Preliminary translation

Life Cycle GHG Default Values of Biomass Fuels under FIT/FIP

Scheme

Biomass Sustainability Working Group

March 2026



I. Introduction 1

(1) About Creating Life Cycle GHG Default VALUES ...........cccoiiiiiiiiiiiiitieieeee ettt ettt sbe et e sbe e 1
(2) Application Of DEfAUtlt VAIUES .......c.ceuiruiieiieeiiieiettetese ettt ettt ettt ettt s e s et se e b e s et e st ea et e st eaesae st eneeneeaeneeneeneeseneens 4
(3) Default values for newly eligible DIOMAass fUELS. ......cceiririiriiieiiieee ettt ettt 5
I1. Life Cycle GHG Default Values for Biomass Arising from Harvesting Agricultural Products 6
1. Calculation results for default values
2. Calculation process of Life cycle GHG default values for Palm oil 14
2-1.CPO 14
(1) Boundary and CalCULAtION POIMES .........eeueeiiiuiiieieite ettt ettt ettt ettt te et esbe et e esteebeebeese e beebeesbeebeebeenbebeebeessebeebeentebeeseensesbeeneensenne 14
(2) Calculation Of EMISSIONS DY PIOCESS ...c..veuviruiitieietietieteet ettt ettt et e bt eteestesbeeteesteebeebeesbeebeebeeseeebeebeesseabeebeesbe bt ebeeneebeebeenbeebeeneensenne 15
2-2. Palm stearin 23
(1) Boundary and CalCULAtION POIMES .........cc.eeiiiuiiieieite ettt ettt et ettt ebe et e bt et e esteebeeb e e st e beebeeseeebeebeesteabeebeeseebeebeentebeeseenseebeeneensenne 23
(2) Calculation Of EMISSIONS DY PIOCESS ...c..veuviiuiriieieitieiieieet et et ettt et et e eteeab e be et e este bt ebeeseeebeebeesbeebeebeesbebeebeesbe bt ebeentebeebeenbesbeeneensenne 24
3. Calculation process of Life cycle GHG default values for PKS 35
(1) Boundary and CalCULAtION POIMES .........ceueeieiuiiieieiteeteet ettt ettt ettt ettt e e bt et e esteebeebeesb e beeheeneeebeebeenteabeebeeseebeebeentebeeseenseebeeneensenne 35
(2) Calculation Of @MISSIONS DY PIOCESS ...c..veueiiuieiieieitieiieie et et eie ettt ettt ettestesbe et e esteebeeseesbeebeeseenseebeeseenteebeeseestebeeseentebeebeensesseeneansenne 36
4. Calculation process of Life cycle GHG default values for Palm Trunks 39
(1) Boundary and CalCULAtION POINES .........cc.eeriiiuieieieitteiiet ettt ettt eit ettt et e sb e et e es b e ebeeseesbeebeeseenseebeebeens e beeaeessesbeeseentenbeeneensesseeneansenne 39
(2) Calculation Of @MISSIONS DY PIOCESS ...c.veueiiuiiiieiiitieiieieete et et ettt et et e eteesteebe et e eseeebeeseesbeebeestesteebesbeenseebeeseestesbeeseensebeebeensesseeneansenns 40
5. Calculation process of Life cycle GHG default values for newly eligible biomass fuels 47
5-1. EFB (pellet) 47
(1)Boundary and CalCUlation POINES .........cc.eieerririeietirteieiieesteieteete e ee st ste et e st ssesseseesesseseesessesseneesess e seneesessensesessesseneeneesenseneenessesenean 47
(2)Calculation Of EMISSIONS DY PIOCESS ....ccueeuveruiruieieitieiieieete et etesteettettesteetteste bt et eesteebeeseesbeebeestesseebeeseensebeeseestesbeeseensebeeseensesseeneansanne 47
5-2. Nutshells (pellets) 51
(1)Boundary and CalCUlation POINES .........cc.eveeruerieieeirteietee st tettete ettt stes et e st ssesseseesesseseesessesseseesess e seneesessenseseesessenseneesesseneenessesenean 51
(2)Calculation Of EMISSIONS DY PIOCESS ....ccuveuviruieuieieitieiieieete et ete it et testeeteettestesbeeseesteebeeseessesbeestenseebeeseensebeeseestesbeeseensebeeseensesseeneansanne 51
5-3. Coconut shell 55
(1) Boundary and calCulation POINLS. ..........coueiruirieieirtiietee st ettt se et st et e st et ste e st esesteseesessesseseesess e senessessensesessesseneenessesseneenessesenean 55

(2)Calculation of emissions by process

5-4. Corn straw (pellets)

(1)Boundary and CalCulation POINES .......cc.eeieiiririeieiteritet ettt b et b e bt et e bt sb e e st e s bt eb e e st e bt s bt e st e bt s bt e st e s bt ebe e b e b et ente et
(2)Calculation of emissions by process

5-5. Sugarcane stems & leaves (pellets)

(1)Boundary and CalCulation POINES .......cc.eeiiiiriiriiiieitertt ettt ettt b et b e bt et e bt eb e e st e bt eb e e st e bt s bt e st e bt e bt e st e bt sbe et e bt eaeente e
(2)Calculation of emissions by process

5-6. Bengkuang seeds
(1)Boundary and CalCUlation POINES . ........ccueriiiuiiieiiitiei ettt ettt ettt e ett et e steeteestesbeeseeseeebeeseessesbeeseensesseeseessebeeseensenseeseensenseeneensanne 67
(2)Calculation of emissions by process

5-7. Cashew nut shell liquid(CNSL)

(1)Boundary and calculation points.........
(2)Calculation of emissions by process

5-8. Cashew nut shell residues from oil extraction 73
(1)Boundary and CalCUlation POINES ..........ceeeriiiuieieiiitiet ettt ettt ettt e bt ete et et e eteestesbeeseeseeebeeseenseebeeseensesseeseestebeeseeneeeseeneensenseeneensenns
(2)Calculation of emissions by process

I11. Life Cycle GHG Default Values for Imported Woody Biomass 76

1. Calculation results of default values 76

2. Calculation process of Life cycle GHG default values for Wood Chips 80

2-1. Wood chips derived from forest residues 80
(1) Boundary and CalCULAtioN POINES .........ee.eeuiruiriieieiteettete ettt ettt ettt ettt e bt ea e es b e bt e bt e st e bt eb e estesbeebeesee b e ebees b e bt ebeesee bt ebeesbenbesaeensenne 80
(2) Calculation Of @MISSIONS DY PIOCESS ...c..eeuvirtiriieiirtietieieste et ettt eit et e bt este b e eheestesbeebe e st e bt ebeestesbesbeesee b e sbeesbe bt ebeess e besbeeabenbeeaeentenne 80

2-2. Wood chips from other harvested trees 85
(1) Boundary and calculation points........

(2) Calculation of emissions by process

2-3. Wood chips derived from sawmill residues 86
(1) Boundary and CalCULAtioN POINES . .......ce.eeieruiriieienteriteteet ettt eb et e bt eh e ea e b e ebe e st e bt ebeeste s bt ebeesbe b e sbe e st e bt ebeese e besbeenbenbeeaeentenne 86
(2) Calculation of emissions by process .. ..86

3. Calculation process of Life cycle GHG default values for Wood Pellets 87

3-1. Wood pellets derived from forest residues. 87

1) Boundary and CalCULation POINES ...........c.eeoueieuieiiieieeete e ettt et eeteeetteeeteeeteeeteeeteeeseeeseeeseeeseeesseeeseeeseeenseeesseesseenseeeseeersseseeesseerseenseennes 87
( ry p



(2) Calculation Of eMISSIONS DY PIOCESS ......ccueuerieuiviriieiiieietiietet ettt ettt ettt ettt ettt ettt sttt s 87

3-2. Pellets from other harvested trees 96
(1) BOUIAATY ..ottt b e bbbt e a e bt e bt a s bt e bt eh e e bt e bt e st e bt eh e e bt e bt eb e ea s e bt s bt e bt e bt sb e e st e sbeebe et e st e saeentenne 96
(2) Calculation Of @MISSIONS DY PIOCESS ....veuvereruirierietirteiesietesteiettetesieeeteete st eseesessesseseesesseseeseesesseseesesse s eneesessenseseesesseneeneesesseneenesseseneas 96
3-3. Pellets from sawmill residues 98
(1) Boundary and calCulation POINES ...........eveeeuirieieierierietete sttt ettt ettt ettt s et e st e st s te e es e e s e s e eseesesse s eneese s s e s eseesesseneeneeseeseneenessenseneas 98
(2) Calculation Of @MISSIONS DY PIOCESS ....veuveueruirierieiirtiiettetesteiettete st ettt st st estesesseseeseesesteseeseesesseseesesseseneesessenseseesessentenessesseneenesseseneas 98

(Ref.) Fuel Economy of vehicles in Japan Error! Bookmark not defined.



I. Introduction
(1) About Creating Life Cycle GHG Default Values

This document describes default values that are intended to be used to identify life cycle GHGs of biomass
fuels under the FIT/FIP scheme in Japan. Calculation process of the default values are also included for
reference.

In calculating the default life cycle GHGs of each biomass fuel, the default values used in EU RED2 and
information presented by industry associations in past Biomass Sustanability WGs are used as reference,

while following the life cycle GHG calculation method under the FIT/FIP scheme described below.

Life cycle GHG calculation method under the FIT/FIP scheme

1. Covered greenhouse gases
i. The GHG types taken into account in the calculations are carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N20).
ii. The warming potential is 25 for methane (CH4) and 298 for nitrous oxide (N20).

2. Boundary and formula
i. Carbon stock changes including land use change, cultivation, processing,
transportation, and power generation are included in the calculation. The
processes and emissions activities included are specified by biomass type.

ii. Emissions generated during one-time construction (e.g., power plants
construction , fuel production facility construction) will not be included.

iii. GHG emissions from CO2 capture and sequestration, CO2 capture and
alternative use (Ilimited to CO2 originating from biomass) can be considered as
emission reductions if they can be avoided.

iv. The "LCA Guidelines for Greenhouse Gas Reduction Effects of Renewable Energy”
developed by the Ministry of Environment may be used as a reference for
determining the amount of activity and setting emission factors.

(Formula) Ebio= €stock + €cultivate + €processing + €transportation + €generation ~ €rcc €rcer

Eelee=Ebiomel

where:

Ebio = Total GHG emissions from biomass fuel before conversion by power generation

efficiency

estock = umissions or emission reductions associated with changes in carbon stock,

including land-use change

€cultivate = Emissions from cultivation

€processing = lumissions from processing

€transportation = lumissions from transportation

€generation = lumissions from power generation

erces = Emissions reductions from CO2 capture and sequestration

ercer = Emissions reduction through CO2 recovery and alternative use (only those that

recover CO2 from biomass sources)
Eelec = GHG emissions from biomass power generation per Md-electricity
nel = power generation efficiency of biomass power generation




3. Calculation method for each process
i) Changes in carbon stock, including land-use changes
i. For changes in carbon stock, including land-use changes, only direct land-use
changes shall be accounted for at this stage. Note)

Note) In addition to direct land-use changes, such as the diversion of land use
from forest to agricultural land, there are cases where carbon stock decreases
due to cutting, carrying-out, and death of more wood than the amount of wood
that has grown. The WG will consider such cases in accordance with the trends
of future international discussions.

The direct land-use change emissions are calculated by evenly dividing the
change in carbon stock in soil and vegetation from the initial date (the difference
in carbon stock between the relevant year and the initial date) over 20 years,
and the initial date 1s January 1, 2008.

ii)Cultivation (feedstock cultivation and collection)

1. GHG emissions associated with consumption of fossil fuels, electricity and heat
for cultivation of feedstocks, as well as production, procurement, and use of
fertilizer and chemical substances inputs and emissions from fermentation of
organic matter and fertilization must be included.

ii. If CO2 generated is captured and sequestered or alternatively used (eligible only
if biomass origin CO2 is captured), it may be excluded from the emissions.

iii) Processing (pre-processing and conversion)

1. For processing, the consumption of fossil fuels, electricity and heat required for
processing and GHG emissions associated with the manufacture, procurement
and use of chemicals must be accounted for.

ii. If the CO2 generated is recovered and sequestered or alternatively used (only
those that recover CO2 from biomass sources), it may be deducted from
emissions.

iv) Transportation (transportation of feedstocks and fuel)

1. GHG emissions associated with the consumption of fossil fuels, electricity and
heat for transportation and storage of feedstocks and fuel must be accounted for.

1. GHG emissions from return routes shall be taken into account. In particular, for
maritime transport, the fuel consumption of the vessel shall be used, taking into
account the biomass bulk density. For the time being, the ratio of empty cargo
transportation shall be set at 30% of total voyage distance for cases where no
specific voyage pattern is taken. In the case of round-trip transportation (round
trip from the same port), the transportation of empty cargo shall be identified as
the transportation distance of biomass fuel, unless it can be confirmed that the
return vessel is unloaded.

v) Power generation
i. CO2 emissions from use of biomass fuels are considered to be zero.

ii. CH4, N20 emissions shall be included.

4. Allocation
i. Biomass specific boundary of processes/emission activity and products to which
GHG emissions are allocated shall be specified by biomass type.




ii. Allocation of GHG emissions shall be in proportion to their energy content
(determined by lower heat value) .

5. Power generation efficiency

1. Power generation efficiency is based on power plant outlet and the heat value of
fuel is based on the lower heat value standard.

1. In the case of a combined heat and power plant, biomass fuel life cycle GHG
emissions are allocated into heat and power each with exergy base, before
conversion by generation efficiency. Specifically, the following equation 1is
followed.

(Formula) Ecogen-bio= Ebio * [ I]eI/ { Nel + Nh * (Th '290)/Th }]
EeleczEcogen-bio/ Nel

where:

Ecogenbio = Total GHG emissions from biomass fuels before conversion by power
generation efficiency before allocation into heat and power each

Evic = Total GHG emissions attributed to electricity from biomass fuels before
conversion by power generation efficiency

nel = Power generation efficiency in a combined heat and power plant (annual power
generation at power plant outlet divided by annual heat input)

nn = Thermal efficiency in a combined heat and power plant (annual heat supply
divided by annual heat input (excluding internal consumption including
processing of biomass fuel))

Th = Absolute temperature (K) of heat supplied in a combined heat and power plant

If the excess heat is externally supplied for heating at less than 150 degrees C(423.15
K), the thermal temperature (rn) can be set at 150 degrees C(423.15 K) in the
calculation.

< Main sources information in the calculation of the default values >

In the calculation process of the default values shown in this document, the values from the following
documents describing the calculation process of the EU RED2 default values are cited. !

v’ Definition of input data to assess GHG default emissions from biofuels in EU legislation, JRC (2017a)

v Solid and gaseous bioenergy pathways: input values and GHG emissions, JRC (2017b)

It should be noted that the EU RED2 default values of processing GHG emissions are 40% higher than the
typical values for liquid fuels and 20% higher than the typical values for solid fuels, for purpose of conservative
calculation. Therefore, in this document, the default values for liquid fuels are 40% higher and for solid fuels

20% higher than the values calculated for the processing as well.

1 Parts of the calculation process based on spreadsheets for both JRC(2017a) and JRC(2017b) can be found on
https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/ALF-BIO/datasets/biofuels jrc annexv com2016-767 v1 july17/VER2017-
07-31/ and https:/energy.ec.europa.eu/database-biomass_en, respectively (as of November 11, 2022). Date sources for this
documents include those cited from these sources.



https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/ALF-BIO/datasets/biofuels_jrc_annexv_com2016-767_v1_july17/VER2017-07-31/
https://jeodpp.jrc.ec.europa.eu/ftp/jrc-opendata/ALF-BIO/datasets/biofuels_jrc_annexv_com2016-767_v1_july17/VER2017-07-31/
https://energy.ec.europa.eu/database-biomass_en

< Set up of default values >

The default values presented in this document represent applicable life cycle GHG emissions under the

FIT/FIP scheme for biomass fuels that meet certain conditions, and do not preclude identifying more detailed

conditions for individual biomass and confirming life cycle GHG emissions calculation reflecting further

reductions. In addition, one of the conditions to apply the default values presented here is that there has been

no direct land-use change since January 2008.

In addition, the default values provided in this document will be reviewed as necessary in the future.

(2) Application of Default Values

As confirmed in past Biomass Sustainability Working Groups, there are two ways to certify applicability of

default values for life cycle GHG confirmation: by utilizing existing certification schemes and by utilizing

FIT/FIP-specific verification schemes. In both methods, the following should be kept in mind when applying

default values.

The default values shown in this document are life cycle GHG defaults per biomass fuel heat value (g-
CO2eq/MJ-fuel). Since the standard for life cycle GHG emissions required by the FIT/FIP system is
per unit of electricity generated at power generation outlet, it is necessary to calculate the value per
unit of electricity generated by dividing the default value by the generation efficiency that can be
verified by the power producer. (For biomass power plants that use combined heat and power, the life
cycle GHG of biomass fuel is prorated based on the electricity produced and the exergy in heat (the
amount of energy that can be extracted from heat as a mechanical work) before being converted to a
value per unit of electricity generated.)

When applying the default values, it is necessary to check whether each category is applicable. For
example, in the case of numerical categories such as distance, it is necessary to check whether the
actual transportation distance is within the range of the default category.

The default values in this document also provide disaggregated values by process. Such disaggregated

default values can be utilized for actual calculation.

< Definitions of categories of woody biomass for default LCGHG values >

The classification of woody biomass for life cycle GHG is defined as forest residues, other harvested
trees, sawmill residues as shown in Table 1.
The specific confirmation method for imported woody biomass shall be in accordance with the

confirmation method established by each third-party certification scheme.



Table 1 Definition of default lifecycle GHG value categories for woody biomass

Category for default life o
cycle GHG value Definition
Sawmill residues Offcuts, sawdust, bark and other residues generated during wood processing

Low-quality wood generated from felling for the main purpose of producing wood for material use
(including offcuts and branches), thinned wood, etc. In addition, trees damaged by pests and diseases
or natural disasters, pruned branches, driftwood of dams, etc. generated by felling for purposes other
than energy use(excluding waste).

Forest residues

Other harvested trees Woody biomass generated from felling for the purpose of energy use

(3) Default values for newly eligible biomass fuels

At the 834 meeting after consideration of the request of adding newly eligible biomass fuels for FT/FIP by
industry groups , the Procurement Price Calculation Committee made recommendation that those that are
confirmed to be inedible and by-products should be added as newly eligible biomass fuels for FT/FIP from
FY2023. The following is description of newly eligible biomass fuels included in Guidelines for developing

business plans (Biomass power generation) formulated in April of FY2023.

Description of newly eligible biomass fuels (*Numbered biomass species are newly eligible fuels)

The biomass species generated by the harvesting of agricultural products currently eligible in FIT/FIP certification

are palm oil as the main product and PKS, Palm trunk, (1)EFB, (2) Coconut shell, (3)Cashew nutshell, (4)Walnut shell

(5)Almond shell, (6)Pistachio shell, (7)Sunflower seed shells, (8)Corn straw pellet, (9)Bengkuang seeds, (10)Sugar cane

stems & leaves, (11)Peanut shell and (12)Cashew nut shell liquid (CNSL) as the by-product.

Based on the above, we have formulated default values that can be applied to the above 12 types of newly
eligible biomass fuels. Since it has been confirmed that all newly eligible biomass fuels are categorized into
biomass generated by harvesting agricultural products, the results of the calculation of their default values

are described in Chapter II of this document.




II. Life Cycle GHG Default Values for Biomass Arising from Harvesting Agricultural Products
1. Calculation results for default values

From the beginning of FIT scheme introduction, there have been three types of biomass generated at the
harvest of agricultural products permitted under the FIT/FIP system:

® Palmoil
* PKS
®  Palm trunk

For palm oil, two types of default values are set, namely Crude Palm Oil (CPO) and Palm Stearin. For each
type, two pathways of default values are set, namely with and without methane recovery from wastewater in
the oil extraction process.

For PKS and palm trunks, two types of transportation distance are set, namely 6,500 km and 9,000 km
taking into account the distance from the main producing countries to Japan. Also, two types of ship size
categories are set, namely Handysize and Supramax, considering large share of GHG emissions from
maritime transport.

For palm trunk, two types of processing are assumed, namely one using fossil fuels as a heat source in the
drying process and the one using biomass fuels for it. Pelletization is assumed to be conducted in the
feedstock producing countries.

The calculation results of the default life cycle GHG values for each fuel are as follows.

Table 2 Life cycle GHG default values for CPO (g-CO2eq/MJ-fuel)

Process No methane recovery | With methane recovery
Cultivation process 19.32

Transport

(FFB transport)

Pprocessing (oil extraction) 29.83 | 5.23
Transport

(CPO transport)

Power generation 0

1.21

Total

54.39

29.79

Table 3 Life cycle GHG default values for palm stearin (g-CO2eq/MJ-fuel)

Process No methane recovery | With methane recovery
Cultivation process 19.67
Transport (FFB transport) 1.24
Processing (oil extraction) 30.38 | 30.38
Transport (CPO transport) 0.15
Processing (refining) 1.50
Processing (separation) 0
Transport 309
(Palm stearin transport) )
Power generation 0
Total 56.86 | 56.86




Table 4 Life cycle GHG default values for PKS (g-CO2eq/MJ-fuel)

Process Handysize Supramax
6,500 km transport 6,500 km transport
Transport (domestic transport of PKS in
. b 0.66
producing countries)
Transport (maritime transport of PKS) 7.33 I 4.68
Transport (domestic transport of PKS in
0.42
Japan)
Power generation 0.26
Total 8.67 | 6.02
Process Handysize Supramax
9,000 km transport 9,000 km transport
Transport (maritime transport) 10.15 6.48
(The rest of the process is omitted because it is the same as the 6,500 km transport.)
Total 11.49 7.82

Table 5 Life cycle GHG default values for palm trunk (g-CO2eq/MdJ-fuel) (Indonesia)

Drying: Fossil fuel use Drying: Biomass utilization
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Handysize Supramax Handysize Supramax
Transport 6,500 Transport 6,500 Transport 6,500 Transport 6,500
km km km km
Transport
(palm trunkiollection) 0.83 1.06
processing 31.81 15.69
Transport (domestic transport of palm
trunk in producing countries) 0.55
Transport (maritime transport) 3.11 | 2.01 | 3.11 I 2.01
Transport (domestic transport of palm
. 0.34
trunk in Japan)
Power generation 0.25
Total 36.89 | 35.79 | 36.89 | 35.79
Drying: Fossil fuel use Drying: Biomass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Ty Handysize Supramax Handysize Supramax
ans;i{ci"lt 9,000 9,000 km transport | 9,000 km transport | 9,000 km transport
Transport (maritime transport) 4.30 2.78 4.30 2.78
(The rest of the process is omitted because it is the same as the 6,500 km transport.)
Total | 38.08 | 36.56 22.19 | 20.67
(Malaysia)
Drying: Fossil fuel use Drying: Biomass utilization
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Handysize Supramax Handysize Supramax
Transport 6,500 Transport 6,500 Transport 6,500 Transport 6,500
km km km km
processing 28.41 12.29
(The rest of the process is omitted because it is the same as Indonesia.)
Total | 33.49 | 32.39 | 17.60 | 16.50
Drying: Fossil fuel use Drying: Biomass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Ty Handysize Supramax Handysize Supramax
ans;i;)lic 9,000 9,000 km transport | 9,000 km transport | 9,000 km transport
Transport (maritime transport) 4.30 2.78 4.30 2.78
(The rest of the process is omitted because it is the same as the 6,500 km transport.)
Total | 34.68 33.16 | 18.79 | 17.27




For the newly eligible biomass fuels from FY2023, the default values formulated this time are eight types
as described in Table 6 applicable to all the 12 newly eligible fuels, considering each process and energy input.
It also describes "Starting point of life cycle GHG calculation”, " Processing type", and "With/Without Biomass

in-house power generation".



Table 6 Newly eligible biomass fuels default values categories and conditions

Categories Starting point of Processing type Biomass in-house Applicable newly
life cyclg GHG Dy Pellotization | Power generation eligible fuels
calculation

process
Solid EFB Processing at a Yes Yes No EFB
fuel pellet plant* (biomass (electricity from
boiler/fossil grid)
fuel boiler)

Nutshells (pellet) | Transport from No Yes No Cashew nutshell
food processing (electricity from Walnut shell
plant grid) Almond shell

Pistachio shell
Sunflower seed
shells

Coconuts shells Transport from No No (Only No Coconut shell
food processing chipping is (electricity from
plant included) grid)

Corn straw Aggregation at No Yes No Corn straw

(pellet) farm (Seasoning) (electricity from

grid)
Sugar cane stems | Aggregation at No Yes Yes (power Sugar cane stems &
& leaves (pellet) farm (Seasoning) generation from leaves

Bagasse)

Bengkuang seeds | Transport from No No No Bengkuang seeds
farm

Cashew nut shell | Processing at No No No Cashew nut shell

residues from oil extraction plant residues (from oil

extraction extraction)
Liquid Cashew nut shell | Processing at Pretreatment, hydrolysis, No Cashew nut shell
fuel liquid (CNSL) extraction plant solid-liquid/oil/water (electricity from liquid (CNSL)
separation processes are grid)
applied Yes

(electricity from
grid)

*The default values for EFB (pellets) assumes pellet processing mill is adjacent to the oil mill.

For each newly eligible fuel, the categories of default values are as follows.

For EFB, there are two types of heat sources in the drying process: natural gas heat sources and

biomass heat sources, and two types of ship sizes, Handysize and Supramax.

For nutshell, corn straw, sugarcane stems and leaves and Bengkuang seeds, there are two types of

distance classifications assuming from the main producing countries supplying to Japan, and two

types of ship sizes, Handysize and Supramax.

For coconut shells, assuming transportation from Southeast Asia, two types of ship sizes are

classified: Handysize and Supramax.

For Cashew nut shell liquid (CNSL), two types of input power in the processing are set: grid power

and biomass in-house power generation, and two categories are established with the distance

assuming from the main producing countries supplying to Japan.

For Cashew nut shell residues from oil extraction, there are two types of distance classifications

assuming from the South East Asia and Africa, and two types of ship sizes, Handysize and Supramax.




The calculation results of the default life cycle GHG values for each fuel are as follows.

Table 7 Life cycle GHG default values for EFB pellets (g-CO2eq/MdJ-fuel) (Indonesia)

Drying: Use of fossil fuels Drying: Use of biomass
(Pelletizing: Use of grid power) (Pelletizing: Use of grid power)
Process Handysize Supramax Handysize Supramax
6,500 km 6,500 km transport 6,500 km 6,500 km transport
transport transport
Processing (drying) 3.91 0.016
Processing (cleaning, crushing, 16.58
pelletizing)
Transport (domestic transport of EFB 0.24
pellets in producing countries)
Transport (maritime transport of EFB 2.95 1.91 2.95 1.91
pellet)
Transport (domestic transport of EFB 0.32
pellet in Japan)
Power generation 0.26
Total 24.26 | 23.22 | 20.37 | 19.33
Drying: Fossil fuel use Drying: Biomass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Handysize Supramax Handysize Supramax
Transli;):[;c 9,000 9,000 km transport | 9,000 km transport | 9,000 km transport
Transport (maritime transport) 4.09 2.64 4.09 2.64
(The rest of the process is omitted because it is the same as the 6,500 km transport.)
Total | 25.40 | 23.95 | 21.51 | 20.06
(Malaysia)
Drying: Fossil fuel use Drying: Biomass utilization
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Handysize Supramax Handysize Supramax
Transport 6,500 Transport 6,500 Transport 6,500 Transport 6,500
km km km km
Processing (cleaning, crushing, pelletizing) 12.78
(The rest of the process is omitted because it is the same as Indonesia.)
Total | 20.46 | 19.42 | 16.57 | 15.52
Drying: Fossil fuel use Drying: Biomass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Process Ty Handysize Supramax Handysize Supramax
ans;i;);;c 9,000 9,000 km transport | 9,000 km transport | 9,000 km transport
Transport (maritime transport) 4.09 2.64 4.09 2.64
(The rest of the process is omitted because it is the same as the 6,500 km transport.)
Total | 21.59 | 20.15 | 17.70 | 16.26
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Table 8 Life cycle GHG default values for Nutshell pellets (g-CO2eq/MdJ-fuel) (China)

Process

Handysize
3,500 km transport

Supramax
3,500 km transport

Transport (nut shell transport) 0.38
Processing 12.40
Transport (domestic transport of nut shell pellets in 0.69
producing countries) )
Transport (maritime transport of nut shell pellets) 1.59 | 1.03
Transport (domestic transport of nut shell pellets in Japan) 0.32
Power Generation 0.26
Total 15.65 | 15.08
(the United States)
Process Handysize Supramax
9,000 km Transport 9,000 km transport
Processing 7.66
Transport (maritime transport of nut shell pellets) 4.09 | 2.64
(The rest of the process is omitted because they are the same as China)
Total | 13.40 | 11.95

Table 9 Life cycle GHG default values for Coconut shell (g-CO2eq/MdJ-fuel)

process Handysize Supramax
9,000 km transport 9,000 km transport
Transport (transport of coconut shell feedstock) 0.22
Processing 1.15
Transport (domestic transport of coconut shells in 0.02
producing countries) ’
Transport (maritime transport of coconut shell) 7.90 5.05
Transport (domestic transport of coconut shells in 0.32
Japan) )
Power generation 0.26
Total 9.87 7.02
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Table 10 Life cycle GHG default values for Corn straw pellets (g-CO2eq/MdJ-fuel) (China)

Process Handysize Supramax
3,500 km transport 3,500 km transport
Collection Process 0.97
Transport (Corn Straw Transport) 0.23
Processing 4.80
Transport (domestic transport of corn straw pellets in 0.23
producing countries) )
Transport (maritime transport of corn straw pellets) 1.66 | 1.08
Transport (domestic transport of corn straw pellets in Japan) 0.34
Power generation 0.26
Total 8.49 | 7.90
(the United States)
Process Handysize Supramax
9,000 km transport 9,000 km transport
Processing 2.91
Transport (maritime transport of corn straw pellet) 4.28 | 2.77
(The rest of the process is omitted because they are the same as 3,500 km transport)
Total | 9.20 | 7.69

Table 11 Life cycle GHG default values for Sugarcane stem and leaf pellets (g-CO2eq/MJ-fuel)

Process

Handysize
10,000 km transport

Supramax
10,000 km transport

Collection process

0.97

Transport (sugarcane stem and leaf transport)

0.23

Processing

0.037

Transport (domestic transport of sugarcane stem and leaf
pellets in producing countries)

1.81

Transport (maritime transport of sugarcane stem and leaf
pellets)

4.75

3.07

Transport (domestic transport of sugarcane stem and leaf pellets
in Japan)

0.34

Power generation

0.26

Total

8.39

| 6.71

process

Handysize
22,000 km transport

Supramax
22,000 km transport

Transport (maritime transport of sugarcane stem and leaf
pellets)

10.45

6.76

(The rest of the process is omitted because they are the same as 10,000 km transport)

Total |

14.09

| 10.40

Table 12 Life cycle GHG default values for Bengkuang seeds (g-CO2eq/MdJ-fuel)

Process

Handysize
9,000 km transport

Supramax
9,000 km transport

Transport (domestic transport of benkowan seed in

. . 0.57
producing countries)
Transport (maritime transport of benkowan seeds) 3.05 | 1.97
Transport (domestic transport of benkowan seeds in Japan) 0.24
Power Generation 0.26
Total 4.12 I 3.04
process Handysize Supramax
26,000 km transport 26,000 km transport
Transport (maritime transport of Bengkuang seeds) 8.81 5.70
(The rest of the process is omitted because they are the same as 9,000 km transport)
Total 9.88 | 6.77
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Table 13 Life cycle GHG default values for Cashew nut shell liquid(CNSL) (g-CO2eq/MdJ-fuel) (Vietnam)

- processing:
processing: Use of biomass in-house power
Process Use of grid power .
generation
6,500 km transport 6,500 km transport
Processing 3.89 0.05
Transport (domestic transport of
cashew nut shell liquid in producing 0.74
countries)
Transport (maritime transport of 2.30
cashew nut shell liquid) :
Transport (domestic transport of 0.14
cashew nut shell liquid in Japan) )
Power generation 0
Total 7.07 | 3.23
(Céte d’Ivoire)
. processing:
processing: Use of biomass in-house power
Process Use of grid power .
generation
26,000 km transport 26,000 km transport
Processing 2.77 0.05
Transport (maritime transport of 991

cashew nut shell liquid)

(The rest of the process is omitted because they are the same as Vietnam)

Total

12.87

10.14

Table 14 Life cycle GHG default values for Cashew nut shell residues from oil extraction (g-CO2eq/MdJ-fuel)

(Vietnam)
Process 6,500 km transport
Handy Size Supramax
Processing 0.51
Transport (domestic transport of
cashew nut shell liquid in producing 0.59
countries)
Transport (maritime transport of
cashew nut shell liquid) 491 3.14
Transport (domestic transport of 0.98
cashew nut shell liquid in Japan) ’
Power generation 0.26
Total 6.55 | 4.78
(Céte d’Tvoire)
Process 26,000 km transport
Handy Size Supramax
Processing 0.36
Transport (maritime transport of
cashew nut shell liquid) 19.64 1255
(The rest of the process is omitted because it is the same as in Vietnam)
Total | 21.14 14.05
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2. Calculation process of Life cycle GHG default values for Palm oil
2-1. CPO
(1) Boundary and calculation points
<Boundary >
CPO is an unrefined oil produced by squeezing the fruits of oil palm fruit clusters. The Boundaries in CPO

is assumed as shown in Figure 1.

Explanatory note

Main purpase
“ hm

Figure 1 Boundary for life cycle GHG emissions of Palm oil (CPO)

< Allocation >

Products to which GHG emissions are allocated shall be specified by biomass type as described in “Life cycle
GHG calculation method under the FIT/FIP scheme”. Here they are specified by categorizing each biomass into
“main purpose production” and “other”. As a result of consideration, producing crude palm oil (CPO), palm
kernel oil (PKO), and palm kernel meal (PKM) are specified as “main purpose production” and they are
identified as products to which GHG emissions are allocated in the oil extraction process.

As for ratio of allocation, the FIT/FIP system requires that it shall be in proportion to their energy content
(determined by lower heat value). For here, ratio of allocation to CPO is cited from default values calculation
process of EU RED2 as in Table.15.

Table 15 Allocation ratios to CPOs used in EU RED2 default values

Table 216 LHV of palm oil

Weight Output in LHV of dry
fraction of LHV..ap . allocat. | part of moist
Component FFB Source Source Moisture def. LHV bi
(MJ/kg) er. - Iiomass
vap (M1/kg)
Palm oil 0.200 1 37 6 0 % 7.393 37.0
Palm kernel 0.0290 | 2,3 16.4 2 10 % 0.481 16.7
meal
Palm kernel oil 0.024 1 37 6 0 % 0.888 37
Excess nutshells 0.074 5 0 (*) 4 10 % 0.000 17.3
Allocation to 84 % Total 8.762
crude palm oil

Source) JRC(2017a)
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(2) Calculation of emissions by process

< Cultivation >

The calculated emissions for each emission activity in the cultivation process are as follows.

Table 16 Calculation of CPO heat quantity obtained per FFB weight

Specifications Values Units Source
CPO ight ti tio t
) et generaton THe T 1 01998 | +-CPO/X-FFB wet JRC(20172)
FFB (wet)
2 CPO heat value 37,000 MdJ/t-CPO JRC(2017a)
Resulting CPO heat FFB MJ-CPO/t-FFB
O 7,393 =()x(2)
(wet) weight wet
Table 17 Calculation of emissions from fuel consumption by agricultural machines, etc.
Specifications Value Unit Source
. . 1-Diesel oil/t-
(6)) Diesel oil input per FFB (wet) 2.37 JRC(2017a)
feedstock
(2) Diesel oil heat value 36 MJ/1-Diesel oil JRC(2017a)
Diesel oil emission factor (not
-CO2eq/MJ-Diesel
®3) | including methane and N20 from | 951 | & -4 | 1ese JRC(20172)
combustion) o
-CO2eq/t-
@ Emissions per FFB (wet) 8,114 g Lol =(1)x(2)x(3)
feedstock
CPO heat quantity obtained per MdJ-CPO/t-
5 7,393 Table 16
®) weight of FFB (wet) ’ feedstock abse
(6) CPO allocation ratio 0.84 JRC(2017a)
(7 GHG emissions from activity 0.92 g-CO2eq/MdJ-fuel =(4)/(5)x(6)
Table 18 Calculation of emissions from manufacture of input fertilizer (K20)
Specifications Value Unit Source
(1) | K20 fertilizer input per FFB (wet) 9.18 kg/t-feedstock JRC(2017a)
K20 fertilizer production emission COMMISSION IMPLEMENTING
(2 . . 413 g-CO2eq/kg 5
intensity REGULATION (EU) 2022/996
-CO2eq/t-
3 Emissions per FFB (wet) 3,791 & e =(1)x(2)
feedstock
CPO heat tity obtained
(4 ea. quantity obtamed ber 7,393 | Md-fuel/t-feedstock Table 16
weight of FFB (wet)
(5) CPO allocation ratio 0.84 JRC(2017a)
(6) GHG emissions from activity 0.43 g-CO2eq/MJ-fuel =(3)/(4)x(5)

2 Rules to verify sustainability and greenhouse gas emissions saving criteria and low indirect land-use change-risk

criteria
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Table 19 Calculation of emissions from production of input fertilizers (nitrogen-based fertilizers)

Specifications Value Unit Source
Nit -based fertilizer input
() | T rrosenbased fertiizer impu 5.10 kg/t-feedstock JRC(20172)
per FFB (wet)
Nitrogen fertilizer production
(2) L. . 4,572 g-CO2eq/kg JRC(2017a)
emisslon Intensity
-CO2eq/t-
(3) Emissions per FFB (wet) 23,317 & o =(1)x(2)
feedstock
CPO heat tity obtained
() ear qUATILILy ODTAINCAPEr | 7 393 | MJ-fuel/t-feedstock Table 16
weight of FFB (wet)
(5) CPO allocation ratio 0.84 JRC(2017a)
(6) GHG emissions from activity 2.65 g-CO2eq/MJ-fuel =(3)/(4)x(5)

Table 20 Calculation of emissions from manufacture of input fertilizers (phosphate-based fertilizers)

Specifications Value Unit Source
Phosphate fertili i t FFB
(p | Frosphateferihzermput ber 1.66 kg/t-feedstock JRC(20172)
(wet)
@) Phosphate fertilizer production 544 -C0Zeqlk COMMISSION IMPLEMENTING
emission intensity g osedRe REGULATION (EU) 2022/996 *
-CO2eq/t-
®) Emissions per FFB (wet) 903 g el =(Dx(2)
feedstock
CPO heat quantity obtained per Md-fuel/t-
4 7,393 Table 16
@ weight of FFB (wet) ’ feedstock abse
(5) CPO allocation ratio 0.84 JRC(2017a)
6) GHG emissions from activity 0.10 g-CO2eq/MJ-fuel =(3)/(4)x(5)
Table 21 Calculation of emissions from input fertilizer emissions (EFB compost)
Dimensions Values Units Source
Meth issi f EFB kg-CH4/t-
) erhane emssions wom 4.10 & Jannick Schmidt(2007)
compost per weight FFB (wet) feedstock
Calculation method in FIT/FIP
(2 Methane GWP 25
system
-CO2eq/t-
3 Emissions per FFB (wet) 102,500 & ed =(1)x(2)%x1,000
feedstock
CPO heat quantity obtained per Md-fuel/t-
(4 7,393 Table 16
) weight of FFB (wet) feedstock abse
(5) CPO allocation ratio 0.84 JRC(2017a)
(6) GHG emissions from activity 11.65 g-C02eq/MJ-fuel =(3)/(4)x(5)

3 Rules to verify sustainability and greenhouse gas emissions saving criteria and low indirect land-use change-risk

criteria
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Table 22 Calculation of emissions from manufacture of input pesticides

Specifications Value Unit Source
1 Insecticide inputs per FFB (wet) 0.74 kg/t-feedstock JRC(2017a)
I ticid facturi issi
@ nsecticide m?nu ac. uring emission 12,011 ¢-CO2eq/ke JRC(2017)
intensity
3 Emissions per FFB (wet) 8,888 g-CO2eq/t-FFB =(1)x(2)
CPO heat tity obtained
() ear qUATLILy OBLAINEEPEr | 7 393 | MJ-feedstock/t-fuel Table 16
weight of FFB (wet)
(5) CPO Allocation Ratio 0.84 JRC(2017a)
(6) GHG emissions from activity 1.01 g-CO2eq/MJ-fuel =(3)/(4)x(5)
Table 23 Calculation of emissions of N20 leakage from nitrogen-based fertilizers from soil
Specifications Value Unit Source
Nit fertilizer input FFB
(p | rrosen fertizer mput per 5.10 kg/t-feedstock JRC(20172)
(wet)
L . . Japan Greenhouse Gas Inventory
Emission intensity (direct
(2) .. 0.0097 kg-N20/kg Report 2022 (0.62% (kg-N 20-N/kg-N)
emissions)
x 44/28)
Derived from the default values in the
2006 IPCC Guidelines
Emission intensity (indirect (Volatilization rate of nitrogen
3) emissions and atmospheric 0.0016 kg-N20/kg fertilizer 0.10[kg-NH3-N + NOX-
sedimentation) N/kgl)
x emission factor 0.010 [kg-N20-N/kg-
NH3-N+ NOX-N] x 44/28)
Derived from default values in the
L o 2006 IPCC Guidelines (Percentage of
Emission intensity (indirect . .
4 e . 0.0035 kg-N20/kg leaching and outflow nitrogen 0.30 x
emissions and leaching) o
emission factor 0.0075 [kg-N20-N/kg-
NJ x 44/28)
Calculati thod in FIT/FIP
®) GWP of N20 298 Aleniation method m
system
-CO2eq/t-
®) Emissions per FFB (wet) 22,493 e =()x(2)+3)+@)x(5)x1,000
feedstock
@ CPO hea.t quantity obtained per 7.303 MdJ-feedstock/t- Table 16
weight of FFB (wet) fuel
® CPO Allocation Ratio 0.84 JRC(2017a)
(9) GHG emissions from activity 2.56 g-CO2eq/Md-fuel =(3)/(4)x(5)
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< FFB transport >

The calculated emissions from FFB transport are as follows.

Table 24 Calculation of emissions from FFB transport

Specifications Value Unit Source
(1 Transport distance (farm to oil mill) 50 km JRC(2017a)
(2) Round-trip fuel economy (12 t truck) 2.24 MdJ-Diesel oil/tkm JRC(2017a)
Diesel oil emission factor (not including
3 95.1 -CO2eq/MJ- Diesel oil JRC(2017
©® methane and N20 from combustion) & e reserol ( 2)
Emission intensity from diesel oil (not
@ including methane and N20 from 213.0 g-CO2eq/tkm =(2)x(3)
combustion)
CH4 emissi intensity (when truck
®) emissions intensity (when trucks 0.0034 ¢-CH4/tkm JRC(2017a)
are used)
N20 emissi intensity (when truck
®) emissions intensity (when trucks 0.0015 2-N20/tkm JRC(2017a)
are used)
@ CH4 emissions intensity .(when trucks 0.085 ¢-COZeq/tkm —(5)x25
are used) CO2 equivalent
® N20 emissions intensity .(When trucks 0.447 ¢-CO2eq/tkm —(6)x298
are used) CO2 equivalent
GHG emissi intensity of land
© crmssions THiensiy of fan 213.6 g-CO2eq/tkm =@+HD+®)
transport
CPO heat tity obtained fi FFB
(10) cab auanty otamed from 7,393 t-feedstock /MJ-fuel Table 16
(wet)
(11) Allocation ratio to CPO 0.84 JRC(2017a)
(12) GHG emissions from process 1.21 g-CO2eq/MJ- fuel =(1)x(9)/(10)x(11)
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< Processing (oil extraction) >

The calculated emissions from oil extraction process are as follows. Following the EU default values, the

processing is set at 1.4 times the calculated value.

Table 25 Calculation of emissions from oil extraction process (no methane recovery)

Specifications Value Unit Source
0.000078 Md-electric
1 I t RC(201
)] nput power power/MJ-fuel JRC(2017a)
(2) Input diesel oil 0.00445 Md-diesel oil/Md-fuel JRC(2017a)
246.79 Calculated using the JRC LCA electricit;
Electric power emission factor (grid g-CO2eq/Md- Electric ale .a ? using the Glectety
(3) emission factors and the IEA power
power) power . . .
generation mix for Indonesia.
Diesel oil emission factor (not 95.1
-CO2eq/MJ- Diesel
(4 including methane and N20 from & e q 1ese JRC(2017a)
oi
combustion)
CH4 emissi fi PKS and fib 0.000700
®) crissions Tom TR and iber g-CH4/MJ-fuel JRC(2017a)
combustion
N20 emissi fi PKS and fib 0.000996
© crmissions Tom TS and Hber g-N20/MJ-fuel JRC(2017a)
combustion
Meth, tion fi POME 0.9844
(pp | AR generation om fno g-CH4/MJ-fuel JRC(2017a)
recovery)
® Emission intensity from electric 0.0192 g-CO2eq/MJ-fuel 1)x(3)
power
©) Emission 1nten31t.y from diesel oil 0.42 g-CO2eq/MJ-fuel @)x(4)
(CO2 equivalent)
CH4 emissions from PKS and fiber 0.0175
10 -CO2eq/Md-fuel 5)x25
(10) combustion (CO2 equivalent) & ed e ®
N20 emissions from PKS and fiber 0.30
11 -CO2eq/Md-fuel 6)x298
) combustion (CO2 equivalent) & ed He ©
Meth, tion fi POME 24.61
(12) ethane generation from (no ¢-0020q/MJ-fuel (x5
recovery) (CO2 equivalent)
(13) Allocation ratio to CPO 0.84 - JRC(2017a)
(14) GHG emissions from the process 21.31 g-CO2eq/Md-fuel =((8)+(9)+(10)+(11)+(12))x(13)
GHG emissions from the process 29.83
(15) (increase (14) by 40% to ensure g-CO2eq/Md-fuel =(14)x1.4
conservativeness)
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Table 26 Calculation of emissions from oil extraction process (with methane recovery)

Specifications Value Unit Source
(1 Input power 0.000078 MJ/MJ-fuel JRC(2017a)
(2) Input diesel oil 0.00445 MdJ/Md-fuel JRC(2017a)
Calculated using the JRC LCA
@) Electric power emission factor (grid 946.79 g CO2eq/MdJ- Electric electricity emission factors and the
power) ' power IEA power generation mix for
Indonesia.
Diesel oil emission factor (not
-CO2eq/MJ- Diesel
(4) including methane and N20 from 95.1 J °4 1 1ese JRC(2017a)
oi
combustion)
CH4 emissi fi PKS and fib
®) crssions Tom FESand iR 1 0.000700 g-CH4/MJ-fuel JRC(20172)
combustion
N20 emissi fi PKS and fib.
6) crssions Tom TRS AT | 0.000996 g"N20/MJ-fuel JRC(20172)
combustion
Meth tion fi POME
@) cHhane generation Tom 0.1477 g-CH4/MJ-fuel JRC(20172)
(with recovery)
Emissi int ity f lectri
® mission intensity from electric 0.0192 ¢-CO2eq/MJ-fuel —(1)x(3)
power
GHG emissi fi diesel oil
© conissions rom creseon 0.42 g-C02eq/MJ-fuel =@)x(4)
(CO2 equivalent)
CH4 emissions from PKS and fiber
10 0.0175 -CO2eq/MJ-fuel =(5)x25
(10) combustion (CO2 equivalent) & ed e ®)
N20 emissions from PKS and fiber
11 0.30 -CO2eq/MJ-fuel =(6)x298
a combustion (CO2 equivalent) & ed e ©)
Methane generation from POME
(12 3.69 -CO2eq/MdJ-fuel =(7)x25
) (with recovery) (CO2 equivalent) & ed ue @
(13) Allocation ratio to CPO 0.84 JRC(2017a)
(14) GHG emissions of the process 3.74 g-CO2eq/Md-fuel =((8)+(9)+(10)+(11)+(12))x(13)
GHG emissions from the process
(15) (increase (14) by 40% to ensure 5.23 g-CO2eq/Md-fuel =(14)x1.4

conservativeness)
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< CPO transport >

The calculated emissions from CPO transport are as follows.

Table 27 Calculation of emissions from CPO transport (in the producing country)

Dimensions Value Unit Source
(1 Transport distance (oil mill to port) 120 km JRC(2017a)
(2) Round-trip fuel economy 0.81 Md-Diesel oil/tkm JRC(2017a)
Diesel oil emission fact t includi
(3 | Dieseloil emission factor (not including 95.1 ¢-CO2eq/MJ- Diesel oil JRC(20172)

methane and N20 from combustion)

Emission intensity from diesel oil (not

@ including methane and N20 from 77.1 g-CO2eq/tkm =(2)x(3)
combustion)
CH4 emissi intensity (when truck
®) emissions intensity (when trucks 0.0034 g-CH4/tkm JRC(20172)
are used)
N20 emissi intensity (when truck
®) emissions intensity (when trucks 0.0015 2-N20/tkm JRC(2017a)

are used)

@ CH4 emissions intensity .(when trucks 0.085 ¢-CO2eq/tkm —(5)x25
are used) CO2 equivalent

N20 1ssi intensit; hen truck
® emissions intensi y.(w en trucks 0.447 ¢-COZeq/tkm _(6)x298
are used) CO2 equivalent

GHG emissions intensity of land

(©)] 77.7 g-CO2eq/tkm =(9)+(N+(8)
transport

(10) Biomass fuel heat value 37,000 MJ-fuel/t-fuel JRC(2017a)

(11) GHG emissions from process 0.25 g-C02eq/MJ-CPO =(1)x(9)/(10)

Table 28 Calculation of emissions from CPO maritime transport

Specifications Value Unit Source

. Approximate distance between Ama Representative
(1) Distance 9,000 km .
Port (long distance) and Japan

Maritime transport
P g-heavy fuel oil

(2 emission intensity 0.158 JRC(2017a)
X /tkm
(chemical tanker)

Heavy fuel oil emission ¢-CO2eq/MJ-heavy

(3) | factor (including methane 94.2 R JRC(2017a)
fuel oil
and N20)
4) Biomass fuel heat value 37,000 Md-fuel/t-fuel JRC(2017a)
GHG emissi fi th
®) CITISSIONS from the 3.62 g-CO2eq/MJ-fuel =()x(2)x(3)/(4)

process
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Table 29 Calculation of emissions from CPO transport (domestic transport in Japan)

Specifications Value Unit Source
(1 Transport distance 20 km Document 4 of the 12th WG
R d trip fuel 10t
@ oundp tue iconomy 3.06 MJ- Diesel oil/tkm Table.179
ruc

Diesel oil emission factor (not
(3) | including methane and N20 from 95.1
combustion)

g-CO2eq/MJ- Diesel

. JRC(2017a)
oil

Emission intensity from diesel oil
@ (not including methane and N20 290.5 g-CO2eq/tkm =(2)x(3)
from combustion)

CH4 emissi intensity (wh
®) emissions intensity (when 0.0034 ¢-CH4/tkm JRC(2017a)
trucks are used)

N20 emissi intensity (wh
®) emissions intensity (when 0.0015 ¢-N20/tkm JRC(2017a)
trucks are used)

CH4 emissions intensity (when
@) 0.085 -CO2eq/tk =(5)x25
trucks are used) CO2 equivalent & eatm

N20 emissions intensity (when
8 0.447 -CO2eq/tk =(6)x298
® trucks are used) CO2 equivalent & eartim ©)

GHG emission intensity for land

(9) 291.1 g-C02eq/tkm =(4)+(7)+(®)
transport

(10) Biomass fuel heat value 37,000 MJ/t JRC(2017a)

(11) GHG emissions of the process 0.16 g-C02eq/MJ-CPO (1)x(9)/(10)

< Power generation>
Emissions from power generation (Methane, N20) are zero, reflecting both the default values in EU RED2

and estimated values calculated by industry associations in document 4 of the 12th WG.

22



2-2. Palm stearin
(1) Boundary and calculation points
< Boundary>
Palm stearin is obtained by separating RBD palm oil. The Boundaries for life cycle GHG in palm stearin are
assumed as shown in Figure 2. It is assumed that purification and separation take place in the producing

country.

Empty front
bunch (EFE) Explanatory note
Main purpose
= Process
Palm ol mill Erpdacten “

Figure 2 Boundary for life cycle GHG emissions of Palm oil (Palm Stearin)

< Allocation >

As for allocation, the products to which GHG emissions are allocated in oil extraction process are set as the
same as CPO. In the refining and separation processes, products from “Main purpose production” is specified
as the products to which GHG emissions are allocated as shown in Figure 2.

The allocation ratio to CPO in the oil extraction process is similarly set at 0.84. The allocation ratios in the

refining and separation processes are as follows.

Table 30 Allocation ratio in refining process

(1) 2 [6)
Percentage of weight generated Amount of heat generated (MJt) Allocation Ratio
NESTE JRC (2017a) =/ (D x(2)
RDB 0.9575 37000 0.9575
PFAD 0.0425 37000 0.0425
Table 31 Allocation ratio in separation process
(1) 2 [6)
Percentage of weight generated Amount of heat generated (MJ/t) Allocation Ratio
Document 4 of the 12t Bio WG Document 4 of the 12th Bio WG =(1)/ X (1) X (2))
Palm stearin 0.25 36,326 0.25
Palm olein 0.75 36,326 0.75
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(2) Calculation of emissions by process
< Cultivation >

The calculated emissions for each emission activity in the cultivation process are as follows.

Table 32 Calculations of palm stearin calorie obtained per FFB weight

Dimensions Values Units Source
P t f CPO weight

@ ereentage of W weig 0.1998 | t-CPO/t-FFB wet JRC(20172)

generated per weight FFB (wet)
(2) Ratio of RBD weight to CPO 0.9575 t-RBD/t-CPO NESTE website *

Palm steari ight tt t-Palm Stearin/t-
(3) am s earlnf:v;l:g)g pereent to 0.250 & mRB]e)}arln Document 4 of the 12th Bio WG

Unit conversion from the values listed
4 Palm stearin heat val 36,326 Md/t-Palm steari
@ aim steatin heat vatue ’ atm steatin in the document 4 of the 12th Bio WG
Amount of palm stearin MdJ-Palm Stearin/t-

5 1,737 =(1)x(2)x(3)x(4
® obtained per weight FFB (wet) FFB wet (Dx@x(3)x(4)

Table 33 Calculation of emissions from fuel consumption by agricultural equipment

Specifications Value Unit Source
. o 1-diesel oil/t-
(1 Diesel oil input per FFB (wet) 2.37 JRC(2017a)
feedstock
(2 Diesel oil heat value 36 MJ/1- diesel oil JRC(2017a)

Diesel oil emission factor (not

-CO2eq/Md-diesel
(3) | including methane and N20 from | 951 | &~ & N 1ese JRC(20172)
combustion) o
(4 Emissions per FFB (wet) 8,114 | g-CO2eq/t-FFB wet =(1)x(2)x(3)

Palm stearin heat gained per FFB

(5) . 1,737 | MdJ-fuel/t-feedstock
(wet) weight
Calculated by multiplying Table 15
© Allocation ratio to palm stearin 0.201 i Allocation ratio to CPO, Table 30
(from oil extraction process) ' Allocation ratio to RDB, Allocation
ratio to palm stearin
(7 GHG emissions from activity 0.94 g-CO2eq/MJ-fuel =(4)/(5)x(6)

4 https://www.neste.com/products/all-products/raw-materials/pfad-residue-palm-oil-refining#b7a200a8(2022 viewed November
10), calculated by subtracting the median PFAD generation rate of 3.5~ 5% from 100%
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Table 34 Calculation of emissions from the manufacture of input fertilizer (K20)

Dimensions Values Units Source

(1) | K20 fertilizer input per FFB (wet) 9.18 kg/t-feedstock JRC(2017a)
@ Emissions intensity of K20 413 ¢-COZeq/kg COMMISSION IMPLEMENTING

fertilizer production emissions REGULATION (EU) 2022/996 3
3) Emissions per FFB (wet) 3,791 g-CO2eq/t-FFB wet =(1)x(2)
@ Obii?ezt;::lggtgf v‘z:gyht 1,737 | MdJ-fuelit feedstock Table 16

Calculated by multiplying Table 15
®) Allocation ratio to palm stearin 0.901 Allocation ratio to CPO, Table 30
(from oil extraction process) Allocation ratio to RDB, Table31 Allocation
ratio to palm stearin

®) GHG emissions from activity 0.44 g-CO2eq/MdJ-fuel =(3)/(4)x(5)

Table 35 Calculation of emissions from the production of input fertilizers (nitrogen-based fertilizers)

Specifications Value Unit Source
Nit -based fertilizer input
()] Hrogenbased fertizer mput bex 5.10 kg/t-feedstock JRC(2017a)
FFB (wet)
Nit -based fertili ducti
(2) 1trogen a.Se. el‘.l 1zer .pI'O uction 4’572 g-CO2eq/kg JRC(2017a)
emisslons Intensity
(3 Emissions per FFB (wet) 23,317 g-CO2eq/t-feedstock =(1)x(2)
Palm stearin heat tity obtained
) am steann heab quantity obtamne 1,787 MJ-fuel/t-feedstock Table 16
per FFB (wet) weight
Calculated by multiplying Table 15
®) Allocation ratio to palm stearin (from 0.201 Allocation ratio to CPO, Table 30
oil extraction process) ’ Allocation ratio to RDB, Table31
Allocation ratio to palm stearin
®) GHG emissions from activity 2.70 g-CO2eq/MdJ-fuel =(3)/(4)x(5)

Table 36 Calculation of emissions from the manufacture of input fertilizers (phosphate-based fertilizers)

Specifications Value Unit Source
(1) | FPhosphate fertilizer input per 1.66 kg/t-feedstock JRC(2017a)
FFB (wet)
hosphate-based fertilizer
2 II)>rodIl)1c:tion and emissions 544 g-CO2eq/kg COMMISSION IMPLEMENTING
, , REGULATION (EU) 2022/996 6
intensity
(3 Emissions per FFB (wet) 903 g-CO2eq/t-feedstock =(1)x(2)
(9 | Palm stearin heat quantity 1,787 MJ-fuel/t-feedstock Table 16
obtained per weight of FFB
Calculated by multiplying Table 15
®) Allocation ratio to palm stearin 0.901 Allocation ratio to CPO, Table 30
(from oil extraction process) ’ Allocation ratio to RDB, Table31 Allocation
ratio to palm stearin
(6) GHG emissions from activity 0.10 g-CO2eq/MJ-fuel =(3)/(4)x(5)

5 Rules to verify sustainability and greenhouse gas emissions saving criteria and low indirect land-use change-risk

criteria

6 Rules to verify sustainability and greenhouse gas emissions saving criteria and low indirect land-use change-risk

criteria
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Table 37 Calculation of emissions from input fertilizer emissions (EFB compost)

Specifications Values Unit Source
EFB t-derived meth
) o ComPposTEETIvec meTane 4.10 kg-CH4/t-feedstock Jannick Schmidt(2007)
emissions per weight FFB (wet)
Calculati thod in FIP/FIP
@) Methane GWP 25 aletiation method i
system
(3) Emissions per FFB (wet) 102,500 g-CO2eq/t-FFB wet =(1)x(2)x1,000
Palm stearin heat gained
(g | HmEeanhheat gmneder 1,787 MJ-fuel/t-feedstock Table32
FFB (wet) weight
Calculated by multiplying Table 15
®) Allocation ratio to palm stearin 0.201 Allocation ratio to CPO, Table 30
(from oil extraction process) ’ Allocation ratio to RDB, Table31
Allocation ratio to palm stearin
(6) GHG emissions from activity 11.86 g-CO2eq/MdJ-fuel =(3)/(4)x(5)
Table 38 Calculation of emissions from the manufacture of input pesticides
Specifications Value Unit Source
I ticide 1 t FFB
o) nsechicide IpULs per 0.74 ke/t-feedstock JRC(2017a)
(wet)
Pesticid ducti issi
© esticide p.ro uc .1on emission 12,011 ¢-COZeq/kg JRC(2017)
intensity
3 Emissions per FFB (wet) 8,888 g-C02eq/t-feedstock =(1)x(2)
Pal t in heat tit;
@ a1 stearn heat quantity 1,737 MJ-fuel/t-feedstock Table32
obtained per FFB (wet) weight
Calculated by multiplying
Allocati tio to palm steari Table 15 Allocation ratio to
®) (foca 10?1 ratlo :_pa e ear)m 0.201 CPO, Table 30 Allocation ratio
rom onf extraction process to RDB, Table31 Allocation
ratio to palm stearin
(6) | GHG emissions of from activity 1.03 g-CO2eq/Md-fuel =(3)/(4)x(5)
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Table 39 Calculation of emissions of N20 leakage from nitrogen-based fertilizers from soil

Specifications Value Unit Source
(1) | Nitrogen fertilizer input per FEB | | o kg/t-feedstock JRC(20172)
(wet)
Emissions intensity (direct Japan Greenhouse Gas Inventory Report
@ emissions)y 0.0097 ke"N20/ke 2?)22 (0.62% [kg-N20-N/kg-N] )344/58)
Derived from default values in the 2006
Emissions intensity (indirect IPCC Guidelines (Volatilization rate of
3 emissions and atmospheric 4 kg-N20/kg nitrogen fertilizer 0.10 (kg-NH3-N+ NOX-
sedimentation) N/kg) x emission factor 0.010 (kg-N20-N/kg-
NH3-N+ NOX-N) x 44/28)
Derived from default values in the 2006
@ Emiss.ior.ls intensity (in.direct 0.0035 ke-N20/kg IPCC Guidellines (Percentage f)f l'eaching
emissions and leaching) and outflow nitrogen 0.30 x emission factor
0.0075 [kg-N20-N/kg-N] x 44/28)
(5) GWP for N20 298 Calculation method in FIT/FIP system
®) Emissions per FFB (wet) 22,493 g-CO2eq/t-feedstock =(1)x((2)+(3)+(4))x(5)x1,000
™ Obiii;t:?;;ﬁEzzv‘i;ai'::gyht 1,737 | MJ-fuel/t-feedstock Table32
Calculated by multiplying Table 15
® Allocation ratio to palm stearin 0.201 Allocation ratio to CPO, Table 30 Allocation
(from oil extraction process) ratio to RDB, Table31 Allocation ratio to
palm stearin
(9 GHG emissions from activity 2.60 g-CO2eq/MJ-fuel =(6)/(7)x(8)
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< FFB transport>

The calculated emissions from FFB transport are as follows.

Table 40 Calculation of emissions from the FFB transport

Specifications Value Unit Source
@ Transport dista}nce (farm to oil 50 km JRC(20172)
mill)
Round-trip fuel 12t
@ ound-trip fuel economy ( 2.24 | MJ- Diesel oil/tkm JRC(2017a)
truck)
Diesel oil emission factor (not
-CO2eq/MdJ- Diesel
(3) including methane and N20 from 95.1 g cd 1 1ese JRC(2017a)
oi
combustion)
Emission intensity from diesel oil
@ (not including methane and N20 213.0 g-CO2eq/tkm =(2)x(3)
from combustion)
CH4 emissi intensity (whi
®) emissions intensity (when | 0, ¢-CH4/tkm JRC(2017a)
trucks are used)
N20 emissi intensity (whi
®) emissions intensity (when | < 2-N20/tkm JRC(2017a)
trucks are used)
CH4 emissions intensity (when
7 0.085 -CO2eq/tk =(5)x25
@ trucks are used) CO2 equivalent & eqrEm ®)
N20 emissions intensity (when
8 0.447 -CO2eq/tk =(6)x298
@® trucks are used) CO2 equivalent & eqrtim ©
GHG emissi intensity of land
© crmssions IenSIy oL AR | 2136 g-CO2eq/tkm =@+7)+(®)
transport
Pal i in heat tit,
(10) o Steann eat auanty 1,737 | MJ-fuel/t-feedstock Table32
generated from FFB (wet) weight
Calculated by multiplying Table 15
(1) Allocation ratio to palm stearin 0.901 Allocation ratio to CPO, Table 30
(from oil extraction process) ’ Allocation ratio to RDB, Table31 Allocation
ratio to palm stearin
(12) GHG emissions from activity 1.24 g-C02eq/MJ-fuel =(1)x(9)/(10)x(11)
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< Processing (oil extraction) >

The calculated emissions from oil extraction process are as follows.

Table 41 Palm stearin heat value obtained per CPO heat value

Dimensions Values Unit Source
RDB heat val ted
@ oA vaue generated per 0.9575 MJ-RBD/MJ-CPO NESTE website 7
CPO heat value
©)] RDB heat value 37,000 MdJ/t-RBD JRC(2017a)
Palm steari ight ti
(3 | - Steann Weight generation 0.250 t-Palm stearin/t-RDB Material 4 of the 12th Bio WG
ratio to RDB
Unit conversion from the values listed
4 Palm stearin heat val 36,326 MdJ/t-Palm Steari
@ aim steatin fleat vatue ’ aim steartt in the document 4 of the 12th Bio WG
®) Palm stearin heat value 0.245 MdJ-Palm stearin/MdJ- —3)x(0)/(©2)
generated per RDB heat value ' RDB
© Palm stearin heat value obtained 0.235 MdJ-Palm —()x()
per CPO heat value ’ Stearin/MdJ-CPO
Table 42 Calculation of emissions from oil extraction process (no methane recovery)
Specifications Value Unit Source
. Md-electric
) Input electric power 0.000078 power/MJ-feedstock JRC(2017a)
6) Input diesel oil 0.00445 MJ-diesel oll/M.J- JRC(2017a)
feedstock
Eloctricit ission factor (erid CO2eaMJ-eloctri Calculated using the JRC LCA
3 ectricily emission 1actol gr 246.79 & 4 electre electricity emission factors and the IEA
power) power
power generation mix for Indonesia.
Diesel oil emission factor (not ) e
(4 including methane and N20 from 95.1 g COZeq/Ol\i/{J Diesel JRC(2017a)
combustion)
) CH4 emissions from.PKS and fiber 0.000700 o-CH4/MJ-feedstock JRC(20172)
combustion
®) N20 emissions from. PKS and fiber 0.000996 a-N20/MJ-feedstock JRC(20172)
combustion
) Methane generation from POME (no 0.9844 g-CH4/MJ-feedstock JRC(2017a)
recovery)
®) Emission intensity from electric 0.0192 g-CO2eq/Md- electric 1) x (3)
power power
Emission intensity from diesel oil ) )
(9) (not including methane and N20 0.42 g C02eq/MJ 2 x @)
. feedstock
from combustion)
CH4 emissions from PKS and fiber g-CO2eq/MJ-
(10) combustion (CO2 equivalent) 0.0175 feedstock (6) x 25
N20 emissions from PKS and fiber g-CO2eq/MJ-
an combustion (CO2 equivalent) 0.30 feedstock (6) x 298
Methane generation from POME (no g-CO2eq/MdJ-
(12) recovery) (CO2 equivalent) 24.61 feedstock (Dx25
(13) | Palm stearin heat quantity obtained 0235 | MJ-fuel/MJ-feedstock Table4l
per CPO heat
Calculated by multiplying Table 15
14) Allocation ratio of palm stearin (from 0.201 Allocation ratio to CPO, Table 30
oil extraction process) ’ Allocation ratio to RDB, Table31
Allocation ratio to palm stearin
(15) GHG emissions from the process 21.70 g-CO2eq/MJ-fuel =((8)+(9)+(10)+(11)+(12))/(13)x(14)
GHG emissions from the process
(16) (increase (15) by 40% to ensure 30.38 g-CO2eq/MJ-fuel =(15)x1.4
conservativeness)

7 https://www.neste.com/products/all-products/raw-materials/pfad-residue-palm-oil-refining#bh7a200a8(2022 viewed November
10), calculated by subtracting the median PFAD generation rate of 3.5~ 5% from 100%
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Table 43 Calculation of emissions from oil extraction process with methane recovery

Specifications Value Unit Source
Md-electric
)] Input electric power 0.000078 power/Md- JRC(2017a)
feedstock
MdJ-fuel/MJ-
2 Input diesel 0.00445 ue JRC(2017a)
feedstock
Calculated using the JRC LCA
3) Electric power emission factor 946.79 g-CO2eq/MdJ- electricity emission factors and the
(grid power) ’ Electric power IEA power generation mix for
Indonesia.
Diesel oil emission factor (not
-CO2eq/MdJ-diesel
(4) including methane and N20 95.1 & e N 1ese JRC(2017a)
oi
from combustion)
CH4 emissi fi PKS and -CH4/MJ-
) erssions wom TR an 0.000700 & JRC(2017a)
fiber combustion feedstock
N20 emissi fi PKS and -N20/MJ-
®) erssions wom TRS an 0.000996 & JRC(2017a)
fiber combustion feedstock
Methane generation from g-CH4/MJ-
(7 0.1477 JRC(2017
POME (with recovery) feedstock ¢ 2)
Emission intensity from
-CO2eq/MJ-
® electric power (CO2 0.0192 gzea Wx(3)
equivalent) electric power
Emission intensity from diesel g-CO2eq/MdJ-
9 0.42 2)x(4
oil (CO2 equivalent) feedstock @x()
CH4 emissions from PKS and
-CO2eq/MJ-
10) fiber combustion (CO2 0.0175 g e (5)%25
. feedstock
equivalent)
N20 emissions from PKS and
-CO2eq/MJ-
a1 fiber combustion (CO2 0.30 & ) detq " (6)%298
eedstoc
equivalent) S
Methane generation from
-CO2eq/MJ-
(12) | POME (with recovery) (CO2 3.69 gbeed (%25
. feedstock
equivalent)
(13) Obtained palm stearin heat 0.935 Md-fuel/MdJ- Tabledl
. able
value per CPO heat value feedstock
Calculated by multiplying Table
Allocation ratio of palm 15 Allocation ratio to CPO, Table
(14 stearin (from oil extraction 0.201 30 Allocation ratio to RDB,
process) Table31 Allocation ratio to palm
stearin
GHG emissi fi th
(15) crmssions Fom e 3.81 g-CO2eq/MJ-fuel | =(®)+(©)+10+(1D+(12)/(13)x(14)
process
GHG emissions from the
(16) process (increase (15) by 40% 5.33 g-CO2eq/Md-fuel =(14)x1.4

to ensure conservativeness)




< CPO transport >

The calculated emissions from CPO transport are as follows.

Table 44 Calculation of CPO transport emissions

Specifications Value Unit Source
(6)) Transport distance (oil mill to refinery) 72 km By interview
2 Round-trip fuel economy 0.811 MdJ- Diesel oil/tkm JRC(2017a)
Diesel oil emission factor (not including g-CO2eq/MdJ-
3 95.1 JRC(2017
methane and N20 from combustion) Diesel oil ¢ a)
Emission intensity from diesel oil (not
(4) including methane and N20 from 77.1 g-CO2eq/tkm =(2)x(3)
combustion)
CH4 emissi intensity (when truck
®) emissions intensity (when trucks | 10, ¢-CH4/tkm JRC(2017)
are used)
N20 emissi intensity (when truck
®) emissions intensity (when trucks |\ - ¢-N20/tkm JRC(2017a)
are used)
o CH4 emissions intensity .(when trucks 0.085 ¢-CO2eq/tkm —(5)x25
are used) CO2 equivalent
® N20 emissions intensity .(When trucks 0.447 ¢-COZeqftkm —(6)x298
are used) CO2 equivalent
GHG emissi intensity of land
© crssions intensity of an .1 g-CO2eq/tkm =@+7)+(®)
transport
(10 CPO heat value 37,000 MJ/t-feedstock JRC(2017a)
(1) Palm stearin heat obtained per CPO 0.935 MdJ-fuel/MJ- Tabledl
heat feedstock
. . . Calculated by multiplying Table 30
Allocat tio t 1 i ft
12) ocation ratio to palm stearin (after 0.239 Allocation ratio to RDB, Table31
CPO transport) . . .
Allocation ratio to palm stearin
GHG issions fi CPO t t
(13) cImssions fom T transpor 0.15 g-C0O2eq/MJ-fuel =X @xE)(10)/(1DX(12)
(in-production) process

< Processing (refining) >

The calculated emissions from CPO purification process are as follows.

Table 45 Calculations of palm stearin heat value obtained per RBD heat value

Dimensions Value Unit Source
(1) RBD heat value 37,000 MJ/t-RBD JRC(2017a)
Palm stearin weight generation ratio . Unit conversion from the values listed in
(2) 0.25 t-Palm Stearin/t-RBD .
to RBD the document 4 of the 12th Bio WG
. X Unit conversion from the values listed in
3) Palm stearin heat value 36,326 MdJ/t-Palm stearin .
the document 4 of the 12th Bio WG
() Palm stearin heat value generated 0.245 MJ-Palm Stearin/MdJ- —@)x(3)(1)

per RBD heat value

RBD
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Table 46 Calculation of CPO refining process emissions

Specifications Value Unit Source
o input electric power 0.00116 MdJ-electric JRC(20172)
1 1 W .
P P power/Md-feedstock
2 Input phosphoric acid 0.00002 kg/Md-feedstock JRC(2017a)
3) Input acid clay (Bleaching earth) 0.00025 kg/MdJ-feedstock JRC(2017a)
MdJ-heat/MJ-
(4) Input steam (NG boiler) 0.0116 e JRC(2017a)
feedstock
Calculated using the JRC LCA electricit;
Electric power emission factor (grid g-CO2eq/MdJ- & cu‘a ‘,9 usmeg the Gty
(5) 246.79 R emission factors and the IEA power
power) Electric power K . R
generation mix for Indonesia.
®) Phosphate emission factor 3,124.7 g-CO2eq/kg JRC(2017a)
COMMISSION IMPLEMENTING
@) Acid clay discharge fact 199.8 -CO2eq/k
cie clay discharge factor gmedre REGULATION (EU) 2022/996°
Steam derived CH4 discharge
® 0.0028 -CH4/MJ-heat JRC(2017
factor (NG boiler) & ea ¢ 2)
N20 emission factor f t
© Crssion facion oM steam 0.0011 g"N20/MJ-heat JRC(20172)
(NG boiler)
(10) CO2 emissions from steam 56.2 g-C02eq/MdJ-heat JRC(2017a)
-CO2eq/MJ-
(1) | GHG emissions from electricity 0.29 g eed =(1)x(5)
feedstock
(12) GHG emissions t."rom phosphoric 0.06 g-CO2eq/MdJ- —@)x(6)
acid feedstock
-CO2eq/MJ-
(13) GHG emissions from acid clay 0.05 & e =
feedstock
-CO2eq/MJ-
(14) CH4 emissions from steam 0.0008 & e =(4)x(8)x25
feedstock
-CO2eq/Md-
(15) N20 emissions from steam 0.0038 & e =(4)x(9)x298
feedstock
-CO2eq/MJ-
(16) CO2 emissions from steam 0.6519 & e =(4)x(10)
feedstock
Palm stearin heat value obtained Md-fuel /MdJ-
a7 0.245 Table41
per RBD heat value feedstock
(18) Allocation rat.io. to palm stearin 0.95 Table 31
(after refining process)
(19) GHG emissions from the process 1.07 g-CO2eq/MdJ-fuel =((10)+(11)+(12)+(13)+(14)+(16))x(18)/(17)
GHG emissions from the process
(20) (increase (19) by 40% to ensure 1.50 g-C02eq/MJ-fuel =(19)x1.4
conservativeness)

<Procesing (Separation) >

As for the separation process, based on interviews and research of literature, palm olein is thought to be

separated into liquid palm olein and solid palm stearin at room temperature. Therefore no emissions are

accounted. ¢

8 Rules to verify sustainability and greenhouse gas emissions saving criteria and low indirect land-use change-risk

criteria

9 Liquid Phase Oxygen Oxidation Reaction of Palm Stearin and Separation of Products (Toba, 1990) Journal of the Japanese

Society of Petroleum Chemistry Volume 39, No. 5
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< Palm stearin transport >

The calculated emissions from palm stearin transport are as follows. The heating of palm stearin during

transport is not included because the exhaust heat from the transport power engine is used.

Table 47 Calculation of emissions from palm stearin transport (in the producing country)

Specifications Values Units Source
@ Distance 35 km Set conserva.tive?y from p?wer plant
location information
2 Round-trip fuel economy 0.811 Md- Diesel oil/tkm JRC(2017a)
Diesel oil emission factor (not
-CO2eq/Md- Diesel
©)] including methane and N20 95.1 & ed . 1ese JRC(2017a)
ol

from combustion)

Emission intensity from diesel
(4 oil (not including methane and 77.1 g-CO2eq/tkm =(2)x(3)
N20 from combustion)

CH4 emissions intensity (when

(5) 0.0034 g-CH4/tkm JRC(2017a)

trucks are used)

N20 emissions intensity (when

(6) 0.0015 g-N20/tkm JRC(2017a)

trucks are used)

CH4 emissions intensity (wh
™ CITHSSIONS INFENSILy twhen 0.085 ¢-CO2eq/tkm =(5)x25

trucks are used) CO2 equivalent

N20 emissions intensity (when

® 0.447 -CO2eq/tk =(6)x298
trucks are used) CO2 equivalent & eartim ©
GHG emissi intensity of land
) essions mtensity ot fan 77.7 2-CO2eq/tkm =(@W+HD+®)
transport
Unit conversion from the values listed in
10 Bi fuel heat val 2 MdJ/t-fuel
(10) iomass fuel heat value 36,326 J/t-fue the document 4 of the 12th WG
(11) | GHG emissions from the process 0.07 g-C02eq/MJ-fuel =(1)x(9)/(10)
Table 48 Calculation of emissions from palm stearin transport (tanker)
Specifications Value Unit Source
) Distance 9,000 km Approx.imate distance .between Ama
Representative Port (long distance) and Japan
Mariti t t issi
(2) .arl m@ ransp(.)r CMISSIons 0.158 Md-heavy fuel oil/tkm JRC(2017a)
intensity (chemical tanker)
Heavy fuel oil emission factor
-CO2eq/MJ-h
(3) (not including methane and 94.2 g feq L oil eavy JRC(2017a)
uel oi
N20 from combustion)
Unit ion f the values listed in th
4) Biomass fuel heat value 36,326 Md-fuel/t-fuel Pt CONVErsion trom the va ues. wstedan the
document 4 of the 12th Bio WG
GHG emissi fi th
) CITISSIONS fromm The 3.69 g-CO2eq/MJ-fuel =(1)x(2)x(3)/(4)
process
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Table 49 Calculation of emissions from palm stearin transport (domestic transport in Japan)

Specifications Values Units Source
()] Transport distance 20 km Document 4 of the 12th WG
2 Round-trip fuel economy 10 t truck 3.06 MdJ- Diesel oil/tkm Table.179
®) Diesel oil emission factor (including 95.1 g'COQeq/MJ- Diesel JRC(20172)
methane and N20) oil
Emission intensity from diesel oil
@ (not including methane and N20 290.5 g-CO2eq/tkm =(2)x(3)
from combustion)
CH4 emissi intensit, h
®) emissions intensity (when 0.0034 ¢-CH4/tkm JRC(2017a)
trucks are used)
N20 emissi intensit, h,
®) emissions intensity (when 0.0015 ¢-N20/tkm JRC(2017a)
trucks are used)
CH4 emissions intensity (when
@) 0.085 -CO2eq/tk =(5)x25
trucks are used) CO2 equivalent & eqtm ®)
N20 emissions intensity (when
® 0.447 -CO2eq/tk =(6)x298
trucks are used) CO2 equivalent & eaitim ©)
GHG emissi intensity of land
9) erussions Mtensity of fan 291.1 g-CO2eq/tkm =(4)+(7)+(8)
transport
Unit conversion from the values listed in
(10 Palm stearin heat val 2 MdJ-fuel/t-fuel
) aim stearn heat vaiue 36,326 J-fuel/t-fue the document 4 of the 12th Bio WG
1) GHG emissions from the process 0.16 g-CO2eq/MJ-fuel =(1)x(9)/(10)

< Power generation>
Emissions from power generation (Methane, N20) are zero, reflecting both the default values in EU RED2

and estimated values calculated by industry associations in document 4 of the 12th WG.
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3. Calculation process of Life cycle GHG default values for PKS
(1) Boundary and calculation points
< Boundary >

PKS is residue from the crushed shell surrounding the kernel of oil palm fruit, which is generated in the oil
mil process. The boundaries of life cycle GHG in PKS is assumed as shown in Figure 3. It is determined that
PKS is not product from “Main purpose production” of oil extraction process and only emissions from oil

extraction process are included.

Cultivation Palm fruit (FFB)

Explanatory note

Main purpose
“ le

Figure 3 Boundary for life cycle GHG emissions of PKS

< Maritime Transport >

With regard to maritime transport, the 10th session of the Biomass Sustainability WG determined accounting
of returning route and empty cargo transportation. Specifically, GHG emissions from return routes shall be
taken into account. On the other hand, for maritime transport, the ratio of empty cargo transportation shall be
set at 30% of total voyage distance for cases where no specific voyage pattern is taken. For the 9t session of
the Biomass Sustainability WG recognized that no specific voyage pattern is taken for PKS, the value of the
ratio of empty cargo transport is set at 30% of the total voyage distance for PKS.
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(2) Calculation of emissions by process
< Transport >

The calculation results of emissions from transport of PKS in the producing country are as follows.

Table 50 Calculation of emissions from transport of PKS (transport in the producing country)

Specifications Value Unit Source

Tr t dist

()} a.nspc.)r 1stance 120 km JRC(2017a)
(0il mill to port)

2 Round-trip fuel economy 40t truck 0.811 MdJ- Diesel oil/tkm JRC(2017b)
®) Diesel oil emission factor (including g'COZeq/MJ -diesel JRC(2017b)

methane and N20) 95.1 oil

Emission intensity from diesel oil

@ (not including methane and N20 77.1 g-CO2eq/tkm =(2)x(3)

from combustion)

CH4 issi intensit; h
) emissions intensity (when 0.0034 ¢-CH4/tkm JRC(2017a)
trucks are used)

N20 issi intensit, h
®) emissions intensity (when 0.0015 ¢-N20/tkm JRC(2017a)
trucks are used)

CH4 emissions intensity (when
@] 0.085 -CO2eq/tk =(5)x25
trucks are used) CO2 equivalent & eatm

N20 emissions intensity (when

® 0.447 -CO2eq/tk =(6)x298
trucks are used) CO2 equivalent & eartim ©
GHG emissi intensity of land
© emissions intensity of lan 77 ¢-C0Zeq/tkm —W (D)
transport
(10 Biomass fuel heat value 14,020 MJ-fuel/t-fuel Phyllis2(Net heat value (LHV))
1) Emissions from the process 0.66 g-C02eq/MJ-fuel =(1)x(9)/(10)

For the maritime transport distance, it is set as 6500km or 9,000km assuming from Malaysia or Indonesia
to representing port in Japan.

The GHG emission factor of maritime transport is cited from the emission intensity used in the EU RED2
default values development, which assumes that the ratio of empty cargo to total sea distance as 30% of total
sea distance. Specifically, the emission intensity assuming a bulk density of 0.3 t/m3 in the EU RED2 default
values development document (JRC(2017b)) is used. The calculation results of emissions from maritime

transport for PKS are as follows.

Table 51 Calculation of emissions from maritime transport of PKS (Handysize for 6,500 km transport)

Specifications Value Unit Source

. Approximate distance between Indonesian
1 Distance 6,500 km R R
Representative Port (long distance) and Japan

Maritime transport emissions

(2 intensity (Bulk density: 0.3 15.8 g-C0O2eq/tkm JRC(2017b)

t/m3, Handysize)
(3) Biomass fuel heat value 14,020 MdJ-fuel/t-fuel Phyllis2(Net heat value (LHV))
(4) GHG emissions of the process 7.33 g-CO2eq/MdJ-fuel =(1)x(2)/(3)
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Table 52 Calculation of emissions from maritime transport of PKS (Handysize for 9,000 km transport)

Specifications Value Unit Source
1) Distance 9,000 km Approxir.nate distance. betW(.een Indonesian
Representative Port (medium distance) and Japan
Maritime transport emissions intensity

2 15.8 -CO2eq/tk JRC(2017b

(Bulk density: 0.3 t/m3, Handysize) & earrm ¢ )
(3) Biomass fuel heat value 14,020 Md/t-fuel Phyllis2(Net heat value (LHV))

-CO2eq/MJ-
(4) GHG emissions from the process 10.15 & " e(; =(1)x(2)/(3)
ue

Table 53 Calculation of emissions from maritime transport of PKS (Supramax for 6,000 km transport)

Specifications Value Unit Source

. Approximate distance between Indonesian
(1) Distance 6,500 km . . K
Representative Port (medium distance) and Japan

) Maritime transport emissions intensity (Bulk

10.10 -CO2eq/tk JRC(2017b
density of 0.3 t/m3 or more, Handysize) & eaitim ¢ )
(3) PKS heat value 14,020 MJ/t-fuel Phyllis2(Net heat value (LHV))
-CO2eq/MJ-
(€] GHG emissions from the process 4.68 & ; e? =(1)x(2)/(3)
ue

Table 54 Calculation of emissions from maritime transport of PKS (Supramax 9,000 km transport)

Specifications Value Unit Source

. Approximate distance between Indonesian
(1 Distance 9,000 Km . .
Representative Port (long distance) and Japan

@) Maritime transport emissions intensity (Bulk

10.10 -CO2eq/tk JRC(2017b
density of 0.3 t/m3 or more, Handysize) & eqrim ( )
(3) PKS heat value 14,020 Md/t-fuel Phyllis2(Net heat value (LHV))
-CO2eq/MJ -
(4) GHG emissions from the process 6.48 & fue;ll =(1)x(2)/(3)

Table 55 Calculation of emissions of PKS transport (domestic transport in Japan)

Specifications Value Unit Source
(6] Distance 20 km Document 3 of the 12th WG
(2) Round-trip fuel economy 10t truck 3.06 MdJ- Diesel oil/tkm Table.179

Diesel oil emission factor (not
3) including methane and N20 from 95.1
combustion)

g-CO2eq/MdJ- Diesel

. JRC(2017b)
oil

Emission intensity from diesel oil
(4) (not including methane and N20 291.0 g-CO2eq/tkm =(2)x(3)
from combustion)

CH4 emissions intensity (when

(5) 0.0034 g-CH4/tkm JRC(2017a)
trucks are used)
N2 . - - h
® O emissions intensity (when | ) < ¢-N20/tkm JRC(20172)
trucks are used)
H4 issi i i h
0 C emissions intensity (when 0.085 -CO2eq/tkm =(5)x25

trucks are used) CO2 equivalent

N2 issi intensity (wh
® O emissions intensity (when 0.447 g-CO2eq/tkm =(6)x298
trucks are used) CO2 equivalent

GHG emissions intensity of land

(©)] 291.5 g-C02eq/tkm =(+(7D+(8)
transport

(10 Biomass fuel heat value 14,020 Md/t-fuel Phyllis2(Net heat value (LHV))

(11) GHG emissions from the process 0.42 g-CO2eq/MdJ-fuel =(1)x(9)/(10)
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< Power generation>
Emissions from power generation are set using the default values for agricultural residues used in the EU

RED2.

Table 56 Calculation of emissions from power generation

Specifications Value Unit Source

) CH4 emissioTls (agricultural 0.002 g-CH4/MJ jagricultural JRC(2017b)
residues) residues

@) N20 emissioTls (agricultural 0.0007 g-N20/MJ jagricultural JRC(2017b)
residues) residues

Emissi fi

3 FHISSIONS Trom power 0.26 g-C02eq/MJ-fuel =(1)x25+(2)x298

generation
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4. Calculation process of Life cycle GHG default values for Palm Trunks

(1) Boundary and calculation points
<Boundary>

Palm trunk is old tree that occurs after years of the cultivation of palm fruit (FFB) from palm plantation
farm. Palm trunks are collected from palm plantation and pelletized in equipment annexed to oil mill for use
as biomass fuel. Therefore. emissions from transportation from the plantation farm to the pelletizing plant are

included in the boundary. The boundary is as follows.

L . Qil Palm raw Explanatory note
T ——— = | - B =
Production
Palm kernel
ail (PRO)
Palm kernel
meal (PKM)
Palm kernel
shell (PKS)
Empty fruit
bunch (EFB)
Palm aal mmll
efftuent (POME)
T [
| Transportation to pellet mill (oil mill) ! | Transportation to power plant !
| 1! I
N Palm Trunk Crushing, dryine, i ,  Power !
H OPD granulation i : - generation :

Figure 4 Boundary for life cycle GHG emissions of Palm trunk pellet

< Maritime transport >

With regard to maritime transport, the 9t session of the Biomass Sustainability WG recognized that no
specific voyage pattern is taken in transporting pellets including Palm trunk. Therefore the value of the ratio

of empty cargo transport is set at 30% of the total voyage distance for Palm trunk as PKS.
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(2) Calculation of emissions by process
< Transport (palm trunk collection) >

The calculated emissions for transportation from the point of origin (plantation) to the oil mill are as follows.

Table 57 Calculation of emissions from palm trunk collection (when fossil fuels are used as dry heat)

Specifications Value Unit Source

(6))] Distance (farm to oil mill) 50 km JRC(2017a)

Round-trip fuel 12t
© oundrtnp fuet economy 2.24 MJ-diesel oil/tkm JRC(20172)

truck

Diesel oil emission factor
3 (not including methane and 95.1 g-C0O2eq/MdJ-diesel oil JRC(2017a)

N20 from combustion)

Emission intensity from
diesel oil (not including
4 213.0 -CO2eq/tk =(2)x(3
methane and N20 from & eatm @)

combustion)

CH4 emissions intensit;
(5) emissions 1ntensity 0.0034 g-CH4/tkm JRC(2017a)

(when trucks are used)

N20 emissions intensit,
(6) emissions itensity 0.0015 g'NZO/tkm JRC(2017a)

(when trucks are used)

CH4 emissions intensity

™ (when trucks are used) CO2 0.085 g-CO2eq/tkm =(5)x25
equivalent
N20 emissions intensity
€) (when trucks are used) CO2 0.447 g-C02eq/tkm =(6)x298
equivalent
©) GHG emissions intensity of 913.6 ¢-CO2eq/tkm @+
land transport
Heat value per weight of JRC(2017b) (assuming absolute dry heat
(10 13,300 MdJ-feedstock/t-feedstock value of 19,000 MJ/t with a moisture
palm trunk
content of 30%)
Heat quantity of feedstock
palm trunk required for 1 JRC(2017b)
an MJ of pellet Gf fossil fuel is 1.035 MJ-feedstock/M.J-fuel (Ratio of raw wood after seasoning)
used as dry heat source)
(1) | GHG emissions from the 0.83 g-C0O2eq/MJ-fuel =(Dx(@/(10)x(11)

process
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Table 58 Calculation of emissions from palm trunk collection (if biomass is used as dry heat source)

Specifications Value Unit Source

(1 Distance (farm to oil mill) 50 km JRC(2017a)
(2) Round-trip fuel economy 12t truck 2.24 Md/tkm JRC(2017a)

Diesel oil emission factor (not including g-CO2eq/MJ- Diesel
3 95.1 JRC(2017
©® methane and N20 from combustion) oil ( 2)

Emission intensity from diesel oil (not
@ including methane and N20 from 213.0 g-CO2eq/tkm =(2)x(3)
combustion)

CH4 emissi intensit; hen truck

®) emissions intensity (when trucks 0.0034 ¢-CH4/tkm JRC(2017a)
are used)

N20 emissi intensit, hen truck

®) emissions intensity (when trucks 0.0015 ¢-N20/tkm JRC(2017a)
are used)
@ CH4 emissions intensity .(when trucks 0.085 ¢-CO2eq/tkm —(5)x25
are used) CO2 equivalent
® N20 emissions intensity .(When trucks 0.447 ¢-COZeqftkm —(6)x298
are used) CO2 equivalent
GHG emissi intensity of land

© erssions mtensity of fan 213.6 ¢-CO2eq/tkm =@+(7D)+(®)

transport

JRC(2017b) (assuming absolute dry
(10 Heat value per weight of palm trunk 13,300 MdJ/t-feedstock heat value of 19,000 MJ/t with a
moisture content of 30%)

Heat quantity of feedstock palm trunk

MdJ-feedstock JRC(2017b
(11 | required for pellet 1 MJ Gf biomass is 1.32 eecstoc , 2017b) .
/ Md-fuel (Ratio of raw wood after seasoning)
used as dry heat source)
(12) GHG emissions of the process 1.06 g-C02eq/MJ-fuel =(1)x(9)/(10)x(11)

< Processing (if fossil fuel is used as dry heat source) >
The following are the calculated emissions from processing where fossil fuel is used as dry heat source in

pelletizing a palm trunk.

Table 59 Calculation of emissions from crushing process (when fossil fuel is used as dry heat source)

Specifications Value Unit Source
MdJ-Diesel oil/MdJ-
6) Diesel oil input 0.003357 reserol JRC(2017b)
feedstock

Diesel oil emission factor (not including
2 95.1 -CO2eq/MdJ-diesel oil JRC(2017b
@ methane and N20 from combustion) & e resetol ( )

CH4 emissions intensity (when usi
®) CIISSIONS TRTERSTY WWRCR USINE 1 0.0000092 | g-CH4/MJ-feedstock JRC(2017b)
crushing machinery)

N20 emission intensity (when usi
(4) CHHSSION INTENSILy twaen using 0.0000385 |  g-N20/MJ-feedstock JRC(2017b)
crushing machine)

CH4 emissi intensity (wh i
(5) er‘nlssmns 1.n ensity tw (?n using 0.00023 g-CO2eq/MdJ-feedstock =(3)x25
crushing machine) CO2 equivalent

N20 emission intensity (when using

6 0.01147 -CO2eq/MJ-feedstock =(4)x298
® crushing machine) CO2 equivalent & e eedstoc @
GHG emissi intensity of th hi
(7) crssions ILEnsity of the c‘:rus e 0.33 g-CO2eq/MdJ-feedstock =(1)x(2)+(5)+(6)
process per MdJ after crushing
Heat quantity of feedstock palm trunk
® required for 1 MdJ of pellets 1.01 MdJ-feedstock/Md-fuel JRC(2017b)
(When using fossil fuels for dry heat sources)

(9 GHG emissions from the process 0.33 g-CO2eq/MdJ-fuel =(7)/(8)

10) GHG emissions from the process (increased 0.40 ¢-COZeq/MJ-fuel —(9)x1.2

by 20% from (9) to ensure conservativeness)
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Table 60 Calculation of emissions from drying process (fossil fuel used as drying heat source)

Specifications Value Unit Source
(1) Heat quantity input (steam heat) 0.185 MJ-steam/MdJ-diesel oil JRC(2017b)
@ Natural gas boiler efficie.ncy (not incl}lding 0.9 Md-steam/MdJ-natural JRC(2017h)
methane and N20 during combustion) gas
Natural gas emission factor (not including
3 66 -CO2eq/MdJ-natural JRC(2017b
® methane and N20 during combustion) & e natural gas ( )
Natural gas boiler emissions intensity (not
@ including methane and N20 during 73.3 g-CO2eq/MdJ-steam =(3)/(2)
combustion)
CH4 emissi intensity f tural
5) em1ss1ons. NSy rf)m natural gas 0.0028 g-CH4/MdJ-steam JRC(2017b)
boiler combustion
N20 emission intensity fi busti f
® CHHSSION IMTENSty ror.n combustion o 0.00112 g-N20/MJ-steam JRC(2017b)
natural gas boiler
@ Natural gas boiler CHé.l emissions intensity 0.07 ¢-CO2eq/MJ-steam —(5)x25
(CO2 equivalent)
Natural boiler, N20 emission intensit;
® ariralgas poen, WIS Cmssion RS 1 0.33376 g-CO2eq/MJ-steam =(©)x298
(CO2 equivalent)
(9 GHG emissions from the process 13.64 g-CO2eq/MJ-fuel =(D)x((4)+(7)+(8))
(10) GHG emissions from the process (in.creased by 16.37 ¢-COZeq/MJ-fucl —(O)x1.2
20% from (9) to ensure conservativeness)
Table 61 Calculation of emissions from pelletizing process
Value
Specifications ; - - Units Source
Indonesia | Malaysia
MdJ-electri /MdJ-
@ Input electric power 0.050 lectrc power JRC(2017b)
Pellet
Calculated using the JRC
. L g-CO2eq/MdJ- electric LCA electricity emission
(2 Electric Power Emission Factor 246.79 190.16
power factors and the IEA power
generation mix.
Emission int ity fi lectri
(g | Cresion MICnSTY oM EEEHIe 19 34 9.51 g-002eq/MJ-fuel =()x()
power
(4) Diesel oil input 0.0020 Md-diesel oil/MdJ-fuel JRC(2017b)
Emission factor of diesel oil (not
(5) | including methane and N20 from 95.1 g-CO2eq/MdJ-diesel oil JRC(2017b)
combustion)
Emission intensity from diesel oil
() (excluding methane and N20 0.19 g-C0O2eq/Md-diesel oil =(4)x(5)
from combustion)
CH4 ission inti it ti
) emission intensity (entire 0.00000153 g-CH4/MJ-fuel JRC(2017b)
pelletizing process)
N20 ission int it ti
® emission intensity (entire 0.00000640 gN20/MJ-fuel JRC(2017b)
pelletizing process)
CH4 emissions intensity (entire
(9 pelletizing process) CO2 0.00004 g-CO2eq/MdJ-fuel =(7)x25
equivalent
N20 emissions intensity (entire
(10 pelletizing process) CO2 0.00191 g-CO2eq/MdJ-fuel =(8)x298
equivalent
(11) | GHG emissions from the process 12.53 9.70 g-CO2eq/MJ-fuel =(3)+(6)+(9)+(10)
GHG emissions from the process
(12 (increased by 20% from (11) to 15.04 11.64 g-CO2eq/MJ-fuel =(11)x1.2
ensure conservativeness)
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< Processing (biomass is used as dry heat source)) >
The following are the calculated emissions from processing where biomass fuel is used as dry heat source
in pelletizing oil palm trunk. The emissions in the pelletizing process are the same as those when fossil fuel

is used as drying heat source.

Table 62 Calculation of emissions from crushing (using biomass as drying heat source)

Specifications Value Unit Source
0.00335 MdJ-Diesel oil/MdJ-
6) Diesel oil input reserol JRC(2017b)
7 feedstock
Diesel oil emission factor
(2) (not including methane and N20 from 95.1 g-CO2eq/MdJ—diesel oil JRC(2017b)
combustion)
CH4 issi int it h i 0.00000
3 em1sswn.s rtenst y (when using g-CH4/MdJ-feedstock JRC(2017b)
crushing machinery) 92
N20 ission intensit; h i 0.00003
(4 enssion .1n enst y.(w enusing g-N20/MdJ-feedstock JRC(2017b)
crushing machine) 85

CH4 emissi intensity (wh i
®) CISSIONS MTERSILY AWAEN USINg 0.00023 | g-COZeq/MJ-feedstock =(3)x25
crushing machine) CO2 equivalent

N20 emission intensity (wh i
(6) efmsswn H,l NIy AW e.n HSIng 0.01147 g-CO2eq/MdJ-feedstock =(4)x298
crushing machine) CO2 equivalent

GHG emission intensity of hi
(7 CIISSION MEENSILY O Cm,ls g Process 0.33 MdJ/t-feedstock =(1)x(2)+(5)+(6)
per MJ after crushing

Heat quantity of feedstock palm trunk

® required for 1 MJ of pellets 1.291 MJ-feedstock/MdJ-fuel JRC(2017b)
(When using biomass as drying heat source)
(9) GHG emissions of the process 0.427 g-CO2eq/MdJ-fuel =(7)/(8)
(10) GHG emissions from the process (in'creased 051 ¢-C020q/MJ-fuel —(O)x1.2
by 20% from (9) to ensure conservativeness)
Table 63 Calculating emissions from drying (using biomass as a drying heat source)
Specifications Value Unit Source
1 Heat input (steam) 0.239 MJ-steam/MdJ-fuel JRC(2017Db)
Woodchip boiler/CO2 emissions Biomass-derived emissions are
(2 . . 0 g-CO2eq/MdJ-steam
intensity not accounted for
Woodchip boiler/CH4 emissi
® 00CeTIp DoT el T CTissions 0.005751 g-CH4/MJ-steam JRC(2017b)
intensity
Woodchip boiler/N20 emissi
@ 00CCHIP DOT T CISsIons 0.001150 gN20/MJ-steam JRC(2017b)

intensity

Woodchip boiler/CH4 emissions
(5) . . . 0.144 g-CO2eq/MdJ-steam =(3)x25
intensity (CO2 equivalent)

Woodchip boiler/N20 emission
® . . . 0.343 g-CO2eq/MJ-steam =(4)x298
intensity (CO2 equivalent)

() GHG emissions from the process 0.12 g-CO2eq/Md-fuel =(1)x((2)+(5)+(6))
GHG emissions from the process
(€)) (increased by 20% from (7) to 0.14 g-CO2eq/MJ-fuel =(7)x1.2

ensure conservativeness)
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< Transport (pellet transport) >
The following are the results of the calculation of emissions in the transport of palm trunk pellets from the

oil mill to the producing country, maritime transport and Japan.

Table 64 Calculation of emissions from Palm trunk pellet transport (in producing country)

Specifications Values Units Source
(1) Transport distance (oil mill to port) 120 km JRC(2017a)
(2) Round-trip fuel economy 40t truck 0.811 MdJ-fuel/tkm JRC(2017b)
Diesel oil emission factor (not including g-CO2eq/MJ-
3 95.1 JRC(2017b
® methane and N20 from combustion) diesel oil ¢ )

Emission intensity from diesel oil (not
4 77.1 -CO2eq/tk =(2)x(3
@ including methane and N20 from combustion) & carEm @@

CH4 emissions intensity (when truck
®) CISSIONS 1 ens(li)y (when trucks are 0.0034 ¢-CH4/tkm JRC(2017a)
use

N20 emissions intensity (when truck
®) essions i ens;)y (when trucks are 0.0015 2-N20/tkm JRC(2017a)
use

@ CH4 emissions intensity .(when trucks are 0.085 ¢-CO2eq/tkm —(5)x25
used) CO2 equivalent

N20 emissions intensity (when trucks are

® used) COZ equivalent 0.447 g-C02eq/tkm =(6)x298

(9 GHG emissions intensity of land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)
JRC(2017b) (assuming 10%

(10 Biomass fuel heat value 17,100 MdJ-fuel/t-fuel moisture content for a dry
heat value of 19,000 MdJ/t)

(11) GHG emissions from the process 0.55 g-CO2eq/MJ-fuel =(1)x(9)/(10)

As GHG emission intensity of maritime transport, the emission intensity used in the EU RED2 default value,
which assumes that the ratio of empty cargo transportation is 30% of the total voyage distance, is quoted. Since there
is a quality standard for wood pellets in Japan that sets a bulk density of 0.65-0.7 t/m3, the emission intensity of 0.65

t/m3 is cited. 10

Table 65 Calculation of emissions from Palm trunk pellet maritime transport (Handysize 6,500 km transport)

Specifications Value Unit Source

Approximate distance between Indonesian

(6)) Distance 6,500 km Representative Port (medium distance) and
Japan

Maritime transport emissions
(2) | intensity (Bulk density of 0.65 t/m3 8.17 g-CO2eq/tkm JRC(2017b)

or more, Handysize)

JRC(2017b) (assuming 10% moisture content for
a dry heat value of 19,000 MJ/t)

(@] GHG emissions from the process 3.11 g-CO2eq/MJ-fuel =(1)x(2)/(3)

(3 Biomass fuel heat value 17,100 Md-fuel/t-fuel

10 https://www.nedo.go.jp/content/100932088.pdf(2022 viewed November 10)
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Table 66 Calculation of emissions from Palm trunk pellet maritime transport (Handysize 9,000 km transport)

Specifications Value Unit Source
) Distance 9,000 km Approxima}te distance bet?iveen Indonesian
Representative Port (long distance) and Japan
Maritime transport emission
(2) intensity (Bulk density of 0.65 8.17 g-CO2eq/tkm JRC(2017b)
t/m3 or more, Handysize)
JRC(2017b ing 10% moist tent f
(3) Biomass fuel heat value 17,100 Md-fuel/t-fuel ¢ ) (assuming o MOIStUe COntent Tor
a dry heat value of 19,000 MJ/t)
(4) GHG emissions from the process 4.30 g-CO2eq/MJ-fuel =(1)x(2)/(3)

Table 67 Calculation of emissions from Palm trunk pellet maritime transport (Supramax 6,500 km transport)

Specifications Value Unit Source
Approximate distance between Indonesian
(6)) Distance 6,500 km Representative Port (medium distance) and
Japan
Maritime transport emissions
(2) intensity (Bulk density of 0.65 5.28 g-CO2eq/tkm JRC(2017b)
t/m3 or more, Handysize)
(3) Biomass fuel heat value 17,100 MdJ-fuel/t-fuel JRC(2017b) (assuming 10% moisture content
for a dry heat value of 19,000 MJ/t)

(4) GHG emissions from the process 2.01 g-CO2eq/MJ-fuel =(1)x(2)/(3)

Table 68 Calculation of emissions from Palm trunk pellet maritime transport (Supramax 9,000 km transport)

Specifications Value Unit Source
A imate dist bet Ind i
) Distance 9,000 km pproxmr%a e distance e. ween Indonesian
Representative Port (long distance) and Japan
Maritime transport emissions
(2 intensity (Bulk density of 0.65 5.28 g-CO2eq/tkm JRC(2017b)
t/m3 or more, Handysize)

) JRC(2017D) ( ing 10% moist tent f

3 Biomass fuel heat value 17,100 Md-fuel/t-fuel assuming o MOIStUTe COntent for
a dry heat value of 19,000 MJ/t)

(4) GHG emissions from the process 2.78 g-CO2eq/MJ-fuel =(1)x(2)/(3)
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Table 69 Calculation of emissions from Palm trunk pellet transport (domestic transport in Japan)

Specifications Values Units Source
(1) Distance 20 km Document 3 of the 12th WG
R d-trip fuel 10t
) ouneHp tue ;Conomy 2.92 MJ- Diesel oil/tkm Table.179
ruc

Diesel oil emission factor
3 95.1 -CO2eq/MJ-diesel oil JRC(2017b
o (including methane and N20) & ed resetol ( )
Emission intensity from diesel oil
@ (not including methane and N20 291.0 g-CO2eq/tkm =(2)x(3)

from combustion)

CH4 emissi intensity (whi
®) emissions intensity (when 0.0034 g-CH4/tkm JRC(2017a)
trucks are used)

N20 emissi intensity (wh
®) emissions intensity (when 0.0015 a-N20/tkm JRC(2017a)
trucks are used)

CH4 emissions intensity (when
@) 0.085 -CO2eq/tk =(5)x25
trucks are used) CO2 equivalent & eqEm

N20 emissions intensity (when
8 0.447 -CO2eq/tk =(6)x298
® trucks are used) CO2 equivalent & eaitim ©)

GHG emissions intensity of land

(9) 291.5 g-C02eq/tkm =(4)+(7)+(8)
transport
Ibid (assuming 10% moisture content
10 Bi fuel heat val 17,100 Md/t-pellet
(10) romass fuet heat vatue ’ pele for a dry heat value of 19,000 MdJ/t)
(11) | GHG emissions from the process 0.34 g-C02eq/MdJ-pellet =(1)x(9)/(10)

< Power generation>
Emissions from power generation are set using the default values for agricultural residues used in the EU
RED2.

Table 70 Calculating emissions from power generation

Specifications Value Unit Source
(1) CH4 emissions (pellets) 0.00297 g-CH4/MJ pellets JRC(2017b)
(2) N20 emissions (pellets) 0.00059 g-N20/MdJ pellets JRC(2017b)
Emissi fi 0.25
®) fussions trom power 2-C02eq/MJ pellet (1)x25+(2)x298
generation
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5. Calculation process of Life cycle GHG default values for newly eligible biomass fuels

5-1. EFB (pellet)
(1)Boundary and calculation points

<Boundary>
EFB is the residue obtained by removing the fruit from the bunch of oil palm. The boundary of EFB (pellet)
in calculating emissions is assumed as shown in Figure 5.

Overall view of the production process

Cultivati Fresh fruit Qil Palm raw oil
uitivation bunch (FFB) Exiraction (CPO)
Palm kernel
oil (PKO)

Ll et e e Tl e

|
Empty fruit Processing > Power
bunch (EFB) in pellet mill Ezl it generation |
L
Palm kernel > Power
shell (PKS) generation

Palm oil mill
effluent (FOME)

- Power
Pal(g ';I'_Ir_t)mk Pelletized OPT pellet " generation

Figure 5 Boundary for life cycle GHG emissions of EFB (pellet)

v

(2)Calculation of emissions by process
< Drying process >
The calculation results of EFB emissions during the drying process are as follows.

Table 71 Calculation of EFB drying process emissions (natural gas heat source)

Specifications Value Unit Source

) Heat input (steam) 795 MJ-steam/t-fuel Nasrin et al (2017)

Natural boiler effici t includi
@) atural gas boiler efficiency (not including 0.9 MJ-steam/MdJ-natural Gas JRC(2017b)
methane and N20 during combustion)

Natural gas emission factor (does not include
3 . . 66 g-CO2eq/Md-natural gas JRC(2017b)
methane or N20 during combustion)

@ Emission intensity of natural gas boiler 73.3 CO%a/MJ-st 3)(2)
. - e -steam =
(without methane and N20 during combustion) & 4

CH4 emission intensity for natural gas boiler

(5) . 0.0028 g-CH4/MJ-steam JRC(2017b)
combustion
N20 emissi it of natural gas boil
®) CISSION per unit ot natural gas borer 0.00112 ¢-N20/MJ-steam JRC(2017b)
combustion

@ Natural gas boiler CH.4 emission intensity 0.07 ¢-COZeq/MJ-steam —(5)x25
(CO2 equivalent)

Natural gas boiler/N20 emission intensit
® Artal as Do GRS CsHon Intensy 0.33376 g-002eq/MJ-steam =(6)x298
(CO2 equivalent)

Drying process GHG emissions per pellet

(9) . 58,621 g-C0O2eq/t-fuel =(1)x((D)+(7+(8))
weight

(10) Heat value of biomass fuel 18,000 MdJ-fuel/t-fuel JRC(2017b)

(11) GHG emissions from the process 3.26 g-CO2eq/Md-fuel =(9)/(10)

GHG emissions from the process (increased b,
12) proces Y 3.91 g-CO2eq/MJ-fuel =(11)x1.2
20% to ensure conservativeness)
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Table 72 Calculation of EFB drying process emissions (biomass heat source)

Specifications Value Unit Source
1 Steam heat input 795 Md-steam/t-fuel Nasrin et al (2017)
(2) Biomass boiler efficiency 0.85 Md-steam/MdJ- Biomass JRC(2017b)
Heat input of bi for st
(3) eatmput o 1om.ass or steam 935 MJ- Biomass/t-fuel =(1)/(2)
production
(4) | Biomass Emission Factor (Methane/N20) 0.26 g-C02eq/MJ- Biomass JRC(2017b)
(5) Heat value of biomass fuel 18,000 Md-fuel/t-fuel JRC(2017b)
(®) GHG emissions of the process 0.013 g-CO2eq/MJ-fuel =(3)x(4)/(5)
GHG emissions from the process
) (increased by 20% to ensure 0.016 g-C02eq/MJ-fuel =(6)x1.2
conservativeness)

< Processing (cleaning, crushing, pelletizing) >

The calculation results of emissions in the processing (cleaning, crushing, pelletizing) are as follows.

Table 73 Calculation of EFB emissions in the processing (cleaning, crushing, pelletizing)

Value
Specifications Unit Source
Indonesia Malaysia
(1) Input power 280 kWh/t-fuel Based on Nasrin et al (2017)
. .. . Calculated using the JRC LCA
Electric power emission factor (grid .. .
2) ) 888.5 684.6 g-C0O2eq/kWh electricity emission factors and the IEA
ower
P power generation mix.
3) Amount of biomass fuel heat value 18,000 MI/t-fuel JRC(2017b)
@) GHG emissions from the process 13.82 10.65 g-CO2eq/MI-fuel =DxX®@I®
GHG emissions from the process
5) (increased by 20% to ensure 16.58 12.78 g-CO2eq/MIJ-fuel Z@ xX1.2
conservativeness)
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< Transport >
The calculation results of emissions from EFB pellets transport are as follows.

Table 74 Calculation of emissions from transport of EFB pellets (transport in the producing country )

Specifications Value Unit Source
) Dist 55 K Document?2 of the 12th Biomass
1stance o Sustainability WG
2 Round-trip fuel economy 40 t truck 0.811 Md-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane and
3 95.1 -CO2eq/MJ JRC(2017b
© N20 not included in combustion) & ed ( )

Emission intensity by diesel use (methane
4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eqtm ( )

5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
® N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

@ CH4 emission intensit}T (when using trucks) 0.085 ¢-COZeq/tkm —(5)x25
CO2 equivalent

N20 emission per unit (for truck use) CO2

® equivalent 0.447 g-CO2eq/tkm =(6)x298

9 Total GHG emissions of land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
(11) GHG emissions of the process 0.24 g-C02eq/MJ-fuel =(1)x(9)/(10)

Table 75 Calculation of emissions from EFB pellet maritime transport (Handysize)

Specifications Value Unit Source

Approximate distance between
(€8] Distance 6,500 9,000 km representative ports in Indonesia/Malaysia

and Japan

Maritime transport emissions intensit
@) nsp sy 8.17 2-CO2eq/tkm JRC(2017b)
(Bulk density 0.65 t/m3, Handysize)

3) Biomass fuel heat value 18,000 MJ-fuel/t-fuel JRC(2017b)

4) GHG emissions of the process 2.95 4.09 g-CO2eq/MIJ-fuel =(1)x(2) /(3)

Table 76 Calculation of emissions from EFB pellet maritime transport (for Supramax)

Specifications Value Unit Source

Approximate distance between
(€8] Distance 6,500 9,000 km representative ports in Indonesia/Malaysia

and Japan

Maritime transport emissions intensit
@) ! misport et ey 8.17 g-CO2eq/tkm JRC(2017b)
(Bulk density 0.65 t/m3, Handysize)

3) Biomass fuel heat value 18,000 MJ-fuel/t-fuel JRC(2017b)

4) GHG emissions of the process 1.91 2.64 g-CO2eq/MIJ-fuel =()x(2) /(3)

Table 77 Calculation of emissions from EFB pellet transport (domestic transport in Japan)

Specifications Value Unit Source
. Set with reference to document 4 of the
(1) Distance 20 km . .
12th Biomass Sustainability WG
(2) Round-trip fuel economy of 10 ton truck 3.06 Md-diesel oil/tkm Table.179
(3) | Diesel oil emission factor (methane and N20 95.1 g-CO2eq/MJ JRC(2017b)
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not included in combustion)

Emission intensity by diesel use (methane

@ and N20 not included in combustion) 291.0 g'COZeq/tkm JRCEO1TH)
5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
(6) | N20 emission intensity (when using trucks) | 0.0015 g-N20/tkm JRC(2017b)
@ CH4 emission intensity (when using trucks) 0.085 o-COZeq/tkm =(5)x25
CO2 equivalent
® N20 emission per u.nit (for truck use) CO2 0.447 ¢-COZeq/tkm —(6)x298
equivalent
9 Land transport GHG emission per unit 291.5 g-CO2eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 18,000 MdJ-fuel/t-fuel JRC(2017Db)
(11) GHG emissions of the process 0.32 g-C02eq/MJ-fuel =(1)x(9)/(10)

< Power generation>

The calculation results of emissions from power generation with EFB pellets are as follows.

Table 78 Calculation of emissions in the power generation

Specifications Value Unit Source
-CH4/MJ- Agricultural
(6)) CH4 emissions (agricultural residues) 0.002 & . ghicuitura JRC(2017b)
residues
-N20/MdJ- icultural
(2 | N20 emissions (agricultural residues) | 0.0007 & asmentiura JRC(2017b)
residues
(3) | GHG emissions from power generation 0.26 g-C0O2eq/MdJ-fuel =(1)x25+(2)x298
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5-2. Nutshells (pellets)

(1)Boundary and calculation points
< Boundary>

The boundary for Nutshells (pellets) is assumed as shown in Figure 6.

Overall view of the production process

Processing Kemel

Cultivation (Removing shalls) (ediible fruit)

- Em R E Em e E e
Transport & Processing from processing plant to pellet Transport from Pellet mill to Power plant
mill

I |
i —» Processingin pellet mil Nﬁws Power generaton |

Figure 6 Boundary for life cycle GHG emissions of Nutshells (pellets)

(2)Calculation of emissions by process
< Feedstock transport >

The following table shows the results of the calculation of emissions from nut shell transport.

Table 79 Calculation of emissions from Nutshell transport (transport in the producing country )

Specifications Value Unit Source
. Document 2 of the 12th Biomass
(6] Distance 88 km .
Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 MJ-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane and
3 95.1 -CO2eq/MdJ JRC(2017b
® N20 not included in combustion) & ed ¢ )

Emission intensity by diesel use (methane
4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eqrim ( )

(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) erssion fl eI;; y (when using 0.0015 ¢-N20/tkm JRC(2017b)
Trucks

CH4 emission intensity (when using
@] , 0.085 -CO2eq/tk =(5)x25
trucks) CO2 equivalent & eqtEm

N20 emission per unit (for truck use) CO2

® . 0.447 g-C02eq/tkm =(6)x298
equivalent

9 Total GHG emissions of land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)
MJ-

(10 Agricultural residue-derived pellet yield 1.01 feedstock/Md- JRC(2017b)
fuel

(11) Biomass Fuel Heat value 18,000 MJ-fuel/t-fuel JRC(2017b)

(12 GHG emissions of the process 0.38 g-CO2eq/Md-fuel =(1)x(9)x(10)/(11)
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< Processing (crushing and pelletizing) >

The calculation results of emissions from processing of nut shells (crushing and pelletizing) are as follows.

Table 80 Calculation of emissions from processing (crushing) of Nutshells

Specifications Value Unit Source
MJ- Diesel oil/MJ-
6) Heat input 0.00336 reserol JRC(2017b)
Feedstock

Diesel ission fact th d N2 t
© iese em1s.s1on ac f)r (me an.e an O no 95.1 ¢-CO2eq/MJ- diesel JRC(2017D)
included in combustion)

CO2 emissions from diesel (without methane or

3 0.32 -CO2eq/MdJ- feedstock JRC(2017b
® N20 during combustion) & ed eeastoc ( )

@ CH4 emission intensity (crushing process) 0.0000026 g-CH4/MJ- feedstock JRC(2017b)
5) N20 emission intensity (crushing process) 0.0000107 g-N20/MdJ- feedstock JRC(2017b)
(6) | CH4 emission (crushing process) CO2 equivalent 0.00006 g-C0O2eq/MJ- feedstock =(4)x25
(7) | N20 emissions (crushing process) CO2 equivalent 0.00319 g-C0O2eq/MJ- feedstock =(5)x298
(€] Agricultural residue-derived pellet yield 1.01 MdJ- Feedstocks/Md-fuel JRC(2017b)
9 GHG emissions from the process 0.33 g-CO2eq/Md-fuel =(3)+(6)+(7)

(1 | GHG emissions from th 20% due t;
emissions from the process (up 20% due to 0.39 ¢-0020q/MJ-fuel (912
0) conservativeness)

Table 81 Calculation of emissions from Nutshell processing (pelletizing)

Value
Specifications Unit Source
China | U.S.
()] Electricity input 0.05 MJ-power/MdJ-fuel JRC(2017b)
. . . Calculated using the JRC LCA
Elect: fact: d 200.1 | 121.0 L TS

2 cctric power emission factor (gri g-CO2eq/MdJ-power electricity emission factors and
power) 6 8 the ITEA power generation mix.

3 GHG emissions of the process 10.01 | 6.05 g-CO2eq/Md-fuel =(1)x(2)

GHG emissions from the process (u
@ P Pl 1201 | 727 2-CO2eq/MJ-fuel =(3)x1.2
20% due to conservativeness)

< Transport >

The calculation results of emissions from transport of nut shell pellets are as follows.

Table 82 Calculation of emissions from Nutshell pellets transport ( transport in the producing country )

Specifications Value Unit Source

. Document 2 of the 12th
(1) Distance 160 km . .
Biomass Sustainability WG

2 40 ton round-trip fuel economy truck 0.811 MdJ-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane and

3 95.1 -CO2eq/MdJ JRC(2017b
® N20 not included in combustion) & ed ¢ )

Emission intensity by diesel use (methane

4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) g'CO2eq/tkm ot )

(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 2-N20/tkm JRC(2017b)
trucks)
CH4 emission intensity (when using
7 0.085 -CO2eq/tk =(5)x25
@ trucks) CO2 equivalent & eatim ®)
(® N20 emission per unit (for truck use) CO2 0.447 g-CO2eq/tkm =(6)x298
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equivalent
9 Total GHG emissions of land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)
(10 Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
(11) GHG emissions of the process 0.69 g-C02eq/MJ-fuel =(1)x(9)/(10)

Table 83 Calculation of emissions from maritime transport of Nutshell pellets (Handysize 3,500 km)

Specifications Value Unit Source
Approximate distance between
@ Distance 3,500 km China's representative port and
Japan
Maritime transport emissions intensity
2 8.17 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Handysize) & eartim ( )
3) Amount of biomass fuel heat value 18,000 MdJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 1.59 g-CO2eq/Md-fuel =(1)x(2) /(3)
Table 84 Calculation of emissions from maritime transport of Nutshell pellets (Handysize * 9,000 km)
Specifications Value Unit Source
) Distance 9,000 km Approximate dis.tance between the
U.S. representative port and Japan
Maritime transport emissions intensity
2 8.17 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Handysize) & eaitim ( )
3 Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 4.09 g-CO2eq/Md-fuel =(1)x(2) /(3)
Table 85 Calculation of emissions from maritime transport of Nutshell pellets (Supramax * 3,500 km)
Specifications Value Unit Source
Approximate distance between
(1) Distance 3,500 km China's representative port and
Japan
Maritime transport emissions intensity
2 5.28 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & eartim ( )
(3 Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
4 GHG emissions of the process 1.03 g-CO2eq/Md-fuel =(1)x(2) /(3)
Table 86 Calculation of emissions from maritime transport of Nutshell pellets (Supramax * 9,000 km)
Specifications Value Unit Source
@ Distance 9,000 km Approximate dis'tance between the
U.S. representative port and Japan
Maritime transport emissions intensity
2 5.28 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & eqrim ( )
(3 Biomass fuel Heat value 18,000 MJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 2.64 g-CO2eq/MJ-fuel =(1)x(2) /(3)
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Table 87 Calculation of emissions from Nutshell pellets transport (domestic transport in Japan)

Specifications Value Unit Source
@ Dist 90 K Set with reference to document 4 of the
istance m
12th Biomass Sustainability WG
2 Round-trip fuel economy of 10 ton truck 3.06 Md-diesel oil/tkm Table.179
@) Diesel emis.sion factf)r (methan'e and N20 95.1 g'CO?eq/MJ - JRC(2017b)
not included in combustion) diesel

Unit emissions from diesel (without
4 291.0 -CO2eq/tk JRC(2017b
@ methane and N20 during combustion) & eatm ¢ )

CH4 emission intensity (when using

(5) 0.0034 g-CH4/tkm JRC(2017b)
trucks)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 a-N20/tkm JRC(2017b)
trucks)
@ CH4 emissions per 1?.1’11(’, (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)%25
equivalent
® N20 emissions per 1?n1t (for truck use) CO2 0.447 ¢-CO2eq/tkm —(6)x298
equivalent
9 GHG emission intensity for land transport 291.5 g-CO2eq/tkm =()+(N+(8)
(10) Biomass fuel Heat value 18,000 MJ-fuel/t-fuel JRC(2017Db)
(11) GHG emissions of the process 0.32 g-CO2eq/Md-fuel =(1)x(9)/(10)

< Power generation>
Emissions from power generation are set using the default values for agricultural residues used in the EU

RED2.

Table 88 Calculation of emissions from power generation

Specifications Value Unit Source
-CH4/MJ icultural
(6)) CH4 emissions (agricultural residues) 0.002 & Aagrlcu ura JRC(2017b)
residues
-N20/MdJ icultural
(2) | N20 emissions (agricultural residues) 0.0007 & Aagrlcu ura JRC(2017b)
residues
(3) | GHG emissions from power generation 0.26 g-CO2eq/Md-fuel =(1)x25+(2)x298
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5-3. Coconut shell
(1) Boundary and calculation points.
< Boundary >
Coconut shell is made from coconut palm endocarp (a hard shell that surrounds the endosperm). The
endocarp has little water ratio and low moisture content. The boundary for coconut shell is assumed as shown

in Figure 7.

Overall view of the production process

ISy Processing Coconut
Culvation *m_’ ([l'.f,?ﬁf:ﬁ”;':')’& T_’m—’ (Filtration/Heating/Sterilization) " Edible
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Processing Coconut )

(SqueszinngitralionfStsriIization)_. Edible
Processing Coconut

(Drying/Compression/Refining) " Edible

solid albumen
(coconut meat)

Feed and fertilizer

Epicarp o Fuelfor cooking
Mesocarp " stove/disposal

| Transport & Processing from processing plant to Transport from crushing plant to Power plant |
crushing plant

plant

i

ing in i "
(Crushing) ¥ Power generation 1

P ing
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Figure 7 Boundary for life cycle GHG emissions of Coconut shell

(2)Calculation of emissions by process
< Feedstock transport >

The calculation results of emissions from transport of coconut shell feedstocks are as follows.

Table 89 Calculation of emissions from transport of Coconut shell (transport in the producing country )

Specifications Value Unit Source
. Document 2 of the 12th
(6] Distance 50 km . .
Biomass Sustainability WG
(2 40 ton round-trip fuel economy truck 0.811 MdJ/tkm JRC(2017b)

Diesel emission fact th d N20 not
®) iesel emission factor (methane an 1o 95.1 g-CO2eq/MJ- diesel JRC(2017b)
included in combustion)

@ Unit emissions from c'liesel (witho.ut methane 771 ¢-C02eq/tkm JRCE017b)
and N20 during combustion)

5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)

() N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

@ CH4 emissions per 1%n1t (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)%25
equivalent

® N20 emissions per \?nlt (for truck use) CO2 0.447 ¢-CO2eq/tkm —(6)x298
equivalent

9 GHG emission meter for land transport 77.7 g-CO2eq/tkm =(4)+(N+(8)

(10) Biomass fuel Heat value 18,000 MdJ-fuel/t- biomass fuel JRC(2017b)

(11) GHG emissions of the process 0.22 g-C0O2eq/MJ- biomass fuel =(1)x(9)/(10)
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< Processing (crushing) >

The calculation results of emissions from processing (crushing) of coconut shell are as follows.

Table 90 Calculation of emissions from Coconut shell feedstock processing (crushing)

Specifications Value Unit Source
@ Heat input 0.01 MdJ- diesel oil/MdJ-fuel JRC(2017b)
@ Diesel emls.smn fact(')r (methan.e and N20 95.1 ¢-COZeq/MJ- diesel JRC(2017b)
not included in combustion)
Agricultural resid treat t
(g) | feriCwtural residue prefreatment process || 550012 -CH4/MJ-biomass fuel JRC(2017b)
CH4 emission factor
Agricultural resid treat t
(q) | CETICTTHITA TOSICUE PIEtealiment PIOCEss 1 0.000030 g'N20/MJ- biomass fuel JRC(2017b)
N20 emission factor
Agricultural residue pretreatment process .
5 0.00031 -CO2eq/MdJ- b fuel =(3)x25
® CH4 emission factor (CO2 equivalent) & o tomass tae @)
Agricultural residue pretreatment process .
6 0.00903 -CO2eq/MdJ- b fuel =(4)x298
© N20 emission factor (CO2 equivalent) & o tomass e @
(7) GHG emissions from the process 0.96 g-C02eq/MJ- biomass fuel =(1)x(2)+(5)+(6)
GHG issi fi th 20%
® emissions from the process (up 20% 1.15 -CO2eq/MJ- biomass fuel =(7)x1.2
due to conservativeness)

< Transport >

The calculation results of emissions from coconut shell transport are as follows.

Table 91 Calculation of emissions from transport of Coconut shell (transport in the producing country )

Specifications Value Unit Source
. Document 2 of the 12th
(6] Distance 5 km . .
Biomass Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 MdJ-diesel oil/tkm JRC(2017b)
Emission factor of diesel oil (methane and
3 95.1 -CO2eq/MJ JRC(2017b
® N20 not included in combustion) & od ( :
Emission intensity of diesel oil (methane
4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eatEm ( )
CH4 emission intensity (wh i
®) emission intensity (when using 0.0034 o-CH4/tkm JRC(2017b)
trucks)
N20 ission intensit; h i
®) emission intensity (when using 0.0015 ¢-N20/tkm JRC(2017b)
trucks)
@ CH4 emissions per L?mt (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)x25
equivalent
® N20 emissions per 1'1n1t (for truck use) CO2 0.447 ¢-CO2eq/tkm —(6)x298
equivalent

9 GHG emission meter for land transport 77.7 g-CO2eq/tkm =()+(N+(8)
(10) Biomass fuel Heat value 18,000 MdJ-fuel/t-fuel JRC(2017b)
(11) GHG emissions of the process 0.02 g-CO2eq/MdJ-fuel =(1)%x(9)/(10)
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Table 92 Calculation of emissions from maritime transport of Coconut shell (Handysize)

Specifications Value Unit Source
Approximate distance between Japan
@ Distance 9,000 km and the representative port of Southeast
Asia
Maritime transport emissions intensity
2 15.80 -CO2eq/tk JRC(2017b
@ (Bulk density 0.3 t/m3, Handysize) & carEm ¢ )
3) Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 7.90 g-C02eq/MJ-fuel =(1)x(2) /(3)
Table 93 Calculation of emissions from maritime transport of Coconut shell (for Supramax)
Specifications Value Unit Source
Approximate distance between Japan
@ Distance 9,000 km and the representative port of Southeast
Asia
Maritime transport emissions intensity
2 10.10 -CO2eq/tk JRC(2017b
@ (Bulk density 0.3 t/m3, Supramax) & eartim ¢ )
(3) Heat value of biomass fuel 18,000 MJ-fuel/t-fuel JRC(2017b)
@ GHG emissions of the process 5.05 g-CO2eq/Md-fuel =(1)x(2) /(3)
Table 94 Calculation of emissions from transport of Coconut shell (domestic transport in Japan)
Specifications Value Unit Source
) Dist 920 K Set with reference to document 4 of the
istance m
12th Biomass Sustainability WG
(2) Round-trip fuel economy 10 t truck 3.06 MJ-diesel oil/tkm Table.179
Diesel oil emission factor (methane and
3 95.1 -CO2eq/MJ- Diesel oil JRC(2017b
® N20 not included in combustion) & e resetol ( )
Emission intensity by diesel use (methane
4 291.0 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eatEm ( )
(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensit; h, i
©) emission intensity (when using 0.0015 ¢-N20/tkm JRC(2017h)
trucks)
CH4 emission intensity (when using
(7 0.085 -CO2eq/tk =(5)x25
) trucks) CO2 equivalent & eatim ®)
N20 emissi it (for truck cOo2
® emission per u.nl (for truck use) 0.447 ¢-CO2eq/tkm —(6)x298
equivalent
(9 Land transport GHG emission per unit 291.5 g-CO2eq/tkm =(4)+(7N)+(8)
(10 Heat value of biomass fuel 18000 MdJ-fuel/t-fuel JRC(2017b)
(11D GHG emissions of the process 0.32 g-CO2eq/MdJ-fuel =(1)x(9)/(10)

< Power generation>

The calculation results of emissions from power generation with coconuts shell are as follows.

Table 95 Calculation of emissions from power generation

Specifications Value Unit Source
(1) CH4 emissions (agricultural residues) 0.002 g-CH4/Md agricultural residues JRC(2017b)
(2 N20 emissions (agricultural residues) 0.0007 g-N20/MJ agricultural residues JRC(2017b)
(3) | GHG emissions from power generation 0.26 g-CO2eq/MJ-fuel =(1)x25+(2)x298
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5-4. Corn straw (pellets)
(1)Boundary and calculation points

< Boundary >

The boundary for Corn straw (pellet) is assumed as shown in Figure 8.

Overall view of the production process
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Figure 8 Boundary for life cycle GHG emissions of corn straw (pellet)
(2)Calculation of emissions by process
< Corn straw collection>

The calculation results of emissions from Corn straw collection process are as follows..

Table 96 Calculation of emissions from Corn straw collection process

Specifications Value Unit Source
(1) Heat input 0.010 MJ- Diesel 0il/MJ- Bale JRC(2017Db)
Diesel emission factor (methane and N20 ) o
2) not included in combustion) 95.1 g-C02eq/MJ- diesel JRC(2017Db)
®) CH4 emission intensity (when the veil is 0.000012 - CHA/MJ-bale JRC(2017h)
formed)
) N20 emission 1ntergzllte}; (when forming the 0.000030 #-N20/MJ-bale JRC(2017h)
CH4 emission intensity (when bale is ] g _
(5) formed) CO2 equivalent 0.00031 g-CO2eq/MJ-bale =(3)x25
N20 emission per unit (when forming the ) . _

(6) bale) COZ equivalent 0.00903 g-CO2eq/Md-bale =(4)x298
(@) GHG emissions meter for bale formation 0.96 g-C0O2eq/MJ-bale =(1)x(2)+(5)+(8)
® yield 1.01 MJ- Vail/MJ-fuel JRC(2017Db)
9) GHG emissions of the process 0.97 g-CO2eq/MdJ-fuel =(7)x(8)
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< Feedstock transport>

The calculation results of emissions from corn straw transport are as follows.

Table 97 Calculation of emissions from Corn straw transport (transport in the producing country )

Specifications Value Unit Source
Document 2 of the 12th
1 Dist 50 k
W 1stance m Biomass Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 Md-diesel oil/tkm JRC(2017b)
Emission factor of diesel oil (methane and
3 95.1 -CO2eq/MdJ JRC(2017b
© N20 not included in combustion) & e ¢ )
Emission intensity by diesel use (methane
4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eatm ¢ )
5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 2-N20/tkm JRC(2017b)
trucks)
CH4 emission intensity (when using
7 0.085 -CO2eq/tk =(5)x25
@ trucks) CO2 equivalent & eqitim )
N20 emissi it (for truck CcO2
® emission per u.nl (for truck use) 0.447 ¢-CO2eq/tkm =(6)x298
equivalent
9 Total GHG emissions of land transport 7.7 g-CO2eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 17,200 MdJ-bale/t-bale JRC(2017b)
(11) Yield 1.01 MdJ-Bale/MJ-fuel JRC(2017b)
(12) GHG emissions of the process 0.23 g-C02eq/MJ-fuel =(1)x(9)/(10)x(11)

< Processing (crushing and pelletizing) >

The calculation results of emissions from processing (crushing and pelletizing) of corn straw are as follows.

Table 98 Calculation of emissions from processing (crushing and pelletizing) of corn straw

Value
Specifications Unit Source
China U.S.
6))] Input power 0.02 MJ-power/Md-fuel JRC(2017b)
. . . Calculated using the JRC LCA
Elect fact d L o
@2 ectric power emission factor (gri 200.16 | 121.08 g-CO2eq/MdJ-power electricity emission factors and
power) the IEA power generation mix.
3 GHG emissions of the process 4.00 2.42 g-CO2eq/Md-fuel =(1)x(2)
GHG emissions from the process
(4 (increase by 20% to ensure 4.80 291 g-CO2eq/Md-fuel =(3)x1.2
conservativeness)
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<Corn straw pellets transport>

The calculation results of emissions from corn straw pellets transport are as follows.

Table 99 Calculation of emissions from Corn straw pellets transport (transport in the producing country )

Specifications Value Unit Source
Document 2 of the 12th

W Distance 50 km Biomass Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 Md-diesel oil/tkm JRC(2017b)

3 Diesel emission fact?r (methanfa and N20 not included 95.1 ¢-CO2eq/MJ JRC(2017b)

in combustion)

i Emission intensiirtilﬂli)l}(r1 j;eisrflcz:b(:rslteiz}:;ne and N20 not 71 ¢-COZeq/tkm JRC(2017b)

5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)

® N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

) CH4 emissions per unit (for truck use) CO2 equivalent | 0.085 g-CO2eq/tkm =(5)x25

(€)] N20 emissions per unit (for truck use) CO2 equivalent | 0.447 g-CO2eq/tkm =(6)x298

9 GHG emission meter for land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)

(10) Biomass fuel Heat value 17,200 MJ-fuel/t-fuel JRC(2017b)

(11) GHG emissions of the process 0.23 g-C02eq/MJ-fuel =(1)x(9)/(10)

Table 100 Calculation of emissions from maritime transport of Corn straw pellet (Handysize 3,500 km)

Specifications Value Unit Source
Approximate distance between
@ Distance 3,500 km China's representative port and
Japan
@ Maritime tra.nsport emissions inte.nsity 8.17 ¢-CO2eq/tkm JRC(2017h)
(Bulk density 0.65 t/m3, Handysize)
3 Heat value of biomass fuel 17,200 MJ-fuel/t-fuel JRC(2017b)
4 GHG emissions of the process 1.66 g-C02eq/MdJ-fuel =(1)x(2) /(3)
Table 101 Calculation of emissions from maritime transport of Corn straw pellet (Handysize 9,000 km)
Specifications Value Unit Source
Approximate distance between the
(6] Distance 9,000 km representative port of the United States and
Japan
@ Maritime tra.nsport emissions inte.nsity 8.17 ¢-COZeq/tkm JRC(2017h)
(Bulk density 0.65 t/m3, Handysize)
(3) Amount of biomass fuel Heat value 17,200 Md-fuel/t-fuel JRC(2017Db)
(4) GHG emissions of the process 4.28 g-CO2eq/MJ-fuel =(1)x(2) /(3)
Table 102 Calculation of emissions from maritime transport of Corn straw pellet (Supramax 3,500 km)
Specifications Value Unit Source
Approximate distance between
(6] Distance 3,500 km China's representative port and
Japan
Maritime transport emissions intensity
2 5.28 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & eatm ¢ )
3 Heat value of biomass fuel 17,200 MdJ-fuel/t-fuel JRC(2017Db)
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‘ (4) ‘ GHG emissions of the process ‘ 1.08 ‘ g-C0O2eq/MJ-fuel =(1)x(2) /(3)
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Table 103 Calculation of emissions from maritime transport of Corn straw pellet (Supramax 9,000 km)

Specifications Value Unit Source
@ Distance 9,000 km Approximate dis.tance between the
U.S. representative port and Japan
Maritime transport emissions intensity
2 5.28 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & carEm ( )
3) Heat value of biomass fuel 17,200 MJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions from the process 2.77 g-C0O2eq/Md-fuel =(1)x(2) /(3)
Table 104 Calculation of emissions from Corn straw pellet transport (domestic transport in Japan)
Specifications Value Unit Source
1) Dist 920 K Document 4 of the 12th Biomass
istance m
Sustainability WG
(2) Round-trip fuel economy 10 t truck 3.06 MJ-diesel oil/tkm Table.179
Diesel oil emission factor (methane and
3 95.1 -C0O2eq/MJ- Diesel oil JRC(2017b
®) N20 not included in combustion) & e reseton ¢ )
Emission intensity by diesel use (methane
4 291.0 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eatEm ¢ )
(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 ¢-N20/tkm JRC(2017b)
trucks)
CH4 emission intensity (when using
7 0.085 -CO2eq/tk =(5)x25
@ trucks) CO2 equivalent & eqitim ®)
N20 emissi it (for truck CcO2
®) emission per u.nl (for truck use) 0.447 ¢-CO2eq/tkm —(6)x298
equivalent
(9 Land transport GHG emission per unit 291.5 g-CO2eq/tkm =(4)+(N+(8)
(10) Heat value of biomass fuel 17,200 MJ-fuel/t-fuel JRC(2017b)
(11 GHG emissions from the process 0.34 g-CO2eq/Md-fuel =(1)x(9)/(10)

<Power generation>

The calculation results of emissions from power generation with corn straw pellets are as follows.

Table 105 Calculation of emissions from power generation

Specifications Value Unit Source
-CH4/MJ agricultural
(6)) CH4 emissions (agricultural residues) 0.002 & Aagrlcu ura JRC(2017b)
residues
-N20/MJ agricultural
(2) | N20 emissions (agricultural residues) 0.0007 & .agrlcu ura JRC(2017b)
residues
(3) | GHG emissions from power generation 0.26 g-CO2eq/Md-fuel =(1)x25+(2)x298
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5-5. Sugarcane stems & leaves (pellets)
(1)Boundary and calculation points
< Boundary>

The boundary for stems & leaves (pellet) is assumed as shown in Figure 9.

Overall view of the production process

____________ -
| Processes to be included in Life cycle GHG

Cultivation % Compression > Food

Fuel

Collection, transport from farm to pellet plant and Transport from Pellet mill to Power plant I
processing

> T Processing in Sugarcane stalk Power
@ > — -
1 pellet mill and leaf pellet generation I
|

Figure 9 Boundary for life cycle GHG emissions of Sugarcane stems & leaves (pellet)
(2)Calculation of emissions by process
< Sugarcane stem and leaf collection >

The results of the calculation of emissions from Sugarcane stem and leaf collection are as follows.

Table 106 Calculation of emissions from Sugarcane stem and leaf collection process

Specifications Value Unit Source
(1) Heat input 0.010 MJ- Diesel 0il/MJ- Bale JRC(2017b)
Diesel emission factor (methane and N20 e
2) not included in combustion) 95.1 gC02eq/MJ- Diesel JRC(2017b)
®) CH4 emission intensity (when bale is 0.000012 - CHA/MJ-bale JRC(2017h)
formed)
) N20 emission 1ntergsallte}; (when forming the 0.000030 2-N20/MJ-bale JRC(2017h)
CH4 emission intensity (when bale is ] g _
(5) formed) CO2 equivalent 0.00031 g-C0O2eq/MJ-bale =(3)x25
N20 emission per unit (when forming the ) . _
(6) bale) COZ equivalent 0.00903 g-CO2eq/Md-bale =(4)x298
(@) GHG emissions meter for bale formation 0.96 g-C0O2eq/MJ-bale =(1)x(2)+(5)+(8)
€)] yield 1.01 MJ- Vail/MJ-fuel JRC(2017b)
9) GHG emissions of the process 0.97 g-C02eq/MJ-fuel =(7)x(8)
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< Transport of feedstock >

The results of the calculation of emissions from transport of sugarcane stems and leaves are as follows.

Table 107 Calculation of emissions from transport of sugarcane stems and leaves (transport in the producing

country)
Specifications Value Unit Source
Document 2 of the 12th
1 Dist 50 k
W istance m Biomass Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 Md-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane
3 95.1 -CO2eq/MdJ JRC(2017b
© and N20 not included in combustion) & e ¢ )

Emission intensity by diesel use

(4) (methane and N20 not included in 77.1 g-CO2eq/tkm JRC(2017b)
combustion)
5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 2-N20/tkm JRC(2017b)
trucks)
CH4 emission intensity (when using
7 0.085 -CO2eq/tk =(5)x25
@ trucks) CO2 equivalent & eqitim )
N20 emissi it (for truck
® emission per u.nl (for truck use) 0.447 g'COQeq/tkm =(6)x298
CO2 equivalent
9 Total GHG emissions of land transport 7.7 g-CO2eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 17,200 MdJ-bale/t-bale JRC(2017b)
(11) Yield 1.01 MdJ-Bale/MdJ-fuel JRC(2017b)
(12 GHG emissions of the process 0.23 g-CO2eq/MJ-fuel =(1)x(9)/(10)x(11)

< Processing (crushing and pelletizing) >
The calculation results of emissions from processing (crushing and pelletizing) of sugarcane stems and

leaves are as follows.

Table 108 Calculation of emissions from sugarcane stem and leaf processing (crushing and pelletizing)

Specifications Value Unit Source
(6] Input power 0.02 Md-power/Md-fuel JRC(2017b)
Electric power emission factor (bagasse Emission factor 9f bagasse
2 . 1.53 g-CO2eq/MdJ-power power generation from
power generation) Renovacalc
3 GHG emissions of the process 0.03 g-CO2eq/MJ-fuel =(1)x(2)
GHG emissions from the process
(4) (increase by 20% to ensure 0.037 g-CO2eq/Md-fuel =(3)x1.2

conservativeness)

< Transport >

The calculation results of emissions from transport of sugarcane stem and leaf pellet are as follows.
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Table 109 Calculation of emissions from transport of sugarcane leaf pellets (transport in the producing country)

Specifications Value Unit Source
Document 2 of the 12th

1 Dist 400 k

W 1stance m Biomass Sustainability WG
2 40 ton round-trip fuel economy truck 0.811 Md-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane and
3 95.1 -CO2eq/MdJ JRC(2017b
© N20 not included in combustion) & e ¢ )
Emission intensity of diesel oil (methane and

4 77.1 -CO2eq/tk JRC(2017b

@ N20 not included in combustion) & eatm ¢ )

5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)

® N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

@ CH4 emissions per 1-1n1t (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)x25

equivalent
® N20 emissions per L.ll’llt (for truck use) CO2 0.447 ¢-COZeq/tkm —(6)x298
equivalent

9 GHG emission meter for land transport 77.7 g-CO2eq/tkm =(4)+(7)+(8)
(10) Biomass fuel Heat value 17,200 MJ-fuel/t-fuel JRC(2017b)
(11) GHG emissions of the process 1.81 g-C0O2eq/MJ-fuel =(1)x(9)/(10)

Table 110 Calculation of emissions from maritime transport of stems & leaves pellets (Handysize for 10,000 km

transport)
Specifications Value Unit Source
) Distance 10,000 km Approximate di.stance between
India's representative port and Japan
@ Maritime tra.nsport emissions inte.nsity 8.17 ¢-CO2eq/tkm JRC(2017h)
(Bulk density 0.65 t/m3, Handysize)
&) Heat value of biomass fuel 17,200 MJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 4.75 g-C02eq/MJ-fuel =(1)x(2)/(3)

Table 111 Calculation of emissions from maritime transport of stems & leaves pellets (Handysize for 22,000 km

transport)
Specifications Value Unit Source
Approximate distance between
(6)) Distance 22,000 km Brazil's representative port and
Japan
@ Maritime tra.nsport emissions inte.nsity 8.17 ¢-CO2eq/tkm JRC(2017h)
(Bulk density 0.65 t/m3, Handysize)
3 Heat value of biomass fuel 17,200 MdJ-fuel/t-fuel JRC(2017b)
(@] GHG emissions of the process 10.45 g-CO2eq/MJ-fuel =(1)x(2)/(3)

Table 112 Calculation of emissions from maritime transport of stems & leaves pellets (for Supramax 10,000 km

transport)
Specifications Value Unit Source
) Distance 10,000 km Approximate di‘stance between
India's representative port and Japan
Maritime transport emissions intensity
2 5.28 -CO2eq/tk JRC(2017b)
(Bulk density 0.65 t/m3, Handysize) & cartim
(3 Biomass fuel Heat value 17,200 MdJ-fuel/t-fuel JRC(2017b)
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‘ @ ‘ GHG emissions of the process 3.07 ‘ g-C02eq/MJ-fuel ‘ =(1)x(2)/(3)

Table 113 Calculation of emissions from maritime transport of stems & leaves pellets (for Supramax 22,000 km

transport)
Specifications Value Unit Source
Approximate distance between
(1 Distance 22,000 km Brazil's representative port and
Japan
3 Heat value of biomass fuel 17,200 MdJ-fuel/t-fuel JRC(2017b)
(4) GHG emissions of the process 6.76 g-CO2eq/MJ-fuel =(1)x(2)/(3)
Table 114 Calculation of emissions from stems & leaves pellet transport (domestic transport in Japan)
Specifications Value Unit Source
1) Distance 2 km Document 4 of the 12th Biomass
Sustainability WG
(2) Round-trip fuel economy of 10 ton truck 3.06 MJ-diesel oil/tkm Table.179

Diesel oil emission factor (methane and

3 95.1 -CO2eq/Md- Diesel oil JRC(2017b
@ N20 not included in combustion) & ed resetol ( )

Emission intensity by diesel use (methane

4 291.0 -CO2eq/tk: JRC(2017b
@ and N20 not included in combustion) & eatm ( )

(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)

N20 emission intensity (when using

© trucks)

0.0015 g-N20/tkm JRC(2017b)

CH4 emission intensity (when using
(7 , 0.085 -CO2eq/tk =(5)x25
trucks) CO2 equivalent & eqtm

N20 emission per unit (for truck use) CO2

(8 equivalent 0.447 g-CO2eq/tkm =(6)x298

(9) Land transport GHG emission per unit 291.5 g-CO2eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 17,200 MJ-fuel/t-fuel JRC(2017b)
(1) GHG emissions of the process 0.34 g-CO2eq/MdJ-fuel =(1)x(9)/(10)

<Power generation>

The calculated emissions of sugarcane stem and leaf pellets from the power generation are as follows.

Table 115 Calculation of emissions from power generation

Specifications Value Unit Source
) CH4 emissio?s (agricultural 0.002 g-CH4/MdJ ‘agricultural JRC(2017b)
residues) residues
© N20 emissioTls (agricultural 0.0007 g-N20/MJ ‘agricultural JRC(2017b)
residues) residues
(3) | Emissions from power generation 0.26 g-C02eq/MJ-fuel =(1)x25+(2)x298
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5-6. Bengkuang seeds
(1)Boundary and calculation points .

< Boundary >

The Boundary for Bengkuang seeds is assumed as shown in Figure 10.

Overall view of the production process

Fruit of
Bengkuang

Fruit and seed of
Benakuang

Separation
(Natural drying, etc.)

Cultivation

Transport from Farm to Power plant Power
generation I

Figure 10 Boundary for life cycle GHG emissions of Bengkuang seeds

(2)Calculation of emissions by process
< Transport >

The calculation results of emissions from transport of Bengkuang seeds are as follows.

Table 116 Calculation of emissions from transport of Bengkuang seeds (transport in the producing country )

Specifications Value Unit Source

Document 2 of the 12th

1 Dist 177 k
W 1stance o Biomass Sustainability WG

2 40 ton round-trip fuel economy truck 0.811 MJ-diesel oil/tkm JRC(2017b)

@) Emission factor of diesel oil (methane and 051 -CO2ea/MJ JRC(2017b)
N20 not included in combustion) ' & ed

Emission intensity by diesel use (methane

4 77.1 -CO2eq/tk JRC(2017b
@ and N20 not included in combustion) & eatim ¢ )
(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)
N20 emission intensity (wh i
®) erssion fl e?j; y (when using 0.0015 ¢-N20/tkm JRC(2017b)
Tucks,

CH4 emission intensity (when using
@] , 0.085 -CO2eq/tk =(5)x25
trucks) CO2 equivalent & eqtEm

N20 emission per unit (for truck use) CO2

€)] equivalent 0.447 g-C02eq/tkm =(6)x298

9 Total GHG emissions of land transport 77.7 g-C02eq/tkm =(4)+(7)+(8)
(10) Heat value of biomass fuel 24,111 Md-fuel/t-fuel JRC(2017b)
(11 GHG emissions of the process 0.57 g-CO2eq/Md-fuel =(1)x(9)/(10)
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Table 117 Calculation of emissions from maritime transport of Bengkuang seeds (Handysize 9,000 km)

Specifications Value Unit Source
@ Distance 9,000 km Approximate dista.nce between Indonesia's
representative port and Japan
Maritime transport emissions intensity
2 8.17 -CO2eq /tk JRC(2017b
@ (Bulk density 0.65 t/m3, Handysize) & edrHEm ¢ )

D t 2 of the 12th Bi Sustainabilit
(6)] Amount of biomass fuel Heat value 24,111 MdJ-fuel/t-fuel ocument 2 oL the WGlomass ustamnabity
(4) GHG emissions of the process 3.05 g-CO2eq/MdJ-fuel =(1)x(2) /(3)

Table 118 Calculation of emissions from maritime transport of Bengkuang seeds (Handysize 26,000 km)
Specifications Value Unit Source
Approximate distance between Japan and the
@ Distance 26,000 km representative port of Africa (Ghana and
Nigeria)
Maritime transport emissions intensity
2 8.17 -CO2eq /tk JRC(2017b
@ (Bulk density 0.65 t/m3, Handysize) & ea fthm ¢ )

D t 2 of the 12th Bi Sustainabilit
®) Heat value of biomass fuel 24111 | MJ-fuelit-fuel | oomont 2OLHe W Glomass HstamaAbIty
@ GHG emissions of the process 8.81 g-CO2eq/Md-fuel =(1)x(2) /(3)

Table 119 Calculation of emissions from maritime transport of Bengkuang seeds (Supramax 9,000 km)
Specifications Value Unit Source
Approximate distance between
(6] Distance 9,000 km Indonesia's representative port and
Japan
Maritime transport emissions intensity
2 5.28 -CO2eq /tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & eqtim ( )
D t 2 of the 12th Bi
3) Heat value of biomass fuel 24,111 MJ-fuel/t-fuel ocumen (,) 'e' 1omass
Sustainability WG
4 GHG emissions of the process 1.97 g-CO2eq/Md-fuel =(1)x(2) /(3)
Table 120 Calculation of emissions from maritime transport of Bengkuang seeds (Supramax 26,000 km)
Specifications Value Unit Source
Approximate distance between Japan
(1) Distance 26,000 km and the representative port of Africa
(Ghana and Nigeria)
Basic unit of maritime transport emissions
2 5.28 -CO2eq/tk JRC(2017b
@ (Bulk density 0.65 t/m3, Supramax) & earEm ¢ )
. Document 2 of the 12th Biomass
3) Biomass fuel Heat value 24,111 Md-fuel/t-fuel . .
Sustainability WG
(4) GHG emissions from the process 5.70 g-CO2eq/MdJ-fuel =(1)x(2) /(3)

68




Table 121 Calculation of emissions from Bengkuang seeds transport (domestic transport in Japan)

Specifications Value Unit Source
1) Dist 90 K Document 4 of the 12th Biomass
istance m
Sustainability WG
(2) Round-trip fuel economy of 10 ton truck 3.06 MdJ-diesel oil/tkm Table.179
Diesel oil emission fact th d N20
(3 | Dieseloil emission factor (methane an 951 | g-C02q/MJ- Diesel oil JRC(2017b)
not included in combustion)
Unit emissions from diesel oil (without
4 291.0 -CO2eq/tk: JRC(2017b
@ methane and N20 during combustion) & eartim ¢ )
(5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)
(®) N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)
@ CH4 emissions per gmt (for truck use) CO2 0.085 ¢-COZeq/tkm —(5)x95
equivalent
® N20 emissions per 1.1n1t (for truck use) CO2 0.447 ¢-CO2eq/tkm —(6)x298
equivalent
(9 GHG emission intensity for land transport 291.5 g-CO2eq/tkm =(4)+(7)+(8)
D t 2 of the 12th Bi
(10) Biomass fuel Heat value 24,111 Md-fuel/t-fuel ocumen (,) .e. 1omass
Sustainability WG
(11 GHG emissions from the process 0.24 g-CO2eq/MdJ-fuel =(1)x(9)/(10)

< Power generation>

The calculation results of emissions from power generation with Benkowan seed are as follows.

Table 122 Calculation of emissions from power generation

Specifications Value Unit Source
-CH4/MJ icultural
(6)) CH4 emissions (agricultural residues) 0.002 & Aagrlcu ura JRC(2017b)
residues
-N20/MdJ icultural
(2) | N20 emissions (agricultural residues) 0.0007 & Aagrlcu ura JRC(2017b)
residues
(3) | GHG emissions from power generation 0.26 g-CO2eq/Md-fuel =(1)x25+(2)x298
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5-7. Cashew nut shell liquid(CNSL)
(1)Boundary and calculation points

< Boundary >
The boundary for Cashew nut shell liquid(CNSL) is assumed as shown in Figure 11.

Overall view of the production process

r—-—=—>=>"==7~~"—-~— - - T I
I Transport from processing plant to power plant
Processing 1
Cultivation Cashew nut processing Cashew nut. 1 (Preprocessing/Hydrolyz Cashew nut shell Power 1
with shell (separation) shell 1 ing/Solid liquid and Oil liquid (CNSL) generation
separation) 1

T 4

Lignocellulose
product

Use of power for processmg

Food 5 "
Kernel processing > Edible

" Fertilizer
g Ul (Cashew apple) L Aurantiochytriumu

cultivation

Figure 11 Boundary for life cycle GHG emissions of Cashew nut shell liquid(CNSL)

(2)Calculation of emissions by process
<Processing (pretreatment, hydrolysis, solid-liquid/oil-water separation) >

The calculation results of emissions from processing of cashew nut shell (pretreatment, hydrolysis, solid-
liquid/oil-water separation) are as follows. In the case of the use of biomass for in-house power generation, all
emissions from the process are to be attributed to cashew nut shell liquid (allocation ratio is 100%), as the use

of feedstock generated during such processing is assumed.

Table 123 Calculation of emissions from processing (pretreatment, hydrolysis, solid-liquid/oil-water separation)

(use of grid power)

Value
Specifications Vietna Cote Unit Source
m d’Ivoire
Inf ti ided by indust
(1) Input power 400 kWh/t-fuel nlormation pI‘OV.l 6,3 Y maustty
assoclation
Electric power emission factor Emission factor of Indonesia from
2 547.5 390.4 kg-CO2eq /kWh
@ (grid power) & ed GREET2022
®) Amount of biomass fuel Heat 42,000 MJ-fuel/t-fuel Information prO\Tid(.ed by industry
value association
@ Allocation ratio to CNSL 0.533 - Table 125
(5) | GHG emissions from the process 2.78 1.98 g-CO2eq/MJ-fuel =(1)x(2)x1000/(3)x(4)
GHG emissi fi th
®) CIISSIons from BAe Process |- 4 gg 2.77 -CO2eq/MJ-fuel =(5)x1.4
(up 40% due to maintainability)
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Table 124 Calculation of emissions from processing (pretreatment, hydrolysis, solid-liquid/oil-water separation)

(use of biomass in-house power generation)

Specifications Value Unit Source
Inf ti ided by indust
(1) Input power 400 kWh/t-fuel nlormation prO\fl (,3 Y maustty
assoclation
Electric power emission factor JRC (2017a) Calculated from

(2 0.004 kg-CO2eq /kWh

(Agricultural Residual Generation) agricultural residues

Information provided by industry

3) Biomass fuel Heat value 42,000 MdJ-fuel/t-fuel O
assoclation

(4 Allocation ratio to CNSL 1 - Table 125

5) GHG emissions from the process 0.0380 g-C0O2eq/MdJ-fuel =(1)x(2)x1000/(3)x(4)

GHG emissi fi th 40%
® eissions rO%n 'e prf)‘?ess (up 40% 0.05 g-CO2eq/MdJ-fuel =(5)x1.4
due to maintainability)

Table 125 Calculation of allocation ratio (heat prorate) to CNSL

(1)Generated Weight (2)Heat value MdJ/t 2 Allocation ratio
Ratio " =((Dx@)E(W)x(2)
CNSL 0.008 41,780 53.3%
Co-products in oil extraction 0.014 20,920 46.7%

< Transport >

The calculation results of emissions from transport of cashew nut shell liquid are as follows.

Table 126 Calculation of emissions from transport of CNSL (transport in the producing country)

Specifications Value Unit Source
Transport distance (from processing plant to Information provided by industry
(6] 400 km o
port) association
2 Round-trip fuel economy 40 ton truck 0.811 MJ-diesel oil/tkm JRC(2017b)

Emission factor of diesel oil (methane and N20
3) ) . ) 95.1 g-C02eq/MJ JRC(2017b)
not included in combustion)

Emission intensity by diesel use (methane and
4 77.1 -CO2eq/tk JRC(2017b
@ N20 not included in combustion) & eatEm ( )

(5) CH4 emission intensity (truck use) 0.0034 g-CH4/tkm JRC(2017b)

(6 N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

@ CH4 emission intensit}f (when using trucks) 0.085 ¢-COZeq/tkm —(5)x25
CO2 equivalent

N20 emission per unit (for truck use) CO2

€) ) 0.447 g-C02eq/tkm =(6)x298
equivalent
9 Land transport GHG emission per unit 77.7 g-CO2eq/tkm =(4)+(7)+(8)
Inf ti ided by indust
(10) Heat value of biomass fuel 42,000 MdJ-fuel/t-fuel prormation prO\Tl 6,3 Yy mausty
assoclation
(11) GHG emissions from activity 0.74 g-CO2eq/Md-fuel =(1)x(9)/(10)

11 Refer to https://johnnycashew.com/wp-content/uploads/2023/06/Johnny-cashew-Final-Report.pdf (accessed October 24,
2023).

12 https://assets.researchsquare.com/files/rs-942065/v1/73e3bde4-8alb-4c¢93-9fde-c8925281fcd3.pdf? ¢c=1633358335
accessed October 24, https://cashewnutshellcake.com/cashew-nut-shell-cake(2023)
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Table 127 Calculation of emissions from maritime transport of CNSL (for 9,000 km)

Specifications Value Unit Source
@ Distance 6.500 km Approximate dist.ance between Vietnam's
representative port and Japan
Mariti t t issi int it
() | TOTTHME Pransport CHssions NSty 0.158  |MJ-heavy fuel oil/tkm JRC(20172)
(Chemical tankers)
3 Heavy fuel oil emission factor 94.2 g-CO2eq /MJ JRC(2017a)
4) biomass fuel Heat value 42,000 MdJ-fuel/t-fuel Information provided by industry association
5) GHG emissions of the process 2.30 g-CO2eq/MJ-fuel =(1)x(2)x(3)/(4)
Table 128 Calculation of emissions from maritime transport of CNSL (for 26,000 km)
Specifications Value Unit Source
@ Distance 26,000 km Approximate dis.tance between Africa's
representative port and Japan
Mariti t. t issl int it
(9 | VATHME Pransport emissions mntensity 0.158  |MJ-heavy fuel oil/tkm JRC(20172)
(Chemical tankers)
3 Heavy fuel oil emission factor 94.2 g-CO2eq /MdJ JRC(2017a)
@ biomass fuel Heat value 42,000 Md-fuel/t-fuel Information provided by industry association
(5) GHG emissions of the process 9.21 g-CO2eq/MJ-fuel =(1)x(2)x(3)/(4)
Table 129 Calculation of emissions from transport of CNSL (domestic transport in Japan)
Specifications Value Unit Source
1) Distance 2 km Information proxi'id(-ad by industry
assoclation
(2 Round-trip fuel economy of 10 ton truck 3.06 Md-diesel oil/tkm Table.179
Diesel emission facts th d N20
®) iesel emission factor (methane an 95.1 g-CO2eq/MJ- diesel JRC(2017b)
not included in combustion)
Unit emissions from diesel (without
(4 291.0 -CO2eq/tk JRC(2017b
) methane and N20 during combustion) & eatim ( )
CH4 ission inti it; h i
6) emission intensity (when using 0.0034 ¢-CH4/tkm JRC(2017b)
trucks)
N20 emission intensity (wh i
®) emission intensity (when using 0.0015 2-N20/tkm JRC(2017b)
trucks)
@ CH4 emissions per 1.1n1t (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)x25
equivalent
® N20 emissions per gnlt (for truck use) 0.447 ¢-CO2eq/tkm =(6)x298
CO2 equivalent
(90 | GHG emission intensity for land transport 291.5 g-CO2eq/tkm =(4)+(7)+(8)
Inf ti ided by indust:
(10) Biomass fuel Heat value 42,000 MdJ-fuel/t-fuel iormation proYl é v maustry
assoclation
(11D GHG emissions of the process 0.14 g-CO2eq/MdJ-fuel =(1)x(9)/(10)

<Power generation>

Emissions of methane and N20 from the combustion of liquid fuels derived from oil crops are zero in the EU

RED2 default, so emissions from power generation are set at zero.
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5-8. Cashew nut shell residues from oil extraction
(1)Boundary and calculation points
<Boundary>

The boundary for the Cashew nut shell residues from oil extraction is assumed as shown in Figure 12.

Overall view of the production process

| Processes to be included in Life cycle GHG

1

Cultivation —» bierbaield . Processing Bl OSSO fe"’;ﬂf.fs‘;"éfr"fﬁ' power |
with shell (separation) nut shell I (Ol extraction) generation ||

|

Food
processing

[ Fertilizer
g Pulp (Cashew apple) =L
Aurantiochytriumu

cultivation

Kernel > Edible

Figure 12 Boundary for life cycle GHG emissions of Cashew nut shell residues from oil extraction

(2)Calculation of emissions by process
< Processing (oil extraction) >
The calculation results of emissions from processing (oil extraction) of cashew nut shell residues from oil

extraction are as follows.

Table 130 Calculation of emissions from processing (oil extraction) (use of grid power)

Value
Specifications Vietna Cote Unit Source
m d’Ivoire
6))] Input power 34.84 kWh/t-CNR Calculated from Aina et. al (2018)
Electric power emission factor C.a I.CUIate.d ?Sing the JRC LCA
2 s 5417.5 390.4 g-C02eq /kWh electricity emission factors and the IEA
(grid power) power generation mix.
(3 Heat value of biomass fuel 20,920 MdJ-fuel/t-fuel Table 125
(4 Allocation ratio to CNSL 0.467 - Table 125
(5) | GHG emissions from the process 0.43 0.30 g-CO2eq/MJ-fuel =(1)x(2)x1000/(3)x(4)
GHG emissions from the process

6 (increase by 20% to ensure 0.51 0.36 g-CO2eq/MJ-fuel =(5)x1.2

conservativeness)

13 Accessed March 11, https:/core.ac.uk/download/pdf/162155611.pdf(2024)

73


https://core.ac.uk/download/pdf/162155611.pdf

< Transport >

The calculation results of emissions from transport of cashew nut shell residues from oil extraction are as
follows.

Table 131 Calculation of emissions from transport of Cashew nut shell residues from oil extraction (transport in

the producing country)

Specifications Value Unit Source

Transport distance (from processing plant to Information provided by

6} 160 km

port) industry association

2 Round-trip fuel economy 40 ton truck 0.811 Md-diesel oil/tkm JRC(2017b)

3 Diesel emis.sion fact?r (methanfa and N20 not 95.1 ¢-COZeq/MJ JRC(2017b)
included in combustion)

Emission intensity by diesel use (methane and
4 77.1 -CO2eq/tk JRC(2017b
@ N20 not included in combustion) & eaitim ¢ )

5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)

® N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)

@ CH4 emissions per l?mt (for truck use) CO2 0.085 ¢-CO2eq/tkm —(5)x25
equivalent

® N20 emissions per 1%n1t (for truck use) CO2 0.447 ¢-CO2eq/tkm —(6)x298
equivalent

9 GHG emission intensity for land transport 77.7 g-CO2eq/tkm =()+(N+(8)

(10) Heat value of biomass fuel 20,920 MdJ-fuel/t-fuel Table 125

(11) GHG emissions from activity 0.74 g-CO2eq/MJ-fuel =(1)x(9)/(10)

Table 132 Calculation of emissions from maritime transport of Cashew nut shell residues from oil extraction

(Handysize, 6,500 km)

Specifications Value Unit Source

. Approximate distance between Vietnam's
1) Distance 6,500 km K
representative port and Japan

@ Maritime trar.lsport emissions inte.nsity 15.80 ¢-COZeq/tkm JRC(20172)
(Bulk density 0.3 t/m3, Handysize)

3 Heat value of biomass fuel 20,920 MJ-fuel/t-fuel Table 125

4 GHG emissions from the process 4.91 g-C02eq/MdJ-fuel =(1)x(2)/(3)

Table 133 Calculation of emissions from maritime transport of Cashew nut shell residues from oil extraction

(Supramax, 6,500 km)

Specifications Value Unit Source

. Approximate distance between Vietnam's
1) Distance 6,500 km K
representative port and Japan

Maritime transport emissions intensity
2 10.10 -CO2eq/tkm JRC(2017a)
(Bulk density 0.3 t/m3, Supramax) & a

(3) Biomass fuel Heat value 20,920 Md-fuel/t-fuel Table 125

(4) GHG emissions from the process 3.14 g-CO2eq/Md-fuel =(1)x(2)/(3)
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Table 134 Calculation of emissions from maritime transport of Cashew nut shell residues from oil extraction

(Handysize, 26,000 km)

Specifications Value Unit Source

Approximate distance between Africa's

(1) Distance 26,000 km K
representative port and Japan

Maritime transport emissions intensity

2 15.80 -CO2eq/tk JRC(2017
@ (Bulk density 0.3 t/m3, Handysize) & eartim ¢ a)
3 Heat value of biomass fuel 20,920 MdJ-fuel/t-fuel Table 125
4) GHG emissions from the process 15.80 g-C02eq/MdJ-fuel =(1)x(2)/(3)
Table 135 Calculation of emissions from maritime transport of Cashew nut shell residues from oil extraction
(Handysize, 26,000 km)
Specifications Value Unit Source
@ Distance 26,000 km Approximate dis.tance between Africa's
representative port and Japan
Maritime transport emissions intensity
2 10.10 -CO2eq/tk JRC(2017
@ (Bulk density 0.3 t/m3, Supramax) & eqrim ¢ a)
3 Amount of biomass fuel Heat value 20,920 MJ-fuel/t-fuel Table 125
4) GHG emissions from the process 12.55 g-C0O2eq/MJ-fuel =(1)x(2)/(3)
Table 136 Calculation of emissions from transport of Cashew nut shell residues from oil extraction (domestic
transport in Japan)
Specifications Value Unit Source
Inf ti ided b,
(@)} Distance 20 km n. ormation pI‘OV.'l (,% Y
industry association
2 Round-trip fuel economy of 10 ton truck 3.06 MJ-diesel oil/tkm Table.179
3) Diesel oil emission fa(?tor (metha.ne and N20 not included 95.1 g-CQZeq/MJ - JRC(2017h)
in combustion) diesel oil
@ Unit emissions from di.esel oil (witbout methane and N20 991.0 ¢-CO2eq/tkm JRC(2017b)
during combustion)
(5) CH4 emission intensity (when using trucks) 0.0034 g-CH4/tkm JRC(2017b)
®) N20 emission intensity (when using trucks) 0.0015 g-N20/tkm JRC(2017b)
(7) CH4 emissions per unit (for truck use) CO2 equivalent 0.085 g-CO2eq/tkm =(5)x25
® N20 emissions per unit (for truck use) CO2 equivalent 0.447 g-CO2eq/tkm =(6)x298
(9 GHG emission intensity for land transport 291.5 g-CO2eq/tkm =(4)+(N+(8)
(10) Biomass fuel Heat value 20,920 MdJ-fuel/t-fuel Table 125
(11D GHG emissions from the process 0.28 g-CO2eq/MJ-fuel =(1)%x(9)/(10)

< Power generation>
The calculation results of the emissions from power generation of cashew nut shell residues from oil
extraction are as follows.

Table 137 Calculation of emissions from power generation

Specifications Value Unit Source
1 CH4 emissions (agricultural residues) 0.002 g-CH4/Md agricultural residues JRC(2017b)
(2) | N20 emissions (agricultural residues) 0.0007 g-N20/MJ agricultural residues JRC(2017b)
(3) | GHG emissions from power generation 0.26 g-CO2eq/Md-fuel =(1)x25+(2)x298
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I1I. Life Cycle GHG Default Values for Imported Woody Biomass
1. Calculation results of default values
Default values for imported woody biomass is determined for each fuel of woody chips and wood pellets with
categories of following three feedstock types.
®  Forest residues
*  Oher harvested trees
¢  Sawmill residues
For the maritime transport, the transportation distance is set on the assumption of the representing
countries producing woody biomass imported into Japan. Specifically, there are three categories of maritime
transport distance for wood chips (6,500 km, 11,600 km, and 18,000 km) and three categories for wood pellets
(6,500 km, 9,000 km, and 18,000 km). Two categories are set for size of ships (Handysize and Supramax). For
wood pellets imported from Europe, the default value is set assuming maritime transport from a European
port to a Japanese port. Therefore, when rail or other modes of transport are used, emissions need to be
calculated based on actual transport conditions For producing countries not included in the list, either the
most conservative value should be applied or emissions should be calculated based on actual transport
conditions.
In addition, there are two categories for wood pellets default values for heat sources in drying process,
fossil fuel and biomass fuel.

The calculation results of the default life cycle GHG values for each fuel are as follows.

Table 138 Life cycle GHG default values for imported wood chips (forest residues) (g-CO2eq/MdJ-fuel)

Process Handysize Supramax
6,500 km transport 6,500 km transport
Transport (collection of forest residues.) 1.24
Processing 0.40
Transport (domestic transport of wood chips in 175
producing countries) )
Transport (maritime transport of wood chips) 14.13 | 8.98
Transport (domestic transport of wood chips in 0.44
Japan) )
Power generation 0.41
Total 18.37 | 13.22
Process Handysize Supramax
11,600 km transport 11,600 km transport
Transport (maritime transport of wood chips) 25.21 16.02
(The rest of the process is omitted because it is the same as 6,500 km transport)
Total | 29.45 | 20.26
Process Handysize Supramax
18,000 km transport 18,000 km transport
Transport (maritime transport of wood chips) 39.13 24.86
(The rest of the process is omitted because it is the same as 6,500 km transport)
Total | 43.37 | 29.10
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Table 139 Life cycle GHG default values for imported wood chips (Other harvested trees) (g-CO2eq/MdJ-fuel)

Handysize Supramax
6,500 km Transport 6,500 km Transport
Cultivation 1.11
Processing 0.40
Transport (domestic transport of wood chips in 175
producing countries) )
Transport (maritime transport of wood chips) 14.13 | 8.98
Transport (domestic transport of wood chips in
0.44
Japan)
Power generation 0.41
Total 18.24 | 13.09
Process Handysize Supramax
11,600 km transport 11,600 km transport
Transport (maritime transport of wood chips) 25.21 16.02

(The rest of the process is omitt

ed because it is the same as the 6,500 km transport.)

Total | 29.32 | 20.13
Process Handysize Supramax
18,000 km transport 18,000 km transport
Transport (maritime transport of wood chips) 39.13 24.86

(The rest of the process is omitted because it is the same as the 6,500 km transport.)

Total

43.24

| 28.97

Table 140 Life cycle GHG default values for imported wood chips (Sawmill residues) (g-CO2eq/MdJ-Chip)

Process Handysize Supramax
6,500 km transport 6,500 km transport
Processing 0
Transport (domestic transport of wood chips in 175
producing countries) )
Transport (maritime transport of wood chips) 14.13 | 8.98
Transport (domestic transport of wood chips in 0.44
Japan) )
Power generation 0.41
Total 16.73 | 11.58
Process Handysize Supramax
11,600 km transport 11,600 km transport
Transport (maritime transport of wood chips) 25.21 16.02

(The rest of the process is omitted because it is the same as 6,500 km transport)

Total | 27.81 | 18.62
Process Handysize Supramax
18,000 km transport 18,000 km transport
Transport (maritime transport of wood chips) 39.13 24.86

(The rest of the process is omitted because it is the same as 6,500 km transport)

Total

41.73

| 27.46
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Table 141 Life cycle GHG default values for imported wood pellets (Forest residues) (g-CO2eq/MdJ-pellet)

Process Drying: Fossil fuel use Drying: Biomass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)

Transport (collection of forest

residues.) 1.18 1.51

Transport (transport of
feedstocks) 0.85 1.08

Processing Table 144 Table 144

Transport (domestic transport of
. . . 1.36
pellets in producing countries)

Transport
(maritime transport of pellets) Table 145

Transport (domestic transport of
. 0.34
pellets in Japan)

Power generation 0.25

Table 142 Life cycle GHG default values for imported wood pellets (Other harvested trees) (g-CO2eq/MJ-Pellets)

Process Dryiggi Fosgil fuel use Dryipgi Bio_mass use
(Pelletizing: Grid power use) (Pelletizing: Grid power use)
Cultivation 1.06 1.36
Transport (transport of feedstocks) 0.85 1.08
Processing Table 144 Table 144
Transport (domestic transport of 1.36
pellets in producing countries) )
Transport (maritime transport of Table 145
pellets) able
Transport (domestic transport of 0.34
pellets in Japan) )
Power generation 0.25

Table 143 Life cycle GHG default values for imported wood pellets (Sawmill residues) (g-CO2eq/MdJ-Pellets)

Process Dryipgi Fogsil fugl use Dryipgi usipg biqmass
(Pelletizing: using grid power) (Pelletizing: using grid power)
Processing Table 144 Table 144
Transport (domestic transport of 1.36
pellets in producing countries) )
Transport (maritime transport of Table 145
pellets) able
Transport (domestic transport of 0.34
pellets in Japan) ’
Power generation 0.25

Table 144 Life cycle GHG default values for imported wood pellets (Sawmill residues) (g-CO2eq/MdJ-Pellets)

Specification Vietnam Canada uU.sS. Malaysia Indonesia
Forest residues and Drying: Fossil fuel use 26.13 18.97 24.27 28.41 31.81
Othert?:;':ested Drying: Biomass use 10.01 2.85 8.15 12.29 15.69
. . Drying: Fossil fuel use 15.11 11.11 14.07 16.39 18.30
Sawmill residues
Drying: Biomass use 5.37 1.37 4.33 6.65 8.56
. . . . Cambodi New . . .
Specification China Thailand Sweden Russia Lithuania
a Zealand
Forest residues Drying: Fossil fuel use 27.47 25.24 18.62 17.15 23.69 18.62 31.81
and Other . .
hamestod fees Drying: Biomass use 11.35 9.12 2.50 1.03 .57 2.50 15.69
Sawmill Drying: Fossil fuel use 15.87 14.62 10.91 10.09 13.75 10.91 18.30
residues Drying: Biomass use 6.13 4.88 1.17 0.35 4.01 1.17 8.56
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Table 145 Life cycle GHG default values for imported wood pellets (Sawmill residues) (g-CO2eq/MdJ-Pellets)

Reference Transport Distances and GHG Emissions by Country

Specification . Canada (West U.S. (East X . Unit
Vietnam Malaysia Indonesia
Coast) Coast)
Reference Transport 6,500 6,500
. 6,500 9,000 18,000 km
Distance 9,000 9,000
Emission factor 0.48 g-CO2eq/MJ-fuel/1000km
Handy 311 311
Size HG emissi 3.11 430 8.60 : ' -CO2¢eq/MJ-fuel
GHG emission 230 230 g-CO2eq/MJ-fue
Emission factor 0.31 g-C0O2eq/MJ-fuel/1000km
s;z;a GHG emissi 2.01 2.78 5.56 201 291 CO2eq/MJ-fuel
emission . . . 373 78 g eq/MJ-fue
Reference Transport Distances and GHG Emissions by Country
. . Canada .
Specification . U.S. (East . . Unit
Vietnam (West Malaysia Indonesia
Coast)
Coast)
Reference Transport
. 3,500 6,500 6,500 10,000 32,000 2,000 km
Distance
Emission factor 0.48 g-C0O2eq/MJ-fuel/1000km
Handy
Size GHG emission 3,500 6,500 6,500 10,000 32,000 2,000 2-CO2eq/MIJ-fuel
Emission factor 0.31 g-CO2eq/MJ-fuel/1000km
Supra
max GHG emission 1.08 2.01 2.01 3.09 9.89 0.62 g-CO2eq/MIJ-fuel

Notes: If rail or other modes of transport are used, emissions must be calculated based on actual transport conditions.
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2. Calculation process of Life cycle GHG default values for Wood Chips
2-1. Wood chips derived from forest residues

(1) Boundary and calculation points
< Boundary >

Boundary is shown in the red box below.

> Harvested trees -
et (for use as lumber, etc.) B, olte:

Collection and transportation from forest to crushing : Chip mills — transportation to power plants
1

! |
! |
! : Power !
Crushing = £ 1
1 : Rceiichips generation 1
I I
1
1

Forest residues,
ete.

Figure 13 Boundary for life cycle GHG emissions of wood chips derived from forest residues

<Maritime transport >

With regard to maritime transport, the 10th session of the Biomass Sustainability WG recognized that specific
voyage pattern is taken (dedicated vessels are used) in maritime transport of wood chips. Therefore, the
distance of empty cargo transport is set as the same as that of wood chips transportation, unlike pellets for

which the value of the ratio of empty cargo transport is set at 30% of the total voyage distance.
(2) Calculation of emissions by process
< Transport (collection of forest residues) >

The calculation results of emissions from transport (collection of forest residues) are as follows.

Table 146 Calculation of emissions from transport of wood chips (collection of forest residues)

Specifications Values Units Source
. o . . . Md-diesel oil
(1) | Diesel oil input in collection of forest residues. 0.0120 JRC(2017b)
/ MdJ-feedstock
(2) Diesel oil emission factor of CO2 95.1 g-C0O2eq/MdJ-diesel oil JRC(2017b)
CH4 emissi intensity (whi icultural
®) emissions intensity (when agricultura 0.00000257 -CH4 /MJ-feedstock JRC(2017b)

machinery is used)

N20 emissions intensity (wh icultural
@ CITISSIONS Mtensity AWWhenh agrieuitura 0.00001075 2-N20 /MJ-feedstock JRC(2017b)
machinery is used)

CH4 emissi intensity (wh icultural
®) emissions intensity (when agricultura 0.00006 g-CO2eq/MJ-feedstock =(3)x25
machinery is used) CO2 equivalent

N20 issi intensit; h icultural
®) emissions intensity (when agricultura 0.00320 g-CO2eq /MJ-feedstock =(4)x298
machinery is used) CO2 equivalent

GHG emissi intensity of forest resid
) CIISSIONS MTENSILY 01 IOTest Tesiche 1.14447 g-CO2eq/MJ-feedstock =(1)x(2)+(5)+(6)
collection process per MdJ of forest residue

® Forest residue equivalent .required for chip 1079 MdJ- feedstock JRC(2017b)
manufacturing / MdJ-fuel
(9 GHG emissions of the process 1.24 g-CO2eq/MJ-fuel =(7)x(8)
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<Processing>
The calculation results of emissions from processing (crushing) are as follows.

Table 147 Calculation of emissions from processing of wood chips (crushing)

Specifications Values Units Source
(1) Diesel oil input during crushing 0.003357 MJ-diesel 0il/MJ-fuel JRC(2017b)
Diesel oil emission factor (includi
(g | Dieseloil emission factor (including 95.1 g-C02eq/MJ-diesel oil JRC(2017b)
methane and N20)
CH4 emissi intensity (wh i
® emissions intensity (when using | 110099 g-CH4/MJ-fuel JRC(2017b)
crushing machinery)
N20 emission intensity (wh i
o) emission intensity (when using 0.0000385 2-N20/MJ-fuel JRC(2017b)
crushing machine)
CH4 emissi intensity (whi i
(5) CITSSIonS Intensity w enusing 0.00023 g-CO2eq/MJ-fuel =(3)x25
crushing machine) CO2 equivalent
N20 emission intensity (wh i
®) emission intensity (when using 0.01147 2-CO2eq/MJ-fuel =(4)x298
crushing machine) CO2 equivalent
() GHG emissions of the process 0.33 g-CO2eq/MdJ-fuel =(1)x(2)+(5)+(6)
GHG emissions from the process
® (increase (7) by 20% to ensure 0.40 g-CO2eq/MdJ-fuel =(7)x1.2
conservativeness)

< Transport (chip transport) >

The following are the results of calculations of emissions from chip transport from wood chip factories.

Table 148 Calculations of emissions from transport of wood chips (transport in the producing country)

Specifications Value Unit Source
Set based lant locati f dy bi
1) Distance (in production) 300 km ¢t based on plant locations of woody biomass
suppliers
(2) Round-trip fuel economy 0.811 MdJ-diesel oil/tkm JRC(2017b)
Diesel oil emission factor
-CO2eq/MJ-diesel
3 |  (including methane and 95.1 e . 1ese JRC(2017b)
ol
N20)
Emission intensity from
diesel oil (not including
4 77.1 -CO2eq/tk =(2)x(3
@ methane and N20 from & eqtEm @x(3)
combustion)

CH4 issi int it
6) CITISSIONS HensIy 0.0034 o-CH4/tkm JRC(20172)
(when trucks are used)

N20 issi int it;
®) CHLSSIONS MEensity 0.0015 2-N20/tkm JRC(20172)
(when trucks are used)

CH4 emissions intensity

7 (when trucks are used) CO2 0.085 g-CO2eq/tkm =(5)x25
equivalent
N20 emissions intensity
® (when trucks are used) CO2 0.447 g-CO2eq/tkm =(6)x298
equivalent

GHG emissi intensity of
© crmssions Iensiy o 7.1 g-C02eq/tkm =@+D+®)
land transport

JRC(2017Db) (assuming 30% moisture content

10 Wood chip Heat val 13,300 Md-fuel/t-fuel
(10) ooa chip Heat vatie ’ uetitue for a dry Heat value of 19,000 MdJ/t)

GHG emissions from th
1) elssions from the 1.75 g-CO2eq/MJ-fuel =(1)x(9)/(10)
process
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For maritime transport emissions intensity, the value is originally calculated referring to values used in

developing EU RED2 default values. Specifically the value assuming the ratio of empty cargo transport as 30% of

total voyage distance and the bulk density as 0.22 t/m 3 used in EURED?2 is converted to the values assuming the

distance of empty cargo transport as the same as wood chips transportation.

Table 149 Calculations of emissions from maritime transport of wood chips (Handysize 6,500 km transport)

Specifications Value Unit Source
A 1 te dist: bet Viet !
(1) Maritime transport distance 6,500 km pproximate s .ance chween Vietnamss
representative port and Japan
Maritime transport emissions

2 intensity (Bulk density of 0.22 28.91 g-CO2eq/tkm Calculated from JRC(2017b)

t/m3 or more, Handysize)

JRC(2017Db) ( ing 30% moist tent
3 Wood chip heat value 13,300 Md-fuel/t-fuel assuming o MOLStue cotten
for a dry heat value of 19,000 MJ/t)

GHG emissi fi th

@ elissions from the 14.13 2-CO2eq/Md-fuel =()x(2)/(3)
process

Table 150 Calculation of emissions from maritime transport of wood chips (Handysize: 11,600 km transport)

Specifications Value Unit Source
A imat te bet Australi
@ Maritime transport distance 11,600 km pproximate r01.1 ¢ between Austratian
representative port and Japan
Maritime transport emissions
(2) | intensity (Bulk density of 0.22 28.91 g-CO2eq/tkm Calculated from JRC(2017b)
t/m3 or more, Handysize)
S bove ( ing 30% moist
®) Wood chip heat value 13,300 MJ-fuel/t-fuel ame as above lassuming SUv moisture
content for a dry heat value of 19,000 MdJ/t)
GHG emissi fi thi
) enussions from the 25.21 g-CO2eq/MJ-fuel =(1)x(2)/(3)
process

Table 151 Calculation of emissions from maritime transport of wood chips (Handysize: 18,000 km transport)

Specifications Value Unit Source
. . Ascertaining the distance between U.S. East
1 Maritime transport distance 18,000 km .
Coast representative ports and Japan
Maritime transport emissions
(2 intensity (Bulk density of 0.22 28.91 g-CO2eq/tkm Calculated from JRC(2017b)
t/m3 or more, Handysize)
. JRC(2017D) ( ing 30% moist
3 Wood chip heat value 13,300 MdJ-fuel/t-fuel assuming o moisture
content for a dry heat value of 19,000 MdJ/t)
(4) | GHG emissions from the process 39.13 g-CO2eq/MJ-fuel =(1)x(2)/(3)

Table 152 Calculation of emissions from maritime transport of wood chips (Supramax 6,500 km transport)

Specifications Value Unit Source
. . Estimate between Vietnam's representative
(6)) Maritime transport distance 6,500 km
port and Japan
Maritime transport emissions
(2) intensity (Bulk density 0.22 18.37 g-C0O2eq/tkm Calculated from JRC(2017b)
t/m3 or higher, Supramax)
JRC(2017b ing 30% moist
(3) Wood chip heat value 13,300 MdJ-fuel/t-fuel ¢ ) (assuming o moisture
content for a dry heat value of 19,000 MdJ/t)
(4) | GHG emissions from the process 8.98 g-CO2eq/MJ-fuel =(1)x(2)/(3)
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Table 153 Calculation of emissions from maritime transport of wood chips (Supramax 11,600 km transport)

Specifications Value Unit Source
Aj 1 te dist: bet Australi
(1) | Maritime transport distance 11,600 km pproximate ¢is .ance ehween fustratan
representative ports and Japan
Maritime transport
emissions intensity (Bulk
(2) . . 18.37 g-CO2eq/tkm Calculated from JRC(2017b)
density 0.22 t/m3 or higher,
Supramax)
JRC(2017b ing 30% moist tent
3 Wood chip heat value 13,300 Md-fuel/t-fuel ¢ ) (assuming o moistute conten
for a dry heat value of 19,000 MJ/t)
GHG emissi fi th
@ crissions from Hhe 16.02 g-002eq/MJ-fuel =(Dx(2)/(3)
process

Table 154 Calculation of emissions from maritime transport of wood chips (Supramax 18,000 km transport)

Specifications Value Unit Source
. . Guided service between U.S. East Coast
(1) | Maritime transport distance 18,000 km K
Representative Port and Japan
Maritime transport
emissions intensity (Bulk
2 i . 18.37 g-CO2eq/tkm Calculated from JRC(2017b)
density 0.22 t/m3 or higher,
Supramax)
JRC(2017b ing 30% ist tent
® Wood chip heat value 13,300 MJ-fuel/t-fuel (2017) (assuming 30% moisture conten
for a dry Heat value of 19,000 MdJ/t)
GHG emissions fi th
@ crmissions from Hhe 24.86 g-C02eq/MJ-fuel =(x(@)/(3)
process
Table 155 Calculating emissions from transport of wood chips (domestic transport in Japan)
Specifications Value Unit Source
(1) Distance 20 km Document 2 of the 12th WG
(2) Round-trip fuel economy 10 t truck 3.06 MdJ-diesel oil/tkm Table.179
Diesel oil emission factor (includi
®) iesel oil emission fator {including 95.1 g-C02eq/MJ- diesel oil JRC(2017b)
methane and N20)
Emission intensity from diesel oil (not
(4) including methane and N20 from 291.0 g-CO2eq/tkm =(2)x(3)
combustion)
CH4 emissi intensity (when truck
) emissions intensity (when trucks 0.0034 g-CH4/tkm JRC(2017a)
are used)
N20 emissi intensity (when truck
®) emissions intensity (when trucks 0.0015 2-N20/tkm JRC(2017a)
are used)
@ CH4 emissions intensity .(When trucks 0.085 ¢-CO2eq/tkm —(5)x25
are used) CO2 equivalent
® N20 emissions intensity .(When trucks 0.447 ¢-CO2eq/tkm —(6)x298
are used) CO2 equivalent
GHG emissi intensity of land
© crssions intensiy of fan 291.5 g-COZeq/tkm =W HDHE)
transport
JRC(2017b) (assuming 30%
(10 Wood chip heat value 13,300 Md-fuel/t-fuel moisture content for a dry heat
value of 19,000 MJ/t)
(11 GHG emissions from the process 0.44 g-CO2eq/MJ-fuel =(1)x(9)/(10)
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< Power generation>

Calculation results of emissions from power generation with wood pellets are as follows.

Table 156 Calculation of emissions from power generation

Specifications Value Unit Source
1 CH4 emissions (wood chips) 0.00489 g-CH4/MdJ-chips JRC(2017b)
(2) N20 emissions (wood chips) 0.00098 g-N20/MdJ-chips JRC(2017b)
Emissions fi the P
®) rissions Trom the Tower 0.41 g-C02eq/MJ-fuel (1)x25+(2)%298
generation
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2-2. Wood chips from other harvested trees

(1) Boundary and calculation points

< Boundary >

Boundary is shown in the red box below.

: Transportation from forest to crushing
[ Cultivation and
| .

; harvesting in

| forests

I

Other harvested >

—

Power

generation

Figure 14 Boundary for life cycle GHG emissions of wood chips derived from other harvested trees

< Maritime transport >

Emissions from maritime transport are the same as wood chips derived from forest residues.

(2) Calculation of emissions by process

< Cultivation >

The calculated emissions from cultivation process are as follows.

Table 157 Calculation of emissions from cultivation process

Dimensions Values Units Source
Diesel oil 1 ts 1 Itivati d
(1p | e on mputs i cvaion an 0.01066 | MJ-diesel oil/MJ-feedstock JRC(2017b)
logging
(2) Diesel oil emission factor CO2 95.1 gCO2/MJ-diesel oil Ibid
CH4 issi int it h
®) 4 emissions intensity (when 0.00000816 -CH4 /MJ-feedstock JRC(2017b)
agricultural machinery is used)
N20 emissions intensity (when
(4) . . s 0.00003413 g-N20 /MJ-feedstock JRC(2017b)
agricultural machinery is used)
CH4 emissions intensity (when
(5) | agricultural machinery is used) CO2 0.00020 g-C02eq/MJ-feedstock =(3)x25
equivalent
N20 emissions intensity (when
(6) | agricultural machinery is used) CO2 0.01017 g-C02eq /MJ-feedstock =(4)x298
equivalent
GHG emissi intensity of
@ crmissions IEnsiy o 1.02414 g-C02eq/MJ-feedstock =(1)x(2)+(5)+(6)
cultivation process
A t of other h ted t
(g | monmbolomaek RaTvesied Hees 1.079 MJ-feedstock/MJ-fuel JRC(2017D)
required to make chips
(9) GHG emissions of the process 1.11 g-CO2eq/MdJ-fuel =(7)x(8)

< Processing (crushing) >

Emissions from processing (crushing) are the same as wood chips derived from forest residues.

< Transport (chip transport) >

Emissions from transport (chip transport) are the same as wood chips derived from forest residues.

<

Emissions from power generation emissions are the same as wood chips derived from forest residues.

Power generation>
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2-3. Wood chips derived from sawmill residues
(1) Boundary and calculation points .
< Boundary >

Boundary is shown in the red box below.

Cultivation and Harvested trees

hi:rvmhng ﬁ (for use as lumber, etc.) Sawnu]]s, ete.

Transportation to power plant after crushing

1
1
Sawmill | . ) Power

Figure 15 Boundary for life cycle GHG emissions of wood chips (sawmill residues)

< Maritime transport >

Emissions from maritime transport are the same as wood chips derived from forest residues.

(2) Calculation of emissions by process
<Processing (crushing) >
The emissions from processing (crushing) are assumed to be zero because there is no processing for wood

chips derived from sawmill residues.

< Transport (wood chip transport) >

Emissions from wood chip transport are the same as wood chips derived from forest residues.

< Power generation

Emissions from power generation are the same as wood chips derived from forest residues.
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3. Calculation process of Life cycle GHG default values for Wood Pellets
3-1. Wood pellets derived from forest residues.

(1) Boundary and calculation points
< Boundary>

Boundary is shown in the red box below.

Harvested trees Sl et
(for use as lumberetc.

Forest ——»

Power

Pellet — s
generation

Figure 16 Boundary for life cycle GHG emissions of wood pellets derived from forest residues

< Maritime transport >

With regard to maritime transport, the 9th session of the Biomass Sustainability WG recognized that no
specific voyage pattern is taken in transporting Wood pellets. Therefore, the value of the ratio of empty cargo

transport is set at 30% of the total voyage distance for Wood pellets.

(2) Calculation of emissions by process
< Transport (collection of forest residue) >
The calculation results of the collection process of forest residue are as follows.

Table 158 Calculation of emissions from collection of forest residue (when fossil fuels are used as dry heat sources)

Specifications Value Unit Source

. o . . Md--diesel oil oil/MdJ-forest
Diesel oil input in collection of

(1) . 0.0120 residues, etc. (before JRC(2017b)
forest residues.

seasoning)
(2) Diesel oil emission factor CO2 95.1 g-CO2eq/MdJ-diesel oil JRC(2017b)

CH4 emissions intensity (wh
®) - CIISSIONS MIERSIY WWRER 6 60000257 g-CH4 /MJ-feedstock JRC(2017b)
agricultural machinery is used)

N20 emissions intensity (wh
() © CISSIONs MECRSIY IWRER 6 60001075 g-N20 /MJ-feedstock JRC(2017b)
agricultural machinery is used)

CH4 emissions intensity (when
(5) agricultural machinery is used) 0.00006 g-CO2eq/Md-feedstock =(3)x25
CO2 equivalent

N20 emissions intensity (when
6 agricultural machinery is used) 0.00320 g-C02eq /MJ-feedstock =(4)x298
CO2 equivalent

GHG emissions intensity of forest
(7) | residue collection process per MdJ 1.14447 g-CO2eq/MdJ-feedstock =(1)x(2)+(5)+(6)

of forest residue

Equivalent amount of forest

(€)) residue required for pellet 1.035 Md-feedstock/Md-fuel JRC(2017b)
production (before seasoning)
(9 GHG emissions of the process 1.18 g-CO2eq/MJ-fuel =(7)x(8)

Table 159 Calculation of emissions from forest residue collection (when biomass is used as a dry heat source)

Specifications Value Unit Source

Diesel oil input in collection of forest

(1) 0.012 Md-diesel o0il/MdJ-feedstock JRC(2017b)

residues.
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(2) Diesel oil emission factor CO2 95.1 g-CO2eq/MdJ-diesel oil JRC(2017b)

CH4 emissions intensity (when
3 0.00000257

-CH4 /MdJ-feedstock
agricultural machinery is used) & eedstoe

JRC(2017b)

N20 emissions intensity (when
@) 0.00001075

-N20 /MdJ-feedstock
agricultural machinery is used) g eedstoc

JRC(2017b)

CH4 emissions intensity (when

5) agricultural machinery is used) CO2 0.00006 g-CO2eq/Md-feedstock =(3)x25

equivalent

N20 emissions intensity (when

® agricultural machinery is used) CO2 0.00320 g-CO2eq /MdJ-feedstock =(4)x298

equivalent

GHG emissions intensity of forest

) residue collection process per MdJ of 1.14447 g-CO2eq/Md-feedstock =(1)x(2)+(5)+(6)

forest residue

Equivalent amount of forest residue

€)] required for pellet production (before 1.323 Md-feedstock/Md-fuel JRC(2017b)

seasoning)

(9 GHG emissions of the process 1.51 g-CO2eq/Md-fuel =(7)x(8)

< Transport (pre-processing transport) >
The calculation results of the transport (pre-processing transport) are as follows.
Table 160 Calculation of emissions from transport of wood chips (pre-processing transport) (when fossil fuels are

used as dry heat sources)

Specifications Value Unit Source
) Distance 100 km JRC(2017b)
(2) Round-trip fuel economy 0.811 MJ-diesel oil/tkm JRC(2017b)
Diesel oil emission factor (including
3 95.1 -CO2eq/MdJ-diesel oil JRC(2017b
3 CHA4 and N20) g eq iesel oi ( )
Emission intensity from diesel oil
@) (not including methane and N20 77.1 g-CO2eq/tkm =(2)x(3)
from combustion)
CH4 emissi intensity (whi
6) emissions intensity (when 0.0034 o-CH4/tkm JRC(20172)
trucks are used)
N20 emissi intensity (wh
®) emissions intensity (when 0.0015 2-N20/tkm JRC(2017a)
trucks are used)
CH4 emissions intensity (when
7 0.085 -CO2eq/tk =(5)x25
@ trucks are used) CO2 equivalent & eqtEm ®)
N20 emissions intensity (when
8 0.447 -CO2eq/tk =(6)x298
® trucks are used) CO2 equivalent & eqtEm ©
Ibid (assuming a moisture content
(9 Heat value of forest residue 9,500 Md-feedstock/t-feedstock of 50% for a dry heat value of
19,000 MJ/t)
GHG emission intensity for land
(10) crission Imtensiy fot Tl 0.817 g-002eq/MJ-feedstock =(DX@+T)+B)(9)
transport
Equivalent amount of forest residue
(11 required for pellet production 1.035 MJ- feedstock/MdJ-fuel JRC(2017b)
(Before seasoning)
(12) GHG emissions of the process 0.85 g-CO2eq/MJ-fuel =(10)x(11)
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Table 161 Calculation of emissions from transport of wood chips (pre-processing transport) (when biomass is used

as a dry heat source)

Specifications Value Unit Source
&) Distance 100 km JRC(2017b)
(2) Round-trip fuel economy 0.811 Md-diesel oil/tkm JRC(2017b)
3) Diesel fuel emission factor (including CH4 and 95.1 g'COZeq/MJ-diesel JRC(2017h)
N20) oil
Emission intensity from diesel oil (not
4 77.1 -CO2eq/tk =(2)x(3
@ including methane and N20 from combustion) & carEm @)
CH4 emissi intensity (when truck
6) emissions intensity (when trucks are | (0 g-CH4/tkm JRC(2017b)
used)
N20 emissi intensity (when truck
®) emissions intensity (when trucks are | 0 - ¢-N20/tkm JRC(2017b)
used)
@ CH4 emissions intensity .(when trucks are 0.085 ¢-CO2eq/tkm —(5)x25
used) CO2 equivalent
® N20 emissions intensity .(When trucks are 0.447 ¢-COZeqftkm —(6)x298
used) CO2 equivalent
R 2017b) (A i
. MJ-feedstock/t- J C (2017b) (Assuming a
) Heat value of forest residue 9,500 moisture content of 50% for a dry
feedstock
heat value of 19,000 MJ/t)
-CO2eq/MJ-
(100 |  GHG emission intensity for land transport | 0.817 geed =()X()+HT)+8)/(9)
feedstock
Equivalent t of f t id ired
(1) | CATVACHE AmOTRE of fotes TesIChe FAued 1 1,323 | MJ-feedstock/Md-fuel JRC(2017b)
for pellet production (before seasoning)
(12) GHG emissions of the process 1.08 g-CO2eq/MJ-fuel =(10)x(11)
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< Processing (if fossil fuel is used as dry heat source) >

The following are the calculated emissions from processing when fossil fuel is used as dry heat source

for pelletizing.

Table 162 Calculation of emissions from crushing process of wood pellets (fossil fuel is used as dry heat source)

Specifications Value Unit Source
Md-diesel oil 0il/Md-
) Diesel fuel input in crushing process 0.003357 teser o on JRC(2017b)
feedstock
Diesel oil emission factor (including CH4
@ fesel oil emission factor (including 95.1 g-CO2eq/MJ-diesel oil JRC(2017b)
and N20)

CH4 emissions intensity (when using

3) . : 0.0000092 g-CH4/MJ-feedstock JRC(2017b)
crushing machinery)

N20 emission intensity (wh i

@ emission intensity (when using 0.0000385 2-N20/MJ-feedstock JRC(2017b)
crushing machine)

CH4 emissi intensity (wh i

®) emissions intensity (when using 0.00023 -CO2eq/MJ-feedstock =(3)x25
crushing machine) CO2 equivalent

N20 emission intensity (wh i

®) emission intensity (when using 0.01147 g-CO2eq/MJ-feedstock =(4)x298
crushing machine) CO2 equivalent
CO2 ivalent issions f hi
™ Cquivaient emissions tom f:rus e 0.33 g-CO2eq/MdJ-feedstock =(1)x(2)+(5)+(6)
process per MdJ after crushing

Equiv.alent amount of fores.t residue, Derived from JRC(2017b)

(€)) required for pellet production (after 1.010 MJ-feedstock/MdJ-fuel
. calculated data
seasoning)

(9 GHG emissions of the process 0.33 MJ/MJ-fuel =(7)x(8)
(10) GHG emissions from the process (increase 0.40 ¢-COZeq/MI-fuel —(9)x1.2

(9) by 20% to ensure conservativeness)

Table 163 Calculation of emissions from drying process of wood pellets (using fossil fuels as a drying heat source)

Specifications Value Unit Source
1) Natural gas input for boilers 0.185 MJ-steam/ MdJ-fuel JRC(2017b)
MdJ-st / MdJ-natural
(2 Natural gas boiler efficiency 0.9 steamm natura JRC(2017b)
gas
Natural gas emission factor (not including
3 66 -CO2eq/Md-natural JRC(2017b
@ methane and N20 during combustion) & ed natural gas ( )
Natural gas boiler emissions intensity (not
(4 including methane and N20 during 73.3 g-CO2eq/MdJ-steam =(3)/(2)
combustion)
CH4 emissi intensity f tural
®) Cssions mtensity from haturat gas 0.00280 g-CH4/MJ-steam JRC(2017b)
boiler combustion
N20 emission intensity fi busti f
©) CrSsion THEensty Tom combustion o 0.00112 g'N20/MJ-steam JRC(2017b)
natural gas boiler
@ Natural gas boiler CHA'L emissions intensity 0.070 ¢-002eq/MJ-steam —(5)x25
(CO2 equivalent)
Natural boiler, N20 emission intensit,
® atural gas bover, T CIISsIon miensity 0.33376 g-CO2eq/MdJ-steam =(6)x298
(CO2 equivalent)
(9 GHG emissions of the process 13.64 g-CO2eq/MJ-fuel =(1D)x((4)+(7)+(8))
(10) GHG emissions from the process (increased 16.37 ¢-COZeq/MJ-fuel —(9)x1.2

by 20% from (9) to ensure conservativeness)
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Table 164 Calculation of emissions from pelletizing process of wood pellets (using fossil fuels as a dry heat source)

Specifications Value .
- - - Unit Source
Vietnam | Canada | U.s. | Malaysia | Indonesia
MdJ- /
@ Input power 0.0050 power JRC(2017b)
MdJ-fuel
Calculated
using the JRC
. LCA electricity
Electric power L.
L g-CO2eq/MdJ- emission
2 emission factor 152.08 32.83 121.08 190.16 246.79
(erid ) power factors and the
rid power
gnap IEA power
generation
mix.
Electricity-derived
ec I‘l(:.l y erive ¢-CO2eq/MJ-
3 emissions 7.60 1.64 6.05 9.51 12.34 fuel =(1)x(2)
ue
intensity
Md-diesel
4 Diesel oil 1 t 0.0020 JRC(2017b
(4) iesel oil inpu oil/MJ-fuel ( )
Emission factor of
diesel oil (not
-CO2eq/MdJ-
(5) | including methane 95.1 g di elq 1 JRC(2017b)
and N20 from reseton
combustion)
Emission intensity
from diesel oil
-CO2eq/MdJ-
(6 (excluding 0.19 & di elq 1 =(4)x(5)
methane and N20 reseton
from combustion)
CH4 emissions
int it; ti
(7 | ntensity (entire 0.00000153 g-CH4/MJ-fuel |  JRC(2017b)
pelletizing
process)
N20 emissions
int it; ti
( | ntensity (entire 0.00000640 g'N20/MJ-fuel |  JRC(2017b)
pelletizing
process)
CH4 emissions
intensity. ('entire ¢-COZeq/MJ-
(9) pelletizing 0.00004 ol =(7)x25
ue
process) CO2
equivalent
N20 emissions
intensity. ('entire ¢-COZeq/MJ-
(10 pelletizing 0.00191 fuel =(8)x298
ue
process) CO2
equivalent
(1) GHG Emissions 7 80 1.83 6.95 9.70 19.53 g-CO2eq/MJ- =(3) +
from the Process ) ) ) ) ' fuel (6)+(9)+(10)
GHG emissions
fI"Ol’n the process ¢-COZeq/MJ-
(12) | (increase (11) by 9.36 2.20 7.50 11.64 15.04 el =(11)%x1.2
20% to ensure ue
conservativeness)
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Specifications Value
N
_ Thail | Camb | _ " | Swed | Russi | Lithu Unit Source
China . Zeala .
and odia en a ania
nd
MdJ- /
@ Input power 0.0050 power JRC(2017b)
MdJ-fuel
Calculated
using the JRC
. LCA electricity
Electric power L.
L g-CO2eq/MdJ- emission
(2) emission factor 200.16 174.52 137.37 27.04 2.47 111.44 26.91
(erid ) power factors and the
rid power
gnap IEA power
generation
mix.
Electricity-derived
ec I‘l(:.l y erive ¢-CO2eq/MJ-
3 emissions 10.01 | 8.73 6.87 1.35 0.12 5.57 1.35 fuel =(1)x(2)
ue
intensity
Md-diesel
4 Diesel oil 1 t 0.0020 JRC(2017b
(4) iesel oil inpu oil/MJ-fuel ( )
Emission factor of
diesel oil (not
-CO2eq/MdJ-
(5) | including methane 95.1 g di elq 1 JRC(2017b)
and N20 from reseton
combustion)
Emission intensity
from diesel oil
-CO2eq/MdJ-
(6 (excluding 0.19 & di elq 1 =(4)x(5)
iesel oi
methane and N20
from combustion)
CH4 emissions
int it; ti
(7 | ntensity (entire 0.00000153 g-CH4/MJ-fuel |  JRC(2017b)
pelletizing
process)
N20 emissions
int it; ti
( | ntensity (entire 0.00000640 g'N20/MJ-fuel |  JRC(2017b)
pelletizing
process)
CH4 emissions
int it; ti
mtensr y (en e g-COZeq/MJ-
(9) pelletizing 0.00004 ol =(7)x25
ue
process) CO2
equivalent
N20 emissions
intensity. ('entire ¢-COZeq/MJ-
(10 pelletizing 0.00191 fuel =(8)x298
ue
process) CO2
equivalent
() | GHG Bmissions 10001 sos | 706 | 154 | 032 | 576 | 154 | 8COZUMT =@+
from the Process ) ) ) ) ) ) ’ fuel (6)+(9)+(10)
GHG emissions
fI"Ol’n the process ¢-COZeq/MJ-
(12) | (increase (11) by 12.24 | 10.70 | 8.47 1.85 0.38 6.92 1.85 foel =(11)x1.2
20% to ensure ue
conservativeness)
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< Processing (if biomass is used as drying heat source) >
The calculation results of the emissions from processing when biomass is used as drying heat source for
pelletizing are as follows. The emissions from pelletizing process are the same as when fossil fuels are used

as drying heat source.

Table 165 Calculation of emissions from crushing process of wood pellets (using biomass as drying heat source)

Specifications Value Unit Source
(1 Diesel oil input for the crushing process 0.003357 MJ-diesel oil/MdJ-feedstock JRC(2017b)
Diesel oil emission factor (including CH4
() | Dieseloil emission factor (including 95.1 g-C02eq/MJ- Diesel oil JRC(2017b)
and N20)
CH4 emissi intensit; h i
® emissions intensity (when using | ) 0000, g-CH4/MJ-feedstock JRC(2017b)
crushing machinery)
N20 emission intensit; h i
o) emnission intensity (when using 0.0000385 2-N20/MJ-feedstock JRC(2017b)
crushing machine)
CH4 emissi intensit; h i
®) emnissions intensity (when using 0.00023 -CO2eq/MJ-feedstock =(3)x25
crushing machine) CO2 equivalent
N20 emission intensit; h i
®) emission intensity (when using 0.01147 g-CO2eq/MJ-feedstock =(4)x298
crushing machine) CO2 equivalent
CcO2 ivalent issi fi hi
™ equivalent emissions from .crus e 0.33 g-C02eq/MJ-feedstock =(1)x(2)+(5)+(6)
process per Md after crushing
Equivalent amount of forest residue
(€)) required for pellet production (after 1.291 MJ-feedstock/MdJ-fuel JRC(2017b)
seasoning)
(9 GHG emissions of the process 0.43 MJ-feedstock/MdJ-fuel =(7)x(8)
(10) GHG emissions from the process. (increase 0.51 ¢-COZeq/MJ-fuel —(9)x1.2
(9) by 20% to ensure conservativeness)

Table 166 Calculating emissions from drying process of wood pellets (using biomass as a drying heat source)

Specifications Value Unit Source
1) Biomass input for boilers 0.239 MdJ-heat/MdJ-fuel JRC(2017b)
Bi -derived
Woodchip boiler/CO2 emissions 1(?mfiss erve
(2) . . 0 g-CO2eq/Md-steam emissions are not
intensity
accounted for
Woodchip boiler/CH4 emissi
® 00CETIp Dot e T CTissIons 0.005751 g-CH4/MJ-steam JRC(2017b)
intensity
Woodchip boiler/N20 emissi
@ 00CeTIp Dor eI cTissions 0.001150 g'N20/MJ-steam JRC(2017b)
intensity
Woodchip boiler/CH4 emissi
®) Q0CCTb DOV WIS CTISSIons 0.144 g-002eq/MJ-steam =(3)x25
intensity (CO2 equivalent)
Woodchip boiler/N20 emissi
©) Q0ceTib Dot BT RS crhission 0.343 g-C02eq/MJ-steam =(4)x298
intensity (CO2 equivalent)
() GHG emissions of the process 0.12 g-CO2eq/MdJ-fuel =(1D)x((2)+(5)+(6))
GHG emissions from the process
(€)) (increase (7) by 20% to ensure 0.14 g-CO2eq/MJ-fuel =(7)x1.2
conservativeness)
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< Transport (pellet transport) >

The calculated emissions from transport (pellet transport) are as follows.

Table 167 Calculations of emissions from transport of wood pellets (production domestic transport)

process

Specifications Value Unit Source
@ Distance 300 km Set with refereflce to plant lf)cations of woody
biomass suppliers
(2) Round-trip fuel economy 0.811 Md-diesel oil/tkm JRC(2017b)
Diesel oil emission factor
-CO2eq/MJ-
(3) (including methane and 95.1 g . 4 . JRC(2017b)
diesel oil
N20)
Emission intensity from
diesel oil (not including
4 77.1 -CO2eq/tk =(2)x(3
@ methane and N20 from & earEm @)
combustion)
CH4 emissi intensit;
®) CHUSSIONS HIEEnSILy 0.0034 ¢-CH4/tkm JRC(2017a)
(when trucks are used)
N20 emissi intensit,
®) CITISSIONS MEensIty 0.0015 2-N20/tkm JRC(2017a)
(when trucks are used)
CH4 emissions intensity
™ (when trucks are used) CO2 0.085 g-CO2eq/tkm =(5)x25
equivalent
N20 emissions intensity
(€)) (when trucks are used) CO2 0.447 g-CO2eq/tkm =(6)x298
equivalent
GHG emission intensity fi
© crmssion imtensity o 7.1 g-CO2eq/tkm =@+HD+E)
land transport
JRC(2017b ing 10% ist tent f
(10) Biomass fuel heat value 17,100 Md-fuel/t-fuel ¢ ) (assuming 0 moisture content for a
dry heat value of 19,000 MdJ/t)
GHG emissi fi th
(11) ermissions from Te 1.36 g-C02eq/MJ-fuel =(1)x(9)/(10)

As GHG emission intensity of maritime transport, the emission intensity used in the EU RED2 default value,

which assumes that the ratio of empty cargo transportation is 30% of the total voyage distance, is quoted. As quality

standards for wood pellets in Japan include a bulk density of 0.65-0.7 t/m3, emission intensity of 0.65 t/m3 is cited.

14

Table 168 Calculation of emissions from maritime transport of wood pellets

(Handysize Emission Factor per 1,000 km)

Specifications Value Unit Source

Maritime transport

issions intensity (Bulk
() | Crssionsimtensity 1bu 8.17 ¢-CO2eq/tkm JRC(2017b)

density of 0.65 t/m3 or more,
Handysize)
JRC(2017D) ( ing 10% moist
(2 Wood pellet heat value 17,100 Md-fuel/t-fuel assuming o moisture
content for a dry heat value of 19,000 MdJ/t)
GHG emissi fi th
®) ermssions from Fhe 0.48 -CO2eq/MJ-fuel =(1)/(2) X 1000
process

14 https://www.nedo.go.jp/content/100932088.pdf(2022 viewed November 10)
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Table 169 Calculation of emissions from maritime transport of wood pellets

(Supramax Emission Factor per 1,000 km)

Specifications Value Unit Source

Maritime transport emissions
1) intensity (Bulk density 0.65 5.28 g-C02eq/tkm JRC(2017b)
t/m3 or higher, Supramax)

Ibid (assuming 10% moisture content for a

2 Wood pellet Heat val 17,100 MdJ-fuel/t-fuel
@ ood peliet Heat vatue uetttue dry Heat value of 19,000 MdJ/t)

GHG emissions from th
® crnissions from Hhe 0.31 g-C0O2eq/MJ-fuel =(1)/(2) X 1000
process

Table 170 Calculation of emissions from transport of wood pellets (domestic transport in Japan)

Specifications Value Unit Source
()] Distance 20 km Document 3 of the 12th WG
(2 Round-trip fuel economy 10 t truck 3.06 Md-diesel oil/tkm Table.179
Diesel oil emission factor (includi
®) iesel oil emission factor (including 95.1 g-CO2eq/MJ-diesel oil JRC(2017b)

methane and N20)

Emission intensity from diesel oil (not

4) including methane and N20 from 291.0 g-CO2eq/tkm =(2)x(3)
combustion)
CH4 emissions intensity (when truck
®) emissions intensity (when trucks 0.0034 ¢-CH4/tkm JRC(2017a)
are used)
N20 emissi intensit; hen truck:
© emissions intensity (when trucks 0.0015 a-N20/tkm JRC(2017a)
are used)

CH4 emissi intensit; hen truck
(7) emissions mmtensity (W en trucks 0085 g-CO2eq/tkm :(5)x25
are used) CO2 equivalent

N20 1ssi intensit; hen truck
® emissions intensi y.(w en trucks 0.447 ¢-COZeq/tkm _(6)x298
are used) CO2 equivalent

GHG emission intensity for land

9 291.5 g-CO2eq/tkm =(D+(D+(8)
transport
JRC(2017b) (assuming 10%
(10) Pellet Heat value 17,100 Md-fuel/t-fuel moisture content for a dry Heat
value of 19,000 MJ/t)
(11) GHG emissions from the process 0.34 g-CO2eq/Md-fuel =(1)x(9)/(10)

< Power generation>

Emissions from power generation are calculated using the defaults for wood pellets used in the EU RED2

defaults.
Table 171 Calculation of emissions from power generation
Specifications Value Unit Source
(1) CH4 emissions (pellets) 0.00297 g-CH4/MJ pellet JRC(2017b)
2 N20 emissions (pellet) 0.00059 2-N20/MJ pellet JRC(2017Db)
@) Emissions from'the power 0.95 g-CO2eq/MdJ-fuel (1)%25+(2)x298
generation
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3-2. Pellets from other harvested trees

(1) Boundary
<Boundary >

Boundary is shown in the red box below.

Forestry — transportation to pellet mill

Cultivation and
h ing in Other Ezz:mted »
forests

U |
I
Processing at ' h Power
A — .
pellet mill | N generation
]

Figure 17 Boundary for life cycle GHG emissions of wood pellets from Other harvested trees

< Maritime transport >

Emissions from maritime transport are the same as pellets derived from forest residues.

(2) Calculation of emissions by process

<Cultivation >

The calculation results of cultivation are as follows.

Table 172 Calculation of emissions from cultivation (when fossil fuels are used as dry heat sources)

Specifications Value Unit Source
1) Input diesel oil for cultivation 0.01066 MJ- diesel oil/MJ-feedstock JRC(2017b)
(2) Diesel oil emission factor CO2 95.1 g-C0O2eq/MJ-diesel oil JRC(2017b)
® CH4 emissions intensity (when 0.00000816 g-CH4 /MJ-feedstock JRC(2017b)
agricultural machinery is used)
N20 emissions intensity (when
(4) . . s 0.00003413 g-N20 /MJ-feedstock JRC(2017b)
agricultural machinery is used)
CH4 emissions intensity (when
5) agricultural machinery is used) CO2 0.00020 g-C02eq/MJ-feedstock =(3)x25
equivalent
N20 emissions intensity (when
(6 agricultural machinery is used) CO2 0.01017 g-C02eq /MJ-feedstock =(4)x298
equivalent
(7) | GG emissions intensity of cultivation ) oo ) | g-002eq/MJ-feedstock =(Dx(2)+()+(6)
process per MdJ of other harvested trees
Amount of other harvested trees
(€)) required for pellet production (before 1.035 Md-feedstock/Md-fuel JRC(2017b)
seasoning)
(9 GHG emissions of the process 1.06 g-CO2eq/MdJ-fuel =(7)x(8)
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Table 173 Calculation of emissions from cultivation (when using biomass as a drying heat source)

Specifications Value Unit Source
(1 Input-diesel oil in cultivation 0.01066 MJ-diesel oil 0il/MdJ-feedstock JRC(2017b)
(2) Diesel oil emission factor CO2 95.1 g-C0O2eq/MJ-diesel oil JRC(2017b)

CH4 emissions intensity (when

3) . . i 0.00000816 g-CH4 /MJ-feedstock JRC(2017b)
agricultural machinery is used)

N20 emissions intensity (when

(4) . . i 0.00003413 g-N20 /MJ-feedstock JRC(2017b)
agricultural machinery is used)

CH4 emissions intensity (when

5) agricultural machinery is used) CO2 0.00020 g-CO2eq/Md-feedstock =(3)x25
equivalent
N20 emissions intensity (when
® agricultural machinery is used) CO2 0.01017 g-CO2eq /MdJ-feedstock =(4)x298
equivalent

GHG emissions intensity of

™ cultivation process per MdJ of other 1.02414 g-CO2eq/Md-feedstock =(1)x(2)+(5)+(6)
harvested trees

Amount of other harvested trees

(8) | required for pellet production (before 1.323 MJ-feedstock/MdJ-fuel JRC(2017b)
seasoning)
(9 GHG emissions of the process 1.36 g-C02eq/MJ-fuel =(7)x(8)

< Transport (pre-processing transport) >

Emissions from transport (pre-processing transport) are the same as pellets from forest residues.

<Processing>

Emissions from processing are the same as pellets from forest residues.

< Transport (pellet transport) >

Emissions from transport (pellet transport) are the same as pellets from forest residues.

< Power generation>

Emissions from power generation are the same as pellets from forest residues.
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3-3. Pellets from sawmill residues
(1) Boundary and calculation points
<Boundary>

Boundary is shown in the red box below.

Cu]ﬁvatiou il Harvested trees -
harvesting (e ) Sawmills, etc. ‘Wood
in forests

Pellet mill — transportation to power plant

I
I
Sawmill | Processing at Power
residue H pellet mill generation
1

Figure 18 Boundary for life cycle GHG emissions of wood pellets (derived from sawmill residue)

< Maritime transport >

Emissions from maritime transport are the same as pellets derived from forest residues.

(2) Calculation of emissions by process
<Processing (fossil fuel is used as dry heat source) >
The following are the calculated emissions from processing when fossil fuel is used as dry heat source for

pelletizing. In line with the EU RED2 default. Crushing process is not included.

Table 174 Calculation of emissions from processing of wood pellets (drying) (when fossil fuel is used as the drying

heat source)

Specifications Value Unit Source
1) Natural gas input for boilers 0.111 MJ-heat/MdJ-fuel JRC(2017b)
(2) Natural gas boiler efficiency 0.9 MdJ-steam/Md-natural gas JRC(2017b)

Natural gas emission factor
(including CH4 and N20)
Natural gas boiler emissions
(@] intensity (not including methane 73.3 g-C02eq/MJ-steam =(3)/(2)
and N20 during combustion)

3 66 g-C02eq/MJ-natural gas JRC(2017b)

CH4 issi int ity f
®) erissions mtensity from 0.0028 g-CH4/MJ-steam JRC(2017b)
natural gas boiler combustion

N20 emission intensity fi
®) CTISSION THEERSILy from 0.00112 g-N20/MJ-steam JRC(2017b)
combustion of natural gas boiler

Natural gas boiler CH4 emissions
(7 . . . 0.07 g-CO2eq/MdJ-steam =(5)x25
intensity (CO2 equivalent)

Natural gas boiler, N20 emission

(8) intensity (CO2 equivalent) 0.33376 g-C0O2eq/MdJ-steam =(6)x298
(9 Drying process GHG emissions 8.18 MdJ/MdJ-fuel =(1)x((4)+(7)+(8))
GHG emissions from the process
(10 (increase (11) by 20% to ensure 9.82 g-CO2eq/MdJ-fuel =(9)x1.2
conservativeness)
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Table 175 Calculation of emissions from processing of wood pellets (pelletizing) (using fossil fuels as drying heat

sources)
Specifications Value .
- - - Unit Source
Vietnam Canada U.s. | Malaysia | Indonesia
@ Input power 0.028 MJ-power / JRC(2017b)
Md-fuel
Calculated
using the JRC
. LCA electricity
Electric power L.
L g-CO2eq/MdJ- emission
2 emission factor 152.08 32.83 121.08 190.16 246.79
(erid power) power factors and the
IEA power
generation
mix.
Electrlc.lty‘-derlved ¢-CO2eq/MJ-
3 emissions 4.26 0.92 3.39 5.32 6.91 fuel =(1)x(2)
intensity
. . Md-diesel
@ Diesel oil input 0.0016 oil/MJ-fuel JRC(2017b)
Emission factor of
diesel oil (not
(5) | including methane 95.1 g_i,ozelq /IYIIJ_ JRC(2017b)
and N20 from teserol
combustion)
Emission intensity
from diesel oil
(6) (excluding 0.15 g_i,ozelq /IYIIJ_ =(4)x(5)
methane and N20 teserol
from combustion)
CH4 emissions
(7 | mtensity (entire 0.00000153 ¢-CH4/MJfuel | JRC(2017b)
pelletizing
process)
N20 emissions
(9 | Mmtensity (entire 0.00000640 ¢'N20/MJ-fuel | JRC(2017b)
pelletizing
process)
CH4 emissions
1nten51ty. (fentlre g-COZeq/MJ-
(9) pelletizing 0.00004 fual =(7)x25
process) CO2
equivalent
N20 emissions
1nten51ty. (fentlre g-COZeq/MJ-
(10 pelletizing 0.00191 fuel =(8)x298
process) CO2
equivalent
(1) GHG Emissions 441 107 3.54 5.48 706 g-CO2eq/MJ- =(3) +
from the Process ) ) ) ) ) fuel (6)+(9)+(10)
GHG emissions
fI"Ol’n the process ¢-COZeq/MJ-
(12) | (increase (11) by 5.29 1.29 4.25 6.57 8.48 fucl =(11)x1.2
20% to ensure
conservativeness)
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Specifications Value
N
_ Thail | Camb | _ " | Swed | Russi | Lithu Unit Source
China . Zeala .
and odia en a ania
nd
MdJ- /
@ Input power 0.028 power JRC(2017b)
MdJ-fuel
Calculated
using the JRC
. LCA electricity
Electric power L.
L g-CO2eq/MdJ- emission
(2) emission factor 200.16 174.52 137.37 27.04 2.47 111.44 26.91
(erid ) power factors and the
rid power
gnap IEA power
generation
mix.
Electricity-derived
ec mc.1 y erive ¢-CO2eq/MJ-
3 emissions 5.60 4.89 3.85 0.76 0.07 3.12 0.75 fuel =(1)x(2)
ue
intensity
Md-diesel
4 Diesel oil 1 t 0.0016 JRC(2017b
(4) iesel oil inpu oil/MJ-fuel ( )
Emission factor of
diesel oil (not
-CO2eq/MdJ-
(5) | including methane 95.1 g di elq 1 JRC(2017b)
and N20 from reseton
combustion)
Emission intensity
from diesel oil
-CO2eq/MdJ-
(6 (excluding 0.15 & di elq 1 =(4)x(5)
iesel oi
methane and N20
from combustion)
CH4 emissions
int it; ti
(7 | ntensity (entire 0.00000153 g-CH4/MJ-fuel |  JRC(2017b)
pelletizing
process)
N20 emissions
int it; ti
( | ntensity (entire 0.00000640 g'N20/MJ-fuel |  JRC(2017b)
pelletizing
process)
CH4 emissions
int it; ti
mtensr y (en e g-COZeq/MJ-
(9) pelletizing 0.00004 ol =(7)x25
ue
process) CO2
equivalent
N20 emissions
intensity. ('entire ¢-COZeq/MJ-
(10 pelletizing 0.00191 fuel =(8)x298
ue
process) CO2
equivalent
() | GHO Bmissions ool | 400 | 091 | 022 | 327 | o091 | 8COZeUMT =@+
from the Process ) ) ) ) ) ) ’ fuel (6)+(9)+(10)
GHG emissions
fI"Ol’n the process ¢-COZeq/MJ-
(12) | (increase (11) by 6.91 6.05 4.80 1.09 0.27 3.93 1.09 foel =(11)x1.2
ue

20% to ensure

conservativeness)
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< Processing (if biomass is used as a drying heat source) >
The calculation results of the emissions from processing when biomass is used as a drying heat source

for pelletizing are as follows. The emissions from pelletizing process are the same as when fossil fuels are

used as a drying heat source.

Table 176 Calculation of emissions from processing of wood pellets (drying) (using biomass as a drying heat

source)
Specifications Value Unit Source
1 Biomass input for boilers 0.143 Md-heatp/MdJ-fuel JRC(2017b)
Biomass-derived
2 Woodchip boiler/CO2 emissions intensity 0 g-CO2eq/MdJ-steam emissions are not
accounted for
3) Woodchip boiler/CH4 emissions intensity 0.005751 g-CH4/MdJ-steam JRC(2017b)
(4 Woodchip boiler/N20 emissions intensity 0.001150 g-N20/MdJ-steam JRC(2017b)
Woodchip boiler/CH4 emissi intensit;
®) oodchip boiler .emlssmns intensity 0.144 ¢-CO2eq/MJ-steam —(3)x25
(CO2 equivalent)
Woodchip boiler/N20 emission intensit;
®) C0achip bot erival; emission Tensity 0.343 g-C02eq/MJ-steam =(4)x298
(CO2 equivalent)
(7 Drying process GHG emissions 0.07 g-C02eq/MJ-fuel =(1)x((2)+(5)+(6))
® GHG emissions from the process. (increase 0.08 ¢-COZeq/MI-fuel —(D)x1.2
(7) by 20% to ensure conservativeness)

< Transport (pellet transport) >

Emissions from transport (pellet transport) are the same as pellets from forest residues.

< Power generation>

Emissions from power generation are the same as pellets from forest residues.
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