbon Procurement Pilot)S
AlFgem 2022 49, AW 31552 A= (Federal Highway Administration)2 LCA
PAVEZ}t= ZAEE A5 9 A4 AAHY SAITFS Hriste =7F5 S48 1sF
Tofol| A A wiEHFs

=
AAAFDOB)= 5, 7€ AY 3 894 Hxags T3 AA7HE Adstr Ao
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A7 A2 Building Technology Office)= Al AE (A XS $13 GREET<
2o =75 wED Jdon, HokA ZAE-A(Advanced Manufacturing Office)= 534 A&l
3 & AL NY37] Y&l LIGHTEnUp, MFI®F #& =42 A Y3ta Yt

T EDOD)NAME AL AFAARe HAgs 7HE3lstr] 8 xF Z=2AEES
Adsta v S+ 7] sAEAE(ERDC) 44:9] Geotechnical and Structures Laboratory %
Construction Engineering Research Laboratory2} @Esle] AHe4A HA=AAe] HAAA
SR v, BdY 9 AAEES BAete As 2¢eta ok

S4B 5 HEPAS GHG R zg#9x EPAS 719 71% 4 Ao x| niz)
tlolEl. EPAE =3 EPD A A& #F3bstal /Adstr] s 95 HEYe Jgsta gl

FAFHEDOOO0O+= Pl= I@EF7IEANISDE T3l Ags AWE 9 FALE i
®xFS Wrhsta EPDE BTl 7dE AAHQ @A4AuEFS Building for Environmental
and Economic Sustainability(BEES) E=7-oll £&3}a Qith.

2-13] "o X£HItsd A E

Net-zero
emissions
C: operations by
20350
All ﬂ.l:.l:K u:;iﬁb:‘:’? All light-duty 100% CFE with
acquisitions POl e purchases 50'36.. on a24/7
ZEV by 2035 AR, ZEV by 2027 basis by 2030
Federal 2035 Federal
. Sustainability . Sustainability
',
5o Net 80 % buildi
et-zero . 50% buildings
Ne_t_z_em_ emissions , Supplier emissions
emissions b buildings by disclosure and reduction by
pmcu:;;::nt ‘ 2045 Buy Clean 2032
Climate resilient Climate
infrash-uct‘ure adaptation
and operations and resilience

plans

Z2]: White House(n.d.)20

2.2 SFTet A WY

EU CBAM =¢& d931=2 vz FAS Mde A=d [FAASEAHE (Fair,
Affordable, Innovative, and Resilient Transition and Competition Act or the ‘Fair
Transition and Competition Act’ )] =& HE Fo|th [FAHASRAAY] & dre
M A AYzY Wete] shiE daIAzAME Riss ARoln HlolE FHRI}
2021 7€ 190l g o dA HE Folu.

g woloke] wEw mE W JFHs WFE 2reE Jlde] AAEe o

o

20) White House(n.d.), The Federal Sustainability Plan: Catalyzing Clean Energy Industries and Jobs Through Federal
Sustainability, https://www.sustainability.gov/federalsustainabilityplan/
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1.1 Simapro

Simapro= vlgd&+= PRe Consulting AlellA /A3 AZEYo]Z, 20221 d A Simapro
9.47hA) AdtEle] Atk Y AZEYodAE 1™l &74% FF LCI DB Ecoinvent,
Agrifootprint, USLCI DB7} &5 o] ¢lth.

A2 BAst A st AlFol A < % E93He HEd
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EEZEEEEE
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1.2 GaBi

GaBi A ES9o]= KIP(Institute for Polymer testing and Polymer science, University of
Stuttgart)?} PE Europe GmbH Leinfelden-Echterdingem A7} &S 2 /@3t o A=
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2.1 GREET model

GREET(Greenhouse gases, Regulated Emissions, and Energy use in Technologies)= ¥|=
Department of Energy(DOE)ZY-E] A ¢-& wo} 1996 7= ATE £ mde A
Z|§ke] #58 AR Wi dadA= A mdolm, Ay AFsied GUI FEER
o]l g8 4 5= AMA o] Utt. GREET+ Fuel Cycle®} Vehicle Cycle T 7} 3=
whrold glom Fuel CycedldE ABAAL, 4, AB44 2 A4S 1esiz
9o, Vehicle Cyclesl A& A5 &, A2 5¢ Aty 93 da2azs sty

AT

i

O

(23 2-21] GREET modelol M d2{st U= EFDLUX= 4 H 2

VEHICLE CYCLE
(GREET 2 Series)

The GREET model is a one-of-a-kind analytical tool that simulates the
energy use and emissions output of various vehicle and fuel combinations. _g
Sponsored by the U.S. Department of Energy’s (DOE) Office of Energy
Efficiency and Renewable Energy. GREET offers two free platforms to use:
the GREET.net model and the GREET Excel model.

To get a complete picture of the energy and environmental impacts of a

technology, it is important to consider the full life cycle — from well to wheels

for fuels and from raw material mining to vehicle disposal for automobiles. '
~i¥ &
5
=
[
o
3 - S
w e - =
c - o |
33 o\ - 3 - 3 2 2
5 n | farl 2
= = 5
gl G I [ :[ %m&, &
35 5 1o we®
WELL TO PUMP
==
T
e we
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(22l 2-22] GREET model ofl | X|A~H|2F 2128 Sheet

for Soyb Palm and Canola Farming and Oil Extraction

Soybean Paim i Canola Jatropha Cameiina’ Carinata
Farming Energy Uni Btwbushel Btwton dry MLAT dry Btwig dry Btwkg dry Btwhky dry
Farming Energy 13.724 217,034 610" 1.420" 1,118 1,63
Bio Of Extraction (B, of Bio ON) 3073 798 138 =4 5 1230
Loss Factor for Od Extraction 19% 63% 0% 0% 0% 40%
Biomass Use for 0i Extraction {dry /b bio o) 45 34 22 28 25 23

Willow Poplar Switchgrass Miscanthus Corn Stover Forest Residue
Biomass share for process fuel biomass s % % 0% s 100%

vlo] Quj 2~ Ao A AHEE HE, ARA, FSAY B4 #HER upstreamol
ik AR AMEHF L 247t~ v &7 HlolE = “Ag inputs” Sheetell A 2HAd3stAl o

(12! 2-23] GREET model 4%l & (upstream) ClOJEf 21 Sheet

nc of Energy Use, Water C; and of Fertilizer Omly

Ammaonia Combined [per ton of product) [per ton of product} Green Ammaonia (per ton of product)
= 2E L c2E = e
. . i 1 H . i, £33 . i, i
E 55 =E- £ E :3 =E- g HEE i
£ $f 5% I H iz 557 3§ ] iz $E3 it
2 £ | HE EE=S 3 £23 HEE
: § st Es§ : § Esi Esh H Esi Esi
Urbs Isaicn share 0.0% o
Share of total WG input as fusl %
Energy Inputs: mmBtu per ton, except as noted
— -1
uire as o0.000
i 0404 1.002
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Allocation Method

Method for desling with co-products
Bodesel Renewsble desel2  Renewable gasoine
System level alocation for soy and jastropha based fuel 1 1 1

Process level for al booi-based fuels

Feedstock Soy ol Paim Odl Cancla Jatropha 1- Displacement
O Extraction Process 4 4 4 2 2- Energy-based Alocation

Fuel Bodessl Renewable diesel2 Renewabie pasoine |3 Markel Value-based Alocation
Fuel Production 3 2 2 4 Masa-Based Alocaion . ..........c...
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[ & 2-25] GREET model Eta2hAt= Z 1} of Al

High Octane Fuel Vehicle: HOF E25

Btu/mile or Gallon/mile or gimile Btu/NM.) or Gallon/M.) or g/MJ
Vehicle Vehicle
Rem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
Total Energy 196 1,280 4,085 5,572 46 299 948 1,293
Fossil Fuels 184 1,048 3,367 4,597 43 243 781 1,067
Coal 16 38 o 54 4 9 o 13
MNatural Gas 124 891 o 1,025 3 207 o 238
Petroleum 34 117 3,367 3,518 8 27 781 B18
Water Consumption 0.1 03 o o o o o o
CO2 (w/ C in VOC & CO) -28 75 32 350 -9 17 73 81
CHa 0.280 0.201 0.018 0.496 0.0685 0.047 o0.002 0.118
N20 0.000 0.029 0.004 0.033 0.000 0.007 0.001 0.008
GHGs -29 89 314" 374 -7 21 73 a7
VOC: Total 0.011 0.127 0.230 0.368 o.002 0.029 0.053 o.08s
CO: Total 0.023 0.056 2741 2.820 0.005 0.013 0.636 0.654
NOx: Total 0.035 0.100 0.082 0.218 0.008 0.023 0.019 0.050
PM10: Total 0.002 0.01& 0.035 0.052 o0.000 0.004 o.008 0.012
PM2.5: Total 0.001 o.oo0& o0.007 0.017 0.000 o0.002 o0.002 0.004
S0x: Total 0.008 0.031 0.002 0.041 0.002 0.007 0.000 0.009
BC Total 0.000 0.001 0.002 0.004 o0.000 0.000 0.001 0.001
OC Total 0.001 0.001 0.002 0.004 0.000 0.000 0.000 0.001
VOC: Urban 0.002 0.063 0.161 0.226 0.000 0.015 0.037 0.052
CO: Urban 0.001 0.010 1.919 1.930 0.000 0.002 0.445 0.448
NOx: Urban o.002 0.016 0.0s8 0.07S o0.000 0.004 0.013 o017
PM10: Urban 0.000 0.003 0.024 0.027 0.000 0.001 0.006 0.006
PM2.5: Urban 0.000 0.002 0.005 0.008 0.000 0.001 0.001 0.002
S0Ox: Urban 0.001 o.00s 0.001 0.007 o0.000 0.001 o0.000 o0.002
BC: Urban 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000
OC: Urban 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.000

2.2 GHGenius model

GHGenius+= 20033 (S&T) Squared Consultants Inc.olA 73 % A5 g@iadtx
2 AlEdoleol™, GREET model®t FdsiAl A ~7]Rke]l Alg#o|Eo]A|qt GUIE
AYstA Fevh B AlEHOIEE AF Ayt S3tEol e HolEHE A &3t
ALHoE U OEE NPFO 2N m=, WA S F e A9S £t Yt

GHGenius= GREET# &AFSHAl & 4770¢] Sheet® FAHo] ¢lom, 7Z+ Sheet:
AMZoA FFE PAEE T2 AAHES A At dFEY 4 @938 #
Ay GAE dolg UH¥S =A “Input”, “Alt Fuel Prod” Sheeto| A Za}3ic},
“Input” Sheetell A= [Z8 2-26]7 Zo] nlo]ujx AAFA, violdgz] AJ4kEA,
AzA AAEE T A tFEY HolHE 488 + AEF A Utk
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PRODUCTION OF BIOMASS (Sheet Blomass Production)
Fertilizer & pesticides usage N P205 K20 Limestone Sulphur Gypsum  Pesticides Seeds Fraction Fraction
Mechanically
{Post-harvest loss kg kg kg kg kg kg kg AreaBurned  Harvested
Com (per lonne), Base year 1004 7.45 0.00] 0.68| 000 0.34] 232
Canola (per lonne). 2000 710 000 5.40] .00 080/ 4.00
oy Yo oo = e 1 T
aim nej, A X X
utmﬁmrnm} 2008 325 0.00| 200/ 0.00] 000 0.00
Camelina (per lonne), 2012 710 000/ &40/ 0.00] 080/ 4.00
Algae (per tonne), 2009 500 000 0.00[ 000 0.00] 0.00
Woad gmnrr:). Biase Year 2005 0.00] .00/ 0.00 0.00] 0.00|Wood Residue  Active value
mngrm (per tonne). 2000 SRF r.gg g % o.g, gg_ g .;g, o.g
Slover (per tonne 1. | 0.00] ]| | )
mtslmt?;er!umm]} Wood 1.85 000/ .00/ 000, 0.00] 0.00
Hay (per tonne) Residue £.00 0.00| 2.00| 000 0.01] 0.00
Wiale Corm (per 1onne), 2000 EXT] 1.39| £0.00] .00 012 1.50
Wheal (per tonne), 2018 B840 o.00] 1.30| 0.00_ o021 3510
Bariey (per fonne]. 2015 g 7.50 000 1.40 0.00 030 3418
Peas (per tonne), 2015 AN 5.60 0.00] 1.20] 0.00] 053 £9.50
Sugarcane (per tonne), 2004 0.64 10.70] £.00] 4.35 0.05| 30,00 00| 1.00
Sugar beel (per lonne), 2007 o073 24 88| 0.00] 0.00] oo7| a.07 1 1122 s changed, the default £
Sorghum (per tonne), 2003 487 0.0/ 2.00] 0.0 065 1.50
Fish (per fonne) 2000 .00 0.00] .00 0.00 0.00] 0.00
Nimenremm from manure? (If no, emissions are assigned 1o livesio: Ng.
Residual
Fuel and power usage Diesel Fuel Matural Gas Coal  Electricity Gaszoline LPG Bicdiesal Ethanal
(Post-harvest loss in P | L L M kg KW L L L L
Com (per hectare), Base year 2010 ar 20| 000 B60] 0.00] 18.00 1760 1890 0.00 | Soy O o 00 Corn
Canala {per hectare), 1994 2899 £2.00 16] 0.0 5,89 0.0 0.00] .00 o 000 Gom
Saybean (per hectare), 2012 26 50 £0.00 (13 0.00] 27.10] 860 340/ 0.00|Soy OF 000 Com
Paim (per hectare), 2000 74 67| £0.00 00 0,00/ 0,00/ .00 0,00/ 0.00|Soy O 000 Com
Jatropha (per hectare), 2008 85 75| 0.00 00 000| 47.64| 000 oo00| 0.00 | Soy O 000 Com
Camelina (per hectare), 2012 2000 200 L7l 0.0/ £.90] 0.0 .00/ 0.00|Soy OF 000 Gom
Algae (per hectare), 2009 1.00] £0.00 11.0] 0.00] 300.00| 0.00 0.00] 0.00|Soy OF 000 Com
Wood (per heclare), Base Year 2005 00| £0.00 [0 000/ £.00] .00 0,00/ .00 |Soy O 000 Gom
Swachgrass (per hectare), 2000 92 66| 0.00 0o 000| 000 000 000| 0.00 | Soy O 000 Com
Com Stover (per hectans) 5801 200 00/ 0.0 2.00] 0.00] .00/ 0.00|Soy O .00 Gom
Wheat Straw (per hectare) 430 £0.00 0o 0.00] .00/ 0.00 0.00] 0.00|Soy OF 000 Com
Hay (per heclare) 60 96| £0.00 00 000/ £.00] .00 0,00/ .00 |Soy O 000 Gom
‘Whale Com (per hectare), 2000 97 50| 000 5080 000| 73067 000 86 74| 0.00 | Soy O 000 Com
Wheat (per hectara), 2015 3010/ 200 23.2 0.0 560/ 0.00 .00/ 0.00|Say O 000 Gom
Barley {per hectare), 2015 31.00] £0.00 37.2 0.00] 7.50| 0.00 0.00] 0.00|Soy OF 000 Com
Peas (per heclare), 2015 26 90| £0.00 360 000/ 7.40/ .00 000/ .00 |Soy O 000 Gom
Sugarcane (per hectare), 2004 340 00| 000 0o 000] 37.00] 020 000| 37,50 |Soy Ou 13 00
Sugar beet (par hectare), 2007 207 11] 2.00 0o 0.0 .00/ 0.00 0.00] .00 |Soy QI 000 Gom
Sorghum (per hectare), 2003 34,60 £0.00 2,402 0.00]| 0.00] 0.00 21.20] 0.00|Soy OF 000 Com
Fish Gl (per litre) 2018 0 50| £0.00 0.0 000/ 0.00] .00 000/ .00 |Soy Ou 0 0| Gom
o ) AL Eolylx= 1 = A 2= g 92- 3 1
ok, vlo] e olu x| At A A A BAE = FAAA. S, A )= [" 2-27]3 o]
« »” st = A 1) 5. olel x 5
Alt Fuel Prod” SheetolAdl Q8st=2 A Ho] ot o3 dHAA =3 GREETH
o S [e) ©° o} = =) =2 o Sl= o] =S
frAFSHAl Sheete] AAIAE = Lolok 2= AEHCIHE e FHote AHEA UBMAM=
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PRODUCTION OF ALTERNATIVE FUELS
Fuel —> FTD100 FTD100 BTL100 FTD100 FTD100 FTD100 Gascline Gasoline MA100 MA100
Feedstock —> NG Wood RDF
Base year —> 1994 2012 2000
Inputs (below) per output —> litre: litre: GJ
Ratio of feedstock energy™ to fuel output energy 1.75 251 259
Acetic acid, (ka) _ 0.00 0.00 0.00
Ammonia (NH3) (ka) Chemical Defaults | 0.00 0.00 0.00
Ammonium sulphate (kg) 0.00 0.00 0.00
Bieaching Earth (kg) 0.00 0.00 0.00
Calcium chioride (kg) 0.00 0.00 0.00
Carboxymethyl cellulose (ka) 0.00 0.00 0.00
gglc acid (kg) 0.00 0.00 0.00
2 (kg) 0.00 0.00 0.00
Cobalt Catalyst (Co(NO3)2) (kg) 0.00 0.00 0.00
DEGMME (kg) 0.00 0.00 0.00
Dimethyl disulphide (kg) 0.00 0.00 0.00
Enzymes (kg) 0.00 0.00 0.00
Ethanol (L) 0.00 0.00 0.00
Hydrochloric acid, kg 0.00 0.00 0.00
Hydrogen (kg) see below 0.00 0.00 0.00
Iron Chioride (kg) 0.00 0.00 0.00
LIHIES10!1& [K)g] 0.00 0.00 0.00
Magnesium silicate (kg) 0.00 0.00 0.00
Magnesium sulphate (kg) 0.00 0.00 0.00
Methanol (L) 0.00 0.00 0.00
Manoethanolamine (kg) L 0.00] _0.00 0.00
NaOH (kg) (100%) 0.00 0.00 0.00
Nitric acid (kg) (100%) 0.00 0.00 0.00
Nitrogen - liquid (ka) 0.00 0.00 0.00
Nitrogen - gaseous (kg) 0.00 0.00 0.00
Olivine (kg) 000 0.00 000
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[Z2 2-28] GHGenius Fel= ¥ 2&aty ME 7|

Coproducts for All Fuels
Energy Densii Density

| Allocation by MJ perunit kg per unit

Acetic Acid (kg) |Mass 145 1.0
Acetone (kg) |Displacement 255 1.0
Ethanol (L) 236 08
K Fertilizer (kg) 0.0 1.0
N Fertilizer (kg) 0.0 1.0
P Fentilizer (kg) 0.0 1.0
S Fentilizer (kg) 0.0 1.0
G Fertilizer (kg) 0.0 1.0
Furfural (kg) 244 1.0
Glycerine (feed) (kg) 181 1.0
Glycerine (fuel) (kg) 18.1 1.0
Glycerine (crude) (kg) 18.1 1.0
Glycerine (refined) (kg) 18.1 1.0
Hydrogen (kg) 1412 1.0
Lignin (ka) 256 1.0
Biochar (kg) 320 1.0
Other Gaseous (displacing same feedstock origin) (L) 256 05
Other Gaseous (displacing opposite feedstpock origin) (L) Displacement 256 05
Other Liguid (displacing same feedstock origin) (L) Displacement 347 07
Other Liquid (displacing opposite feedstock origin) (L) Energy 347 07
Renewable Natural Gas Displacement 1.0 0.0
Propylene Glycol (kg) Displacement 33.0 1.0
Xylitol (k@) Displacement 169 1.0
Fuel Gas (kg) Displacement 546 1.0
Placeholder coproduct (kg) Displacement 20.0 1.0
Placeholder coproduct (kg) Displacement 20.0 1.0
Placeholder coproduct (kg) Displacement 200 1.0

Vel MW@ whel gol, TREel mieh Avgie] Aok = WAT & Aok B
AEHOIE AL Tl ti@ W] Jtol=g AASA goms LCAd BE A¥Aol gl
Mg A% B dee] 0FE Astel Asgel AHAA % 4 Yrkn WAL

dole] 4y 2 go] 9EEW, GREETH $Ys AS¥ Sauxs
A}z =AY 5 Uk GHGenus M= vk 2 ALgATL M4 715098 FoatA)
F1 UA ¥ olF AAE sERdE Agsel F A ARE 2F ANHES
AARe] ik o4l (1% 2-20]sk o] GREETHTH o AAlel dad vz Asgk
ANG F glom, 71E ANAT oy BalATe FEHERE AGHoE B 5 U=
MAE ] gk,

dt o 4

(12! 2-29] GHGenius EtAYHRl= Z 1} 0f A

Fuel Hwy diesel, Crude ( Biodiesel. Gom Oil 350,000 350,000
Fficiency Default Default
ser Input Efficiency 0.40 1.00 20000 . 90000
Active Efficiency 35% 35% :
Emissions from Operation 217,399 24,097 o !
Fuel dispensing 598 685 Zm 0.0
Fuel distribution and storage 1676 2976 —~ F
Fuel production 27817 0164 | _ 200,000 00,000
Feedstock transmission 1,282 254 | 8
Feedstock recovery 18,523 37,396 E 150,000 L 150,000
Feedstock upgrading 3917 13200 o
Land-use changes, cultivation 367 57932 3 |
Fertiizer manufacture 0 0315 - s
Gas leaks and flares 6,828 0
€02, H2S removed from NG 0 0 50,000 0,000
Fmissions displaced - co-products 240 24733
Total 278229 132,666 0 e . o 0
B changes (total) BASE 2.3 ieseL il
Distribution Eficiency 1.00 092 0000 Crie (4 Lo A
Total 278,229 144,202
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2.3 EigE DE EAHIEY AT AlAH

A TAFAL TN 20208 AgEH ‘AR 2 AQAHRA] A - o] & - Bg
SAYT A2TERE ZAR d24FAV EYEHAeH, O 2 HSY BE SaEF
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B3 mE davlEF 4 AJE= GREET % GHGenuis®t HLshA A 7jHio g
AAES ew, F 6719 Sheet2 FAHEHo] Utk dloly fdHL “DAAFEYF
AESAE” oA st ", 493 e “RFMEAT AMAE” 9 2 QA FHo
Jdoh [ 2-30]13 Zo] “TELF AEAE” A= HEFF ZES TS A=
1F 2 AE g2EE AFstal AFAHJA S dEeA Hol e =
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(23 2-30] B 25 EtaufE 435 AIAH dloly

7 sew  |on| | Py AzZat|  AzA
A0S & #A-925A-82 22257
F2lz2E 0.000 kg (HEsH=Ho|d+RT 5o -2alzEs 5 KEA
Y BagazE 4y
Yz 0.000 kg == KEA
Ho|= £ == KEA
2 £ =3 KEA
25 0.000 m a2 KEA
&2 0.000 kg 3 KEA
B 0.000 kg = KEA
By 0.000 kg S KEA
Eva =2 0.000 b KEA
227 L} 0.000 kg B KEA
POE =¥ 0.000 kg 22 KEA
-4 0.000 kg
oY 0.000 kg S KEA
PET 0.000 kg 3 KEA
FRAE PVF 0.000 kg g2 KEA
Bt 0.000 kg
Fridt 0.000 kg 2 KEA
ot 0.000 kg = KEA
myy
E-IEL] 0.000 kg = KEA




SEIAALE] TS Qo BAERT J|H 247t HEY AE 2 Y AT

AHE dolHE “EEWEAS AMNE" 2 AAHD AEdolHel uAHel glE
£4 @bl AW B REY WEAF Fo2 (1% 2319 ol HUF mES A=
AGA L AzgAC sty @AEA=ES AT £ Qo JlFsede A B
AgACIEANE AEATL " BYdR 2ES FEREWES JdsE wad ol
=9<S 1 kW3 viEsdos Stste A3E =30

el A3 B AlEdolH e dEA HYF BE Sa8AT A AlEdolE A=
M) FPEe Meshs J15e Qth ot A4 AA BYF 2E AT WD
dolHE Y|t 755 de= ZE g WiESASTE 8357 gEolt.

[O% 2-31] e 25 EtLH{ET AES A|AH EFAWX AT of Al

[(Gesman | &4 |
475 2 ZHH S SHkgCO2/kW) 764,68
480 = FHE BH{kgCO2/kW) 756.72
485 TS S (kgCO2/KW) 74891
490 ZEHIE B {kgCO2/KW) 74127
495 TS D (kgCO2/KW) 733.79
500 T HIE kg CO2/kW) 726.45

v sug B | o reesmy | A WEA CELTS Az LHAT 42T
EEFER 2.000 kg S KEA 30.674 10 61.348

YR 5.000 kg FE KEA 50.480 1.0 252.400

HOIH 1 PCS 19,685.198 et KEA 0.841 10 0.680

E 2 = 19,685.198 5= KEA 0.483 1.0 0.781

oF 1.000 m2 B KEA 10.485 10 10.485

£E 1.000 kg = KEA 1.041 1.0 1.041

ZTIE(EHE TH) 1.000 kg == KEA 0.204 10 0.204

EVA 1.000 kg 3 KEA 2.304 10 2304

POE 1.000 kg = KEA 2973 1.0 2973

PET 1.000 kg &3 KEA 3145 10 3.145

PV 1.000 kg == KEA 20.147 1.0 20147
EErEED 1.000 kg 23 KEA 7715 10 7715

B OIEHeIHE A £71% LCA B wadAE ABdolHRt ido g}
s A5 5 A WA Uk AR YAHe} dx MEAS B 4PT 5 At
EF 2 AR FBol APty BUAL EF mE Y4 =
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i - :g_
MEF ol Fol¥ & YLAE BTIHL we WEAFE BEATGE ZHA
o]

NZRGA, g g F dem=
g2y i A& 1E1 A Al olE THACR IHol de & F AT
A EFS 4 A3 Scope 1, 2 ¥iEF dEodlA Blojy LCA & oA o] Z2/A|F thet

27t~ vlEH AR Qo AS AxEy Qul =3I ANETE A Ay EU CBAM HH¢H
5 2 ow=e] 12Axs 2 AAH] WY =Y HEC mel 7]E AR ©@9le] 247k~
HiEFolA AT @98 gadAmoz F4o] olFstal glom, &% A 2 rhsAdol =7]
el AAF g 7E, A4, AFel vz g z= 4go] dashs AlAkskaL ok
npREko g galkzla AlElE Y 5 E4& F8t <GE 2-13>3 o] AT 5 ok
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24)

25)

26)

27)

28)

International Standard ISO 14040 (2006) Environmental Management—Life Cycle Assessment—Principle and Framework.
European Commission - Joint Research Centre - Institute for Environment and Sustainability: International Reference Life
Cycle Data System (ILCD) Handbook - General guide for Life Cycle Assessment - Detailed guidance. First edition March
2010. EUR 24708 EN. Luxembourg. Publications Office of the European Union; 2010

ISO 14067:2018 Greenhouse gases — Carbon footprint of products — Requirements and guidelines for quantification
(https://www.iso.org/standard/71206.html)

Konti, Aikaterini, Dimitris Kekos, and Diomi Mamma. 2020. “Life Cycle Analysis of the Bioethanol Production from Food
Waste—A Review“ Energies 13, no. 19: 5206. https://doi.org/10.3390/en13195206

Pereira, L. G., Cavalett, O., Bonomi, A., Zhang, Y., Warner, E., & Chum, H. L. (2019). Comparison of biofuel life-cycle
GHG emissions assessment tools: The case studies of ethanol produced from sugarcane, corn, and wheat. Renewable and
Sustainable Energy Reviews, 110, 1-12. doi:10.1016/j.rser.2019.04.043
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Z-sabe WazIgel JhEde AdeA AAHUNY] "Eel sd3@ duAE A4
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MEF d4< 919 LCA #d EE, 7hol=8kdl B £d2A A ARE w8 o=,
670 wholeoluix] Z&el ek dapy s AU E 5 AEHClE A AT
Zledels A(&") B A¥e] A4 IM) vbol oA AS(d)e R, FEdne B
o5 Agkm= A olstAct,

2. NARBA 48

Hlo] e o4zl 7l&el g LCA WHES &S dadas A4S fstd A7 i
o] Q4R 7l A8T F+ = A=A A System Boundary)E A el stodoF gt}

AT veld| A Zlsd AHEE F e A" ASystem Boundary)E Aol E
Q]38 ISO 14044, ILCD handbook, ISO 14067, EN16760 5= X33t Bravj&3F 4H4 Ll
27} A 7} ‘*‘ﬂé}% #Ad 2F 9 7tol=EgRlg ZAEFA T

15014067 ] W2H, AZRAAE A9T e AFAZE W 49 SAEE AR A
], Jxloﬂ w3 AAo] dastH, X3 AR AA A dadAs dTY
= dTdgdol Aojok wh29 EadAla Ade o=yt HE AAH A,
G FA, FAAEEA et AT = o, A 7]FE(cut-off criteria) B o]l

filo
f
ro

27 14 A At P9‘r Zol, AN2"8AAE A 27l 2 FEY 4 9t} Cradle t
gate(Well to tank)t AEAHFEH AFAALF & F3F Ad7tA e FANS LHsE A
oju)sl, Cradle to grave(Well to wheeD:s UEFHE AZFol HZGA7ZIA S =RE
FTAL Y= AL om|sth O}X] 9k Azapagic A and Stichnothe H.(2011)o] wt=w
Hlo] o219 A9 AE(AA) T EHE HIUIGAVE fleR= dutAEH TEA
NZRAAE Bl + do= ot} <L 3-2>9} o] WAlstaL UTh

to
o

=
=

<E 32> dutMZF ¥ HO| 20X AARAA He| #to|™

Al AE 2 A Cradle to gate Cradle to Grave
(Well to Tank) (Well to Wheel)
olut M= 2 FFH HEMFFEH MEBMM AL,
HEZ £st7tX 2 de H 7|7t X 2 "2
HE (o] 20f ) xf F| FE Y= (o] 2of A)xf F FE
HtO| 20i LA X HiO| 20| A X| X & (Hio|2C|H, |HIO|20|H{X| MEZ22 dit=+=
I1dAHE 5) 447X 2 Mo 71, &, =ESAENNX =2 He

29) ISO 14067:2018 Greenhouse gases — Carbon footprint of products — Requirements and guidelines for quantification, p15
(https:/fwww.iso.org/standard/71206.html)
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[EA(International Energy Agency)®] Hlo]Qox AR Hr7} £ A AH 7)dk
ofix] & nlo] oz A|~EAAE Cradle to GraveZ A2l vw M-S YA Th
T3+, ARENA(Australian Renewable Energy Agency)e] Hlo]2oufx] LCA 3 A
Al 2~B A A= cradle to graveE dasta oy 7S5 ErE Yol oy xHSle] #3
dlo]E FA} Al cradle to gate7}A] 3t AS 383t Aot

[Z12! 3-3] [EA2| HIO| 20X A|AEZAA Fo ofA|

Bioenergy System ! Reference Energy System

Fossil Resource

17 Land 1

Land Management

Change
(may occur)
Cultivation and ith nd
uitv TN Extraction of
Harvest of Harvest of Biomass Fossil R
Biomass [where relevant) Rt it
¥ [

Transportation to
Processing Facility

¥

Conversion to

Energy Carrier Eo-produc
[

Transportation to
Processing Facility

¥

Conversion to

£ products Energy Carrier
[

Disposal of Disposal of

Distrinition Waste Products Waste Products Distribution
v ¥
Use Use

l Energy Service I
(electricity, heat,

mechanical energy)

=3, 2018€0] AHE EU AAAAIA AQolAE upol oolix] gawA Ao
@ Wyl Hee AN e, A=R4A FoE Grave 2 eAIA LR ES
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[23! 3-4] EU &IAdoll4X] X|E - HIO|20l|HX| MBpE Bt AHEEEE

—

1150 Official Journal of the European Union 21.12

C. METHODOLOGY

1. Greenhouse gas emissions from the production and use of transport fuels, biofuels and bioliquids shall be calculated
as follows:

(a) greenhouse gas emissions from the production and use of biofuels shall be calculated as:

E=e‘\+e,+ep+e“,+e“-e‘_-em-em,

where

E | = total emissions from the use of the fuel;

e. | = | emissions from the extraction or cultivation of raw materials;

e, | = | annualised emissions from carbon stock changes caused by land-use change;

e, | = | emissions from processing:

€4 | = | emissions from transport and distribution:

e, | = | emissions from the fuel in use;

e, | = | emission savings from soil carbon accumulation via improved agricultural management;
e, | = | emission savings from CO, capture and geological storage; and

e, | = | emission savings from CO, capture and replacement.

Emissions from the manufacture of machinery and equipment shall not be taken into account.

71E Hloledm AAA 247l A AlEYolE A AREHE A =B A= GREET,
GHGenius, BioGrace, VSB =@ oA =5 Cradle-to-grave(well-to-wheeDZ ol3ta U=
Aoz ZAEAT30 (27 3-5). Hel® Cradle-to-grave(well-to-wheel) A ~E 7 A ol =
(Blo]m] ) A, &, violdyA A4, FF, ASHARI], &, FEARITIA

s},

W

oo

1Y

[O3 3-5] 7| & Hio|2 OflBt2 MY 2AMIIA A E2fo|E e A|AHEZAA Ko
Fertilizers Chemicals
Fuels Power
17 Other agrochemicals r Fuels ( Fuels l» Fuels
Ethanol Transport
Agriculture Transport ol Use
g P plant Distribution
L N,O emissions » Emissions I_. Coproducts L> Emissions L> Emissions
Land use changes Emissions

Other emissions

30) Pereira, L. G., Cavalett, O., Bonomi, A., Zhang, Y., Warner, E., & Chum, H. L. (2019). Comparison of biofuel life-cycle
GHG emissions assessment tools: The case studies of ethanol produced from sugarcane, corn, and wheat. Renewable and
Sustainable Energy Reviews, 110, 1-12. doi:10.1016/j.rser.2019.04.043
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gsl= Aol =93l Cradle to GateRtl:= Cradle to Grave A|2®©A

<I 3-3> HlO[20{X| LCA 7tol=2tel & a0l MASH A|AEZAA
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) MQ7|etoig | Transport H7| !
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| SN JE 8139 % !
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| inks 2a4E5) !
] * :
]
1| Land use Transport“yro Qx| | Trenseort . !
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1 - YERUS - HIOIR 9 !
| ‘NSEL - HIO[Q $IUS !
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2o TAAMe AFERE ofyEt 3 Jf e o Jje] FabEe] FAlol AidE=

A7t gtk EW, 24 RAES FAF AL A @A ANHY 0B AF AzddA
Ax

27 5kE ALY of
A 2H)

AA AHEE=

= o] %
A7 dRkAolr] wjEe] Y Al =EH9 L%?ﬁ}% U= (partitioning) =&
PAEY dEE S FESHE 25 Este Al2E SH(system expansion) W o] Sl

ISO 14044:2006 4= @92 “H7} did AF ’\1i‘5é17+ T e 3 oY tE
AE Az=E 2o AFH AF A2EY BYAEE P T mE SHFGE EHsie
Zl(partitioning)” oletal Fest Y. ojuf, FAHAAH R FAFH FAES =7FH<
A (physical relationship)& 7|Fo2 FEUAEES 33t AFH HiAE 719
A #AG “AFH FAE FTF UH 4 AFY T HET e AFH H4bE
FAUA g tiul ZHzbe] oA & HlET S5 TdTh =2 #AC e Zort

ol & A%, oo WMl AF B FF Ul 7 zhe] AAA A W)L
2 g-3hefof et
ol edUix] LCA ATold ¥dol Wad Age wolems A4TA, weledw

3D

32)

European Commission - Joint Research Centre - Institute for Environment and Sustainability: International Reference Life
Cycle Data System (ILCD) Handbook - General guide for Life Cycle Assessment - Detailed guidance. First edition March
2010. EUR 24708 EN. Luxembourg. Publications Office of the European Union; 2010

ISO 14044:2006 - Environmental management — Life cycle assessment — Requirements and guidelines chapter 4.3.4.1
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ANNEX V-Part C-Point 183 ANNEX VI-Part B-Point 189lAl&, A F4tE, s F4AM=E,
ZtsERx 2 /714 #@rle2 A dAZAY dadiede 00 o2 e As
gAStaL ot

Hio] QoA AabE Aol A FabE(o]. mlojlend ik Al A" FabE) B Al
dgafiof sFAITE wA|F o2 nHio] oA LCA #ofollA &8I A& YHES FAT
&It

Hlo] e oA A 247k 4P @ Aol AHgE 9 WS

ztol 5 Heln. EU A# o A of that M3g H7F AFelA LRty o=r oA
& Z(energy content) 7]& Agstal ok EU AlAA U A A 3]39e]] w2
A=A 7Fe] &3 ol HE&o] WSt Aol AUR dF Jhsstr] wiwel JHE
23k WHolgtal WAL o R, FEAR O 24V BAe A= THA
Ao g AgEHE g9 WHYS Axsn Jdo ¥, w=Y Ase AAF
7}A](economic value) 7]&9] o < AL AY A="l S F3 vio] A
ko]l AZF A AAE FEAFE(co-product)o] B} Al2HlOA A B ALEEHE 7]|E
AF<= WAstE &I (substitution method)7kA] HkFstar Qoh34 Liu et al.(2018) 4=
Hlo] Q2] LCA 3 A gyl AHHS AASt oy 7kA dd 3y mF
G¥S 7HA 2 Je2= EU REDIA Axsta e &3 SHER ofygr o2 HHE
A g3t W E gRlo] Hads A=xsa Urh

Ena'

<i 3-4> HO| 0 X| LCA & Al ZIFEHHE FcHH(Liu et al.(2018)

S M ALEE off L X| &=k AHA IR
(Weight) (Energy contents) (Economic value)
|-OIOO{|I_'1X| _'_Oi:OﬂA-I I‘I .\_.:./Izl Al'n o| A|x|- No =
:uElI.l _I—ll_j:ilg _g_l_;dl:lg'__'_ HE °|o|- 7|.XF =/ T UuUE S T Ia=
zZ2H= A = ST o -
XA Hjfod &b £~ OIEI_: 7(-|0-||A—|
== Kooz LIEHY XEtst g o2 EU —es T MEE |
REDOIME HDstD 242 -
A ETIH S o A|RF AFSH
M &/ RokE 2t Mtels 24H20| Energy o
o | L . S CIeFst B2 QlsH
st 25t i 20| S |carrierZt ofd A% & =7}
HEsAMHo| F(YaMel )

33) Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the use
of energy from renewable sources, ANNEX V

34) Konti, Aikaterini, Dimitris Kekos, and Diomi Mamma. 2020. “Life Cycle Analysis of the Bioethanol Production from Food
Waste—A Review“ Energies 13, no. 19: 5206. https://doi.org/10.3390/en13195206
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(iv) For the useful heat coming from energy installations delivering heat together with electricity and/or
mechanical energy:

E G- 1y )
o E(—S
T (Cc.u N+ G- 1y

where:

EC,, = Total greenhouse gas emissions from the final energy commodity.

E = Total greenhouse gas emissions of the bioliquid before end-conversion.

N = The electrical efficiency, defined as the annual electricity produced divided by the annual fuel
input based on its energy content.

M, = The heat efficiency, defined as the annual useful heat output divided by the annual fuel input
based on its energy content.

C, = Fraction of exergy in the electricity, and/or mechanical energy, set to 100 % (C, = 1).

C, = Carnot efficiency (fraction of exergy in the useful heat).

The Carnot efficiency, C,, for useful heat at different temperatures is defined as:

G, = L,-T,
T,
where
T, = Temperature, measured in absolute temperature (kelvin) of the useful heat at point of delivery.
T, = Temperature of surroundings, set at 273,15 kelvin (equal to 0 °C)
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MR EF exergy HlES AEHIEF 9 ALE x4 wWE &
d(useful heat)el] sk &&o] FFAE Ao Z YJehdth 2€H 25 HHE wx Folo
3 RAEIE Y7 oEe AR LCI DBE =A}ste] Hlo] @7},

rOi

FEANGEY, wol 0 FF, ol LT AR RE AuEE 28 D A7) 4ol B exergy
e sl WG ANl 2859,

<I 3-5> = PTOolA FHoleh HIO| 20 HX| BtALUX= A[SE0[H ZEEH
T SEUHE
HO|20fA & SEFL4E, Y Fi=E, 7152 R, 7714 47
HHO| 20§ A& A &F .
= Mitof w2 Bt EFEE 022 Mo
YLE Aot FibEof oigh oA EEHM UL %S =
HEO| 20 L K| 4 &k Absto A5t AHE oHX FHE JIESE 2F AXE
Aistol MESHE X FoE)d 4 5FEHS 2F
O X MehHFHetd™) | dotsl= AR TY(9| ExergyE 7IE2E 2E5E, Default 242 X

4, EX|0|8'Hza], HIO|L 247tA &+ A HIE

Hlo] @ v ~(Feedstock) A4AHAH]) TAoA = EAo]&(and use)s FHEsIa, EX o]
Hslo] e S2wEFS uEstol st EXo] gtz Q% vBanEF Y-S EU
A A=A A3 ILCD handbook, ISO 1406704 Hil & oFAgo g A AE I
AT

[SO 1406739 A= &2zt 4Hg A Z3hsfioF & 127 HFE oF =534
gEozg FEen Jed, Holewixrt A e
Hiol @ 247 v ST opgt A A EAolg WA H #HE WA )
FEow Aot Ut

w2bA], 67] Blol QoA 7|&E Ay L7t A AlEGolE oA Hlo] 2 u] A(feedstock)
el 2 xRFH GAA vpo] Quf s Afu Al EX|o]- g stE Qs WAshE ©ArlES skt

[SO 140679 4= nlolodx]e] w&AUa= 4HF Al Hio]eujx9 nHlo]2 CO,
%—r(Carbon uptake)F2 Hlo] 2 CO Hﬁg(@iﬂrﬁﬂw Hj &)= 7] Hﬂpr°ﬂ A o
dBgdS 8t wle|ujx A4k Al CO, FE ‘00 22 73 E A9 AaFAA A
%*ﬁﬁ}t— COE 022 7HHT 4 Utk AAsta St

EU AlAAod=] = 33602] ANNEX VoA % oA AE(AR A4 dAA e CO,
&2 008 ARMs=EE wAst Aok Ty, duA AS (AR d)eA A 9
Non-COx(CHs, N2O) ¥l ZE 2] 7 -$-ol= wiEAIFE & 83hoof o},

35) 1SO 14067 (2018)- Greenhouse gases — Carbon footprint of products — Requirements and guidelines for quantification
36) Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the use
of energy from renewable sources, ANNEX V
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Hlo] @uj o] 247k F4 B wlE Bl thEiAE ISO140679 A A AL Sl 4HE
ol uwhgh, nulo]em2~e] vpol e CO, F4=(Carbon uptake)®F& ‘0’ o2 7143l o]9
wel HolQ COp, ME(AE A4 A W E 0 o2 ISP duA AMR(AE
AL A o A 9] Non-COxCHy, NO) v Z2] ZA9-ol& wWEATE &8t 2m, IPCC 2006,
IPCC 2013 7Fol=g}Rl-S &85t nlo] 2 AE™ Non-CO.0l thgh sjEA 55 2 83T

5. K72t

2472~ /W E(nventory)= 1P FFoE  fFiEHeE 24V~ =
TFH(removal)S YERHTE. UNFCCC 4FsF IPCColAM+= 24712 =S 93 IA4AQI
g5o dtow 24Avtx QMEDY 4, By Oy HSS AT A !
HE gk A H(guideline)S 20060l WESIATEN. [PCCoAl A= F7]HOE 2471~
78 AF2IEIAFE AASL e, [PCC 1996, IPCC 2006 2 IPCC 2013°.=
TaEo. [PCC 2006 A2 19961 Tsxd AZHAPCC, 1996)% 2000 LEH GPG
2000(IPCC, 2000)= thAsl= A F] o]t}
=4  SAAFHIZANAM= [PCC 19965 HE&star  JqAT,  =7F 2030  NDC,

AasA84712H 2 24712 diEsdANAe] wiesd Hi 3 Q1S #%
A Z o A= IPCC 2006 AF <= A& Folth

B AFolA MEe Z=EES] AlEdelydd A8H AF2d3A 4+ [PCC 20063 IPCC
20135 EF ZAH&stoh IPCC 2006 Ao AF2d3A|F9 A, SAFANA Fran
e 2ATIRERAA LAzt dAAFES fsted A&, FF IPCC 2013904
AAStE ATER WA AEE JtsAS 2Ested IPCC 2013 A F2GSATE
Al olE ol HrgstAtt. AlEdolE AFEAE Hlol oA GAalA= AA A HIE A
g 2o wel PCC 2006 TE 2013 ATF2dsA4E A8 & =2 dA A
MEE AlEdolEe] AE8d A5 A4 wEAg= IPCC 2006 7hol=ekele] A8
71 EH) & A 9 Greenhouse gas protocol®] A7l JAWIEZ S HEAF(KE 3-00)F
2 gato] Agkeor K& 3-7)

<X 3-6> Greenhouse gas protocol 2AI7tA ClHI EE| i &A=

= = i & Al =
=2 Xl o SFAI
Carbon dioxide CO» 000124-38-9 1 1
Methane CH, 000074-82-8 21 28
Nitrous oxide N-O 010024-97-2 310 265
CFC-11 CClsF 000075-69-4 3,800 | 4,660
CFC-12 CCloF> 000075-71-8 8,100 | 10,200
CFC-13 CCIF3 000075-72-9 13,900

37) 2006 IPCC =7} olMlEz] 7fo|=atel 7|1 wjEA4



23y S CAS o
CFC-113 CClLFCCIF; 000076-13-1 4,800 | 5,820
CFC-114 CCIFCCIF2 000076-14-2 8,590
CFC-115 CCIF2CF3 000076-15-3 7,670
Halon—-1301 CBrFs 000075-63-8 5,400 | 6,290
Halon-1211 CBrCIF» 000353-59-3 1,750
Halon-2402 CBrF2CBrF2 000124-73-2 1,470
Carbon tetrachloride CCly 000056-23-5 1,400 | 1,730
Methyl bromide CH3Br 000074-83-9 2
Methyl chloroform CH3CCls 000071-55-6 100 160
HCFC-21 CHCIF 000075-43-4 148
HCFC-22 CHCLF> 000075-45-6 1,500 | 1,760
HCFC-123 CHCI.CF3 000306-83-2 90 79
HCFC-124 CHCIFCF3 002837-89-0 470 527
HCFC-141b CHsCClF 001717-00-6 600 782
HCFC-142b CH3CCIF> 000075-68-3 1,800 | 1,980
HCFC-225ca CHCI,CF2CF3 000422-56-0 127
HCFC-225¢cb CHCIFCF2CCIF2 000507-55-1 525
HFC-23 CHF3 000075-46-7 11,700 | 12,400
HFC-32 CHaF> 000075-10-5 650 677
HFC-41 CHafF» 000593-53-3 150 116
HFC-125 CHF2CF3 000354-33-6 2,800 | 3,170
HFC-134 CHF>CHF2 000359-35-3 1,000 | 1,120
HFC-134a CHoFCF3 000811-97-2 1,300 | 1,300
HFC-143 CH2FCHF; 000430-66-0 300 328
HFC-143a CHsCF3 000420-46-2 3,800 | 4,800
HFC-152 CHoFCHF 000624-72-6 16
HFC-152a CHsCHF» 000075-37-6 140 138
HFC-161 CHsCH.F 000353-36-6 4
HFC-227ea CF;CHFCF3 000431-89-0 2,900 | 3,350
HFC-236c¢b CHFCF.CF3 000677-56-5 1,210
HFC-236ea CHF2CHFCF3 000431-63-0 1,330
HFC-236fa CF3CH.CF3 000690-39-1 6,300 | 8,060
HFC-245ca CHoFCF2CHF, 000679-86-7 560 716
HFC-245fa CHF2CH2CF3 000460-73-1 858
HFC-365mfc CH3CF2CH2CF3 000406-58-6 804
HFC-43-10mee CFsCHFCHFCF.CF3 | 138495-42-8 1,300 | 1,650
Sulfur hexafluoride SFe 002551-62—-4 23,900 | 23,500
Nitrogen trifluoride NF3 007783-54-2 16,100
PFC-14 CF4 000075-73-0 6,500 | 6,630
PFC-116 CoFs 000076-16-4 9,200 | 11,100




122olg A |

23y 5514 CAS o
PFC-218 CaFs 000076-19-7 7,000 | 8,900
PFC-318 c—CsFsg 000115-25-3 8,700 | 9,540
PFC-31-10 CaF10 000355-25-9 7,000 | 9,200
PFC-41-12 CsFi2 000594-91-2 7,500 | 8,550
PFC-51-14 CeF1a 000355-42-0 7,400 | 7910
PCF-91-18 CioFis 000306-94-5 7,190
Trifluoromethyl sulfur pentafluoride | SFsCF3 000373-80-8 17,400
Perfluorocyclopropane c—CsFs 000931-91-9 9,200
HFE-125 CHF20OCF3 003822-68-2 12,400
HFE-134 CHF2OCHF> 001691-17-4 5,560
HFE-143a CHsOCF3 000421-14-7 523
HCFE-235da2 CHF>OCHCICF3 026675-46-7 491
HFE-245¢cb2 CH3OCF.CF3 001885-48-9 654
HFE-245fa2 CHF>OCH.CF3 001885-48-9/fa2 812
HFE-347mcc3 CH3OCF,CF.CF3 000406-78-0/mcc3 530
HFE-347pcf2 CHF>CF2,0OCH2CF3 000406-78-0/pcf2 889
HFE-356pcc3 CH3zOCF.CF,CHF» 000382-34-3/pcc3 413
HFE-449s| (HFE-7100) C4F9OCHs 014117-17-0 421
HFE-569sf2 (HFE-7200) C4F9OCoHs 163702-05-4 57
HFE-43-10pccci24 (H-Galden 1040x) | CHREOCROGFOCHFR, | E1730133 2,820
HFE-236ca12 (HG-10) CHF,OCF,OCHF> 078522-47-1 5,350
HFE-338pcc13 (HG-01) CHFOCF,CF,OCHF, | 188690-78-0 2,910
HFE-227ea CF3CHFOCF3 002356-62-9 6,450
HFE-236ea2 CHF>OCHFCF3 084011-06-3/ea2 1,790
HFE-236fa CF3CHxOCF3 084011-06-3/fa 979
HFE-245fat CHF>CH>OCF3 001885-48-9 828
HFE 263fb2 CF3CH20CH3 000460-43-5 1
HFE-329mcc?2 CHF2CF.OCF2CF3 134769-21-4 3,070
HFE-338mcf2 CF3CHOCFCF3 156053-88-2 929
HFE-347mcf2 CHF2CH>OCF,CF3 000406-78-0/mcf2 854
HFE-356mec3 CH30CF.CHFCF3 000382-34-3/mec3 387
HFE-356pcf2 CHF>,CH,OCF,CHF, | 000382-34-3/pcf2 719
HFE-356pcf3 CHF,0OCH.CF.CHF, | 000382-34-3/pcf3 446
HFE 365mcf3 CF3CF2,CH>OCHj3 000378-16-5 1
HFE-374pc2 CHF2CF,OCH2CHs 000512-51-6 627
PFPMIE CROCHORICROC0ROCH: | en 00845 9,710
Chloroform CHCls 000067-66-3 4 16
Methylene chloride CHoCl, 000075-09-2 9 9
Methy!l chloride CHsCl 000074-87-3 12
Halon-1201 CHBrF» 001511-62-2 376




I EEIAALS] T3S Qo ERAUXE T[HE 247tA HIEE Y 2Y Y o
<E 37> dzd AL HiEH T A
- ° HY & Al
EEE 2 2006 2013
ST kgCO2-eq/kg 3.1601 3.1599
dR(EMAR) kgCO2-eq/kg 3.1970 3.1967
SR(EMAR) kgCO.—eaq/kg 3.1370 3.1368
S R(EMAZ) kgCO-—ea/kg 3.0980 3.0977
oA TFA38) kgCO2-eq/Nm3 2.1649 2.1650
EAIZIA(LPG) kgCO-—ea/kg 2.9871 2.9872
TAFAEL kgCO-—ea/kg 2.6426 2.6427
701 Ef kgCO2—eq/kg 2.4581 2.4582
HO|2 & AHAZ kgCO,-eq/kg 0.0217 0.0220
HFO| 2 7A kgCO-—ea/kg 0.0026 0.0027
HO| 2 & 7 kgCO,-eq/kg 0.0068 0.0067
HiO| 2 3| 27 kgCO2—eq/kg 0.0062 0.0058
Hio| 2C| = kgCO,-eqg/kg 0.0067 0.0066
Ho| 2 &t 7 kgCO.—ea/kg 0.0068 0.0067
MoATIA kgCO2—eq/kg 2.6953 2.6954

38) STt FAL, HATb2 ©9j3akzk 1245Nm’ton
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GG Inventory! Processes for refined paim ol
Bioenergy product: Palm cil-based biodiesel —
Conventional alkali-catalyzed process to produce — —
Conversion technology biodiezel from refined palm ol using water = Imputs
wazhing. -
£

(kgrh) Tl Siper kg biodiessh TR
Crude paim oil
Refined palm oi 12514 1.00.E+00 kg
Methanol 1536 123ED1 kg
MNaOH 129 1.03E-02 kg
HZO 370 296E-02 kg
H3IPO4 12 9.59.E-04 kg
Energy icity, kW) 3.01 241.E-04 KWh
Feed pump for methanol 023 184E-05  Kwh
Feed pump for palm oil 155 124E-04  KWh
Methanol recycle 026 208ED5 Kwh
Pump to separation processss 1119 AADE-05 Kwh
Product pump 042 336E-05 Kwh
Energy (heat, kifh)
HP steam 400 1C (ki/h) 2.54.E+07 2.03.E+00
MP steam 250 1C 1.83E+07 146 E+00 M
LP steam (kJ/h) TOSE+D6 5.64E-01 M)
Utilities 2.83.E+07 2.26.E+03
Cooling water 234E+07 TE7E+D3 kg
Very cool water ABTE+06 389E+02 kg
Washing water (kg/h) 370 296602 kg
Products
Biodiesel @ >98 wi% (kg/h) 12510 1 kg
Glycerol @ >33 wise (ka/h) 1202 961602 kg
Palm il + mathyl ester
Wastes (kg/h) 7.45.E+02 5.95.E-02
‘Waste water 725 5.80E-02 kg
Na3PC4 198 1.58.E-03 kg

A% wRARAL

Fo bt it o kol matirnl g
Bz bk, et o inchosmal natural gas
Ex incrganic siogen fertdise 2 N
e morganic srogen fertier. 2 N
Fe morgme: sitogen futiner. 1 N
E» o simogen Yt 3 N
Ex incrganic nisogen ferdisar 3 N
Ex inorani e St N

from maize | ethanol, without water, in 35% solution state, from fermentation

351 Bacc power genartcn, T
351 Secc power generascn, s
357 Secine power genergton, e

25 Cortraction of e ol eng.
157 B poawer germatcn, i

- Outpats
o Cammgory
FaCarten Sexts. son-tosd Emsen = antigh arpdaten s
Ex ethancl,
F» watmagter o resence I Sewerage ITIC Srmerage
Fu it Ermacn o g e
Faiite Eraaen 1wl et

R Cu

<] Eapmeten; Alocsion Sooel mpech | et i

71% 1.CI DB &£&

[——

Commem

oz |
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%8 AE7L 1680tole nPAR 19, vhol @rhr 39, ol @FF 39, whol .84
3%, wholoT] Al 39, Wlol QFF R 3W)S WHOE HEEAS YT AR E
dlolooluA &M Fuel BT B 4% FAxRAE i A48 Fo FYAE

g Zge A4S 2@

Fuo g HE F F7h L £HIA 5& Y
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A4 8l(Wood pelletoln == 7|wke] AR 9

a3l AAd" Fif(sawdust), ™hir(shavings) % =23 (wood

chip)& A U= 2 ARHA R e ASE YWY EAEs #H
A EF 1SO 17225-2: graded wood pelletoll A A ol3ta d+= HAHB-S A E(Stem wood),
B E AYg dE(Whole tree without roots), Al F-4HE-(Logging residues), =¥ &(Forest

plantation) ToZ &7 ¢ At WAL Avk. el A9, AHEAH A A=



249 A8 WAE CAYE BEE O BY Solu BA@ 30 o2 FHsiy
AARHES LI 258 FA FHES gusis Ao Ut webd, vl
sgdne AgHE dme WAL QS EE RAT 2, TS mE 24T 7,
BuT mE BAE 2oE FASE sl Ty J1Ed AHT RoR st

dole IYAE ARIF HERAE B AW FL EYALE P2 0@ Y=
Aser 71 B 2AE WSS ATH AT Ao obd E 38> 2

<E 3-8> 0|2 THUE T2 F.AE YBE

M5 i B}
T2 o Fe x5 (FU/MES)
sawdust, wet, measured as dry mass
shavings, hardwood, measured as dry mass
shavings, softwood, measured as dry mass
wood chips, wet, measured as dry mass
Z 4 (Softwood)
AT 2
294 2= (Hardwood)
g B
THE | g2 (Bamboo)
(Feed) |EHLHT =M
Fe= stemwood
(inputs) wood industry residues
forest residues
short rotation coppice (Eucalyptus)
short rotation coppice (Poplar - Fertilised)
short rotation coppice (Poplar - no fertilisation)
Straw
Bagasse
F&Z | lubricating oil
electricity, medium voltage
FEZ[El | LNG
Steam
A= wood pellet, measured as dry mass(moisture content less than
te2 = 10%)
(outputs) 2 AE | wood flour for fertilizer(possible)
H7|= | waste mineral oil
i ko] @ 7h
A% wdxAE B9l A48 Fu vlelertzel FURt Fifcawdus) B aFEe)
F71BES FHE A4 A71EH vlelevlAEY, silage BICE UERAW, AE7}
ool WEd Fudds duHon AR AVE A5 JdE AEFEx (@5,
HAa, 28 ), str€dA(vith HF€E8dA) 55 FTHEE A3 497 B2 AL=
EN 1=
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<E 3-9> HlO|2UlA Fe Fol ME UBE

=] k"_l?_ = St E ol /A= B2
T= - TR g5 (FYU/MESE)
sawdust, wet, measured as dry mass
=9z silage
(Feed) Sewage sludge
ee livestock manure
food waste
S22 | Impeller

electricity, low voltage
heat, district or industrial, natural gas
Eol=2 hot water, heat from natural gas
hot water, heat from flue gas of power plant or fuel cell
steam, sourced by LNG
steam, sourced by biogas
2| E| | steam, sourced by flue gas
lubricating oil
Anaerobic digestion reactor
Gas holder
Flare stack
Gas generator
Sensor (pH meter, Temperature, Pressure gage)

(inputs)

30
m

biogas, from grass

Biogas (Methane, CO2), Electronic, Steam

protein feed, 100% crude (7+% Al=Z) / grass fibre
pellet

(outputs) H 7| = solid res_idue_s to_ landfill

Anaerobic digestion sludge

B wastewater from grass refinery

Anaerobic digestion effluent wastewater

[Ea
I
THo

. vrol 9. F
Td 24 A¥ T weleFd A4 FARE FY4 TR B4R T
o 2 o=z

Hpol et T FAEoH, U4l B A4t SR

silver grass), &< F4FE(straws, haulm), &8 A
N Ao 2 ZAEAT
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TI:!E

(inputs)

a

By
®
@
=

woody residue

woody sawdust

Coffee waste (coffee ground)

Agricultural wastes (straws, haulm)

Silver glass (Geodae Oeksae)

Brown grease
CoMo

Olechemical residue(s =4 FXI)

Hio|2C| ™ F A= (byproducts from biodiesel plants)

stk 7l 22 (swage sludge oil)

o
Fu

il

Magnesium Oxide (MgO)

Olivine

Tar Reformer Catalyst

Zinc Oxide (ZnO) Catalyst

Isomerization/Hydrocracking Catalyst

LO-CAT Chemicals (Z!'2ll0|Esl & ZoH)

Ethanol

Methanol

Deoxidation catalyst (ex. MgNiMo)

Phosphoric acid

Citric Acid

Sodium Hydroxide

Bleaching Earth

Filter aid

Hydrogen

Metal-supported catalyts

m

12| E|

0
l

LNG

Coal

Diesel

Electricity

Water

[
]
Mo

(outputs)

Ir

M=

Marine bio diesel

1
140

Pyrolysis Oil

Jet

Gasoline

C1-C4 gases

Naphtha

Wax

Hydrogen

Ho|=

o =

Wastewater
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7€ AEZFY AEZRAF A 2y FA59 A9, FHolu w5 ArEeE AR
U vlo] 3 UFo] FUE 3
718r 24t Y =(wood waste, agricultural waste $)&= R&D ¢ Ao 2 AL
AR BEHCE @ol AMEHI Qv HlolujiAE WA EO JoeE=E, B
IHEA FFACRE Hol ARHE FAERETF, 7ML ARG, Molasses  5)
AdgE Ao g AAol desithe oAdE Ao FUF dd wel B (barley),
S4=4(corn), AMEg(sugar cane), A&~ ZIRF ©Fd(molasses, from sugar beet)<
7kt Aok
nAgo AS, F7F oA =2 CSL(Corn Steep Liquor), magnesium sulfate, acetic acid,
sodium chloride, sodium acetate & <44 4F ZFujo] tig FFHA F71 Ao we}k o]

BARES F/lSAC

SRR
=
=

M £

H
e

-l
Hr
4
0]
]
Jo
n
o
E
e
L2

maize grain

potato

rye grain

molasses, from sugar beet

vinasse, from fermentation of sugar beet molasses
sugar beet

vinasse, from fermentation of sugar beet
sweet sorghum stem

vinasse, from fermentation of sweet sorghum
cassava

barley

pampas grass

whey

Fe= corn

sugar cane

wood

agricultural waste

soybean oil

ammonium sulfate

sulfuric acid

soda ash, light, crystalline, heptahydrate
inorganic nitrogen fertiliser, as N

sodium phosphate

sodium sulfate, anhydrite

ammonia, anhydrous, liquid

sodium chloride, powder

chlorine, liquid

lubricating oll

FU

5 P
o

®
®
2

(inputs)

qr
rio
il
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Rl

Calciumhydroxide
Magnesium sulfate
Sodium hydroxide

enzyme

alpha amylase

gluco amylase

cellulase

yeast

CSL(Corn Steep Liquor)

potassium phosphate

Ferrous sulfate

acetic acid

sodium acetate

antifoam

electricity

heat, district or industrial, natural gas
tap water

Water, cooling, unspecified natural origin
water, decarbonised

nitrogen, gas

=SENS

0

ethanol, without water, in 95% solution state, from fermentation
bio—butanol

Distiller's Dried Grains with Soluble (DDGS)

acetone

tE= acetic acid

(outputs) butric acid

hydrogen

carbon dioxide

H 7| = | municipal solid waste, waste mineral oil, wood ash mixture(pure)
| o wastewater(from residence), wastewater(average)

N =

4r
r
Mo

nt. vlo]l e v A

7€ AE7HY AE S5 wat &% e g AEe] me} g@AATEo] =2
Algt vloluj 2~ Y52 E8o] o= += Rubber seed oil, Micro Algal oil, R. Trisperma
Oil, Kemiri Sunan Oil, Waste Fat and Oil %°] F7}5 1t}

A5 A, F7HE FURERH vloleyAd AAAREESS s A4 Al (Sulfuric

Acidy} A4 AF=uj(Soild Acid Catalyst)& F7sle]of stty= o)Al wel F718tA ).

ofr
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<E 3-12> Hj0|2C|H F2 £.AE BERE

Al

-l
AT

=]
T

H

L=

/_l“_l\

ek
D o

E ol =
F=

(inputs)

2

soybean oil, crude

palm oil, crude

rapeseed oil, crude

cottonseed oil, crude

tallow, unrefined

used vegetable cooking oil, purified

Palm Fatty Acid Distillate (PFAD)

Microalgae derived oil

Agricultural residues

forest residues

Kenaf

Animal fat

vegetable oil

rice bran oil

coconut oil

lard

Triglycerides

Diglyceride

monoglyceride

Grease

lipid

Rubber seed ol

Trisperma Oil

Kemiri Sunan Qil

Waste Fat and Qil

el
o
311

citric acid

hydrochloric acid, without water, in 30% solution state

phosphoric acid, industrial grade, without water, in 85% solution state

sodium hydroxide, without water, in 50% solution state

potassium hydroxide

sodium methoxide

methanol

ethanol

Ferric hydroxide

Zinc oxide

filter ceramic

platinum based catalyst

Palladium based catalyst

Ruthenium based catalyst

I[ron based catalyst

Sulfuric Acid

DA AHEOY

(Soild Acid Catalyst)

m

0
I

2| El

electricity, medium voltage




=]
7e | A7 F2 B2 (FUMEE)
heat, district or industrial, natural gas
heat, district or industrial, other than natural gas
water, deionised
tap water
water, cooling, unspecified natural origin
steam(based on natural gas)
steam(based on biomass)
steam(based on coal)
fatty acid methyl ester
o= H_ydro—treated_ V_egetable piI(HVO)
ANE2 B!omass.to LlQUld(BTL) diesel
(outputs) Bioparaffin oil
FAH2 | glycerine
HZ|& | municipal solid waste
H = wastewater(from residence), wastewater(average)




HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

Td2A AREE vPo|@Ff Al AMREHE FUEE =4 AW,
AT $ glou Fe] A$ OTIOI to

) S UEE A48T o Yehgt

Z = nlo]l 2uj ~(corn stover, switchgrass, agriculural residues,

forest residues %), 2&7 < ¥Y(camelina oil, soybean oil, palm oil %) 5o W} FARES

F7hs

@)

<E 3-13> HO|2 BT FU-ME YSE

1
MI

poplar(bone dry)
Jatropha(husk)
Jatropha(fruit)
Jatropha(seed)
Castor(husk)
Castor(fruit)
Castor(seed)
camelina oil

algae derived il
corn stover
switchgrass

short rotation woody crops
soybean oll

palm oil

rapeseed oil
Agricultural residues,
forest residues
Kenaf

waste (cooking) oil
fine wood

oak wood

Canola oil
Sunflower oil

Beef tallow, packer
Yellow grease tallow
Woody biomass
Sawdust

E ol =
T:!E

(inputs)

5 P
o
<

Wood residue

Wood
Lignocellulose
Rice husks
Sewage sludge

Agricultural waste




SEIAALR] THE QI EEAEXT 7|8 24TIA HIE™ AP 2 R A
M5 _ i
T= e F2 = (F/MES)
Recycled tyres
End-of-life plastics
Sugarcane
Corn
Corn grain
ethanol
butanol
Cassava
Lignocellulose
Triticale
Miscanthus
Bioethanol
enzymes
sulfuric acid
lime
carbon dioxide (CO2)
calcium carbonate
ammonia
nickel based catalyst
alumina based catalyst
clarifier polymer
corn steep liquor
el Hexane
TEIT Phosphoric acid
hydrogen
sodium hydroxide
platinum based catalyst
Palladium based catalyst
Ruthenium based catalyst
Iron based catalyst
methanol
ethanol
oxygen
Nitrogen
natural gas — to burner
ocia|g natural gas - SMR(Steam Methane Reforming)
m= steam
electricity
Fischer-Tropsch hydroprocessed synthesized paraffinic
kerosene(FT-SPK)
NEs Synthesized paraffinic kerosene produced from hydroprocessed
= N = esters and fatty acids(HEPA-SPK)
(outputs) Synthesized iso—paraffins produced from hydroprocessed fermented
sugars(SIP-HFS)
Synthesized kerosene with aromatics derived by alkylation of light




HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

=

-1
AL o

1
MI

aromatics from non-petroleum sources(SPK/A)
Alcohol-to-jet synthetic paraffinic kerosene(ATJ-SPK)
Catalytic hydrothermolysis jet fuel(CHJ)
Synthesized paraffinic kerosene from hydrocarbon—hydroprocessed
esters and fatty acids(HC-HEFA-SPK)
Co—-processing jet fuel
renewable biodiesel
naptha
LPG
propane mix
wax
coke
low—quality carbon
hydrogen
4H= | Carbon monoxide
Methane
Fuel Gas
Farnesane
ethanol
butanol
Animal feed
Corn oll
Oligomer
Gypsum
Ash
H| = waste water
CHZ[Hf &= | CO2

Sl
c

57l =

2. Feedstock H 2| ¥ =Ll MASSF
Z BE2A ¥ ovloloduA Ve dEBVF O AR Ak Ads 44
EQE = Z feedstock(FHZ)ol e U AAFT 2 RE]S FYFS
ZAEE T ol= 3 Al EFolE o WY e Feedstocke] LCI DB/} Z7E 2 fEF o Q7
o

—_

A} feedstocke &

T ANE T i SAAERE AFHH, A"t jle AF F
tAste] AT 9] U dE SAE dHHoE AUE &olstion,
FY=7IE FUF BAE ez feedstock ¥ F8 FYTE FARIGoH Fa
feedtsockoll i A4 B FU=F FAT vho] oz 7|&d g2 HHsATh



2.1 Hjo| n¥AR

= wvlole mEYPF Ao AL E+= tEZFQ wloleujAs Ex] Hilolw, ‘124
AARAIA FFIPHAERPIE £ LAYl W} AR, BARAE, ABA, E
S 79 1A HrES AMEEY FF g5 71 ATEA AR 1A A=l
Bio-SRF A8 % =4 Z7}st 9th

0d Y)E T EA @8l AHF 2 3267 E F 5S4 2009 Eo 70% o)L
HEGO 2 £U4 1dds5(GEGA B3 disk o&=%r mj$ &2 AAog (K&
3-14>). ool wa}, 219 9¢€ Wzt A A= AR BAFTH AP @Fo] vHlojle &4
B 52 9 A "HIELE F9713E AFH 259 AF FuUrte R giAsr|=E
go)5h T30

<E 3-14> 2016-2020 1T Zx| mWa| AfAIRE
(2k2l: = ton)
oy 2016 2017 2018 2019 2020 2021

A 1760213 | 1773294 | 3200190 | 2809845| 3257798| 3836896

AL 52,572 67,446 187,745 243 287 331,202 658.336
201 AL 1716641 | 1705848 | 3012445| 2566558 | 2926596 | 3,178,560
Xﬁ?‘ 3 38 5.9 8.7 10.2 17.2

<E 3-15> 510|2 DHAR(SHEZ) of x| Mareyexe
M) Aol L x| 3 & 2016 2017 2018 2019 2020
of x| 4 Abek N
. 27 817172 | 1.000049 | 1486488 | 1543390 | 1325675
g2k (MWh) 27 2679313 | 3722931 | 4837318| 4959220 | 4926845
P 7| (kW) 986,048 | 1270523 | 1383881 | 1343074 | 1512934
g0 A (57| E/A12H 1,568 1715 1,742 1706 2134
N 7| (kW) 200000 | 333451 | 165290 43325 | 259551
B8 | o(z712/A7H 962 187 07 34 -

39) 3+=338l7]|&7]|ZH7HAKISTEP), “71&€F5FHEZ - vlo]eAg” | 2022,

https://www.kistep.re.kr/board.es?mid=a10306040000&bid=0031&act=view&list_no=42590
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4) HZ 393 At e84 d=EE AXE rhedn 894



NEEIER TN |

o

3 M

ol 1P AR FUE(feedstock)ol gt HE7F AEFA Ao BE2AKRE 3-162),

Kol
L

1(wood chips)
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A TN E FARE AHEEHA

HluFos g8

FSA Tt

S

171 %

S

i
oy
RS
7

T
il

)
B

+

—_

_ZU
)

o

N

He=

oo

5 Ak A}

B!

0

o]

A7) =) wpol

AEg A mE

)

o o

[}
A

2 AREE AL

=
-

)
T
i)
J)J
=

A3 92 Aol A= ok

2 1

3-16> H}o|

<i

=
o
o |<F|<F 5|8
K| |30|30 3| E
<l Wil | RO =L
7 A
— L|7 Ll’ e
ol ol | o1 — L nﬂu
E._H 4T | W4T .m o
== == DI
EREE] [ -
W == 3|EE
a0 olala
Sz 3|88
of o | or ESENSES %) ||
o S o ol o @
glglal |omlae 8| 288
S| 9|y 8 =T|F| T 2 2188
o) ol 9|
BB o 1] g ok ok |1 »| 838
3| 5|5 ol 5 = Q| clc|c
wo| < | <| & ROl =AM (Al slola3|8lolo
NERE: T|ud|y E._ SlalslBIRIE
— |l |l n| L || u u u o o| m ..nm ..nm
®| O Ol S| o | €/¢o|9o|o 3
2| €| E|o| Q< |3F <ok — z| 8
=3 3lo Z =1 | 51|31 TIEISIBEIEIE FS
5|2 2o 5|2 oyl = 8|2 212/2|2/5| &
w ol Zlo|um| KW T 5 2066l GOl o
14 L~
i ol o
KF L

)
T
il
|
B

-
B
o
=

e
T
il

)
K

4
Ba

:AU

A7 AxY

“argnol el 13

SAAE

g

b

lom, 2016 4+

T
|

A FAAR

A A

127 o) Yehd Fo dA=

o
A

AR =

o

5
T

HAAYAZEE 79, 7kek Ak

o w7hy

=
-

2 A BEAREY floemz oy

?:S_]_-

of o

)

—
o

”
K

Q)
H

“reutol e~ SRELPAR) Az A Az =2id +

EXDEREENTN

42) 294,

43) K-stat €4 “



Aol m2w ) HA)

-

a
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o
S\j
o
oy
U o
b

H
w3z A 22067Tha T AEbF=36.8%), BHEE 9.0%), A eH&E5(8.1%),
FAHAGE(1.5%) 93% ©] Exsta Aok 2, o] EXX YA L5 FAdEQ
guE we w8 Fe A oe gle) ojhn,

<E 317> F2 I7iE e U™
(2H21: kg, %)
i e 20204 20214 (12€)
== = T M H[(%) > B TMH|(%)

A 5,138,426 100.0% 4,129,227 100.0%

REE 5,115,741 99.6% 4.117,098 99.7%
2 H E 216 0.0% 10,850 0.3%
3 A= 1,988 0.0% 678 0.0%
4 I | Al ot 15 0.0% 594 0.0%
5 = 0 0.0% 6 0.0%
6 ol = 0 0.0% 2 0.0%
7 B = 280 0.0% 0 0.0%
8 O| Etz| ot 1 0.0% 0 0.0%
9 Aotxz= 0 0.0% 0 0.0%
10 Sote|ottt & 0 0.0% 0 0.0%
11 ofcirtA T = 180 0.0% 0 0.0%
12 2{ Al o} 0 0.0% 0 0.0%
13 22 A 20,005 0.4% 0 0.0%

Hol I PAE feedstock B = F8 RS, 9 F8 FA=7F A AF= F
3-18>3 o}

44) K-stat 54 “EEFEY-oE"



M3g EaEX= 7|

A Aoy A |

<¥ 3-18> AR feedstock & =L T MMX|A & T2 =7}
=0 St L
(Fo/MEE) zo aux | T2 TR
Sawdust & gt -
Shavings, hardwood =% CHiliF49 =i =uf 7t -
Shavings, hardwood =Z§ CHIi & & EHE=T -
Wood chips =2 = L -
Softwood & & = L -
234 (Hardwood) = L -
CHLtHE = Lf ==
s £ 24t A ZatA -
s = 2MSH A adM8H -
ute == 248k A = Lf 5=
stem wood = Ui -
wood industry residues = LH -
forest residues = 7t -
short rotation coppice (Eucalyptus) =L -
short rotation coppice (Poplar - Fertilised) = L -
short rotation coppice (Poplar - no fertilisation) = LY -
Straw = L -
Bagasse = L ==t S|
2.2 HI0|2IIA
Hlol @7} 2~8]  FRE Hbo] HE, wHlole F4 Fo] glom4d), nlo] bl
feedstock(¥ 8) str<dA|, WMPHALFG, 4+ 287, 9, 7S, 17148 44
H7&, $4= Sl Ath
T wlol et FALES AW EWA, A&MA FUste FAE Bt ‘200
8,135.032 TIZ * 163 tiy] 14.5% S7}3tA T
<E 3-19> 2016-2020 i HIO|27tA A Azt
A 2016 2017 2018 2019 2020
M ARE (TY) 6,955.000 7,332.845 7,405.922 8,108.162 8,135.032
45) 3=33}7)&7|8H7HAKISTEP), “71&S3HYZ - ulo] AR | 2022,

https:/fwww kistep.re.kr/board.es?mid=a10306040000&bid=0031&act=view&list_no=42590



<E 3-20> 2016-2020 HIO|27FA O LA A MZH/ UMY
MR Mol x| B & 2016 | 2017 | 2018 | 2019 | 2020
ol x| A &h2foe) | 27 94999 | 98123 | 91740 | 96281 | 95385
WHZY (MWh) | LA 138600 | 170599 | 175007 | 195247 | 179,046
7] (kW) 49041 | 55637 | 60396 | 60945 | 61532
SN 2EEY
o (71202 | 862 691 640 625 625
M| (kW) 9003 | 8115 | 6049 | 559 | 3925
N7 2ZEY
2 (B71=/A12 18 49 17 34 13

Hlo]l @ 7}~ 9] F F(feedstock)oll ™3 AE7} HAExAL Ao

HEAGE 20), AF

THXAE T3 ZPFAAD  FrHsawdust), R(silage), 7}FE=(ivestock manure) £}l
A&7 gde wgste] FUodA FUAEE AHEHI e s A(sewage sludge)E
Z3etAth o] FAEELS BT AR dWetH, 53 JtEsExY AS I3d THE
E77F Wol ®EEOl e AAAE nHlo]lertx FARE &I TEs Y FoEE
% 71 Aol B2 49 HA ZxE AlEdolEd 23t

<I 3-21> HIO|27IA FeE - MEIJI MAEXAL B3}
= FR = (FY/LEE)
sawdust, wet, measured as dry mass
=oz silage

Sewage sludge

(Feed) .
livestock manure

food waste

Aol osbat FE S W718e YRR AgSn gow, A

Aol Oe Ars gich

T E F4EF H7lE, 7HEER, steredA so #7714 HAd
3

o, FAHREE

32

213 71&E Hlo] & AAEFS 375,002,000 Smio)

Hr7lE)ee AHgstel ALE Blolertx 56%, +4= AHE 29%,

O TH<E 3-22)).

Hlo] @ 7k A4k-&8 AL 20d 110/M4&E Ad el 97)
AR ES 67,450/L 2 Stk on Agdae Azt 1,927 2oz Fasiv

<3714
strsd A 13% 59
Aol F7hsks o,



3% Eauxia 7| 2 A Al23olE] Tz |

r

2H7tA HiE

<E 3-22> 2021A = Ul HIO|27tA /Y MA/O|S &
(2h9]: MSm¥d)
HtO|27tA M AHO| & S &
T= A AFE . —
XtxA| ol & e Z&, =oj 7|t Bt A7}
SHA| 375,002 202,071 115,648 57,284
sS4 = 109,119 56,189 31,506 21,424
IIEE= 1,081 1,031 0 49
IS 4= PN 50,441 30,921 7,183 12,338
EEI-
(S7|M ©7|=) 209,740 109,440 76,959 23,340
< 3-23> 2020 H7|E M AM L AX FHE
) AMeEee HolS2 EHof 2F
= A = o A
SAEH 7 el
addtg 7|2 Aol 552 2,411,875 6,773,506
Mel=
strxel 24y 11 13,681 2,565
=MoL 2o x2 2y 280 1,695,815 310,707
3 Hte
oML 69 36,997 152,502
Hpol @7}~ feedstock ¥ =ul F2 AAY, 9] Fo FASTE 2AE A=
{3E3-24>9) .
<I 3-24> HIO|27}A feedstock 8 =L T MMX|A e T L=}
Fe o= = =
(F/MESE) TR MK T =7}
Sawdust & &f =LY -
silage 4 =(%&) =Ly ol =
Sewage sludge =LY -
livestock manure =LY -
food waste =LY -




oo F Rt YA FRZAD), T doledd FYRAE 5& FURE
Fgatol Azaln], Fud A8 W& oF 31% (199 7)ot

QS wpol0Ff AR FF BFS UVRD, T AT ol $YL AHgFol ol
AgEo] 50% muelth. T wlol9Ff A4 ‘169 Tl 199 55% Fvhshgon,
A R ARl whe oA AR BAEE S 24F Bl

<E 3-25> 2014-2019 (= HIO|2F 7 ™»E AIESE

(ch?: = ton)

r

el 2014 2015 2016 2017 2018 2019
A 185 319 351 333 329 421
=& 87 98 138 163 148 131
Tl L 98 221 213 170 181 290
AEE (%) 47% 31% 39% 49% 45% 31%

<I 3-26> 2016-2019 = HIO|LEZ®F AlE 7=

20164 20174 20184 20194

440,000 500,000 600,000 800,000

<E 3-27> 2016-2020 HIO|2F 7 Ol L X| 4 Ak2f

A Mol L X| & E 2016 2017 2018 2019 2020
ol L4X| M AHZF (toe) 2 306,175 266,012 344,048 488,877 408,559
HH™ZF (MWh) A 1,454982 | 1,242,311 | 1,609,999 | 2,295,198 | 1,918,119
M8 EE58F 21 (kW) 359,350 359,350 979,350 | 1,020,350 950,350
M B ST 21 (kW) - - 620,000 100,000 -
Hlo] @ T+ w7t AEFAN Aol EW, vlo] T+ 7|48 43 (vpo] 272 A4h
Ty A IFEEY fUIES A A8 #HIIE P blo]omaE o] &5ty HFHOE
Hes Aiste 3R ditd o FAEF HVE, ST, SRR @, 2L EE

%), stsdA (with Haed A7 FA= diddelth

Ho] @ T2 F B(feedstock)ol] thiek AEZ7F AEZ2A Ao madAKRE 3-28), AT
EAZRAE B3 TFAAD HA FEAFE(woody residue) o= HAEVE AS HEY sl

A E5¥H(woody sawdust), & F-4H=(agricultural wastes), silver grass & 713t}



Mo

Aolel sz |

<E 3-28> HO|2F7 FHUE - M7t XA 21
=N FR = (FU/MHESE)
woody residue
woody sawdust
Coffee waste (coffee ground)
Agricultural wastes (straws, haulm)
F2l 2 (Feed) :
Silver grass (Geodae Oeksae)
Brown grease
Hio|2C| ™ 2 4= (byproducts from biodiesel plants)
st=22X el 22 (sewage sludge oil)
Hol e/ A5 F Ul FFe Y 2SS A¥EA, IfF Y =99 A ‘21d
Ad% thn] 63.6% S71stAa U THF2 3.2% S7HEA T
i TFdFS 7 20 F 587,126,069kge] oL, L o] A oH52.5%)et A=Al o} (47.2%)7}
BES AASAY. ‘2199 = F 605,700,742kge] A =Fo thsle] Ea o] A oH43.5%) <}t
A =H A 0H56.4%)7F tHF-E-& A AT
<E 3-29> 2012-2021 =4 ERet O 2= e =% & T Y
T
AL
=29 (M=) SUE (%) 2 (kg) SUE (%)
2021 4 661,615 63.6 605,700,742 3.2
2020 H 404,405 16.0 587,126,069 -85
2019 & 348,712 -10.2 641,965,432 6.4
2018 & 388,358 8.0 603,278,519 19.0
2017 359,744 18.0 506,926,355 7.3
2016 4 304,892 8.8 472,310,719 53
2015 & 280,207 -22.9 448,639,802 2.2
2014 & 363,270 334 438,877,913 31.6
2013 272,274 -18.8 333,560,332 2.6
2012 4 335,475 -3.5 324,956,424 1.5
e FEAdFS 2038 divl 21d 32% SUIEI T JAEUAIOLZRE ] £
200 thE] 23.2% F7FsF Wb, Do) Aot R HE O UL 14.5% AR TTAF
TAL 21de 7le A FdF T A=uvAote} ZH oA o2 RY ZHZt 56%, 44%E
FYFATHKE 3-300).



I SEIAALE] TS Qo BAERT J|H 247t HEY AE 2 Y AT

Ik F 19 =ololm, welolAoks 29 Frpolth AEHAokE
g5 HEOR s 2d 4UVE TR YRS BYLF e £EL D
b

AR oo wet Al AF FLorE 5o 29 k=l T o)A opy

20204 20214
= =7
+ASY (ko) | SUSUE (%) | +LEY (ko) | FLSUE (%)
el 587,126,069 -8.5 605,700,742 3.2
1 eI = Al ot 277,342,070 -17.1 341,802,034 23.2
2 Zhaj| o] Al of 308,427,397 10.0 263,638,136 -14.5
3 AJtE=2 172,018 22.2 115,200 -33.0
4 = &Hlot 121,600 7.5 91,200 -25.0
5 o= 72,018 699.8 45,506 -36.8
6 A= 3,602 -40.0 7,200 99.9
7 ol= 5,457 -46.9 860 -84.2
8 714 210 2,525.0 335 59.5
9 ZgtA 0 0.0 180 0.0
10 e 142 -28.7 51 -64.2
11 H E = 3 0.0 25 900.0
12 B = 0 0.0 7 1,494.1
13 =F 0 -100.0 4 0.0
14 Lto| X| 2| o} 0 -100.0 2 0.0
15 gh= 2 Al 0 0.0 1 0.0
16 HE2t= 0 -100.0 1 0.0
17 = 0 0.0 0 0.0
18 Zel= 0 -100.0 0 0.0
19 ot w74 0 -100.0 0 0.0
20 gl=27|0 0 -100.0 0 0.0

Hlo] @ Ff feedstock M = F& AAY, A9 F8& FUFI F2AF A=
<E3-3>3 2t woody residue®| 749, woody industrial residue, forest residue<}
AR ol AT FUFE E3HE woodchips 5] i3ttt Woody sawduste] 79,
oOtx BFAEY FUEE x3IH EvHsawdus)T 2 oM silvergrasseE A & EFHEA
AN A &<l miscanthus® &AM th

46) F=FGPIKITA), “AY I FF SAH et 3w 5T (2022.05.11),
https://www kita.net/cmmrcInfo/cmmrcNews/cmercNews/cmercNewsDetail. do?pagelndex=1&nIndex=1822698



M3% EtAERXt= 7|8t 2MTtA HYEE A AlZE(0[E i I
<¥ 3-31> HI0|2F 7 feedstock & =L T MMX|A e T F=d=7}
FQ o= =Ly F
(FA/MEE) T MAMX| T 27}
woody residue = 7t -
woody sawdust = LY -
Coffee waste (coffee ground) =Ll 7+ -
Agricultural wastes (straws, haulm) =Ly -
Silver grass (Geodae Oeksae) =Ly ol @ 7| Et
Brown grease = Ly -
Hto|2C| ™ £ A= (byproducts from biodiesel plants) HE X2 |lS
St X 7el 22 (sewage sludge oil) kel \ -
2.4 Ho|23/YR
Hlo]l @ 3)ukG AIAFS $3F feedstocke 1) Ho]QoEHE T Hlo]Q REFS 3 2)Hlo]Q
bEdoR FEE 4 AT HolefEfo] F9S(feedstock)el EH?& e AExA
Aile] MEHKE 3-32), AF THRALE T3 TIAHE FHUE 9o AE7 oA

kg sty S-4=4=(corn),

F7rshee,

sugarcane(AHg5=7),

<3 3-32> H}O|2

EAl(wood), &HF4

FE-(agricultural waste)<

-l
i

maize grain

potato

rye grain

molasses, from sugar beet

vinasse, from fermentation of sugar beet molasses

sugar beet

vinasse, from fermentation of sugar beet

sweet sorghum stem

FU

vinasse, from fermentation of sweet sorghum

5 P
o

o
o
S

cassava

barley

pampas grass

whey

com

sugarcane

wood

agricultural waste

soybean oil

F feedstocke-

FHor T ANE 9 Fa
ASHATHCE 3-33)).

1949 7=, AA, 2o
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njo
Ho
rot
rm
B>
nx
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rx
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>
oA
ko
ogt
=
nx
e
By

| =eane

04d ol F BAAEI}

Aargel F7hE W, W A gasdth & =
* 2 Aoz zAETh THabibs

EASA gov, AR 7

o ST A sd 3l (M/T) ALEHF 2z FHAHHE
(M/T) (M/T) (M/T) (M/T) (M/T) (M/T)
2015 78,243 537,738 - 26,433 - 111,304 -
2016 73,681 555,670 - 38,705 - 107,812 -
2017 72,587 466,755 - 37,425 - 109,726 -
2018 78,012 548,065 - 25,788 - 151,401 -
2019 76,336 690,419 - 15,024 - 200,004 -
2020 - - - - - 143,669 -
2021 - - - - - 128,869 -

<EE 3-34>0 yebd miel o), 21 7IE, S FAF oF 80% olde ot=FEL,
m3, BeldeRE f£Ystn glon, Aol A2uolgEa, BrlElo}, dolE o 2R E Y]
THFE oF 14%°] S

©

<E 334> 32 2ohd 244 S
(':n_l"?’l : kg, o/o)
= Ejl’ﬂé‘ J\OI7<E2.EOZOLIﬂ __I.LA-I |:||(O/) AO|29<2ELE (12-%_'.1-)/\-[ |:||(°/)
T HS S o o THS S o o

ZA 11,663,974,703 100% 11,653,546,761 100%

1 o= E[L} 2,772,655,268 24% 4,448,755,558 38%
2 | ol= 3,048,720,217 26% 3,256,983,630 28%
3 | E2tA 1,857,309,282 16% 1,694,058,733 15%
4 | Aot 253,779,056 2% 519,998,760 4%
5 | MzH|otzat= 618,279,346 5% 484,018,124 4%
6 | E7elot 163,918,965 1% 351,386,461 3%
7 | gotzZE|7t S=t= 354,625,608 3% 328,599,387 3%
8 | £3zlo|L} 1,913,396,987 16% 176,636,431 2%
9 | mztztol 347,167,633 3% 162,641,461 1%
10 | &7te| 47,057,338 0% 90,983,148 1%
11 |=F 47,228,267 0% 83,938,532 1%
12 | Fotot 229,013,169 2% 44,308,715 0%
13 | FE 0 0% 7,000,000 0%
14 | ME|ZIHFFCH 0 0% 2,780,000 0%
15 | opF| A& 1 0% 1,143,000 0%
16 | el =(elc|o}) 43,009 0% 154,240 0%
17 | w2dHE 558,460 0% 84,700 0%
18 | Z=&HA 1 0% 35,417 0%
19 | Z=Cjot 4,000 0% 17,000 0%
20 | &= 13,209 0% 13,842 0%




HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

Aol = AgEe 204 J1E ZUEGIR), FATE12, AARE12%7 =
AA A oF 53%8 AX e, HPGRO%), P71 EEW), AHETR), FEETE),
AZET%), FAREGH 5o 02 uehgth B9 FUF FF FF, v
MEGoRRE AA FAFS o 0B%E FUF AOE et

(S kg, %)

2020 20214 (128)
T =7td 2o =2k TFMH| (%) 2ol = &t T MH| (%)
T HS S (=] o T HS S (=] (]

A 5,443,462 100% 6,946,028 100%

1 s 1,956,136 36% 2,918,315 42%
2 o|= 2,436,889 45% 2,311,311 33%
3 H| E = 816,800 15% 1,335,980 19%
4 |0 161,895 3% 285,822 4%
5 2 2l 69,300 1% 94,600 1%
6 23 0 0% 0 0%
/ ZZhA 2,432 0% 0 0%
8 x=254 10 0% 0 0%
9 el=(elc]of) 0 0% 0 0%
10 Nl = 0 0% 0 0%
11 Sot2lott # & 0 0% 0 0%
12 | Zaf o] Alot 0 0% 0 0%
13 | 2{Alot 0 0% 0 0%
14 | dE2E= 0 0% 0 0%

S I Al tid SAARE FAA ARDIE EASHA N, 2004358 2/ o]
SAEAT. A, Sl 2 AAE 2 osje] d ol did =4 diAE T =
Y F8 AMAGE Agzoln, HdG4%), HAEGA%), BECl%), FF3FHA(9%)NA
=l WA Aol oF 8B%E AAsE A2 YEET K& 3-360).

47) SAA, [EA=YF2AH



SEtAALD] T3S fITh BRAYRIS TlHt 24TtA HIEY A 2E Y A
< 3-36> mu T X|AgH MR
(Gl &, %)
2016 2017 2018 2019 2020
Al
A Arf Al 2k CEAREE A T T H|
A 38,705 37,425 25,788 15,024 16,985 100%
Mele e 15,421 16,193 11,559 7,055 5,773 34%
g 10,358 8,637 6,399 3,805 5,759 34%
dMEE 6,366 7,142 3,409 3,159 3,552 21%
T2 AA 5,438 3,947 3,315 534 1,537 9%
A48 713 711 466 296 215 1%
SHET 245 584 574 102 132 1%
FEEER 0 0 0 0 1] 0%
PR 46 16 25 13 1 0%
SHEL 59 32 26 0 0 0%
O 23 A 59 151 0 0 0 0%
S A A 0 0 0 58 0 0%
47| 0 7 10 0 0 0%
FARZEAA| 0 5 4 2 0 0%
== 0 0 0 0 5 0%
ME5HA| 0 0 0 0 0 0%
CH M 2 A 0 0 0 0 0 0%
M EEH XX A| 0 0 0 0 0 0%
U Y2 A9 AF Yol A st e ALE Yyt F 3-3D).
<I 3-37> F2 =7td o T
(2h21: kg, %)
20204 20214 (12€)
= 271y
TUET T A H] (%) TUSH T A H[(%)
A 339,797 100% 510,874 100%
1 FH it 339,751 100% 510,860 100%
2 = 20 0% 5 0%
3 o A EL|of 0 0% 3 0%
4 H 7| of 0 0% 3 0%
5 Ee 0 0% 1 0%
6 S 0 0% 1 0%
7 ol= 7 0% 1 0%
8 zztA 20 0% 0 0%
9 TAHE 0 0% 0 0%
10 HZEzE 0 0% 0 0%
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Aow e

<E 3-38> FL ZIiY AlELR ozt

21 EPne 20204 20214 (128)
colEz | TAH|(%) sz =] (%)
=SA 2,000 100% 0 0%
1 = 2,000 100% 0 -

2 W e delmolq WA Aol 81%7h A4AE T Qon, AT AT of
1%7h AREL Qe Aow Yeyth He St 2R, AR, @3
Aakeo] BE EFE FAoth

weEle F2 FYIrME BFT9%), EUA%), HITHT%) 5o wolm, AA Fe] o
96%E AAstaL A+ K3E 3-3P).

<I 3-39> =i X[AH Ha| YLk

(Bl =, %)

2016 2017 2018 2019 2020 2021
Aled Ha Ha Ha Ha 2al Ha| FMH|
= = A ArEf A ArEf ey e = - (%)
A 107,812 | 109,726 151,401 200,004 143,669 | 128,866 | 100%

Meld s 43,257 42312 59,962 89,617 63,391 53,018 | 41%
Metgsx 32,511 37,082 59,112 71,744 48,411 51,315 | 40%
PE RN = 16,109 15,028 18,530 18,503 14,807 11,921 | 9%
HEF== 6,767 7,714 5,797 9,006 7,894 6,130 | 5%
AMEE 4,584 4,182 4111 5,220 5,050 2228 | 2%
O 2o Al 2,099 1,387 1,337 1,192 1,326 1,966 | 2%
ST LA 275 42 880 2,461 1,230 668 | 1%
A e 366 497 410 603 671 502 | 0%
SHEX 416 652 297 264 344 454 | 0%
d71= 711 225 111 219 174 259 | 0%
LT 582 533 832 1,021 325 224 | 0%
QUF 2 A 119 49 7 107 40 159 | 0%
FARZAA - 12 2 45 4 21| 0%
O™ 2o A - - - - - 1] 0%
S4HEA A 13 12 1 - 3 - 0%
M &S XX A| 3 - 11 - - - 0%
Ma&5YA| - - - - - - 0%




YHEAAR| RS ot EAYXE J|HE 24T7tA HIEY A 2Y Y o

Sz 7zl &YW, By 5o 1AW BlolQ feedstocko® R EH Y
AMEEDL Qo g Hio]QoghE EE Hio] QKBS A4S
deol AFAYN FdFE 2T F Ut wgA, dHFeE FF AL
%ﬂdZHW‘%ﬂgﬁétﬁigl%ﬂ«fé%,%%-ﬁi

TUEE 3 Hlo] o8& Y nlo]  BeE J|Eo] A Foltt

FHAbEE TR R A Qoliy] AEoln gdA AEEN =
Rom, W= A3 A= <A Atk dA TEd viel o)
F7FANATE Aujeta Qo] Aol He AR HAEOH F

Ao ® UetRTh 20199 ALY U S AE 95 & AW 2 X

Z90 Ao T ZAE QT

A ZAFE dpo]l ojRE Pl Hlo] R RERE AY4H
q % e Fo FAd=7Ie 7 feedstock AAF THA 9
LCI DBE ZAFsIATHEE 3-400).

:,.L

A

fo rx K2 v |

e ox

Sis

4e H=E=

J% FARE A A 747

[e)
A&

g1 &}

AA7], €8]A &) feedstockS

S 93 F9 feedstock B ZW F8
3 ezt Ak A

<I 3-40> H}0o| 2227 feedstock H =4 F MAX|A e F T=T}t
B, 5 = T2
O SIE (EO|l/AIEZ =2
T &= (Tu/J‘EE) _7'c__9_ AA._"II —JF%!:'_%7|'
s =82 AHut of=3lE|L}
; : DDA LLo} o™X L, &7/, ©4I, e} ,
maize grain ST 2 Mut 775 0|2, 2apE
ZAE BH A5, &=, 0=,
potato Zf Xt Mok Hol= XM Lt
|_-I|:|, ?37|_|_, |_-|:’1_ H-”EI:I
ML XME ALt
. = oj =9, -7\, SO,
rye grain 2 2= prot Al 0Lt
ST o© T
molasses, from sugar beet
FEChOl
AETEE . de, n=, Ay
vinasse, from fermentation of sugar beet molasses ,HI = ’ =
AlEHR el wa 7| T
sugar beet ALEHF
vinasse, from fermentation of sugar beet 2y B
AR M A 7|
sweet sorghum stem &t =Ly ==
vmisie, fro_m fermentation of sweet sorghum 2y e 7|Et
Che Yo7 7|
cassava ZHARH} =Ly Ei =, HIEE
M M5, dY s, EU
barley =2 AR Lo
W= Nt
pampas grass H{zte| oie| s A= =Ly aff 2| 7| Ef
whey 73 = L} afl 2 7| E}
comn 242 ZAE B5, 4, of =&l E[ Lt
B = s oj=, 22
ot =& E| Lt
H E — L ’
soybean oil &7 = L4 SERT

48) =5 AAEhttp:/fwww.ikpnews.net), “FEE, oldiZE TP HZ AW 2 (2022.08.16)
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HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

2.5 Ho|er|d
PN Ba PES g8 AEAE Afel meletd oTEg wee 22d
S5 EHem 0047 Sk FAT Aol ) deledd AkE A

feedstocko. 2+ H2A &, 58X 7|5, AE 45 B2HE, & A, dFH) 5o,
O%F AE A59 HFo] ¢k 54%=2 71 =31, HAL&67F 9 40%S 2HA 0}1 Atk A=

AS FAAE £YN B RAE FF0l P BROM, ANER FFFY A Fjatol
FUURT o T B Ao etk (E 341 F2)

<E 3-41> '16d 7|& =ZLf Hlo|C|H feedstock =& o &

L ~aus
T= e 2ol H| (%)
H A Z 5 151.6 23.5 39.9
s=48 77X 26 - 59
S - 238 54.2
o 2Al=E - 208.6 87.7
z M+ 27.6 11.6
& 1.8 0.8
7| E} 2.6 3.1 2.4
= 177.6 261.5 100

o] FH5(feedstock)ell et FE7F HEZA Aol EHCE 3-42>), AT
FHXAE B3] ESHAIAHW residual softwood, wood, straw, miscantusE AHA3}$ A,

< Wl 3le] kenaf, coconut oil % E‘r?f’/l ?%E% F7Vstoh. e,
triglycerides, diglyceride, monoglyceride, lipid 53 Zo] SAAE =& TR Yo &=
FEH Y =2 Ee AFAS AFEE blojetA AAbrise] tid AT doy hHiolL
feedstocko. 2 R7|+= oy 22 FATA+= ALstA T

49) T UUZALA, " Al - Aol dA] A7 - o FIAZRFS) A 8 A AA Bax”
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soybean oil, crude

palm oil, crude

rapeseed oil, crude

cottonseed oil, crude

tallow, unrefined

used vegetable cooking oil, purified
Palm Fatty Acid Distillate (PFAD)
Microalgae derived oll
Agricultural residues

forest residues

Kenaf

rice bran oil

coconut oil

Rubber seed oil

Trisperma Qil(Kemiri Sunan Qil)
Waste Fat and Oil

5 P
B e
e

soleoride] AR F @R I AAFES 20€74A AL B FAolm,
e B2 Qe AR GERTEO Fiel AA FYFE 209 ol 219 3.2%
7kt or, 0¥ e NFOR HA FUF F ARvIAost Leo] Aok RE 22t 56%,
14%E S35t

(23 3-11] =d #H7 Y& S (2016H72020)

nd s () wEUF ()

140,000
123,723
120000 — 115367 111,509 112,736
103,331
100,000
81,144
PR 76,735 78,864 ’

80,000 70,719 74,301

60,000

40,000

20,000

2016 2017 2018 2019 2020

50) A4EIFELAA, [HEDHEPIEARAR | ATT HAFEHHERAT)

- 102 —
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Mo

(ThH2l: kg, %)

B 21 20204 20214
TS T8 (%) TUSE T &8 (%)

S 587,126,069 100% 605,700,742 100%

1 2l = | Al of 277,342,070 47% 341,802,034 56%
2 2raj| o A o} 308,427,397 53% 263,638,136 44%
3 Atxz= 172,018 0% 115,200 0%
4 Z&H|of 121,600 0% 91,200 0%
5 gd= 72,018 0% 45,506 0%
6 o= 3,602 0% 7,200 0%
7 o= 5,457 0% 860 0%
8 74 210 0% 335 0%
9 ZghAa 0 0% 180 0%
10 |[&= 142 0% 51 0%
11 H E g 3 0% 25 0%
12 |Ei= 0 0% 7 0%
18 | =% 0 0% 4 0%
14 | Lo x| 2| o} 0 0% 2 0%
15 | &=22HHAl 0 0% 1 0%
16 |Udget= 0 0% 1 0%
17 | &3 0 0% 0 0%
18 | gzl 0 0% 0 0%
19 | mt¥ol w74 0 0% 0 0%
20 | ®IZ27|o 0 0% 0 0%

20 olF IAFor HolenAe] FURR] FF HHel FEstdA, #FF T 714
HE o] & feedstock &9 1 S o] I Auj7} 7153 feedstockel] &3 AF7}
073 F8 P = A,

o

d58& fFAirape) 31 FAf(rape oiDe] =W Ao i FAA=EE fled, A
Mot} Aujol] thsted: U &2 AW] wWRo] ¢k 5000hac] o]EAE rhEE
dEER] Aoz YEyh HZ =0, £ HE&RE AT F e I9E Il FA

7150l #T FAlo]l moMAWA A&F A FA AW BA o] 213d 600haclA 221

FEAE Husy) s depd
A AR AMEAE 248 S

5D A AANATHR007), “vHloleAge] BREFAWT AEA HlgHO] BA”
52) F+-3s Al E(http://www.newsfarm.co.kr)
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500253 o)/del A A ote] AqtEa it 219

Aow ZAEJATDKE 3-40). fAlfol AaA FUYFA64T0E) F oF
AT RE $U8 T Qor, BF2RE o %7} 4983 s,

<E 3-44> F2 IToHE KM SU

At Yok o] AujEA| o A=
= ol 3% Hol 20=9]
Aots AT F v FES Adstd A 7159 dFF A4 dzgrt FEEHUATH
FAAN A, AA FAF] Ao HAFHGEB212E, 8BRS IFEZEEH FYstn

Jo r2
N

o 30
o rr

90% ©l

(TH2l: kg, %)

2020 2021
S US| A% | +UEL | A%

e 2,246,028 100% 3,212,151 100%
1 k=l 2,186,421 97% 3,154,110 98%
2 == 40,810 2% 20,040 1%
3 ZgkA 12,775 1% 20,000 1%
4 =72l ot 5,000 0% 12,000 0%
5 Ol &2/ o} 1,000 0% 5,000 0%
6 =< 0 0% 1,001 0%
7 U= 0 0% 0 0%
8 ARA 0 0% 0 0%
9 7)o 4 0% 0 0%
10 ol = 8 0% 0 0%
1 = 0 0% 0 0%
12 o= 10 0% 0 0%
13 CH ot 0 0% 0 0%
14 HEzE= 0 0% 0 0%

—
o 2

T diF AdFe 21d e F 1
AEQ21%), 5=(13%), AF(10%), S5HO%) 5 o)t (K3 3-457).

(]

53) °F 150E9] A 7155 WA &
54) K-stat A “FE5FEY-FAHrape oil, colza oi)*
55) BAA, [&2EA4zAH

- 104 -
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HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

ekl ping

<IE 3-45> = XY Ha| Yot

(Eh2l: &, %)

2017 2018 2019 2020 2021
HNEE Mok | oMz | MAR | dA" | MM | A%

A 85,644 89,410 105,340 80,926 110,781 100%
Hetsx 11,016 16,615 22,625 14,026 22,954 21%
BT 15,575 16,984 18,855 14,988 22,927 21%
SEEE 7,019 7,815 9,483 8,182 14,397 13%
Mete e 12,112 11,394 11,743 8,282 11,570 10%
RS 11,883 11,630 15,941 12,049 9,980 9%
2T 6,217 7,366 8,891 7,602 8,947 8%
471 7,114 6,561 7,911 6,426 8,464 8%
ez 6,759 5217 3,933 3,830 5,592 5%
AMET 6,700 4,677 4,633 4,473 4,541 4%
UM Z A A 244 266 243 305 413 0%
MEEH KRR Al 208 150 355 233 241 0%
ST AN 214 196 225 157 214 0%
SAEAA 190 196 181 164 190 0%
O & 2 A 100 81 84 53 168 0%
Of 72 Al 237 190 174 100 126 0%
FAREAA| 52 69 60 55 50 0%
ME5EA 4 2 2 2 6 0%

o o
>

Lo

< 219 71 L739ECH, 8 FYTS T315061% H 27 <A(14%) 0] t}.56)
EX =Y FFAdFS 450512F01H, 1% Fa& FUFoEE =A%),
ob= I EILH33%), HWIER13%eltt. 1 ¢ Wr|dG%), BZEQ%), ZACS o=
Ve T ((E 3-46).

—{ﬂ u)
@ o

u)

56) K-stat A" FE5T=9-718t 3°
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SEIAALD] FHE QIS EtAEA= 7|8 24PN HIEY ME B2

ogt
N

H

g
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__l.L

<E 346> T2 tY 0T L 2HE Uy

(SH2l: kg, %)

20214
20204
au e (128)
T EE T A H[(%) TdEY T M| (%)

e 391,190,899 100% 450,512,364 100%

1 o= 352,158,143 90% 204,760,064 45%
2 Ot=SIE[ L} 8,415,172 2% 149,678,747 33%
3 H| E = 7,038,208 2% 56,966,645 13%
4 H 7o 19,660,854 5% 13,031,403 3%
5 ==t RS 0 0% 8,003,027 2%
6 =< 593,371 0% 7,419,218 2%
7 == 584,014 0% 5,662,091 1%
8 | 2lAlo} 536,872 0% 2302411 1%
9 Ef = 627,330 0% 1,118,018 0%
10 Hdzt= 844,960 0% 609,591 0%
11 Lef o Alot 21,870 0% 504,546 0%
12 ZgA 146,155 0% 244,494 0%
13 oH ot 0 0% 103,029 0%
14 O|ME 0 0% 82,262 0%
15 Ol &2/ o} 13,906 0% 18,985 0%
16 | 2@l 51,607 0% 6,024 0%
17 gd= 61 0% 1,286 0%
18 L= 414 0% 451 0%
19 ST 23 0% 50 0%
20 elz=(elcfot) 0 0% 9 0%

A F (WA, rice bran oiDe] =W FAAEFES 20d 7IE oF 11%F Eolw, ‘161 F-H
Aaberel] & ®igo] gle Ao®E veiwth dvlf 5 AiteEe ‘161 oF 97 EollA
200 257 Eo® AA ZAsATE AW FdF F T FYTol i FAAEeE
flon, dn] FodFor A AR A 21d e FFYEFS oF 439 Eolddth
TTFUTF 7Y VLR F8 FYITE $7%), "=29%), MIEE12%)°] &olH, 1
o= B=H(T%), A=GR), EF02% o2 FAE T

— 106 —



gefolg Ay |

(2H21: kg, %)
20214
20204
A 271 (12¢)
TdEE T M H[(%) TdEE T M H](%)

=A 484,192,013 100% 433,805,971 100%

1 = 205,556,000 42% 196,322,195 45%
2 of= 129,128,802 27% 126,530,460 29%
3 | E = 119,514,097 25% 51,360,118 12%
4 Ef = 29,993,051 6% 29,993,099 7%
5 el (elc|oh) 1 0% 22,222,035 5%
6 SF 10 0% 7,378,016 2%
7 Aotxz= 36 0% 24 0%
8 UE 0 0% 19 0%
9 2ei o] Al ot 2 0% 2 0%
10 O| Etz| ot 0 0% 1 0%
11 =72/ ot 0 0% 1 0%
12 == 0 0% 0 0%
13 2| E 0 0% 0 0%
14 | Z2tA 0 0% 0 0%
15 | EEE 0 0% 0 0%
16 | ThF|AEH 1 0% 0 0%
17 | Ztetztol 0 0% 0 0%
18 | #4lolE 0 0% 0 0%
19 | I AE2|F} 1 0% 0 0%
20 | FHLtCE 0 0% 0 0%

34 fr(cotton seed oiDE 2} &FAFol g =W A
fo. =3l 21d
2O 2 YERRTESD

S 93 F8 feedstock M =y
| 8oF Fstant

=3 7l

i A=e
oo g HE ALFL U=
SA AR wloletAd YAk
Q)F b (F 34853 o

57) K-stat BA"FH5TEY-
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YHEAAR| RS ot EAYXE J|HE 24T7tA HIEY A 2Y Y o
<¥ 3-48> H}0|2C| ™ feedstock H =L F MAMXA 2 i F =7}t
= = =4 T

F o= (F/MUES) =0 AjAK| e
soybean oil =LY ot=2dlE|L}, o= HEE
palm oil, crude = Lf QI Ul Alof, Zraf o] Ao}
rapeseed oil, crude - ST, BT
cottonseed oil, crude = Lf o=
tallow, unrefined = L aff 2 7| Ef
used vegetable cooking oil, purified = L -
Palm Fatty Acid Distillate (PFAD) = Lff -
Microalgae derived oil HE XZ2 S
Agricultural residues = Lf o|=
forest residues = LY -
Kenaf = L ol = Al o}
rice bran oil = L -
coconut il = L{ ZelE
Rubber seed oll
Trisperma Qil(Kemiri Sunan Oil) HE Xz QS
Waste Fat and Oil

2.6 Ho|2eE%

Hlo] @ 3 F-9] feedstocke =AW, A=4LYd, 54, s|x2FA 5 I3 9d5&
A = 9oy, EyEte] 49 OTIOI to Jet) W& &8s F2 Fedoly
HAEFHE YEE AT AR JidT

Hlo]l 2 g-Ffo] FYS(feedstock)o] et A7t HEZAN AFe] MEAHCKE 3-49),
AT ERXRAE Sd EE FHEEY ¥ Y FAE7E @A Tl oA AREEI
Je= ASEZ YEST

<¥E 3-49> Hlo| 23 eF FAE - MEI7I dE=AL 21
=

:_E £2 o8 (RU/MEE)

poplar(bone dry)
Jatropha(husk)
Jatropha(fruit)
ST Jatropha(seed)
(Feed) Castor(husk)
Castor(fruit)
Castor(seed)
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RI3E ELARIE J|uh 2ATLA HZZ A ABOlE A |

o

x

-1

HI 4o
fo
o
i
In
I°
>
W
yg

-4

camelina oil

algae derived ol
corn stover
switchgrass
soybean oil

palm oil

rapeseed Oil
Agricultural residues,
forest residues
Kenaf

waste (cooking) oil
oak wood

Canola il
Sunflower oil
Sawdust

Sewage sludge
Agricultural waste
Recycled tyres
End-of-life plastics

Sugarcane
Corn
Corn grain
Cassava
Lignocellulose
Triticale
Miscanthus
FhAHak(cassava)= HEo)l 2.3k feedstockC. 2% AMEHIT  gow, o A9
Hpo] @ 3k feedstockoll Al 71&’ I ol ) I O FAARE (e
AAolth, FhAkbE FAFFe] gk FAE AHEW, JHAEE AAH - AdAxzeE JHAME HE,
Elo o7l 2 tJ&ZF 07 WE XA X EFOF FEREO S IAHYG
skt Al - Aze sk A, bl AE 5o g wEEd, sk Hol
et Azgow AHGHETH mehba, ZhAbe AM/ Az} B S He) P R F
FUARE ZA O EFAYT
FhAbEE AlA - AZO] FAFE A EE F£Q FUle wEk 218 7]F 21580y 20
S 1988 oiul 84% ZUlStATh HlF WEdoRRE HY FYEI glow, 7

@7 @ TAE BT 56%, WEY 44%0]Th (GE 3-50).

Al A4 - AZE AST AR AR, B3est 2 BEE 59 24 HEF o
S £ F74E LYY W, FYR b AH - AzERee] sy Fy 4
s melstel At UM Az £YTU HBEH HMEY BF FL FYo

EgstA

b ok
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2H7A BiET Y 2

<¥ 350> F =7t FIAMHE MM -Ax ek
(2h2l: kg, %)
. 20204 20214 (128)
= =S ey | PMH(%) | SUBZ | 248

A 198,414,541 100% 215,019,267 100%
1 Ei = 101,013,400 51% 120,453,947 56%
2 H E 97,400,278 49% 94,561,990 44%
3 = R 826 0% 3,273 0%
4 I = | Al ot 15 0% 25 0%
5 Ad= 0 0% 18 0%
6 Z &/ ot 0 0% 11 0%
7 ol = 2 0% 3 0%
8 = 0 0% 1 0%
9 EFXtL] of 1 0% 0 0%
10 FH et 0 0% 0 0%
11 7HH = 18 0% 0 0%
12 el = (2l o) 0 0% 0 0%
13 Hepd 1 0% 0 0%
14 L 72} o} 0 0% 0 0%
15 TAHE 0 0% 0 0%
16 = 0 0% 0 0%

213 71F FHAEEE e A Fe oF 99 4 Eolw, AT WEGOZRY £YFH

I K& 3-5D).
<E 351> F2 Zohg FhAllE Sle
(2H2l: kg, %)
2 . 20204 202144 (12€)
== =B T M H[(%) TS T A H[(%)

=SA 97,340,395 100% 94,453,867 100%
1 H| E = 97,340,394 100% 94,453,849 100%
2 d= 0 0% 18 0%
3 ol = 0 0% 1 0%
4 FH Ltk 0 0% 0 0%
5 TAZE 0 0% 0 0%

s uket7| A f(sunflower seed oiDv 21&-fol g =W AiE FAZ dom, A58
I AL A5 EAEHA & “’B‘HH}EVW%Q} I #IE” 9 F8 FY=IE
TAF dolH A A, 2149 7E TTYEF 6E T 9% 2FHRJCEREH FUEHT
AE ACE YERTH



M3% EtagAt= 7|8 247tA HIEY

A Aoy A |

<E 352> 72 =otY sfulelr| MR sl
(2H2l: kg, %)
20204 20214 (123)
=5 A7t cUsY | PMu(%) | SYEL | THE(%)
S 33,017 100% 75,987 100%

1| amel 32,259 98% 73,735 97%

2 | olgtz|of 734 2% 1,550 2%

3 el (el of) 3 0% 650 1%

4 | HIE 0 0% 34 0%

5 |ol= 0 0% 12 0%

6 |3= 0 0% 3 0%

7 |E= 0 0% 2 0%

8 |z=2=z 12 0% 0 0%

9 | ®=2709 0 0% 0 0%
10| sHLtct 0 0% 0 0%
1o|ge 0 0% 0 0%

12 | ®3aztol4 9 0% 0 0%

13 | dJt=Z= 0 0% 0 0%

14 o 0 0% 0 0%

S dcon stovend] A, T AR S F8 £UTE FYF Ams
EAEA ek FU S5 AT FAARI EAEER FF U S5 AF
e S5 AACAE) BAES 345t vlo] Loy srawAE AEdolE e
feedstock o2 Z3FA7I= A 1HT = AUt

Hlo] 2§32 feedstock A&+ o Ff(soybean oil)<}
feedstock©. 2% AFg-E31 Qomw, AlRF(sugerbeet)=
AHEEER S At 8
strsd A I A
AR E#AZS feedstocko. 2 AHE3IE HA$E
ANEHolE WY feedstocke. 2 Z3alth.
SA ZALE vlol3FH A4S 913 T2 feedstock
A=7HE <F 3-53>F Zo] 8ok Aot

ko] ©. 9]

OHQ _,__9_ /\01%7]_1:1:] /\ola]: ;(]__U_JE_

748 3k,
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2 Y(palm oil)-

nho] 0.t A )

feedstock 0.2 %=
S/ SR e 2SS FxoEs Ak

EA5HA AR, T
Hjo] 2 of 1] Z]

A

8 oS Fa ANAY 2 s



EIEEAALS] S o EEAERT T|E 2ATEA HIEY MY DY i ol
<X 3-53> H|0| &5 F feedstock ¥ =L F MAXA 2 e FL F=FT}
TR g5 (Fd/a&E2) = F MAXY T Fed=x7t
Poplar(bone dry) =LY aff 2| 7| Ef
Jatropha(husk)
Jatropha(fruit) - aff 2 7| Ef
Jatropha(seed)
Castor(husk)
Castor(fruit) - sl 2| 7|Ef
Castor(seed)
Camelina oil W X gle
Algae derived oll
AT B85, 4,
Corn stover Mu A E B
Switchgrass HE X2 QUS
Soybean oil = L ot=8lE|L}, o= HEE
Palm oil = L ol = Ul Alof, Zref ol Alo}
Rapeseed oil - ST BT
Agricultural residues =L 71y afiel 7et 7td
Forest residues =L 71y a2l 7|Et 7Y
Kenaf =L Rl = | Ao}
Waste (cooking) oil =L 713 -
Oak wood =i 7+ -
Canola oil - SF BT
Sunflower oil =LY Aol
Sawdust = L -
Sewage sludge = Lf -
Agricultural waste =L 71y a2l 7|Et 7Y
Recycled tyres
HE XE g2
End-of-life plastics
Sugarcane = Ly ol = | Ao}
corn = L o|=, sl el 7|Ef
zelg, 55, 44 :
Com grain E'.E’.*,Zj’l_'.:_ | ofz#lElL}, 0|2, 2atA
Cassava =LY Ef =, HIES
Triticale HE Xz2 QS
Miscanthus = L a2l 7|Et 7Y
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HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

3. Hio|20fLX| WiEH F2/MESE LCI DB =F % &7

Hpol e oA Akl g LCl DB —/Fzﬂ Al LCI DB7} &x
THoR Mdste TREE AlEHolEA ¢4 A8 B 7S5 s HFEE St

31 72 U 238

=

ol 7le HEVF HBEFXA ZA3 =EF Feedstockel FTHRE F 76700lH, 7
feedstockell s 2]& 7}%J LCI DB &4 ofF 2A Aol = A4 F o] <
TEFS BT B4 Ao w2 AEolHA FUEE XF Jbe oF 9 I
71#S (FE 3-54>9 Uﬂ/\]?S}%lE]-

‘A o AS, WAFHAY A3 LCl DB EA8A gov g “feedstock A4+ LCI
DB” & FZ3l7] Q) AF EdxA P23 feedstocko] sjEdtl. 3, o] feedstocke
U A4 9 se FYdE 2AF Z2ARE 2HEIAS W FF 9 AL sbsAde] Be
Roz wHEt B AlEdHolHoA A feedstock(77] FFH)e A$ 2ad= A
TR0z Aoy %3t A wkgstaz g

<X 3-54> H}0|L 7|= MEII ME=AF Z3} Feedstock 2I|AE 2 A|Z20|E EZT oF

Z3 o7
Feedstock & st H[
(Z &/ )
Agrieultural =3 | w B ML HE o AXDEMO eSO
Agricultural waste =gt s DU WM HE cF AAOHOMe Bt EE2 07
, , s | Cl DB EXstX| 25 / feedstock & GtG Ol O E
Algae derived oil Xl 2]
ME BE=ALEHR
Bagasse =gt s T MM HE/ 62 —’F%‘(EEF%‘) 731%
barley 3 5t s DL YA M/ Ele TA(EF, Lich M&
n SAE HIS0lAM 2 St, u%IA% P A dio|l 2
5 - C| ™ feedstock@ 2 ALE =0, I MM HE
rown grease =gl .
¢ = i LCl DB7F ZA5HR 2to0 2, HA|8 S(used cooking
o) 2 CHA|
m LCl| DB ZAN A &S
Camelina oil X 2| s T MM EEEe T Jisd =4
m feedstock M4 GiG HIO|Ef ME B ZA 22
Canola oil =gt » Rapeseed oil2} s2l0{22 =5 DB M &
n DU MM S TENIT, HEY) 25 88
L m Cassavaoll ctist LCI DB= Agribalyse DBl UL} XY
Cassava =Zzgt _ _ C ool o
Bl S Aol ci$t GtGHlolE{ ol LCI DB= §ls
s Cassavac= #Ab MExn Zo| ZFH =Zz[o|{, Ci|

- 113 -



ro

H7tA HIEE MY 2E pE o7

4 &0 |
Feedstock & . B J
(Z&/H =)
7ts35H2 2 potato starch LClI DBZ CH &
L s Sl F(GLO) M3
Castor =&t _ -
m castor bean2 2 Ol M &
coconut oil =5t s T MA SR F(EzE) 2R ME
Coffee waste o st Ll AHA} M2 CF HAXDIAOIA e EFAHIE2ES “0”
corn =5t s U AAE Sl l(ot2ElE|L o|=, HENY) 2F ME
Corn grain =t s U AAE SHel Rl(ot=JlE|LE, o|=, HEIY) 2F ME
Corn stover = et s U MM XMEZ
cottonseed ol gt | w 2y A del Rl 25 NE
End-of-lfe plast X2l n MRI|E slstad o2 M=z==E HZ2tAE S MEest
nd—of-life plastics _ I -
= ZWol sHEst= 2 feedstockOl2t E7| 022
food waste =z n U MM HMZ O MMITYHOMe EtaHlEZE 07
_ L s T MM S TAPIE) 2F HE
Forest residues =&t . o
s O MAMII™HO Al EtAHIEZFR 0
. s Sl F(GLO) M3
Jatropha gt _
m Jatropha seedZ A HME
Kenaf =5t s T MM S F(IEH Ao 25 M Z
livestock manure =gt n U MM MZ O MMITYAMe EraHlEZEE 07
maize grain Z st s I AL sHel (ot2ElE|L, o=, HElY) 2F ME
o A 2ZA B2
Miscanthus =3 oL Wi shel F(RoW) 2F HE
el =8 n FU M sfel FACIEN 25 Mg
n DU MM ME
Oak wood z &t 3} ) _ )
n 2o SHESIE2 2, &9 (Hardwood) 2 Cf A|
Palm Fatty Acid = 5f Ll AAF M2
Distillate (PFAD) £ e
Palm oil Z st n U MAE SHR] F=Rl(ClUAlof, Zefo|Aloh) 2 ME
s o X[HolAM Aui == MIAMD AZo|o], Y
pampas grass =&t LCI DBZ} &/ stX| Z&
= miscanthus(A )2t 22 Jol2=2 hA
m Poplar7t &=, &Z0| iS22 willowZ CHA st =&t
Poplar(bone dry) =gt n Tm HEN MYSIEER TEX] 20 Iuf MM
= Aoz JIgE
potato =&t s DU AN S sd(EF, 0=, HEH) 2F HE
Rapeseed oil =5t s T MM S F(EF, BF) ME
n MFTIEE atstad oz M= Elo|oMES M35t
Recycled tyres A 2| L

Aol | H3stE2 2 feedstocko|2tD H7| ol#H S




HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

Z3t o7
Feedstock ¥ - H[ 2
(Z &/H =)
s DL MM e FUACIEH 25 HE
rice bran oil =gt m rice branoll &t LCI DBZF &*{35+X| 2o} Wheat bran
OS2 thA st =&
, s LCl DB EMstX| %5 / feedstock & GtG Ol Of E
Rubber seed oil Xl 2] . _ _
AE BETAI ER
rye grain =t s DU N Sl AC|EH) 2F HE
Sawdust =gt s T MM AHEZ CF MAMDIHOMe EtablEZE 07
Sewage sludge =gt s DU MM HE CF MMM e Bt EE2 07
Shavings,
hardwood %XH EEDI' ] :I?LH AOHAI_I- 7&‘!%’ C} AOAI_|- I.ngo.”A_I o| E._Fﬁ\_HHé_%';% “O”
ol & &, &Y=
Shavings, B}
hardwood =X Z st s DU MM MIZ ch MADPHo|AM e Bt EZE2 07
CHof = &, ==
short rotation i
coppice =gt
(Eucalyptus)
short rotation i
coppice (Poplar - =gt s DU MM AHE
Fertilised)
short rotation )
coppice (Poplar - =gt
no fertilisation)
» silage2| ZF7F o cfekgh
= corn(maize) silage®t alfalfa/grass silage 25 M &
silage 74 =(%) =Zgt n DL MM e ACIEN 25 HE
s SIS 2 0[Zo2RE AXZF ATl oo XL A
29, g&toiot2 39 ==
S”Ver grass ;\Tl;;l‘ L %LH AoHAn_I', 8H 52I %\_ (7|E|') E_IIZ_ &!"g'
(Geodae Oeksae) i = Sivergrass(21Af)et 22 0|22 Miscanthus2 A &
Softwood & & =&t s U MM AHE
soybean oil =3 n L) AAE onZI T (o2 EILL, D] HEEH) H&
s DL MM MEI
stem wood =gt m Hard woodol|l birch, stem wood &0| Z&=E2Z hard
woodZ Cff |
Straw =&t n DU MM MFZ b YATPHo|AM e Bl EZFE2 07
sugar beet Zg | T Y e FUET) 2F NS
Sugarcane =gt s DU A& Eel s(elzulAloh) 2R HE
- - n T M Sl fel(aEel) 2F Mg
Sunflower ol =3t -
m Sunflower seed& A M-I
sweet sorghum Zg | w T AN s U 2F M8
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HEIAALD] T3S et EtAYXIT 7|8 2AM7tA HiEY A Y Y A
Z3t o7
Feedstock ¥ L H[ 2
(Z &/ <)
_ s | Cl DB EXstX| 25 / feedstock M4 GtG O O E
Switchgrass Xl 2] _ . _
AE ZEZAI ER
tallow, unrefined =gt n DL MM e TACTIEH 25 HE
Trisperma m LCI DB Z=RMstX| %5 / feedstock & GtG Ol O| E
Qil(Kemiri Sunan A 2| o _
Oil) E ZEEALER
N s | Cl DB EXstX| 25 / feedstock & GtG Ol Ol E
Triticale Xl 2] _ _ _
AME BEETA E2
used vegetable —_—— L AHAL K2
cooking oil, purified =& = S 4N HE
vinasse, from )
fermentation of =gt s DU WA Sl sA|EH) 2R HE
sugar beet
vinasse, from
fermentation of —_—— - A~
LS LH A4 AL o) ol(ZIE} = M
molasses
vinasse, from ]
fermentation of =gt n DL MM e ACIEH 25 HE
sweet sorghum
s U MM AEE
Waste (cooking) oil z et = Uused vegetable cooking oil & Al A AtDfA ol EbAvY
E2F2 07, F7F 28 E Al purified thAl M
Waste Fat and Oil x5t n I MM MZ CF MMITHO ML EtaHiEEE 07
whey =gt s DU N Sl AC|EH) 2F HE
Wood chips =gt s U MM AEE
wood Industry T3 | = I MM HE, o AR Me BauETE O
residues ’
woody residue =gt s DU MM M CF MMM e EtAHiEE2 07
woody sawdust -1y s T MM M CF MMM e EtaH|EZE2 07
o L& =gt s DU M He s(EF) 2F HE
S EE=R= - s DU N Hle sd(EF) 2F HE
= e
= et A - n CH A ADPEO|A 0| EbabjEEFS 07
Ho| b sibE . » 2AE ER7F SMEX| 2o} feedstock Aoz =
(byproducts from =g ~ o - )
biodiesel plants) T flen], 44 05522 PFADE A
jéllolzl:‘_/'\_ _EEE = o AL = o “n”
S5t 7 =Zgt s T MM AMEZ CF MAMDIYOMe EtAHfEZFE2 0
L AHAL M2
sixeix g2 = EH 8 R
2 (sewage =&t s SIS LCI DBZF EXstA| Loz H A ER(used
sludge oll . . _
9 ) cooking oi)Z CH A
2ted = (Hardwood) =gt s U MM NS
2 E= 5t Ab X A At EaE2 “
250 74 SO s DU MM M CF MMM e| EtAHfE 22 0
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=7}  feedstock A§4kol
feedstock ¥~ ¢] 9= LCI DBE
H” o2 A LAt

ALgo] A= feedstock &

feedstocks] 739,

a2 23 fFeg g« @7

th st

A5

Ao E g,

3 LClI DB 8]|2E&= <3& 3-55>3 Zt}. feedstock =ru] A4k
e FdF A A AAE RG] =4 "3“‘“*01
ZAE RoW(Rest of the World) =

= U3} sttt LCI DB U8} A] EF =7F2]
AL 5)9
ZW(KR) LCI DB7} tj¥ & &A)3x gorn=z

HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

LCI DB A& nf

[e)
= A%

go=2 “production of
“market for feedstock

l[‘ >1“j

e}t LCI DB7F EAlstA] &+
+ GLO(Global) LCI DBE &-83}4

Fﬂ%“ﬂﬂJPawﬂé%M§WMH%:
A% FUstsigdoh. 2 FA8 Aol g
“q7A(GLO =+ RoW)” o #33lE DBS

Agste] ZU ettt ZFUEE feedstock LCI DBE  “DBW, - LCI kr (modified)” &
g Al 8} T
<3 3-55> feedstock & &%= LCI DBH
feedstock DB H

=) bamboo(CH L)

market for bamboo culm | bamboo culm | Cutoff, S, CN

(&

(ot=SE[L) maize grain(S =<2) | maize grain production | maize grain | Cutoff, S, AR
(0] =) maize grain(STT &) maize grain production | maize grain | Cutoff, S, US
(E2l2&) maize gran(ST5 22 market for maize grain | maize grain | Cutoff, S, BR
(5=) potato(Z X} potato production | potato | Cutoff, S, CN

(0] =) potato(& X potato production | potato | Cutoff, S, US

(sh 2| Z|E}) potato(ZAl) potato production | potato | Cutoff, S, RoW

(B2l ZIEH rye grain(2 &) market for rye grain | rye grain | Cutoff, S, GLO

(3h 2| Z|EFH molasses, from sugar
beet(AIEFE EH)

market for molasses, from sugar beet |
from sugar beet | Cutoff, S, GLO

molasses,

(sh 2l Z|EH vinasse, from
fermentation of sugar beet
molasses(AtEHRE 25 MIH 7|)

market for vinasse, from fermentation of sugar beet
molasses | vinasse, from fermentation of sugar beet
molasses | Cutoff, S, GLO

i 2l Z7|E}) sugar beet(AFEHR)

sugar beet production | sugar beet | Cutoff, S, RowW

a2 Z|ED barley(Z2l)

barley production | barley grain | Cutoff, S, RoW

barley production | barley grain | Cutoff, S, CA-QC

2l Z7|EH com(SF=)

sweet corn production | sweet corn | Cutoff, S, RoW

(
(
(ZHLFE barley(2 2)
(
(

o|=) corn(2FF)

sweet corn production | sweet corn | Cutoff, S, US

(32l Z7|EH soybean oil(CH &)

soybean meal and crude oil production | soybean oil,
crude | Cutoff, S, RoW

(312l Z|E} soybean oil(Z7]8)

soybean meal and crude oil production | soybean oil,
crude | Cutoff, S, RoW

(32l Z7IEh palm oil(&7)

market for palm oil, crude | palm oil,
S, GLO

crude | Cutoff,

(32l ZIEH rape oil(FxH )

market for rape oil, crude | rape oil, crude | Cutoff, S,
RoW
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27 BiET M4 2

ot
=
g
re
-

feedstock

DB &

1z

(312l Z|E} cottonseed oil(H

market for cottonseed oil, crude | cottonseed oil, crude
| Cutoff, S, GLO

(ot=3lE[L}) Corn grain(=

maize grain production | maize grain | Cutoff, S, AR

|3
4>
n
n

(o]=) Corn grain(S ==

maize grain production | maize grain | Cutoff, S, US

aidil

(22}7&!) Corn grain(=

market for maize grain | maize grain | Cutoff, S, BR

(=) barley(Z2])

barley production | barley grain | Cutoff, U (copy) -
LCI, kr (modified)

(=) Palm Fatty Acid Distillate
(PFAD, &X|gtAl CIAER0|E)

fatty acid production, from palm oil | fatty acid |

Cutoff, U (copy) — LCI, kr (modified)

(ZLh) maize grain(SF &<

maize grain production | maize grain | Cutoff, U (copy)
- LCI, kr (modified)

(=) molasses, from sugar beet(Al

beet sugar production | molasses, from sugar beet |
Cutoff, U (copy) — LCI, kr (modified)

(=) palm oil(Z-)

palm oil mill operation | palm oil, crude | Cutoff, U
(copy) - LCI, kr (modified)

(=th) rye grain(=2)

rye production | rye grain | Cutoff, U (copy) — LCI, kr
(modified)

(=) Corn stover(S==ri)

maize grain processing, dry milling | energy feed,
gross | Cutoff, U (copy) - LCI, kr (modified)

(=) vinasse, from fermentation of
sugar beet molasses(AtEFTE 23S X

vinasse, from fermentation of sugar beet molasses,
Recycled Content cut-off | vinasse, from fermentation

270) of sugar beet molasses | Cutoff, S (copy), kr
(modified)
potato production | potato | Cutoff, U (copy) — LCI, kr
(=) potato(ZXH
P (modified)

(ZU) harowood(&eis = Eash A)

sawing, hardwood | sawdust, loose, wet, measured as
dry mass | Cutoff, U (copy) - LCI, kr (modified)

(=) softwood( &G+ = F4et )

sawing, softwood | sawdust, loose, wet, measured as
dry mass | Cutoff, U (copy) - LCI, kr (modified)

(Zch) corn(S =)

sweet corn production | sweet corn | Cutoff, U (copy)
- LCI, kr (modified)

(ZW) cottonseed oil(24 Al 7)

cottonseed oil mill operation | cottonseed oil, crude |
Cutoff, U (copy) — LCI, kr (modified)

(=LH) used vegetable cooking oll(EHAI2F)

used vegetable cooking oil, purified, Recycled Content
cut-off | used vegetable cooking oil, purified | Cutoff,
S, kr (modified)

(=) Sugarbeet(AtEHR)

sugar beet production | sugar beet | Cutoff, U (copy)
- LCI, kr (modified)
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M3T EagX= 7|E 24

PENNTELIY

A Al2#ole A |

Feedstock A4kol] wE &Awzl= A4S 93] feedstock A4F LCI DBZHE GWP ##

AERE AlEd o] E

o ol M rR o
o

AAISFS Feedstock A4tz oA LAY sH=
A EE 7fE3tA T Feedstock Ao whE gtz 24 Al o

dadAs Aol
Aol A A& e}

|, EU ARG A] A F ] mel 4 F4bE, 5374, 2491, 7IE5Ex 59
$ A4k g Land use changeoll WE 247l HASHA &+ Z( 07 )e=
93l Bt AaukAa A& ALEHEE YT
B AT A2="HAA N w2t Y2 HEE Y=< feedstockd] AA4b=3 =2 I 7H=d)
kel w57 b ) wE vAdATo] EEFEojof tuE, F£F A o
ARE AT SF A EA A HAW®A A AAStEL e “FEFIMAZYRE” E
&3P oHKE 3-560), AZARI gle F7Eo dalAdE S AGUSHAENE
g83t Algdolg el REgstth
<E 3-56> StAMXMX|F FEEAM FEFEsiAZE
&hslf
T2+ A2l (km) T2t A 2l (km)
st (F4hH-0| = (LA) 9,866| = (21 H)-o|=(LA) 10,411
st=(F4h-o0l=(w =) 18,0048+ = (21 M)-0| 2 (FF =) 19,477
Sh= (R Ah-FH LhoHH 7 1) 8,805 8t= (2! &)-7H LT F 1) 9,490
st=(F4h-22t& (2| ol At o] &) 22 171|et= (2l ™)-H 2} & (2| O Xt o] &) 53,292
St (F4h-2{A|oHEEIE| EA EF) 046|8t= (21 ™)-2{ AloHE=BICIE A E T) 1,679
St (RAh-UH 22t E(ZH 28 20,023|et= (2 M)-H H2t=(2EH =2 H) 20,118
SH= (R Ah - 7| ol (H E R =) 20,031|8t= (21 &)t 7] of (oH E | =) 20,292
S (RA)-SL(HF=23) 20,496|st= (21 M) -= (5 =23) 20,590
St (R Ah-L2(R 250 1,242|et= (21 & )-d (2 F sto}) 1,902
St (FAH-5 = (4Fs10]) 913/ st= (2l ®)-& = (4 5l0]) 937
St= (S Ah-Eto| 2T 5) 1,704/8t= (2 M )-Elo| (It 2 &) 1,814
St ()-8 3 2,120|et= (2l )-8 2,216
St= (2 Ah-ATJHE 4656|8t= (I M )-AJIE 4,755
Sh= (5 Ah-2l = (=H| 0]) 9,193 8t= (2 &)-2l = (=H| 0]) 9,287
SHE(EAH-EF (A EL) 8,574/ 8t= (2 H)-S F (A EL]) 9,226
St (RAh-wRHE(LH) 9,789|8t= (¢l M) -wRME(HLEH) 10,430
St= (5 A - o2 7SS =(HI0 [ =ZELD) 15,045|8H= (21 M )- ol |7 [Z3 =0 |ZELD) 15,177
St (FAH-E 7| (0| AEHE) 15,425|8t= (21 ™)-EH 7| (0| A EFHZ) 15,519
St= (5 Ah-H| E (50| &) 2,987 8t= (2l )-Hl| E H(5l0] F) 3,083
St=(F 40—l = 1| Al o (=2} H}0}) 5,372|5t= (21 & )-2l = | Al of(=2}H}0of) 5,483
St=(F&h-st=(H =) 314|et=(Z &h-st= (& =) 451
St (ol ®)-5t= (M =) 488/ st= (M A )-5t= (M| ) 588
st=(Rlaf)-gt= (=) 301 st=(H=x)-8t=(H =) 688
St=(oteh)-gt= (=) 309 st= (2 &h-5t=(H ) 362
St (==)-st=H F) 177|820 )-8t = (K| =) 200
ZH . BN, BARAEA AAAEEA I
58) A H, AR AEA] AAAAFEA 3), “EHEY3N AR

59) https://sea-distances.org/
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Bz A A2olE A |

=R

HFO(heavy fuel oil)

Magnesium Oxide (MgO)

LClI DB EM5HA| 2=

Olivine (RAF Z= Oixiobs (Ol 812
Tar Reformer Catalyst LCI DB EX stX| 2=

Zinc Oxide (ZnO) Catalyst -

FT Synthesis Catalyst (Co LClI DB =X stX| %=

based) (FAF == Al 7Fs LCI 812)
Hydrotreating Catalyst LClI DB =X stX| %=
(sulfided CoMo or NiMo) (FAF E£= A 7S LCI 918)
LO-CAT Chemicals LClI DB EX stX| 2=
(Zello|Est H Z9H) (FAF E= A Z7bs LCI 813)

Amine Make-Up

LCI DB &M 5tA| 25 (CAS number 54 ER)

Ethanol

ethanol, without water, in 99.7% solution state

Methanol

Deoxidation catalyst (ex
MgNiMo)

ol

l,xl ol

LS

LCI DB &

0jo

Phosphoric acid

phosphoric acid, without w
state

ater, in 70% solution

Phosphoric acid

phosphoric_acid, without_w
solution_state

ater,_in_85%

Citric Acid -

Sodium Hydroxide xet -

Bleaching Earth M 2 LClI DB &XstX| 2= (CAS number 54 ER)
Filter aid Ml 2] LClI DB &XstX| 25 (CAS number £ ZR)
Hydrogen Z& Hydrogen 24 At

Hydrogen =& Hydrogen 7|

Lubricating oil x5t -

Hydrochloric acid =gt -

Potassium hydroxide =5t -

Sodium methoxide =gt -

Ferric hydroxide M 2 LCI DB ZM5IX| 2=

Filter ceramic M 2 LClI DB EXstX| 2=

Platinum based catalyst

H

Palladium based catalyst

H

Zojofl =ZatEl 55Ye| LCI DB H&E
ir —1
a

Ruthenium based catalyst

to | ok | por

=

- o
%39 LCI DB A&
(o)
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SEtAALD] T3S fITh BRAYRIS TlHt 24TtA HIEY A 2E Y A
=28 @) ol
Iron based catalyst M 2 LCI DB ZM3IX| 2=
Sulfuric Acid =gt -
IOX At=o . o = s
(sm: S HCataIyst) xel | LCI DB ZAMBHA 22 (CAS number S5 H2)
Ammonium sulfate =et -
Soda ash, light, crystalline, =5 ~
heptahydrate
Inorganic nitrogen fertiliser, as N =gt -
Sodium phosphate =gt -
Sodium sulfate, anhydrite =gt -
Ammonia, anhydrous, liquid zat -
Sodium chloride, powder =gt -
Chlorine, liquid =gt -
Calcium hydroxide M 2 LCI DB ZM3IX| 2=
Magnesium sulfate =gt -
Enzyme g -
Alpha amylase M 2] LClI DB EXstX| 2=
Gluco amylase M 2 LCI DB ZM3IX| 2=
Cellulase M 2| LCI DB &/ 5tX| %5
Yeast =gt -
CSL(Corn Steep Liquor) X 2| LCI DB &M stX| &=
Potassium phosphate Ml 2] LClI DB EX stX| 2=
Ferrous sulfate =gt -
Acetic acid =t -
Sodium acetate M 2| LCI DB =X 5tX| &g
Antifoam H < LClI DB EXstX| 2=
Oxygen =l -
Calcium carbonate =gt -
Nickel based catalyst x5t -
Nickel based catalyst =gt -
Alumina based catalyst =gt -
Clarifier polymer M 2| LCI DB &M 3stx| s
Hexane =gt -
Nitrogen =gt Nitrogen &2 =2 XHZ
Carbon dioxide =gt -
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A7t AEx2A 232 =59 F 62719 Fd5 F 3770 tisho

HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

“market for~” LCI

DB7} &A13tE Ao g EtHKE 3-59>). Phosphoric acide] LCI DB¢] 7-$-, biomass$}
22 feedstockell tiall & HAA 2 FABAA 71 Bol AEHE FdsolH 70%< 85%

50 AFol EAS BT ZHAL. F49 ST WY Fae JA FiE BT
b e
<E 3-59> Fe=zYH Mgz LCl DBH
=24 LCI DB ¥ &

HFO(heavy fuel oil)

heavy fuel oil production, petroleum refinery operation | heavy fuel
oil | Cutoff, S, RowW

Magnesium Oxide (MgO)

market for magnesium oxide | magnesium oxide | Cutoff, S, GLO

Zinc Oxide (ZnO) Catalyst

market for zinc oxide | zinc oxide | Cutoff, S, GLO

Ethanol

market for ethanol, without water, in 99.7% solution state, from
ethylene | Cutoff, S

Methanol

market for methanol | methanol | Cutoff, S

Phosphoric acid

market for phosphoric acid, fertiliser grade, without water, in 70%
solution state | Cutoff, S, RoW

Phosphoric acid

market for phosphoric acid industrial grade without water in 85
solution state Cutoff, S, GLO

Citric Acid

market for citric acid, citric_acid | Cutoff, S, GLO

Sodium Hydroxide

market for sodium hydroxide without water in 50 solution state |
Cutoff, S, GLO

Hydrogen market for hydrogen liquid, | Cutoff, S, RowW
Hydrogen market for hydrogen gaseous | Cutoff, S, GLO
lubricating oll market for lubricating oil | Cutoff, S, RoW

hydrochloric acid

market for hydrochloric acid without water in 30 solution state |

Cutoff, S, RoW

potassium hydroxide

market for potassium hydroxide | Cutoff, S, GLO

sodium methoxide

market for sodium methoxide | Cutoff, S, GLO

platinum based catalyst

market for platinum | Cutoff, S, GLO

Palladium based catalyst

market for palladium | Cutoff, S, GLO

Sulfuric Acid

market for sulfuric acid | Cutoff, S, RoW

ammonium sulfate

market for ammonium sulfate | Cutoff, S, RoW

soda ash, light,
crystalline, heptahydrate

market for soda ash light crystalline heptahydrate | Cutoff, S, GLO

inorganic nitrogen
fertiliser, as N

market for inorganic nitrogen fertiliser as N | Cutoff, S, RoW

sodium phosphate

market for sodium phosphate | Cutoff, S, RoW

sodium sulfate,
anhydrite

market for sodium sulfate anhydrite | Cutoff, S, RoW

- 123 -



=34 LCI DB ¥ &
ammonia, anhydrous, _ -
iquid market for ammonia anhydrous liquid | Cutoff, S, RoW
sodium chloride, powder | market for sodium chloride powder | Cutoff, S, GLO
chlorine, liquid market for chlorine liquid | Cutoff, S, RowW
Magnesium sulfate market for magnesium sulfate | Cutoff, S, GLO
enzyme market for enzymes | Cutoff, S, GLO
yeast market for fodder yeast | Cutoff, S, GLO
Ferrous sulfate market for iron sulfate | Cutoff, S, RoW
, , market for acetic acid without water in 98 solution state | Cutoff,
acetic acid
S, GLO
Oxygen market for oxygen liquid | Cutoff, S, RoW
calcium carbonate market for calcium carbonate precipitated | Cutoff, S, RoW
nickel based catalyst market for nickel concentrate 16 Ni | Cutoff, S, GLO
nickel based catalyst market for nickel concentrate 7 Ni | Cutoff, S, RoW
alumina based catalyst | market for aluminium oxide non metallurgical | Cutoff, S, RoW
Hexane market for hexane | Cutoff, S, GLO
Nitrogen market for nitrogen liquid | Cutoff, S, RoW
Carbon dioxide market for carbon dioxide in chemical industry | Cutoff, S, GLO
AE7}F dE A 23 718 Nickel based catalyst, Palladium based catalyst &3 72
Zu) RURe A%, Y FYEWL sbA LCI DB} EA5HA] =th o] ZuEe T
ol9le] The TH HEE A o$uE, & Ao U@ LCl DBE HLdA o

Br

“market for 4% ” LCI DBZ t)A|sle] ARE-3S T
Ruthenium based catalyst®} Iron based catalyst®] A$= =
EA8HA For =2 Attt Ity o2 LCI DB7F fl+ l. mjef g, e LS
GtG HlolEl & &3 XAE T3 FHstdoF stH, 31T + gl 85
LCI DB AFgS 13HET 4 9o uabA], Nickel based catalyst X+= Palladium based
catalystd] LCI DBE thA] AlgsE AL nyddoy, 550 A =mo AS
it o g ARgFo] wl-g AFo|AY ANFEEH= HerF WoeEE cut-off thd] A7t
Borg x93ttt
TEE A g @A A e FdeA H&sted, U89 LC DB
oA GWP #d JIMEZT FZ&3td Al gdolgdd AATOEZR FAS AYLEA of A
A ehE g A AP o] AAIFEESE J) st
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40

7F AExA 4 FEEEE A8 4+ de= LC DB &4 455 4 23, A3=

FEYEHEIUA, &7 )Y FRE £ 191otHKE 3-600). 1% 24 FEdE4
¥ LCI DB EA47F &=l AlEdcelHel HE&d #FEHUEHe F 1/oH.
olEl We FEYEHE X oF #F 2A 7|E2 <& 3-600% £

o=

b
Moo me 2
it A

)

>

<i 3-60> HlO|2 7|= HME7t dE=At 21 REElE 2[2E H AlE2ol8 =ZT o{F

Ho

e
w Bl a2 ol
electricity, medium voltage =1y -
water, deionised =gt
water, decarbonised =gt -
tap water gty -
Steam =& stetddoM A= AECE ME
= FHEEN J|8h Fegt WM Al dME= A
steam(based on coal) =&t oz ®g
steam(based on natural gas)
steam, sourced by LNG P B
heat, district or industrial,
natural gas
. e SER J|E dugh W™ Al Yats[E= AH
steam(based on biomass) =gt oz M=
. s HO|27tA Z|dh st WM Al Mits[=
steam, sourced by biogas x5t rEjoz M
"market for™ LCI DB @l&. (production of
steam, sourced by flue gas =gt steam LClI DB= Hd=2z% FEEHO US)
StetMdo M ALEE= AEHCE A HE
LNG =& -
Coall =gt -
Diesel x5t _
heat, central or small-scale,
other than natural gas - 7|E} Mol AEICZ X M2
heat, district or industrial, - "market for™” LClI DB 2 / M & Jtsgt
other than natural gas
hot water, heat from natural 2| Steam(heat)o| ol hot wateroll cHst LCI
gas DB §l2)
hot water, heat from flue gas 2| Steam(heat)0| ol hot wateroll cist LClI
of power plant or fuel cell DB= #18)
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7] LCI DB¢

kV~24 kVeo|t},

22\

SAURR 7

5 7122 feegyo
S AR A= 7R EFHEY e

= “AAGLO =
7% Ecoinventoll KR(3F=)o]
high voltage®} medium voltageZ &= =4 high voltage+=
gk 8 B A 609

HE R EA

‘market for 229’

=H7IA BiET Y 2Y e o

o O o

gk LCI DBE #&($d, $5 DA #E
LCI DBE <dAIsAw. LCI DB

RoW)” of sl&3sl+= DBE AH&3F3iTh.

zAey, Aadve] g W] we

24kVol’d, medium voltage= 1
=W I vlo] oA ¢

Hrgo]l Ht 85MWhel A& 7ekste] medium voltageE A&k

<#¥ 3-61>

we2lEld H¥E& LCI DBY

seelEy

Al280olH H8Y

DB H

electricity, medium
voltage

7

=

market for electricity medium voltage electricity
medium voltage | Cutoff, S, KR

water, deionised

(=]

2 %=(deionised)

market for water deionised water deionised |
Cutoff, S, RoW

market for water decarbonised water

water, decarbonised | &= (decarbonised) decarbonised | Cutoff, S, Row

tap water aAr/3dET market for tap water tap water | Cutoff, S, RowW
} market for m in chemical in r m in

Steam Steam(shBHAFS) arket for stea chemical industry stea

chemical industry | Cutoff, S, RoW

steam(based on
coal)

R
Ul

Steam(+

heat and power co—generation, lignite | heat,
district or industrial, other than natural gas |
Cutoff, S, RowW

steam(based on
natural gas)

Steam(& 1 7tA)

market for heat, district or industrial, natural gas
| heat, district or industrial, natural gas | Cutoff,
S, Row

steam(based on

Steam(Hto| 2 0Hf &)

heat and power co—generation, wood chips, 6667
kW, state-of-the-art 2014 | heat, district or

biomass) industrial, other than natural gas | Cutoff, S, Kr

steam. sourced by hea.t and power co—generation, biogas, gas

biogas’ Steam(HI0| 27 tA) engine | heat, central or small-scale, other than
natural gas | Cutoff, S, Kr

steam, sourced by Stearn(a}&tAked) market fo.r steam in chemical industry steam in

flue gas chemical industry | Cutoff, S, RoW

heat, central or
small-scale, other
than natural gas

Steam(Z|El St A R)

heat, district or
industrial, other than

market for heat district or industrial other than
natural gas heat district or industrial other than
natural gas | Cutoff, S, RoW

natural gas

market for natural gas liquids natural gas liquids
LNG SISEIPN gas 1 gas 14

| Cutoff, S, GLO
Coal T EH market for hard coal hard coal | Cutoff, S, RoW
Diesel dF(EMAR) market for diesel diesel | Cutoff, S, RoW

60) S=AHFAL 2021 =AY FA,

“8-3. ATAE AR Yol A wdn] gl

A #(2021)”
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HM3% EtAEXb= 7|8 247kA HIEY LY AZ2[0E 7Y I

2%/9 Aatel U@ LCI DBY A% AE7k ool e 3-47) gEA 29D Y
Ans Wgsel ARAIE AEAH AY source HAE 5 AT BIHE BoE
AN oo wet 2AE LCI DBE WHOR S18habe), FAE, AAsk2, vpol on) 2,
ol ok, e SM9R F SA FRS 2€E ASA MUY £ =S

A A T

3.4 W7IE, Hi+

A7 AExA & AZE #HVE, d@s g2Es F 160 ok, LCA
L3 Bl AFA F7F =9 A3, vl oA ity o RE WAE=
ARE7E FRE TADHE AEHCIH ARATE FESIY JE€sEtr] ol e
AAsaTr. ek, AEHoE AMgA7 AH AFLFHE AU ESH A7
H7 =25 FEste] JEst=E AA AT

&rzi

ol
o

P
it (o N fo
o fil ma L

=)

<I 3-62> HIO|2 7|z EE7t MEXA 22t HI|=, WY & AZ20l8 2o fF

7|2 /m 4y -k 4] 3
=TS (= &/ 2]) =
wastewater(from residence) ZE -
wastewater(average) =l -
. A& 2t 7|2 A~ZF 2|
municipal solid waste, incineration ZE . o
treatment of 7" LCI DB & &
N , _ At EH LEhE 7| = of 2 XME
municipal solid waste, sanitary landfill Ergoly . —
treatment of =7 LCI DB M &
AT X ™EH 7S &2t XMel
hazardous waste incineration =gt . —
treatment of ™" LCI DB & &
, , , AT X EH 7= o  XME
refinery sludge, sanitary landfill z . —
treatment of =7 LCI DB X &
AFEAZE dEd AZmg e #HrIEEe =7 HYIE R BAY F 0 “AYHE
HEAEA AAHZIE” F ALY AZHIET BA delH e (18dRE 206d71A 3d
W DARNA LAy wddE el FAHE A 9 A&std a4 7=

MY EE PRI AMLHEE stgnh. TRH AdE AQF WEAA(LT 3
M@ W7 EFH A9 ARANRHET 2 M@ 27 2 wHel B LCl DBs}
AAHe] AN Aelel E waBATo AMHEE Stgth ABEHE A7EY
A ABSORIH BASRE BAIATS (00 02 Folste] A gkt

61) =7FeAIZEKOSS), “A=ar]=dA 5 Aedd” (20183~20201)
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Mag EaEXt= L AlZ20lH Fdeid I

H 4% E2fX= 498 AEC0|H Fdsig

2 AoAs 2% olA g@adAeg 2 LCA AE#HCIH 7]sol sty A3ty =A%
N FH 3ol A AR violedyA] Zed Fo FYMAEE FEo oid LCI DB
AAE B3t BIAEIE AHEE £ e @AEAT AEYolEHE MEsidt 2
AEdolHE 7E7€d 7€ AR diadxs ARGl 593 VR Hud
T UAEE AASAY. E=F, FSE I vpo] oy A FUHE sk oA
AArE = feedstocko] thaFsld 7d-$ feedstock A4+l thd LCI DB &% += 9 #& 7}
o]t =5 backdatag TA3tal LCI DB 944 Fx& 2A st

AE#ClHe 74 2 75 AHoe (28 4-119 YeRd bk} Zo], AR Al E#E ol
A T A oA uHio] oA MR HF AHE FEHE Addt. AME FEHE

Helg F nwoledme] FRE MUY, wolodm YATHA WP FYNEFS
QA & on], AgAE vl oulA(feedsiocke] FF B F2 AABFARHFLE

o
YA, HEEARE), NEEES A28 FEL Adsie] AEAZEIDEFS A

[Z& 4-1] "ol 2ol X| 671 7|5 Mopd EtawXi= A[E22 08 ALEAL 213 5tH

]

Pathway 2% * B7l(kgCOeq/MJ) TR S S————
S ——— * H(kgCO,eq/MJ) [E L. — [ wamom  Jwms cvwsas e swme wawne, woe ox o
. %Eﬁtkgcozaqﬂ(mj L W D'I“ 1
| - |TIMJ'T—"|T mas | e
iﬁﬁg N LB B ~Bj0|2 742 - HO|Q DHIE cn s e

el e

+FQ BY/ME HY HE U
HIO| Q0L X A#AH ZX - Feedstock, 288, REZ|E : :
EQl/AEEr 013 A2 3 H/HT|S By . =
CMAHE Y BMES S Y L - o
UZ(e.0. HIOIRAR, S2IM) f 45 e

« SH|(2ET ZEN0| it ZS [ e
o A HEE ME YUY I s

H F oA AT dul 2& AEE dHsiA =™, AHEATL

AT o s, A8 %
leoluiAel e AvY GawAR 49 Avgiel 4EET (1Y

BrkstaA st wo
4-20),
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I SEIAALE] TS Qo BAERT J|H 247t HEY AE 2 Y AT

(28 4-2] slol 20X M2 YRR Algao|d HI st

Results
| [EEE =27 CFP
7= chef CFP
P EZ Feedstock production kg CO2eq/FU 0.00E+00
LuC kg CO2eq/FU 0.00E+00
2% kg CO2eq/FU 0.00E+00
HE HE S kg CO2eq/FU 2.53E-02
AEEA kg CO2eq/FU 5.51E-04
2% kg CO2eq/FU 2.59E-02
[H2Pg cFp B (BFO[2 vs. 314 7[¢h |
T =51 Hiole O3 SEREHNER)
Feedstock production kg CO2eq/FU
Luc kg CO2eq/FU
2L kg CO2eq/FU
HZEA kg CO2eq/FU 2.31E-02
AR kg CO2eq/FU 1.59E-01
Egll kg CO2eq/FU 1.82E-01
Hj0|2 O] FEE EES 1km 2T A| EL2ENF2 %
2.59E-02 kg CO20E, =t = OF = 86% g 4= =47 AsUOL
HaPd cFP H|R
(kg CO2eq/FU)
2.00E-01
1.50E-01 ®Freedstock production
"uc
1.00E-01 o
HE=TA
5.00E-02
mARSTRA]
0.00E+00
Hio|2 o2 I REHER)

ol oduA AAA wARAT AL AT ABdclHE FF MARME AST 4
e <8R 9P BB 3 HEATL HoleoUA AT 27] BAGANE #8Y 4 At
N} Bg FRC OB AVE 5 ASE AAst AR BEY 5 FRG TR

Nkt
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bal

|.

m
b
18

Il

HMag EaZX= 4P AlZ20lH FdeiE

0
r

A 18 AEFOIH AR B FE

A3y AT AEdolHE TR AA A ol 2olUA] 7o) tEk MART
A BN BET S AES ATk B FolAE vlole AHE FURGEAE,
29(Q), ADE TR ik ABUHE TSl Auy AU AT
}4 e 7%

[23 4-3] HiO[ 0o H X AL HEf X HWHE ME ofAl

[

HIO| 2001 X] 7=
EIAEXIS AIEHI0IE

3 E(2013)

4 =% ¢ 2(2006)

sHoz AEdely A3 Al A FHAA A= [F 4-3]% o]
AHE FEiet IPCC W &S AdstAl =9, B4 Sheet2 A5 o= doj7H
713k viel o] IPCC 2006 ¥ 2013 A= o we} GWP #o] 222 ol&
g3t HASATH

1. HOI|R0j|UX] EF A& o H=ZH Fo/ME U™
%

vlo] Qo ix| o] HE A&

dof wjoleARY FHE 4
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Input Parameters

[1. 92 A48 =H | | +HAE | #7| | =

EI/N HYATHR (FEPE B B), FHEE EFUA0N LG HE HIELE §E

|2. gg F5 449 | ' HHO| 2 C]Z |~ Prorys garFae o e ISHE HO2 HO[2 =
”~

Hol2 =5

Hhole Zgte
[3. HHO|2 AR MZETHA crp Al Btol2 o

Hole T2 8

OEEdE

‘ | CFP) |

RZECHA | T — . |

oo dge] FTHE AgsA HH  “3. vlo]eds A|lzTA CFP(Carbon Footprint)
AR ®e] “7]eT” 7t AHEAE A" dEE Yehdt o5 89, AREATE “2
A5 FTH AEG” oA nloletAdS AHE A9 st “wlojleyAd” 2 JHEHA
HoH(1E 4-5D. 98 BT AzxdAY Zeds= “1kg” o] 7B R A EH] don,
T - akEE oy 49 3o AbEEolA AlFol 1kg olele TeE AAdts=
Hlo] e 8 A ZxA CFP AXFolE 1kg 7159S] 71Fo 2 Aagho] sakdr)

(22 4-5] Hio| 22 M Z=CHA CFP At ZotE

3. ol 2 @2 FZETH crp AIM |

S E A= (CFP)
FCH .
H=TEA : Feedstock production oz BE =7
Production LUC 25
kg CO2 eq 3.74E-01 1.91E+00 1.07E-01 1.91E-01 2.58E+00
S Hro|2 C)E 1.00E+00 kg

(28 4-518) 3. wloleddm AxWA CFP AN & (27 46l ek
59 AEE dolE 9y o AT A dolE AYe $Es HA woledse

“AZGA” oMo THEBAT gho] AFOR Aol Urhbs Anwelng, AgA7}
HolBE YYsA ¥Es an

B(2Y 4-6DNM theel FEe AH A s ol

A E 7]
dth. 7Hssttd dHolHE 48 Al EE Y - AEES lkgo AF@Pol2ds) Az Al
Q3 FHS Vo E A AL A%t

n FYUE - AAA, BAA, FEEH, AUA

s AEE - AFE, FEE WEEGEIE, g7NEE)

AR, AREAE CERT A 4 o BEYE Ee AEE THE MY *
“EA-W 3 < (A 29 BEE) HolHE JHIY “aer & <“EFdWT &
dFstAl HHA AFoz JHHATE.  “AEE” oA AFT I “FAET o AHAee
A4, 7% 483 A A7 AddEMIke e dgdt. dE€E AudEge
FAFH FAE T YA JE gEAAE ARMEtY BY - AMEE 92 T o2
A R3E It 7IEo 2 ARSHT
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R4 ELAURIE A AIHO0|E Taug |

| BAEE A AEER FAEFH
dFAAE AMEE FAF sl Faet=

HFe B - AtEeE B o wE SN E s dnh

(12 4-6] BlO|29IZ MZEHAll EBAWRT AN - Fel-MES ooy 23 E

[3. HO| R HE HIZCHA CFP Al

THTAS (CFF)
o -
HETH : Feedstock production o I 27
Production Luc ==
kg CO2 eq 3.74E-01 191E+00 1.07E-01 1.91E-01 2.58E+00
Jl=ory e 1 DOE+0D kg
LBy BEm B FA07 BlEL T,
e o ~ HA=gE
=2 = = Clhoy A
1 =29 i | =2 2 MI/kg)
EUs AT + |21 7IEl) palm oil (B-F) kg 1.00E+00
g T kg 0.00E+00
zga 5 gy kg 0.00E+00
e by kg 0.00E+00
2 Methancl kg 1.23E-01
| Phosphoric acid (industricla gr kg 5.95E-04
| water (deionized) kg 2.96E-02
SR HEgie kg 0.00E+00
SEZ|E 85 (deionised) kg 2.26E+00
SEZ|E e kg 1.00E+00
R 7| kg 2.41E-04
L7 Heaz~ Nm3 1.00E-03
EA| HEga kg 1.00E+00 -
HEE HE Bfo[2 C|= kg 1.00E+00 38.0
=Ry EERE] kg 9.61E-02 19.0
BAS I = kg 0.00E+00 0.0
=it= IH = kg 0.00E+00 0.0
BAS I = kg 0.00E+00 0.0
H7| & H e m3 5.95E-05
H7F 220 H7 5 kg 1.58E-03
FHE T&ts =H718 kg 2.00E+00
R Carbon dioxide, fossil kq 0.00E+00 -
R Carbon dioxide, non-fossil kg O.00E + 00 -
TR Carbon dioxide, from soil ar kg OU00E + 00 -
7 EES Carbon dioxide, to soil or bi kg Q.00E+00
7 E =S Methane, fossil kg 0.00E+00
7 IHES Methane, non-fossil kg Q.00E+00
D7 IHES Dinitragen monoxide kq 0.00E +00
EL
7} A AA

AAA (feedstock)= Hlol 2 AR AXRE 3l EdsHE
AxE s 283 dAA FFE W (F FIFD) d
dAA FFe Tl = FEEH o, AgAe AR dadAms A st
e Holed®el dAAZE Sl A Ee FAY FOARE THe RS &Sk

I

&£ 7
et

- 135 —



. AR

3}

3}7]

-3etF o g A

=7

st

A

=
T

)

o

-

o

oF
]

=

Hol e AR A

AR =

=]
T

o

eIl

bo

=1
_z,_ﬁ

I

A8

o] &

s

Sl A}

AT gauAEe 44

o FEol flom, A8

Np

o

1= A RE R

N
he
I
)
—
o

)A

bl Hlolo g

PR

AR E

9 .

AL S AR, ZTF2ER )9k Az

Hol s Al 237 ol A

1k,

_
1o

o
=

hE

= oA

ol Abg-=

=
[€)

HE

Zd oo

>
B
o
ok
i3

A AEE UA FR ]

=5
=

3

(e}

K

i A&

7A
W

il

=)
2 FAk

. A=

ES

AFS Aoled sz AxTHAA AiHe dEE=

!
T

FAakE o]

FAF el

2 plo]eds Az A

o]

)

To2 AHEHT, FA

=

st= 7]

e TAFH FdEd yFo 2%

Y

—r

-

o
=]

o0
W

B
wK

i

o}, 7]

H,

Al

Az A=

Al & o A

[l s 7]

1

N~

<«
a

’

Agg #H7)

H 7]

1
T

Al A 285

=
=

o]
=]

et

=
=

ojuj, 7]

Siasg

il

%!

=l

o

=
=

o]
B

hrEE 4=

=¥ =

SER

o 2 RE

aL
o

— 136 —



bal
1s

|.

m

taEXt= A AlZ20lH FEeid I

H|4

0;
I
Il

1.1 ASEHA &=

AgEA e A% ol
BE vpol SARE AGIH
A% e mee AHIA AN AF AE P 2 AAT AG

AT skt

7} FEds

FEAT AUAL CEPE A4 Aste]l AgAE v QARE AS(ADFE +F
St darg@n) Fuw QEsw B dm AswAe] svwd: kn=
TGO, AT A2EHQUE Y A CABAFF & AER U4 An,
V)5S W tARWZE HRE 4SSl AFoR AdHT “ARMZ & UA
Ned £ AR HolH U4Y Hold HEFF-AF- AW SEUzN 48R}
HElg wpoledne] FRo mel AFow Asse] Avghel YehdT(1d 4-7).
(22 4-7] Blo| 22 ALSTHA EFAZXI=(CFP) A4 - ARSCHA g s(2dd]) 4=

4. ulo|2 = ALSTHA CFP AlAt |

dz 3 Hio| 2 C|73
715t 1.00 |km
| (AfSAF 2E) 15.0 |km/L
Az AR 0.056 |kg/FU
2.1 |MJ/FU
*ISHIE 0.840 |kg/L
Arg B EtA 2R (CFP)
kg CO2 eq 3.67E-04
. Helgde
& ®H B3Y el =¥ FE2FWI/kg)
FUE HE Hio|2 Cj kg 5.60E-02 38.0
Al

o H7] B 2'(D)

ol 28 E 7] B 2R(DE ALY A AEDAY CFPE AlXtelr] 9lshd
AHEAE AEE AR (A A)sheE IR dEd 3 ZE BN dadged FAkE(E
e 7D d%F %S dgstd Aok

70l Ae, A% ARRACdAY A7le Jledsle 1kWhE aAgelw A-gATL
ALEEN 289 FAEY EF #E dY Al AER-BYFT & AR fE
d2EE”, “UeEs” B2 AR AHTIFMIkR)” AHEE A& ATo=
Axrdd. A7) 1kWh ks 98 Fidss 59 FAdZFS ASAT 54 -AEs
dole 8 F(1Y 4-8Dell YEF dFS A3t AFoz ALt

T3, ARE FYst 2®(@) IMI A A FAER dAEe AUEd d8Ese
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e

SEIAALE] TS Qo BAERT J|H 247t HEY AE 2 Y AT

ecoinvent DBOA] Hlo]odE H=E A A S}
Z1Egez2 AAFHA ok ARgA7E ash

o 2

[2& 4-8] EtLA=(CFP) AILE - HIO|2TtA ALSCHA dagE 213 oAl

|7|§EJ-?| | 7| | 1.00 |kWh
NS | (2R o) 30 M)
52 (2T 2F) 90.0 [%
HiO| @ Z}A 22.7 [MJ/kg
oA coz 0.3 |kg.FU
7.7 |MJFU
A2 T Eh WAL (CFP)
kg CO2 eq 9.36E-04 |
- He|xay
7 == == e %
" == T LEF(M/kg)
SUS HE 50| Tt~ kg 3.41E-01 227
2

1.2 Hard BT At dat

Hloledd A3 wiadax A4 Az “vloledsm HAAAH CFP” ¢ “AxA
CFPH] 2L (W}o] L vs. A4 7)vh)” & FA =T

“Hlo]e A s HHA CFP” ZolAe A 72 GAEE dadtzats ALl A3E &<l
T dew, kE HdARH B #gE ZAEY dA3H dAe Ax A
GA-EF-A5 AZDA-Ad5 ASAAZE FEEH, A A dA=  “feedstock A4 2
“LUC(feedstock A4+ A Exo]-&®M3}land use change)” & FEEo] FAAG(1H 4-8).

“A37 CFPHIL (Hlo] vs. 3}4 7|Hh)” FolA=  “violeds H3A CFP” oA

AR wolods Asg CFPst v tidel sAFss AN 9mel CRPRe

ot

|

feedstock AAFeHAl, EXo]&¥M3Mland use change), &%, AZXGA S} ALTA R FE3IA
Hw3tAY ke @S vad § o =3, 7 d8¥ Ee A8 1 AzgAS
AFEEA Ao T EE AT g o, Ho]ed 8Tt A TNk Am thR] AAA
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(23 4-9] Hlo|

2B

Mag &

M

R AP

r

Results
| Ho|2 §us HIHE CFP
= CHY CFP
Feedstock production kg COZeq/FU 2 B0E-02
FH Ck kil
Az A LucC kg CO2eq/FU ABE-O
=5 kg COZ 77
He H= oA kg COZeq
ARE e kg CO2eq/PU
EE kg CO2eq/FU 1.86E-01
[H2Hs crp HII (HHO]2 vs. 3HE 7[H) |
T= chel e HodtHEE)
Feedstock production kg CO2eq/FU 2.50E-02
Luc 1.48E-01
2F B 2TE-03
HzEe 3BBE-02
Ao 2 0BE-D
A ZARE-D

Hol2 HER

AlZ220]E 8

1.86E-01 kg CO:eq2, Bt H= OfH| %% 24% 2| ZhE m TR Sle|ch
HaPd CFP H|
(kg CO2eq/FL)
3.00E-01
2 S0E-01
¥ Feedstodk production
2. 00E- 01
"L
1.50E-01 25
1.00E-01 b Eaar |
S.0:0E- 02 mapRcH]
0.00E+00
Hpol2 HER FEREYER)
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= = AEIL vloleduA AT 27 @G ARE ARH e
gdolHE 8T & 9}-& A HE BB O gl estath AR BE
2y % 9 &3 ANA VAT ABACHE BESE PP FEAE
WEE AT AA B8 REE FHOT ABTEE BAAAT,

1. A SXL R/ e B8 U JiLx} &8 Jis

1.1 EIAEXE 7|0 M TS

AEHOEE Adsted FEHEAE, A7), 289 B 247l deE"] wjESAS(IPCC
2006 == IPCC 20137} AHE=ol Je= F 6719 ¥ Aol Input Parameters =
dekell “+” 7F FAIEO ok (1F 4-10D

[23 4-10] HLAE Ad=tH HX(7] =2tH

10 - fe

L B ¢ o E F G H Q T

nput Parameters
1. 8= As ad [ YL [ =2 [_=
=704 FRATAE (PEDE 871 @ SUEE CETNA DRSY ME NSHeF IGO0 FHH Aol FUFIIE
2. 98 IR 49 m-"""" f Lu-mw: ole 2ypE wolerts wole ew wolo HES Wo/Q £fy oo
3. HO|2AE JECA CFP AY ]
2RI (P
HxeA Fesdstock uction
IR LD 2 Q=
- T vy b.LE w4
kg COZ eq 3.74E-01 151E+00 1.07E-01 1.91E-01 2.58E+00
73 stole oE 0OE+00 9
i RIS DY £ g
HupEy
+ 2 = - =
2 = 89 - | *Y .
L] R © 7|E}) palm ol E R D0E - 00 &

Wo#Ad dE ASel 2R sHm,  uwoleduxe
& AT & gor, B3 7 B9 % 2
solg CFP g ol §3ke] J4+E47A9 CFP

2
ENY & glom, 74 g FY 2 E B sdE B4l
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A4z

ol

EaA= Y Aol 83

—_—o

(23 4-11] Blo| 20l X| LS H K| 2] ctAH/F &= H CFP M &
3. HIO|2HE HECHY CFP A4t |
SHE RS (CFP)
A Production LUC : 2§ 2z HE A
kg CO2 eg 3.74E-01 1.91E+00 1.07E-01 1.91E-01 2.58E+00
71§t EEEEE] 1.00E+00 kg
LB RES RYFE A WRUS
_ N HepEy CFP
Fe 23 B L ¥ M) Fesdstock - 28 aza
525 ERE] (832 F1EE) paim ol () kg 3.92E-01 2. 00E+00 1.12E-01| ©.00E+00
A Haps kg O.00E+00 Q.D0E+00 Q.00E+00| ©0.0CE+DO|
hE] Mepis kg 000E+00 | 0.00E+00 0.00£+00| 0.00E+00)
R Heps kg QOCE+00 | O.00E+00 0.006+00| ©.00E+00
R Methanal kg 7.97E-02 3.51E-08 0.00E+00| 0.00E+00)
ST Phosphoric add (industrida grad) kg 8.12E-04 4.32E-D6 0.00£+00| 0.00E+00
S5 water (deionized) kg 1.37E-08 1.94E-08 0Q.00E+00| ©.00E+0Q
7 Meplg kg 0.00E+00 0.00E+00 0.006+00| 0.00E+00|
228 £ 3 (deionised) kg 1.05E-03 1.48E-06 0.00£+00| 0.00E+00
EEE Haglg kg 0.0CE+00 | O.00E+00 0.00E+00| 0.00E+0Q
CEE w7l kg 1.67E-D4 9.51E-08 0.00£+00( 0.00E+00
Ek AL Nm3 467E-04 1.86E-07 Q.00E+00| 2.16E-03
L Meapl§ kg - 0.00E+00 0.00E+00 0.006+00| 0.00E+00|
HES HE upol g oy kg 38.0
25 =4 kg 19.0
24 @ gy kg 00
=4 EEEE] kg 00
R4 @A kg 0.0
37 H gl m3 - 3.26E-05 456E-08 0.00E+00
EE 22y H715 kg 1.10E-03 7.83E-08 0.00E+00
=7 HES =715 kg 0.00E+00 0.00E+00 0.00€+00
EEEET Carbon dioxide, foss kg OO0E+00 | 0.00E+00 0.00E+00
CEEF] Carbon dioxde, non kg 0.D0E+00 0.00E+00 Q.00E+00
CH 7| o Carbon dicxide, from kg 0.00E+00 0.00E+00 0.00E+00
CH7 | df diowde, to sod or bioni kg O.D0E+00 Q.00E+00 0.00E+00
CEE] kg 0.00E+00 0.00E+00 0.00E+00
EEEE kg 0.00E+00 0.00E+00 0.00E+00
EEEF kg O00E+00 | 0.00E+00 0.00E+00
oA A7SE-01 2.00E+00 1.126-01 216603
e E -] = g- A =
1.2 HIO|20LX] S H M=S=E 27l AF IS
S EE RYulEEAE CFP BAE 39 <39 Ax (AEEYW @
)" e FYAEE 948 FHoA dE€E AFH FAEY 9F #E Vo E A7
o B9 AAE AT ANAT AFH RE A4 @ TF AA T AF
g g9 JAAE VEeER UAE/FEUHIEERE CFP &4 %9 72 dAE Ik
CFEPZkoll Al “AF” o sidst= &7 FsHCFP) g2 ALtal &t
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0E+00| 216603
E-D 0.00E+00 0| _oooE+00 Es =29 L) e e L)
HE Hol2 o M 3.80E+01 95.4%
245 ok k=1 MJ 4
== u% o M .
=5 T == [ 0E+
=i TE o [ OOE+

0.00E+00 0.00E+00

4.75E-01 2.00E+00 2.16E-03 259E+00

o] 7lEg HpolduA AT AF 9 9IS
Hlo] o 2] A4t 71&S vHlu-Rristua & uw &8
ALEdHF JHE E ¥ ®o dFstd A
Hio] @ oA AJ4E 717t vlavt 7Hsshh

2. AMEZ2[0]E] L} Backdata &2| 7|5

Hlo] e oA ©AEAS AlEHlE AdAE AEE dvoleds Ee AL 7€)
FgslElo) AlEEoEH Js ol el A$, F 670 Sheetz2 FAHO Sl
Backdatag &8&8< <+ ot BrtstaA S
A-R2AA, oA, FHEE, AV|E/HS, %5 S8 2 UEE 59 TRE TF
F7F T F Uk

% 67019] Sheet & GWP(EA3} Q1Ah, &5 AE 2 #H7E A9 45 3%olA
A v} Qlerm=z wlEA S, LCI DB ¥ A4 A4S 93 247t 7228 gghy

offoll 2rd sttt

2.1 Feedstock LCI DB F7} 7|5

“DB.GHGH &A15~” sheet= AMEL #Hlo]l2 FUs5e ot LCI DB7F FEEFH
AEHCIH Wl FUEE FTEIH+= A AHES 4 Atk LCl DB uYERdE
EZ2 3 E(elementary flow) & 247l JQHIEZ ) HAlE 247l EHES 7|E0=2
st WjEAFE AAAN 7= o ARSI (1" 4-13).
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RIAT ErASXIR APY AlBEolE Tase |

[Z212] 4-13] Feedstock LCI DB &7} 7| Sheet

palm oil refinery operation | palm oil, refined | Cutoff, 5, MY(22| 0] A|0f)

[ L] [ 1.0 [kg |
| Ll | Ecoinvent 3.8 |
A7t 2240|4jo
am BU7= HEAT
IPCC 2006 IPCC 2013
palm ail refinery operation | palm oil, refined | Cutoff, 5. My(R 20| 410h| Total 3A3E+00 3.50E+00]
palm oil refinery operation | palm oi, refined | Cutoff, 5, MR 0] Al Ofy fossil B.O4E-01 S.0BE-01
palm il refinery operation | palm cil, refined | Cutoff, 5, My | 0| A0t biogenic removal OL.00E + 00/ 0L00E + 00|
palm oil refinery operation | palm od, refined | Cutoff, 5, MY 0] A OfY biogenic emission 2.61E-01 348E-01
palm il refinery operation | palm o, refined | Cutoff, 5, MR 0| AIOH] LUC remaoval -2.57E-02| -2.57E-02]
palm oil refinery operation | palm oil, refined | Cutoff, 5, MY 0] Al O] LUC emission 2.04E + 00| 2.04E+00]
palm il refinery operation | palm ol refined | Cutoff, 5, My 0| A0k ather 2,60E-01 2.23E-0
palm oil refinery operation | palm oil, refined | Cutoff, 5, MY(E0l4 0p| 5= 343E+00] 3.50E+00|
0.00€ +00) 0.00E +00|
GWF value
Flow Category Property Unit Classification Amount IPOC 2008 PoC 2013
Carben dicwde, |Elementary flows/Resource/in air Mass kg biagene remaval 4726400 0.006+00) 0.00E +00|
Carbon dicxide, {Elementary flows/Emission to air/flow population density Mass kg fiogsil 5.56E-01 5.56E-01 5.56E-01
Carbon dicxde, |Elementary flows/Emission to airflower stratosphere + upper troposphere Mass kg fossil 4.10E-06 4. 10E-06 4. 10E-06]
Carbon dicxide, {Elementary flows/Emission to air/high population density Mass kg fiogsil 1.18E-01 1.18E-01 1.1BE-01
Carben dicosde, |Elementary flows/Emission to airjunspeciied Mass kg fossil 1.74E-01 1.74E-01 1.74E-01
Carbon dicwide, |Elementary ission to airflow population density, long: Mass kg fiossil 1.02E-03 1.02E-03] 1.02E-03]
Carbon diexide, |Elementary flows/Emission te airjlow population density Mass kg LUC emission 1.09€+00 1.09E +00) 1.09E +00|
Carbon dioxide, {Elementary flows/Emission to air/unspecified Mass kg LUC emission 9.35E-01 8.35E-01 9.35E-01
carben diexide, |[Elementary flows/Emission te sirjlow population density Mass kg biagene efmisson 365E-03 0.006+00) 0.00E+00|
HCarbon dicodde, |Elementary flows/Emission to airfunspedfied Mass kg bingenic emizsion 1.43E-03 0.00€ +00| 0.00E + 00}
carben diexide, |Elementary flows/Emissian te airhigh population density Mass kg biagene efmisson 7.03E+00 0.006+00) 0.00E+00]
Carbon dicodde, |Elementary flows/Emission to soil/agriculbural Mass. kg LUC removal 1.28E-04 -1.28E-04 -1.28E-04)

2.2 R/ MEEY 24TIA WiEAIe 3Tt Jls

“H] &A= sheetoll M Hlol Loz FUAR(EAA), FAA, &4, FEE, Ay,
H7|E¥ AEH LCI DBHo| A =Eo] Aot “DB.GHGHlZA| 4" sheetoll A1 IPCC 20063}
[PCC 2013¢] =247}~ wi&A45 ZF LCI DBe] GHG &4 & &3t A4k feedstock
production®} EX|o]&M3zle TEE 247l wEAl5 AFgko] EYASEEHE A5
AH(2E 4-14).

[O2 4-14] FAAIEEY 247tA BEAT AL AME

CF | FU [ wnit ZH7IE WEAE
IPCC 2006 IPCC 2013
DB name Toed T
Total 5 Total c Lc
- - - - - - - - | preductio - -
bamboo, (ILEE E& EHE M (BF) (E) bamboo(tiLiZ & EHE 2 1 1 kg kg 0.00€+00 0.00E+00) £ +00) .D0E
maize grain, &7 PE (HEHELY maize grain production | maize grain | Cutoff, 5, AR 1 1 kg kg 1.18E+00 3.07E-01 11BE+D0| 2.B7E-D1
maize grain, &5 W 015) maize grain production | maize grain | Cutoff, 5, US 1 kg | kg 441E-01 441E-01 4.256-01 4.256-01
i He P (B2 markst for maize grain | maze grain | Cutoff, 5, BR 1 1kg | kg 277E-01 277E-01 2.62E-01 261E-01
potato, E=) potato production | potato | Cutoff, 5, CN 1 1 kg kg 263E-01 263E-01 252E-01 252601
potato, &7 (0|=) potato production | potato | Cutoff, §, US 1 1kg kg 1.52E-01 1.52E-01 1.46E-01 1.45E-01
potato, Z* (3= 71Ef) potato production | potato | Cutoff, 5, Row 1 1 kg kg 147E-01 14TE-D1 1A1E-01 1A1E-01
rye grain, SE (312 7IEH market for rye grain | rye grain | Cutof, 5, GLO 1 1 kg kg 7.20E-01 TAGE-01 6.906-01 6.89E-01
molasses. from sugar best NES S F12] 7| |(#R2 IEF) molasses, from sugar beeti MBS S ) [ 1 kg [ 0.00E+ 0.00E+00) 00E 0.00E+00)]
vinasse, from of sugar beet ERE[ 7[E vinasse, from of sugar beet 1 1 kg kg 0.006+00 0.00E+00| 0.00E 0.00E+00]
sugar beet, ISR @Y 7[5 sugar beet production | sugar beet | Cutoff, 5, Row 1 1 kg kg 4 60E-02 460E-02] 4.236-02 423602 5|
barley, 28] (2% 7|Eh barley production | barley grain | Cutoff, 5, Row 1 1 kg kg 5.06E-01 5.06E-01 4 79E-01 4 78E-01
barley, B2/ (FJLICH barley production | barley grain | Cutoff, 5, CA-QC 1 1kg kg E.43E-01 B.42E-01 5.04E-01 5.03E-01
corn, B3 (9 7|ER sweet corm production | sweet com | Cutoff, 5, RowW 1 1kg | kg 3.08E-01 204E-01 3.00€-01 1.85E-01
com, &= (03] sweet corn production | sweet com | Cutoff, 5, US 1 1kg | kg 1.97E-01 195601 1.B9E-01 1.B7E-01
an odfcrude], CHE % 2] 7|EH soybean meal and crude od production | soybean oil, crude | 1 1kg kg 8.16E+00 9.98E-01 B.12E+00)| 9.46E-01
an odlcrude), &718 #42] 7|Eh soybean meal and crude od production | soybean oil, crude | 1 1 kg kg 8.16E+00 9.98E-01 B.12E-+00] QASE-01
palm oilicrude), DI AEH (HE 7|EH paim ol mill operation | palm oil. crude | Cutoff, 5, RoW 1 1 kg kg 1438+ 4.08E-01 1.40E +00| 3.TTE-0
rape oil, FH% 212 71ER market for rape oil, crude | rape oil. crude | Cutoff, 5, RoW 1 1 kg kg 1.TE+ 1.70E +00) 1.60E+00| 1.50E+00|
cottonseed oil, B # 32 7|Eh market for wil. crude | cottonseed oil, crude | Cuto| 1 1 kg kg 2.20€+ 1.92E+00) 2.14E+00| 1.8TE+00|
Corn gran, s HU (OISHELY maize grain production | maize grain | Cutol, 5, AR 1 1 kg kg 1.18E+ 3.07E-01 116E+00)| FOET
Corn grain, ¥pe S (01%) maize grain production | maize grain | Cutol, S, US 1 1kg kg 441E-01 4 £1E-01 4.25E-01 425E-01
Corn grain, S+ B & (B5E) market for maize grain | maze grain | Cutoff, 5, BR 1 1kg kg ZT7ED1 27701 262E-01 FEE
barley. BE) (54 barley production | barley grain | Cutoff, U (copy) - LTI, ke (m 1 1kg kg 506E-D1 5.06E-01 473E-01 478E-01
Palm Fatty Acid Distillate(PFAD, ®X|%4+ Cl&%2| |fatty acid production, from palm oil | fatty acid | Cutoff, U (cod 1 1kg kg 2.??:15] TA3E-01 2.75E+00| 6.B5E-01

Hio] QoA &A= Al &g olE 7EA= FF & Sheetol “DB.GHGHlEA|5” sheet&
ggste] Frbetaal sk AARA, RFAA, *F, FEHEH, AU, #HrlEel tig 247k~
WEATE At o] E AREAL sheetol]l AAE & A&
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3 2&7IA J|E=XE FIt 7Is

“2A7}2~ 7|Z2AR” sheet= IPCC 7lol=gkel 7]+ Z|EwjEAI+= d5¥ CO,; CHy,
N:O BiEAlet A5l & 297 FE7F dgEo] ok o] wiEAs A E e Greenhouse
gas protocol?] EASAFE ALESt, Ad8E A4 BEAFE AHEE & Tk FF IPCC
7hol=gkelol A AAEL e ARUE WiEAFI AAHAY, 247t~ F %*é@‘rﬂ]—rﬂ
WAIFE7+E A9 B SheetE &8 & Yu}

N
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A 3 A ©xIAS AEHolE HF

= JiEE AEFolHERE ==d HloldyA @AEA= AlE#HClE I
g4 Assr] #std 7€ A9 CFP ZA3agts xAste HlugrtE
el ] o 24 PFADPalm fatty Acid Distillate) 7]8Fe] nlo]Qt]jAe] th3gH
WS A8 Ho Xu et al(20200620] Ax5 &8ttt =3, Al EdClH AREAT}
Hlol 2oz AEA Y] EQbEE U EAdxAN e dF doly £3S 539
GtG dlole =ZAsta, AlE#EHCIEA 2t&¥ CFP e 3dsles AAHE FTAo=

7] &3 ATt

1. AIS20[E ZHES 95t PEAD 7|t HIO|SCIR AjAF 7|2

1.1 S7HY = AA-ZEA
AEdHeHERE 228 A 3
g8 wel o JswslE km Fd A AEH

A o5t e

7HE sk AlEEolE ol
ojedqA AF(AA)o =

H
ot

s

B>

o

L

X

A

i)

H

Y

2

r =
I

= o

Hlo] Qx| Al 2~EIAA = AlE#HolE o] &EH Cradle to Gravest EU3 A 2HAA S
HE3 THE ZAEATY. 2HXAE Fo5le Al EdHCCIHS Y A=EAAE HE3

3k 714k oA H}Ol Lold A gtz dagrel gk vugrt 23S A4 .

H. Xu et al(2020) & PFADE AR&3 nioletd e AAA d@Lda=g A AT
gdold AN=RBZAE H}Oliuﬁi(feedstock) A = f @A, %, vlol A
SR B ARR(AD)GAZIAIE 23T (29 4-15).

62) H. Xu, U. Lee, M. Wang(2020), “Life-cycle energy use and greenhouse gas emissions of palm fatty acid distillate derived
renewable diesel” , Renewable and Sustainable Energy Reviews, Volume 134
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SEIAALE] FHE QIO BAEAT J|H 247t HiEY M4E 2 Y

el

__I.L

[O12 4-15] PFADE AbE7¢eh HIO| | " A|AEZAA

/ Induced land use change /

Fertilizer
Energy

v

Palm plantation

Transport of fresh
, fruit bunch
& L

Electricity/heat
Energy > > Palm oil mill

———— Empty fruit bunch and POME
Cogeneration - i -
Fibers/shells T[anspon of crude palm Substitutes
for PFAD

and palm kernel oil
. v

(allocated)

Palm kernel expeller W

Energy = P il e _/ PFAD use in non-
e g SN . "/ biofuel indust
Chemicals (physical) 3
= Refined palm oil ]
Transport of PFAD \ (allocated)
E Renewable diesel
“nerg
NETBY —— production -
Chemicals (pretreatment & gl Propane/naphtha 1
hydrotreatment) K (allocated)
Fuel transportation
& distribution
Enegy g End uses

=] : H. Xu et al.(2020)

PFAD+= crude palm oil FAFAA WA= F4HE(co-product)el ™, S 7]|Fo0F
FFA(Free Fatty Acid) 80% o]/, triglyceride ¢F 5~15% o= FAEHo <ttt PFAD+=
crude palm oil AA&4 el =22 ol oA TSy wfEoll s4sha FA|lF7 ol
His] ooz vt AAHE 2 =2 ol FE(yieldS S F A7 W A MA F
d FA&9 90% ool =84 T8-S A&t PFADE A4kt gl

1.2 Fi/AHE HIojE

PFADE AF&3F nlo] oAl Aaky AL AA 2 (pretreatment) 3 <=3 A 2] (hydrotreating)
TAS B3 AET 2AME Edo vERd vlol et A A4EA GG HlolEE AE-ste
lkg PFAD 7]®F wlolotdl A4k Al EYtEEE o2 et o, B e
27Me] FA4o] AAEH JorE FAHES Foto AAFAHAA FY & AEHE HoHE
Heksle AS FsATH
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M4% EtaRAt=

8 AlE20lH Tdeig

<E 4-1> PFADE AE%t Hlo| 20| H Mi=H GtG HlolH
=29 = T2

Pretreatment
Inpouts
Raw PFAD kg/kg RD 1.21
Bleaching earth ka/kg RD 0.003
Electricity kWh/kg RD 0.0139
Natural gas MJ/kg RD 0.657
Outputs
Treated PFAD ka/kg RD 1.18
Solid waste kg/kg RD 0.03
Hydrotreating process
Inputs
Treated PFAD ka/kg RD 1.18
Hydrogen ka/kg RD 0.038
Electricity kWh/kg RD 0.106
Natural gas MJ/kg RD 0.025
Process water ka/kg RD 0.208
Outouts
Renewable diesel kg 1
Bio—propane ka/kg RD 0.061
Bio—naphtha ka/kg RD 0.005
Process aggregation
Inpouts
Raw PFAD kg/kg RD 1.21
Bleaching earth ka/kg RD 0.003
Electricity kWh/kg RD 0.1199
Natural gas MJ/kg RD 0.682
Hydrogen ka/kg RD 0.038
Process water ka/kg RD 0.208
Outouts
Renewable diesel kg 1
Bio—propane ka/kg RD 0.061
Bio—naphtha ka/kg RD 0.005
Solid waste kg/kg RD 0.03
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I SEIAALE] TS Qo BAERT J|H 247t HEY AE 2 Y AT

(i 4-1>¢] PFAD A}& ntoletd AaxAd FdAEE 5 2 HHE FFE&
AEFHOIH Y FEAAEE 49 3o gt (19 4-16). A==+ vtol2dAd 9]0
BAFE(co-produc) 2 Hlo] X 233}t ulo] QA At oy g JFE g9
Ag3l7] 9t AEIF TS A AT BAEE 1FATIEY BF

BA
S R E R LR R

(O3 4-16] Hio|2C| ™ MaMz3H F-4HES ol
He|gsg
u = SxXIH O A
T2 =TT =1 oHY == '?._-"%'EJ[MHI(Q}
SUE AL Palm Fatty Acid Distillate(PFAD, kg 1.210000
2AR}TH Hemgls kg 0.000000
2AR}TH Hemgls kg 0.000000
2AR}TH Hemgls kg 0.000000
2AR}TH Hemgls kg 0.000000
2 M Hydrogen(liquid) kg 0.038000
S Sodium Hydroxide (100% 7|=) kg 0.000000
2 M Phosphoric acid (industricla grad kg 0.000000
SRR Hemgls kg 0.000000
2E2E £ <(deionised) kg 0.208000
SEZE Hemgls kg 0.000000
TEES] HATpA Nm3 0.014956
RS 7 kWh 0.117780
RS e kg 0.000000 -
HEE HE Hpo|2 o)E kg 1.000000 37.5
EMNE HHO|2 ZET kg 0.060100 46.4
=Y HHO| 2 LA kg 0.005200 44.9
Ri= IE Uy kg 0.000000 0.0
Ri= IE Uy kg 0.000000 0.0
IS He way m3 0.000000
H7 = A70/0§2 H7|2 kg 0.030000
H7 = nEe 572 kg 0.000000
CH7IHES Carbon dioxide, fossil kg 0.00E+00
CH7IHES Carbon dioxi kg
CH7IHES kg
CH7IHES kg
CH7IHES kg
CH7IHES kg
CH7IHES kg
24

AL F 71 vpol e, Hiole e, Hlo] gAY fA RS I U&= 92.5%,
6.9%, 0.6%= Z+7 YEFSTHCEE 4-20).

<E 42> MEBY BAPS 2T QX
NEE R E el 2 [ FHu(%)
HZ Hio| 2| A MJ 3.75E+01 92.5%
= Hio| 2 = = 1t MJ 2.79E+00 6.9%
= HEO| 2 &f At MJ 2.33E-01 0.6%

63) Engineering ToolBox, (2003). Fuels - Higher and Lower Calorific Values. [online] Available at:
https://www.engineeringtoolbox.com/fuels-higher-calorific-values-d_169.html 2022. 11. 01 #<
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2. gu} HwE Sot AS

2.1 ANZ0|EIE &8st BIALUXT AF Hut

O::

S

M%ﬂﬂﬂﬂ~?“é%&?ﬁﬂ£%-hi.§ "ol ety o] &<l PFAD 4
A A e AT B o lkg Hlelet A gL 71% <F 3.29kgCOs-eq7t A3}
Aoz Yelgt I F  PFADAARe]  @s<l Palm AjuiEgelA  EAYS)

EXxo]gH3(Land Use Change, LUCO)Z 13 WA E = 2471~ wjEo] A5t H| S

(

o

|

ok 70%E

=7

o -

LHEFSETE
oA palm tree 8 A4k=g<l
EXxo]l gz #H 247t~ wjEo)
EXolgHslE A%t =& vadAs ARHSE

ol o
Lo

Palm <&

a3Es

R DR
Do) Aot} QlEu Aokl A palm AHIE 215hed
wg ks

(38 4-17] PFAD M =ttA CFP

[3. HIOI2 @& MZTH cFp A4

|

EELEE
AR ARE 2L T 5 Yk

!

we Avg W@k

=
A& 0B

HEHA

TLEX=(CFP)

Feedstock production

Production

LuC

2%

24
3.22E+00

kg CO2eq

7.48E-01

2.26E+00

0.00E+00

7| = CHe
/|5

50|12 g

kg

Hio| 2 C|’8 Tkg HE(EY) A BH2EAEE & 3.22E+00 kg COeq7t EEELIC

(19 4-18]¢] “7]e} CFP” 39
NedEs B FATH EYHE
EF © 1 (0.088kgCO2-eq./kg H}ol 2TJA), o5
A Akell gk CFP(0.082kgCOs-eq./kg H}o] 2T A),
Hhol 9Tl A) F¢f <o Uyttt

Uebd mlejend Aakbzgel i Fd=d
T & CFP7F M=o A
o8 A}t TR AEHE
1= A2 5780.02kgCOz-eq./kg
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HuzEy YA crp IEt crp
== g -
S22 = T EMI/ka) j::m: Luc 25 Total es HREs
Palm Fatty Acd Distilate(PFAD, 3 kg 1.130000 - 8.0BE-01 2.44E+00
Huns kg 0.000000 ] ]
Huns kg 0.000000
Huns kg 0.000000
Huns kg 0.000000
Hydrogen(quid) kg 0038000
Sodium Hydroxdde (1005 71E) kg 0000000
Phosphoric add (industrida grad kg 0.000000
Huns kg 0.000000
£ (deionised) kg 0208000
Huns kg 0.000000
Bk Nm3 0.014356
Lkl kwh 0.117780
Humg kg 0.000000 -
ulojg oy kg 1.000000 375
ulo|go ZEE kg 0.060100 464
uho|2 Far kg 0.005200 449
EERE kg 0000000 0.0
EERLE kg 0.000000 00
s wrll m3 0000000 -
22y =75 kg D030
HEs =715 kg [T
= o
kg
kg
kg
kg
kg
g LU ol L
8.08E-01 244E+00 | 0.00E+00 1.98E-01 O00E+00 | 3.24E-02

A5 AETEAY CFP 32 H}O]PLE] ds dAAste] lkm 3 Al ¢F 0.0006kgCOz-eq.7F
A= AeE Uyt A5 ARRDAE X33 PFAD 7|9k npeletd A3 CFP
2 0.277kgCOs-eq./km=zZ YElG o™, Exjo] &Mtz I3k CFP #ol ¢F 70%, feedstock
AATA o] 23%, vlo]l T A A ZF Ao 6%E AA| = AR YERGTH( 1™ 4-19)).

[22! 4-19] PFAD ALE Hio|2C|” Mutd CFP

725 CFP B (HIO[2 vs. 3} 7]%h |

72 ER HEE AREHE=)
Feedstock production kg CO2eq/FU B.44E-02
Luc kg CO2eq/FU 1.04E-01
2% kg CO2eq/FU 0.00E+00
HIETHH kg COZeq/FU 1.79E-02 3.54E-02
ARSEHA kg CO2eq/FU 5.51E-04 2.34E-01
ZA kg CO2eq/FU 2.77E-01 2.70E-01

2.2 EAYXE Hlw Zat

ANEgolEA 2+EHE wloleriAel CFP #< H. Xu et al(202009] <ol A<
Hlo] @ty CFP gt vlalE $13ke] “IMJ vlo] 2t & CFP(ECO.-eq)” 2 FHatalitt.
(1% 4-20]] JYERY AT o] H. Xu et al.(2020)¢] PFAD 7]ub nlo]er)al CFP 44
ATk 30.6gCO-eq/MIZ AAHAUT. B Aughols Exolgwsie}l AUE 2471~
WET AARel TEEA wgEd, ExXolgws BE eavtx wWEHE AHiE
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R4 ELAURIE A AIHO0|E Taug |

wdd ALgE Wl mdd 9 xpolZ s IMJ Bio]eu)Al - 29-231gC0q-eq. .o
ztol & Hol7] wFoltt. webs, AlEw ol PFAD wvio]etjAd CFPete] A4z vuE
el EXo] W3t #H 247t~ viEFS AYsta Skt

I AT H Xu et al202009] SAFolAle] CEP Z& 30.69C0-eq/MJE Lpebstom,
ANEHolE A= CFP #< 28.1gCO-eq/MIE FAS AF}E RHolmg H AFoA 73
Al E#olE 7t Etdsitta ddETh

ohuk, 2.5gC0z-eq.2] CFP gt =fo|7} whAstE 71 222U 4de Al E#elE 9 H Xu
et al.(2020)2] A-ollA A8 PFAD Aj4kol tigt LCI DB7}F th2 ool Sttt AlE#Ho|E
A8 PFAD A§4ke] tig LCI DBlX & @do] A& &3kA9, H. Xu et al.(2020)<]
ATl AE PFADZE AJ4tElo] wiolot)All AiFAgo] FYH7] ol FAANA G
by-product ¥ co-productel] thgh &o] H-&EA7] il

[Z12l 4-20] PFAD H}o|2C|® CFP H|1

30.6

000 28.1

25.00

- 2000
=
=
ig- 15.00
o
o
Q
< 10.00
5.00
0.00
GTC Al 229 H. Xu et al.(2020)
m Feedstock production mE% =X IO MZCHA

2.3 HITEIIE BIALXS AlE2|0|E 1k

71¥ LCA AlEd#olE tiH] & dAFolA /HEd AlEdolEe axAS A7 st
(E 4-Dol A AAT vlo) oA Aty Lol EQ/AMEES B A EHolE 2 SimaProol
dEste] 2QAS V|EoE FAAAS YFsuA FPTE B AEFolEHE &85l
Angs wEete dde o s‘ﬂo] 425900, SimaProg ¥4 A o 15%o]

28go=2X M Ao Ae @5T 5 ATk SimaProd] A% AA oy ¥ F
LCI DB ¥Z2<& #sl DBE 7&*—‘46}1 o1& -2“%6} o dode=z g2 FE AR
2857 wEolth. webx & Aol IR AlEdEClEzE A NEE A= W&
AEHCIH HT nlo] oy X] 7] tishe] F/PNQX}*—? A Al mapA ol AekET
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A2 dEFFAY

A 22PA Rl 7 7HA Fa A B gadte AlEEolHE MAdstaat stk
, @A g vlol o x] gRAUAts Al E# oY 1 Esloltt. oA A
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EEHZALE &l &S HIO|L DHAR(SA HE) i A F F/AME e[AE(QF
TR | METE F2 =2 (F/MEE)
sawdust, wet, measured as dry mass
F2 2 |shavings, hardwood, measured as dry mass
(Feed) |shavings, softwood, measured as dry mass
wood chips, wet, measured as dry mass
Eol2 maize starch
(inputs) &R |packaging film, low density polyethylene
lubricating oil
electricity, medium voltage
s Elg|g| |heat, central or small-scale, other than natural gas
Water, unspecified natural origin
= wood pellet, measured as dry mass
dEg | THE |-
(outputs)| 7|2 |waste mineral oil
CEE
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HIOIIHA S HIOIQ TUOIR (SH B MNE 9IS SQ/NE o=
<Hlol]2 AR - =X H3l(wood pellet)>

T |MHMETE gF (F/HES) T =
sawdust, wet, measured as dry mass 0.57 kg
o= shavings, hardwood, measured as dry mass 0.15 kg
e shavings, softwood, measured as dry mass 0.15 kg
wood chips, wet, measured as dry mass 1.30E-01 kg
Eolz maize starch 0.005 kg
(inputs) | =e1z packaging film, low density polyethylene 0.00228 kg
lubricating oil 8.40E-05 kg

electricity, medium voltage 0.096 kWh
FE 2 El heat, central or small-scale, other than natural gas|(0.11232 MJ

Water, unspecified natural origin 3.00E-05 m3
A2 wood pellet, measured as dry mass 1 kg
(outputs) waste mineral oil 8.40E-05 kg

— 168 —




<E1> SHZAIE S5 THE “Hl0|27IA" Y& Al T2 S

TE | METE F2 =2 (F/MEE)
sawdust, wet, measured as dry mass
e
(Feed)
silage
solg
(inputs) | FRE |-
electricity, low voltage
S el 2|g| |heat, district or industrial, natural gas
Water, river
= biogas, from grass
HAE | protein feed, 100% crude (7= ALZ) / grass fibre
MEE , . .
solid residues to landfill
(outputs)| m|7|=
raw digestate
H = wastewater from grass refinery
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Faz

(Feed)

biogas

= [=]
Fe=

(inputs)

4
o
ki

monoethanolamine

silicone product

potassium hydroxide

sodium chloride, powder

chemical, organic

charcoal

lubricating oil

activated carbon, granular

steel, chromium steel 18/8

calcium carbonate

nickel

nitrogen

rape methyl ester(RME)

sodium hydroxide

sulfuric acid

zinc oxide

zeolite

um

2| El

0

electricity, low voltage

heat, central or small-scale, natural gas

light fuel oil

compressed air, 800 kPa gauge

tap water

biomethane, high pressure

HE=

(outputs)

heat(waste)
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ISHTPNIEE HIOIQUHAE HIOIRJIA X HIOIR HIEIA AMAIZ QI3 EQI/AS o=
<Hfo|27JtA MM - grass ALE >
T2 | MEFE g (F/ttESE) e =
T/l =2 |grass, Swiss integrated production 0.3164 kg
2ag2 |-
Fe= —
_ electricity, low voltage 0.0649 kWh
(inputs) S El2|E| | heat, district or industrial, natural gas 1.0655 MJ
Water, river 0.0015 m3
biogas, from grass 1 m3
MEE
wastewater from grass refinery 0.0013 m3
(outputs)
Water 2.31E-04 |m3
<Hjo|2 H|EHJ}A M A by amino washing>
T2 | MEFE g (F/ttESE) e =
=22 |biogas 156492 | m3
monoethanolamine 1.23E-04 | kg
silicone product 3.64E-04 |kg
B2 = |sodium chloride, powder 9.29E-05 |kg
= o) o chemical, organic 2.64E-05 |kg
T H=
_ charcoal 6.97E-04 | kg
(inputs) —
electricity, low voltage 0.116 kWh
heat, central or small-scale, natural gas 3.85E+00 |MJ
FE2lEl |light fuel oil 2.79E-06 |kg
compressed air, 800 kPa gauge 0.00148 m3
tap water 7.58E-05 |kg
biomethane, high pressure 1 m3
Heat, waste 415 MJ
AMNE2 Carbon dioxide, non-fossil 1.02346 kg
(outputs) Hydrogen sulfide 9.80E-06 |kg
Methane, non—fossil 4 20E-04 |kg
Nitrogen 0.05877 kg
Sulfur dioxide 5.52E-04 | kg
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<H}o|2 O|EFJIA M A by swing adsorption>

TE MET& g= (Fe/tE=) = o
T2  |biogas 1.56492 m3
charcoal 2.08E-04 kg
THE | sez [potassium hydroxide 398E-06 | kg
(inputs) lubricating il 150E-04 | kg
T E2[El | electricity, low voltage 0.185629 | kWh
biomethane, high pressure 1 m3
Heat, waste 1.28 MJ
AE2 Carbon dioxide, non—fossil 0.97457 kg
(outputs) Hydrogen sulfide 6.70E-06 kg
Methane, non-fossil 0.0086 kg
Nitrogen 0.04878 kg
Sulfur dioxide 6.60E-06 kg

<Hjio|2 O Et7IA M A by membrane technique>
T MEF2 g2 (F/MESE) = cHe
F2 &2 |biogas 1.56492 m3
activated carbon, granular 0.00214 kg
TUE Helz |steel, chromium steel 18/8 1.01E-04 kg
(inputs) lubricating oil 1.14E-04 kg
FE2|E| |electricity, low voltage 0.5745 kWh
biomethane, high pressure 1 m3
Heat, waste 1.28 MJ
AES Carbon dioxide, non—fossil 0.98872 kg
(outputs) Hydrogen sulfide 9.80E-06 kg
Methane, non-fossil 0.00442 kg
Nitrogen 0.05156 kg
Sulfur dioxide 6.60E-06 kg
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T TR = (FU/HES)
soybean oil, crude
palm oil, crude
rape oil, crude
cottonseed oil, crude
tallow, unrefined
= residual softwood, wet
(Feed) used vegetable cooking oil, purified
wood
straw
miscanthus
Palm Fatty Acid Distillate (PFAD)
citric acid
hydrochloric acid, without water, in 30% solution state
phosphoric acid, industrial grade, without water, in 85% solution state
sodium hydroxide, without water, in 50% solution state
=02 potassium hydroxide
(inputs) glycerin distillate bottom

sodium methoxide

residual softwood, wet

methanol

ethanol

hydrogen

el
o

Cobalt

Ferric hydroxide

Monoethanolamine

Nickel

Nitrogen

Selexol

Zinc oxide

filter ceramic

rape methyl ether

silica sand

quicklime
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iron chelate

m

S

0
fl

electricity, medium voltage

heat, district or industrial, natural gas

heat, district or industrial, other than natural gas

water, deionised

tap water

water, cooling, unspecified natural origin

steam(based on natural gas)

steam(based on biomass)

steam(based on coal)

HE=

(outputs)

M=

fatty acid methyl ester

4r
=
Mo

glycerine

propane mix

57| =

municipal solid waste

o

wastewater(from residence), wastewater(average)
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<Hfo|2cC|® - of5(soybeans)>

FE | MERE g2 (R/MEE) +2 | et
F# =2 |soybean oil, crude 0.88699 | kg
citric acid 6.53E-04 | kg
hydrochloric acid, without water, in 30% solution state| 0.038906 | kg
om gggfpsrg?algona%%temdulstrlal grade, v‘vr[hout water, | N 5 69E-04 kg
. = :toadtgm hydroxide, without water, in 50% solution 8.72E-04 |kg
(l_'_m%fs) sodium methoxide 0.020723 | kg
methanol 0.081521 | kg
electricity, medium voltage 0.006807 | kWh
heat, district or industrial, natural gas 0.24824 MJ
e el El heat, district or industrial, other than natural gas 0.515359 | MJ
tap water 0.011281 | kg
AE = vegetable oil methyl ester 1 kg
(outputs) wastewater, average 3.88E-05 | m3
<Hjio|2C|H - H 2(palm oil)>
T& | ARETE gx (Fa/atE=E) k=i =
=22 |palm oil, crude 0.92975 | kg
e gggfpsrg?algonacs%temdustrlal grade, without water, in 0.004162 | kg
=" | potassium hydroxide 0.01027 | kg
methanol 0.102738 | kg
(l"‘nﬁ% electricity, medium voltage 0.002554 | kWh
heat, district or industrial, natural gas 0.799592 | MJ
sgalg tap water 0.013037 | kg
Water, cooling, unspecified natural origin 2.87E-04 | m3
vegetable oil esterification facility 8.45E-10 | Item(s)
Carbon dioxide, in air 0.200362 | kg
vegetable oil methyl ester 1 kg
AlEE wastewater, from residence 5.66E-05 | m3
(outputs) Water 1.11E-04 |'m3
Carbon dioxide, non—fossil 0.274659 | kg
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<Hjo|2C|HE - 7z 22 (Rape oil)>

&2 | MREFE gx (Fa/atE=E) k=i =
™= |rape oil, crude 0.92999 | kg
gggospsr;%ltcisonac;%temdustrlal grade, without water, in 0.004154 | kg
glycerin distillate bottom -0.00825 | kg
THE | potassium hydroxide 0.010278 | kg
residual softwood, wet 9.64E-10 | m3
Fe= methanol 0.102813 | kg
(inputs) — ,
electricity, medium voltage 0.001553 | kWh
heat, district or industrial, natural gas 0.82037 MJ
tap water 0.013481 | kg
wEe El , " —
Water, cooling, unspecified natural origin 2.87E-04 | m3
vegetable oil esterification facility 8.45E-10 | Item(s)
Carbon dioxide, in air 0.130885 | kg
vegetable oil methyl ester 1 kg
MES wastewater, from residence 5.69E-05 | m3
(outputs) Water 1.31E-04 | m3
Carbon dioxide, non—fossil 0.205848 | kg
<Hlo|2C|™ - =34 22(cotton seed oil)>
T METFE g (F/MESE) = Eh =
T# E | cottonseed oil, crude 1.02463 | kg
mo= gfaciieum hydroxide, without water, in 50% solution 0.002262 | kg
Gﬁﬁ% electricity, medium voltage 0.002662 | kWh
e heat, district or industrial, natural gas 0.058767 |MJ
tap water 132.2966 | kg
vegetable oil refinery 1.08E-10 | Item(s)
__ cottonseed oil, refined 1 kg
((I)_L:t%utgs) wastewater from vegetable oil refinery 0.088499 | m3
Water 0.0649 m3
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<Hlo|2C|H - #H 427 (used vegetable cooking oil)>

T& | ARETE gx (Fa/atE=E) k=i =

THE | used vegetable cooking oil, purified 0.92975 | kg

gggjpsrg?gtcizonacsgte|ndustr|al grade, without water, in 0.004162 | kg

potassium hydroxide 0.01027 | kg

cas ;oadtgm hydroxide, without water, in 50% solution 4.96E-07 | kg

sodium methoxide 5.73E-05 | kg

sulfuric acid 4.69E-06 | kg

Gﬁ;%t%s) methanol 0.102738 | kg
electricity, medium voltage 3.83E-02 | kWh

heat, district or industrial, natural gas 0.83544 MJ

tap water 1.51E-02 | kg

S Elg| gl | Water, cooling, unspecified natural origin 2.87E-04 | m3

water, deionised 5.92E-07 | kg

vegetable oil esterification facility 8.45E-10 | Item(s)

Carbon dioxide, in air 0.126056 | kg

vegetable oil methyl ester 1 kg

municipal solid waste 1.30E-06 | kg

(c%t%m%s) wastewater, from residence 5.66E-05 | m3
Water 3.02E-04 | m3

Carbon dioxide, non—fossil 0.200362 | kg
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woody residue
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(inputs)
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HFO(heavy fuel oil)

Magnesium Oxide (MgO)

Olivine

Tar Reformer Catalyst

Zinc Oxide (ZnO) Catalyst

FT Synthesis Catalyst (Co based)

Hydrotreating Catalyst (sulfided CoMo or NiMo)

Hydrotreating Catalyst

Isomerization/Hydrocracking Catalyst

LO-CAT Chemicals (Z20|E=st H S94)

Amine Make-Up

Boiler Chemicals

Cooling Tower Chemicals

Natural gas

Coal

Diesel

Hydrogen

Electricity

Water

Marine bio diesel

HE=

Pyrolysis Qil, Jet, Gasoline, Propane, Naphtha, Wax, Hydrogen

(outputs)
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SHIDNISE HIOIQIHA Y HIOIQR MU MAIZ QI3 EQI/AS 32
<Hjo|2 MEtR Mo - 57 MMI[=H>
AN ] 32 (FY/MEE) ©%l| BTL | GBTL| CBTL| YG | "o
=o = yellow grease kg 0.0304 | 1.20E-02
e Woody residue kg 10.108 0.0238 | 0.0353
HFO MJ 5.10E-01
Magnesium Oxide (MgO) kg | 1.3E-05 | 2.9E-06 | 44E-06
Olivine kg |0.00031 |6.8E-05
Tar Reformer Catalyst kg 1.3E-05 | 5.6E-06 | 1.4E-05
Zinc Oxide (ZnO) Catalyst kg |3.4E-06 | 2.2E-06 | 1.9E-06
Egsed?ymhes's Catalyst  (Co o | 25606 | 1.35-06 | 14506
Hydrotreating Catalyst _ _ _
_ | =®a= |(sulided CoMo or NiMo) kg | 32806 | 265-06 | 2.7E-06
T}! Hydrotreating Catalyst kg 32E-06 | 3E-06
: Isomerization/Hydrocracking . .
(msp)ut Catalyst kg 5.2E-07 | 5.3E-07
LO-CAT Chemicals
(Zao|ESl & =oH) kg 7.4E-05 | 1.6E-05 | 0.00073
Amine Make-Up kg |2E-08 |54E-06 |53E-05
Boiler Chemicals kg |41E-07 | 1.1E-07 | 2.7E-06
Cooling Tower Chemicals kg |25E-06 | 1.1E-06 | 1.6E-06
Natural gas MJ 1.24 0.0791 | 856E-02
Coal MJ 0.836
o Diesel MJ | 0.00153 | 0.00125 | 0.00154
7= 2| El
Hydrogen MJ 0.564 0.0771 | 0.0508
Electricity MJ 7E-06 | 1E-06 |0.0112 |0.00847
Water m3 | 0.00017 | 5.5E-05 | 0.00035 | 0.00021 | 0.0002
M= Marine/Diesel MJ |0.180 0.140 0.180 0.110 0.180
) Pyrolysis Oil MJ
o= Jet MJ [0400 [0310 [0380 |0590 |0480
= :
(outpul = ALE Gasoline MJ 0.220 0.260
ts) Propane MJ 0.080 |0.080
Naphtha MJ |0.310 0.270 0.330
Wax MJ |0.120 0.090 0.110

* 570 M7= (1) biomass-to-liquid (BTL), (2) co-feeding biomass

(3) co-feeding biomass and coal (CBTL), (4) renewable diesel
yellow grease (YG), (5) yellow grease with HFO (YG + HFO)

- 182 —

and natural gas (GBTL)

from hydro-processing




AN
K

1> 2=

Ao

At

i

sof &5t

-
AT

HNEF=

Faz

(Feed)

poplar(bone dry)

Jatropha(husk)

Jatropha(fruit)

Jatropha(seed)

Castor(husk)

Castor(fruit)

Castor(seed)

camelina oil

algae derived oil

corn stover

switchgrass

short rotation woody crops

soybean oil

palm oil

rapeseed oll

= =
S =

(inputs)
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enzymes

sulfuric acid

lime

carbon dioxide (COz)

calcium carbonate

ammonia

nickel based catalyst

alumina based catalyst

clarifier polymer

corn steep liquor

Hexane

Phosphoric acid

hydrogen

sodium hydroxide

natural gas — to burner

natural gas - SMR(Steam Methane Reforming)

steam

electricity

Bio-jet fuel

HE=

electricity, renewable biodiesel, naptha, LPG, propane mix, wax

(outputs)

Gypsum, Ash
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HIOIQIHASE HIOIQZER WAS 9ot SQUME S
<Hjo|2&=® & - poplar(bone dry)>
T METE g5 (Fe/ttE=E) =) =
F2lZ | poplar(bone dry) 8.14E-02 | kg
enzymes 0.000683 | kg
sulfuric acid 1.46E-03 | kg
lime 1.51E-03 | kg
carbon dioxide (CO2) 0.000185 | kg
calcium carbonate 2.11E-04 | kg
Eolz 222 | ammonia 0.00103 | kg
(inputs) nickel based catalyst 1.74E-06 | kg
alumina based catalyst 1.02E-06 | kg
clarifier polymer 0.000047 | kg
corn steep liquor 0.00218 kg
sodium hydroxide 0.00194 | kg
natural gas — to burner 1.72E-03 | kg
e El
natural gas - SMR(Steam Methane Reforming) 9.66E-03 | kg
Bio—-Jet fuel 1 MJ
electricity 0.00254 kWh
CO2 - burner (biogenic source) 7.61E-02 |kg
CO2 - SMR (non-biogenic source) 3.07E-02 | kg
_ C0O2 - WWT (bio genic source) 1.14E-02 | kg
(&jtﬁfs) CO2 - Fugitive loss 2.06E-04 |kg
CO 7.26E-06 | kg
NOXx 7.26E-06 | kg
SO2 5.65E-05 | kg
Gypsum 3.97E-04 | kg
Ash 1.55E-03 | kg
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T | METE gE (FY/MES) T =
Jatropha(husk) 3.7122 kg
F2lz | Jatrophal(fruit) 10.4869 | kg
Jatropha(seed) 6.7747 kg
Hexane 0.01387 | kg
(Tnﬁtf) 2el2 | Phosphoric acid 0.0418 | kg
hydrogen 0.071 kg
steam 0.835 kg
e 2|El |electricity 0.6015 kWh
natural gas 0.0795 kg
Bio—jet fuel 1 kg
e Renewable biodiesel 0.017 kg
(outputs) Naphtha 0533 |k
LPG 0.259 kg
<Hjo| &= 7 Y&t - castor>
T2 | MEFE 3= (FYU/HEE) T2 et
Castor(husk) 6.6594 kg
Felz | Castor(fruit) 11.099 kg
Castor(seed) 4.4396 kg
Hexane 0 kg
a;&:tgs) 228 | Phosphoric acid 0 kg
hydrogen 0.071 kg
steam 3.0548 kg
& 2lEl | electricity 0.835 kWh
natural gas 0.0795 kg
Bio—jet fuel 1 kg
ANE2 Renewable biodiesel 0.017 kg
(outputs) Naphtha 0.533 kg
LPG 0.259 kg
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<E1> EEHZAIE Sl 755 HIO|Q0[ElE Mo Al T F/AME 2[AE(O
&2 | HMEFE T2 8= (F/uESE)
maize grain
potato
rye grain
molasses, from sugar beet
vinasse, from fermentation of sugar beet molasses
=z sugar beet
(Feed) vinasse, from fermentation of sugar beet
sweet sorghum stem
vinasse, from fermentation of sweet sorghum
cassava
barley
pampas grass
whey
ammonium sulfate
sulfuric acid
= ol = soda ash, light, crystalline, heptahydrate
TE=E inorganic nitrogen fertiliser, as N
(inputs) sodium phosphate
sodium sulfate, anhydrite
ammonia, anhydrous, liquid
sodium chloride, powder
chlorine, liquid
H2L2lg | |ubricating oil
ammonia
Calciumhydroxide
Magnesium sulfate
Sodium hydroxide
enzyme
alpha amylase
gluco amylase
cellulase
yeast
electricity
heat, district or industrial, natural gas
FEelEl [tap water
Water, cooling, unspecified natural origin
water, decarbonised
= ethanol, without water, in 95% solution state, from fermentation
tEZ | 2ME | Distiler's Dried Grains with Soluble
(outputs)| HIZ[= | municipal solid waste, waste mineral oil, wood ash mixture(pure)
H = wastewater(from residence), wastewater(average)
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<E2> EEHZAIE S 75T HIO|LQLEEE Mo A T FR/AME Z[AE(QH
TE | MEPE F2 o2 (RY/MEE)
e =
corn
(Feed)
alpha amylase
He2l®& |gluco amylase
Fe= sulfuric acid
(inputs)
tap water
Water, cooling, unspecified natural origin
sealg
water, decarbonised
electricity
HE bio—butanol
ALE S B ALE ethanol, acetone, Distiller's Dried Grains with Soluble(DDGS), gasoline,
u=Es e acetic acid, butric acid, hydrogen, carbon dioxide
outputs
utputs) g5 g
H = wastewater
<E3> EEHZAIE S8l 7ET HIO|QIIEEl Mo Al T F/AME E[AE(Q
T= MEF&2 Fo =5 (F/AHES)
z2lg |soybean oll
(Feed) |pyrolysis ol
methanol
FeE FH=E
. oxygen
(inputs) ye
electricity
FE2|El | water
steam
= green gasoline
MEE 248 | LPG, product gas, light-cycle oil, clarified slurry oil, hydrocarbons
(outputs)| = 7|2 |ash
H = wastewater
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HIOIQUAS HIOIQUIEIE MAIE AT SQUNE B
<H[O|20|EtZ - FF(maize)>
T METFE g (F/MESE) = Eh =
T = | maize grain 3.2259 kg
ammonium sulfate 0.0097 kg
soz sulfuric acid 0.0240 kg
soda ash, light, crystalline, heptahydrate 0.0361 kg
inorganic nitrogen fertiliser, as N 0.0097 kg
Eol=2 electricity, medium voltage 0.3972 kWh
(inputs) heat, district or industrial, natural gas 13.8834 | MJ
tap water 4.2240 kg
S E 2| gl | Water, cooling, unspecified natural origin 0.0044 m3
ethanol fermentation plant 0.0000 ltem(s)
transport, tractor and trailer, agricultural 0.0323 t*km
Carbon dioxide, in air 1.4910 kg
setpr?]gglt,aﬂvgghout water, in 95% solution state, from 1.0000 kg
MEE .
(outputs) wastewater, from residence 0.0030 m3
Water 0.0056 m3
Carbon dioxide, non—fossil 2.4965 kg
<H}O| 20| EtE - ZtXH(potatoes)>
T METE g5 (Fe/ttE=E) =) =
F2l2 |potato 142193 | kg
ammonium sulfate 0.0112 kg
Hom sulfuric acid 0.0185 kg
soda ash, light, crystalline, heptahydrate 0.0428 kg
inorganic nitrogen fertiliser, as N 0.0112 kg
Eol2 electricity, medium voltage 0.5596 kWh
(inputs) heat, district or industrial, natural gas 18.5307 |MJ
tap water 1.0525 kg
FE2lE| | Water, cooling, unspecified natural origin 0.0002 m3
ethanol fermentation plant 5.E-10 ltem(s)
transport, tractor and trailer, agricultural 0.1422 t*km
Carbon dioxide, in air 1.7339 kg
MES ethanol, without water, in 95% solution state, from 1.0000 kg

— 190 —




T= MEF &2 g (FU/AHEE) T =
fermentation
wastewater, from residence 0.0111 m3
(outputs)
Water 0.0006 m3
Carbon dioxide, non—fossil 3.1220 kg
<Hfo| 20 EtE - ZLU(Rye)>
T= MEFE g5 (F/AHESE) 5k =
T EZ |rye grain 3.3588 kg
ammonium sulfate 0.0100 kg
Ho = sulfuric acid 0.0251 kg
77 |soda ash, light, crystalline, heptahydrate 0.0376 kg
inorganic nitrogen fertiliser, as N 0.0100 kg
Eol2 electricity, medium voltage 0.4105 kWh
(inputs) heat, district or industrial, natural gas 13.9358 | MJ
tap water 4.2049 kg
S E 2| gl | Water, cooling, unspecified natural origin 0.0001 m3
ethanol fermentation plant 0.0000 ltem(s)
transport, tractor and trailer, agricultural 0.0336 t*km
Carbon dioxide, in air 1.4394 kg
ethanol, without water, in 95% solution state, from
fermentation 1.0000 kg
MEE :
(outputs) wastewater, from residence 0.0030 m3
Water 0.0043 m3
Carbon dioxide, non—fossil 2.4520 kg
<H[O| 20| EFE - AlEHE Y2 (Sugar beet molasses)>
T METE2 3= (RY/tES) SR =H
T2 &2 | molasses, from sugar beet 4.07598 | kg
ammonium sulfate 0.005032 | kg
L sulfuric acid 0.037741 | kg
TEHE vinasse, from fermentation of sugar beet molasses 250383 | k
o (AEFR gl oty % SA=) - o
(inputs) inorganic nitrogen fertiliser, as N 4 50E-06 |kg
electricity, medium voltage 0.034722 | kWh
= elg|g| |heat, district or industrial, natural gas 9.127945 |MJ
tap water 8.051276 | kg
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YHEAAR| RS ot EAYXE J|HE 24T7tA HIEY A 2Y Y o
T METF=2 = (F/ESE) T2 cH
ethanol fermentation plant 487E-10 |ltem(s)
Carbon dioxide, in air 0.654439 | kg
fethanol, without water, in 95% solution state, from1 kg
- ermentation |
(outputs) wastewater, from residence 0.00763 | m3
Water 421E-04 | m3
Carbon dioxide, non—fossil 1.676571 | kg
<H}O| 20| Et8 - A}EHR (Sugar beet)>
TE | MEFE = (F/AHEE) T2 =
T2 & | sugar beet 6.507831 | kg
sodium phosphate 0.0038917 | kg
sodium sulfate, anhydrite 0.0025947 | kg
TEE [suffuric acid 0.0194727 | kg
cos E/Ha%sks%e &og %errr_%ega%?n of sugar beet ~4.033359 | kg
(inputs) electricity, medium voltage 0.1202257 | kKWh
heat, central or small-scale, other than natural gas |0.0052901 | MJ
heat, district or industrial, natural gas 2.143094 | MJ
e 2 El
tap water 0.6203265 | kg
Water, cooling, unspecified natural origin 3.41E-07 | m3
ethanol fermentation plant 2.89E-10 |ltem(s)
fethanol, without water, in 95% solution state, from1 kg
Axe ermentation
(outputs) Water 6.21E-04 | m3
Carbon dioxide, non—fossil 0.5437944 | kg
<HlO|20f| EtZ - Et BHAMZ (sweet sorghum bagasse)>
T METFE g (Fe/MESE) = Eh =
FH = | sweet sorghum stem 1.39E+01 | kg
ammonia, anhydrous, liquid 1.79E-07 | kg
ol o ammonium sulfate 4.06E-03 | kg
UTnLl)ztIJtEs) sem sulfuric acid 0.030477 | kg
sodium chloride, powder 8.93E-05 | kg
chemical, organic 1.25E-04 | kg
chlorine, liquid 714E-06 | kg
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= MEF &2 g (FU/AHEE) T =
inorganic nitrogen fertiliser, as N 6.10E-03 | kg
lubricating oll 2.57E-04 | kg
vinasse, from fermentation of sweet sorghum -1.07E+01| kg
tap water 1.19E+01 | kg
water, decarbonised 1.71E-02 | kg
=g/g|g| | ethanol fermentation plant 4.04E-10 | ltem(s)
Bﬁielléinagnd power co—generation unit, 6400kW thermal, 4.73E-08 | ltem(s)
Carbon dioxide, in air 0.8613404 | kg
%?rigglt’ati\glghom water, in 95% solution state, from 1.00E+00 | kg
Acetaldehyde 1.33E-06 | kg
Ammonia 3.79E-05 | kg
Arsenic 2.18E-08 | kg
Benzene 1.78E-05 | kg
Benzene, ethyl- 5.86E-07 | kg
Benzene, hexachloro- 1.41E-13 | kg
Benzo(a)pyrene 9.76E-09 | kg
Bromine 1.31E-06 | kg
Cadmium 1.52E-08 | kg
Calcium 1.27E-04 | kg
Carbon dioxide, non—fossil 42831854 | kg
Carbon monoxide, non-fossil 1.37E-04 | kg
Chlorine 3.92E-06 | kg
Chromium 8.62E-08 | kg
Chromium VI 8.71E-10 | kg
) Copper 4.79E-07 | kg
HE= Dinitrogen monoxide 5.01E-05 | kg
(outputs) Dioxins, measured as 5 05E-13 | k
2,3,7,8—tetrachlorodibenzo—p—dioxin . 9
Fluorine 1.09E-06 | kg
Formaldehyde 2.54E-06 | kg
Hydrocarbons, aliphatic, alkanes, unspecified 1.78E-05 | kg
Hydrocarbons, aliphatic, unsaturated 6.05E-05 | kg
Lead 5.42E-07 | kg
m-Xylene 2.34E-06 | kg
Magnesium 7.86E-06 | kg
Manganese 3.72E-06 | kg
Mercury 6.53E-09 | kg
Methane, non-fossil 8.47E-06 | kg
municipal solid waste 714E-05 | kg
Nickel 1.31E-07 | kg
Nitrogen oxides 0.0019161 | kg
Hrl}g\éé)c%edn%rr\igmethane volatile organic compounds, 1.19E-05 | kg
PAH, polycyclic aromatic hydrocarbons 2.15E-07 | kg
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T= MEF &2 g (FU/AHEE) T =
Particulates, < 2.5 um 8.77E-04 | kg
Phenol, pentachloro- 1.58E-10 | kg
Phosphorus 6.53E-06 | kg
Potassium 5.10E-04 | kg
Sodium 2.83E-05 | kg
Sulfur dioxide 542E-05 | kg
Toluene 5.86E-06 | kg
waste mineral olil 7.14E-05 | kg
wastewater, average 1.71E-05 | m3
Water 1.19E-02 | m3
wood ash mixture, pure 0.0115189 | kg
Zinc 6.53E-06 | kg
<Hjo| 20| EtE - FFH (whey)>
72 | MERE %2 (RU/AES) Sz | e
T = whey 414513 | kg
soda ash, light, crystalline, heptahydrate 0.003319 | kg
som sodium phosphate 422E-04 | kg
sodium sulfate, anhydrite 1.61E-04 | kg
sulfuric acid 0.001839 | kg
a‘;};z'l:;f) electricity, medium voltage 0.030276 | kWh
heat, central or small-scale, other than natural gas 0.279697 |MJ
o heat, district or industrial, natural gas 0.512877 |MJ
™= tap water 0.48726 | kg
Water, cooling, unspecified natural origin 1.04E-04 | m3
ethanol fermentation plant 4.44E-11 | ltem(s)
ethanol, without water, in 95% solution state, from1 K
fermentation 9
BOD5, Biological Oxygen Demand 0.003268 | kg
MEE Carbon dioxide, non-fossil 0.208649 | kg
(outputs) COD, Chemical Oxygen Demand 0.003268 | kg
DOC, Dissolved Organic Carbon 0.001307 | kg
TOC, Total Organic Carbon 0.001307 | kg
Water 5.92E-04 | m3
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