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Preface

Preface

On the basis of Article 4 and 12 of the United Nations Framework Convention on Climate
Change (UNFCCC), al Parties to the Convention are required to submit national inventories of
greenhouse gas emissions and removals to the Secretariat of the Convention. Therefore, the
inventories on emissions and removals of greenhouse gases and precursors are reported in the
Common Reporting Format (CRF) and in this National Inventory Report, in accordance with
UNFCCC Inventory Reporting Guidelines (FCCC/SBTA/2004/8).

This Report presents Japan’s institutional arrangement for the inventory preparation, the
estimation methods of greenhouse gas emissions and removals from sources and sinks, the trends
in emissions and removals for greenhouse gases (carbon dioxide (CO,); methane (CH,); nitrous
oxide (N,O); hydrofluorocarbons (HFCs); perfluorocarbons (PFCs); and sulfur hexafluoride
(SFe)) and precursors (nitrogen oxides (NOy), carbon monoxide (CO), non-methane volatile
organic compounds (NMVOC), and sulfur dioxide (SO.)).

The structure of this report is fully in line with the recommended structure indicated in the
Annex | of UNFCCC Inventory Reporting Guidelines (FCCC/SBSTA/2004/8).

The Executive Summary focuses on the latest trends in emissions and removals of
greenhouse gases in Japan. Chapter 1 deals with the institutional arrangement for the inventory
preparation, summary of the estimation methodology, key source category analysis, and results of
uncertainty assessment. Chapter 2 describes the latest information on trends in emissions and
removals of greenhouse gases in Japan. Chapters 3 to 8 provide the detailed estimation methods
for emissions and removals respectively, described in the Revised 1996 IPCC Guidelines. Chapter
9 comprises current status of reporting of the emissions from sources not covered by IPCC
guidelines. Chapter 10 provides the explanations on improvement and recal culation (data revision,
addition of new source, etc.) from since the previous submission.

Annex offers additional information to assist further understanding of Japan’s inventory. The
background data submitted to the secretariat provides the complete process of estimating Japan’s
inventory.

For the latest updates or changes in data, refer to the web-site (URL: www-gio.nies.go.jp) of
the Greenhouse Gas Inventory Office of Japan (GIO).

May, 2006

Climate Change Policy Division
Global Environment Bureau
Ministry of the Environment
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Executive Summary

Executive Summary of
National GHGs Inventory Report of Japan 2006

E.S. 1. Background Information on Greenhouse Gas Inventories and
Climate Change

This National Inventory Report comprises the inventory of the emissions and removals of
greenhouse gases, indirect greenhouse gases and SO, in Japan for fiscal 1990 through to 2004%, on
the basis of Article 4 and 12 of the United Nations Framework Convention on Climate Change
(UNFCCC).

Estimation methodologies of greenhouse gas inventories should be in line with the Revised
1996 IPCC Guidelines for National Greenhouse Gas Inventories (hereafter, Revised 1996 IPCC
Guidelines) which was developed by the Intergovernmental Panel on Climate Change (IPCC). In
2000, the Good Practice and Uncertainty Management in National Greenhouse Gas Inventories
(2000) (hereafter, the Good Practice Guidance (2000)) was published. The Guidance presents the
methods for choosing methodologies appropriate to the circumstances of each country and
quantitative methods for evaluating uncertainty. Parties are required to seek to apply the Good
Practice Guidance (2000) to their inventory reporting from 2001 and after ward.

For the submission of Japan’s inventories, the trial use of the UNFCCC Reporting
Guidelines on Annual Inventories (FCCC/SBSTA/2004/8) has been determined by the Conference
of the Parties, and the inventory will be reported in accordance with this guideline. For the
preparation of the LULUCF inventory, the IPCC Good Practice Guidance for Land Use,
Land-Use Change and Forestry (hereafter, LULUCF-GPG) was published in 2003, and parties are
required to seek to apply the LULUCF-GPG to their inventory reporting from 2005 and after
ward.

E.S. 2. Summary of National Emission and Removal Related Trends

Total greenhouse gas emission in fiscal 2004 (the sum of emissions of each type of
greenhouse gas multiplied by its global warming potential [GWP]?% except for carbon dioxide
removals) was 1,530 million tons (in CO, equivalents), an increase by 12.2% from FY 1990.
Removals of carbon dioxide in FY 1995 were 88.0 million tons’, an increase by 22.2% from
FY1990. Compared to emissions in the base year under the Kyoto Protocol (FY 1990 for
emissions of CO,, CH,4, N,O; FY 1995 for emissions of HFCs, PFCs, and SF), it increased by

« Fiscal” is used because CO, is the primary GHGs emissions and estimated on the fiscal year basis; from April
of the year to March of the next year.

2 Global Warming Potential (GWP): It is the coefficients that indicate degrees of greenhouse gas effects caused
by greenhouse gases converted into the proportion of equivalent degrees of CO.. The coefficients are subjected
to the Second National Assessment Report (1995) issued by the Intergovernmental Panel on Climate Change
(IPCC).

% In the inventory submitted under the FCCC, removals by forest planted before 1990 are contained. Therefore,
this value do not correspond to 13 Mt indicated in the annex of “Draft decision -/CMP.1 (Land use, land-use
change and forestry) (FCCC/CP/2001/13/Add.1 p54) adopted in the decision 11/COP?7.
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8.0%.
It should be noted that emissions of HFCs, PFCs and SF¢ in the period from 1990 to 1994
and emissions and removals by Land-use change and forestry sector after 1995 have not been
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Figurel Trendsin emission and removals of greenhouse gasesin Japan
* Values in boxes represent net emissions or removals. No values appear after 1995, however, as
carbon dioxide removals have not been estimated.
Tablel Trendsinemission and removals of greenhouse gasesin Japan
[Mt CO2 eq.] GWP 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
CO2 Emissions 1 1,138.8| 1,1481| 1,158.0| 1,149.8| 1,2064| 12195 1,233.7| 1,227.9| 1,191.9| 1,229.2| 1,251.1| 1,236.1| 1,269.3| 1,279.4| 1,279.2
Removals 1 -720 -62.1 -73.2 -784 -83.6 -88.0 [NE NE NE NE NE NE NE NE NE
CH4 21 332 329 326 325 319 313 30.7 29.6 28.7 280 273 26.4 254 248 244
N20 310 332 32.7 33.0 327 339 344 35.7 36.3 34.9 288 31.3 28.1 28.0 281 284
HFCs Hi%?;i 0.0 0.0 0.0 0.0 0.0 20.2 199 19.8 19.3 19.8 185 158 129 12.3 85
PFCs :Fsgolztc 0.0 0.0 0.0 0.0 0.0 12.6 153 16.9 16.6 14.9 13.7 115 9.8 9.0 9.9
SF6 23,900 0.0 0.0 0.0 0.0 0.0 16.9 17.5 148 134 9.1 6.8 57 53 47 45
Gross Total 1,205.1| 1,213.7| 1,223.6| 12150 1,2723| 1,334.8| 1,352.7| 1,345.3| 1,304.8| 1,329.8| 1,348.8| 1,323.6| 1,350.7| 1,358.2| 1,354.9
Net Total 1,1331) 1,517 1,150.4| 1,136.6| 1,188.7| 1,246.8| 1,352.7| 1,3453| 1,304.8| 1,329.8( 1,3488| 1,3236| 1,350.7| 1,358.2| 1,354.9

*NE: Not Estimated

* CH4 and N,O emissions in Table 1 include emissions from Land-Use Change and Forestry based on
the estimation method decided by the UNFCCC. On the contrary, since emissions from Land-Use Change
and Forestry are regarded as RMU (removal unit) according to Article 3.3 of the Kyoto Protocol, they are
not included in GHG emissions based on Kyoto Protocol (refer annex 8 table 1).

—
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Executive Summary

E.S. 3. Overview of Source and Sink Category Emission Estimates and
Trends

The breakdown of emissions and removals of greenhouse gasesin FY 2004 by sector* shows
that the Energy sector accounted for 88.9%, followed by Industrial processes at 5.5%, Solvents
and other product use at 0.02%, Agriculture at 2.0% and Waste at 3.5%.

Removals by Land-use land use change and forestry in FY 1995 were approximately 6.2% as
aproportion of total emissions.
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Figure2 Trendsin emissions and removals of greenhouse gases in each category
* Values in boxes represent net emissions or removals. No values appear after 1995, however, as
carbon dioxide removals have not been estimated.
Table2 Trendsin emissions and removals of greenhouse gases in each category
[Mt CO, eq] 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Energy 1,067.0 1,074.2 1,082.5 1,075.7 1,128.0 1,140.3 1,153.8 1,148.2 11176 1,155.4 1,175.2 1,162.1 1,197.3 1,205.5 1,204.4
Industrial Processes 68.4 69.3 69.5 68.3 70.4 120.1 1237 1215 1125 100.0 98.7 87.6 80.0 773 75.0
Solvent and Other Product Use 0.3 0.4 04 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3
Agriculture 324 324 323 32.1 31.6 310 30.4 29.7 29.3 288 285 28.2 279 277 27.6
Land Use, Lf:"d;fec“a"gea"d 715 61.6 72.8 78.0 83.3 87.8 [NE NE NE NE NE NE NE NE NE
Or ry.
Waste 37.0 375 38.9 38.4 41.8 43.0 44.5 45.4 45.1 45.2 46.1 455 452 47.4 475
Net Emissions/Removals 1,133.6 1,152.1 1,150.9 1,137.0 1,189.0 1,247.1 1,352.7 1,345.3 1,304.8 1,329.8 1,348.8 1,3236 1,350.7 1,358.2 1,354.9
ABS 1,276.6 1,275.4 1,296.4 1,293.0 1,355.6 1,422.6 1,352.7 1,345.3 1,304.8 1,329.8 1,348.8 1,3236 1,350.7 1,358.2 1,354.9
Emissions 1,205.1 1,213.7 1,223.6 1,215.0 1,272.3 1,334.8 1,352.7 1,345.3 1,304.8 1,329.8 1,348.8 1,323.6 1,350.7 1,358.2 1,354.9

*NE: Not Estimated

4t implies “ Category” indicated in the Revised 1996 IPCC Guidelines and CRF.

—_
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Executive Summary

E.S. 4. Other Information (Indirect Greenhouse Gases)

Under UNFCCC, it is required to report emissions of indirect greenhouse gases (NOy, CO,
NMVOC and SO,), other than 6 types of greenhouse gases (CO,, CH,4, NO, HFCs, PFCs and
SF¢) which are not controlled by the Kyoto Protocol. Emission trends of these gases are indicated
below.

Nitrogen oxide (NOy) emissions in FY 2004 were 2,090 Gg, a decrease by 3.9% compared to
FY 1990, and by 3.5% compared to the previous year.

Carbon monoxide (CO) emissions inFY 2004 were 2,731 Gg, a decrease by 32.1% compared
to FY 1990, and by 4.5% compared to the previous year.

Non-methane volatile organic compounds (NMVOC) emissions in FY 2004 were 1,713 Gg, a
decrease by 11.5% compared to FY 1990, and an decrease by 1.2% compared to the previous year.

Sulfur dioxide (SO,) emissions inFY 2004 were 831 Gg, a decrease by 20.3% compared to
FY 1990, and by 0.9% compared to the previous year.
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Figure3 Trendsin Emissions of Indirect Greenhouse Gases and SO,
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Chapter 1. Introduction and QA/QC plan

Chapter 1. Introduction and QA/QC plan

1.1. Background Information on Greenhouse Gas Inventories and Climate Change
(1990-2004)

In accordance with Articles 4 and 12 of the United Nations Framework Convention on
Climate Change (UNFCCC), this document reports Japan’s inventory of emissions and removals
of greenhouse gases, their precursors, and other substances from FY 1990 through FY 2004 to the
FCCC secretariat.

Methodologies for developing the inventory are described in the Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories (hereafter, Revised 1996 |PCC Guidelines)
and the Good Practice and Uncertainty Management in National Greenhouse Gas Inventories
(2000) (hereafter, the Good Practice Guidance (2000)), developed by the Intergovernmental Panel
on Climate Change (IPCC), and the estimation methodologies of the emissions and removals of
greenhouse gas should be in line with them. In 2003, the IPCC Good Practice Guidance for Land
Use, Land-Use Change, and Forestry (hereafter, LULUCF-GPG), was published. Parties are
required to seek to apply the LULUCF-GPG to their inventory reporting from 2005 and after

ward.

1.2. QA/QC Plan

1.2.1. Inventory Compilation System

In Japan, the Ministry of the Environment (MOE) has annually compiled and submitted the
national greenhouse gas inventory to UNFCCC secretariat under the UNFCCC in cooperation
with relevant ministries, governmental agencies and organizations (see Figure 1-1).

The MOE has overall responsibility for the national inventory. In order to response to the
international requirements and to reflect the latest scientific knowledge in the inventory, the MOE
has convened and managed the Committee for the Greenhouse Gas Emissions Estimation
Methods. On the basis of the results of the Committee’s deliberations, the MOE compiles
inventories including the estimation of GHGs emissions and removals, identification of key
categories', and uncertainty assessment. The actual task of inventory compilation, including data
input, calculation of emissions and removals and preparation of Common Reporting Format
(CRF) and National Inventory Report (NIR), is achieved by Greenhouse Gas Inventory Office of
Japan (GIO)?, of the Center for Global Environmental Research of the National Institute for
Environmental Studies.

The relevant ministries, governmental agencies and organizations concerned provide data for

emission factors, activity data, etc., through the ways such as the publication of relevant statistics.

' The IPCC Good Practice Guidance for Land Use, Land-Use Change and Forestry (2003), which was
welcomed in COP9, extends the key source analysis to LULUCF categories. In the latest UNFCCC reporting
guidelines (FCCC/SBSTA/2004/8), the term “key source category” was revised to “key category”. Japan
adopts the term “key category” according to these guidelines, although it has not conducted key category
analysis covering the LULUCF categories.

? GIO has consigned a part of task to private consultants.
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Chapter 1. Introduction and QA/QC plan

They also offer assistance for the preparation of inventory, for example, by providing information

necessary for the assessment of uncertainty. List of the relevant ministries, governmental agencies

and organizations is presented below.

o ) . Relevant ministries,
M Inl§try of the Requesjc to pI‘OVldC. S.tatIStICS gover nmental agencies
Environment > which include activity data > and organizations
and emission factors.
* Management of the Ministry of Economy
gom@tteeEfotr. thet.GHGs Trade and Industry ’
missions £stimation < Provision of Activity Data
Methods -
* Development of QA/QC — — Ministry of Land,
system Provision of emission Infrastructure and
« Inventory compilation factors data Transport
* Assessment of g— © Measured data |-
methodology ® Fuel composition ratios Ministry of Agriculture,
* Uncertainty assessment o Pr(?duct composition Forestry and Fisheries
+ Identification of major ratios ete.
emission sources Ministry of Health,
« Liaison with the Expert Requests to improve Welfare and L abor
Review Panel statistics for activity data
* Preparation of an —> and emission factors —> Minisiry of the
information system ® Expediting data Environment
+ Publication of information collection ete.
Other stakeholder
Greenhouse Gas Enquir.ies relating to organizations
Inventory Office of .ug(::;t;f:z’u:;zsrzmem
Japan (GI0) ® [dentification of errors
® Truncation etc.
Figure 1-1 Institutional arrangement for the inventory preparation in Japan
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Chapter 1. Introduction and QA/QC plan

Table 1-1 List of the relevant ministries

Major data or statistics

Relevant
ministries

Research of Air Pollutant Emissions from Stationary Sources / volume of

Ministry of the waste in landfill / volume of incinerated waste / number of people per
Environment johkasou facility / volume of human waste treated at human waste treatment
facilities
General Energy Statistics / Yearbook of Production, Supply and Demand of
o Petroleum, Coal and Coke / Yearbook of Iron and Steel, Non-ferrous Metals,
Ministry of Economy, . L. . .
and Fabricated Metals Statistics / Yearbook of Chemical Industry Statistics /
Trade and Industry ) o . .
Yearbook of Ceramics and Building Materials Statistics / Census of
Manufactures / General outlook on electric power supply and demand
. Annual of Land Transport Statistics / Survey on Transport Energy / Statistical
Ministry of Land,

Infrastructure and Transport

Yearbook of Motor Vehicle Transport / Survey on Current State of Land Use

Survey on Current State of Urban Park Development / Sewage Statistics

Ministry of Agriculture,
Forestry and Fisheries

Crop Statistics / Livestock Statistics / Vegetable Production and Shipment
Statistics / World Census of Agriculture and Forestry / Statistics of Arable
and Planted Land Area / Handbook of Forest and Forestry Statistics / Table of
Food Supply and Demand

Ministry of Health, Welfare
and Labor

Statistics of Production by Pharmaceutical Industry / Water Works Statistics

Relevant
Organiza

tions

Federation of Electric
Power Companies

Amount of Fuel Used by Pressurized Fluidized Bed Boilers

Japan Coal Energy Center

Coal Production

Japan Cement
Association

Amount of clinker production / Amount of waste input to in raw

material processing / Amount of RPF incineration

Japan Iron and Steel
Federation

Emissions from Coke Oven Covers, Desulfurization Towers, and
Desulfurization Recycling Towers

Japan Paper Association

Amount of final disposal of industrial waste / Amount of RPF
incineration

local public entity

Carbon Content of Waste by Composition

1.2.2. Brief General Description of M ethodologies and Data Sour ces Used

The methodology used in estimation of GHG emissions or removals is basically in
accordance with the Revised 1996 IPCC Guidelines and the Good Practice Guidance (2000).
However, Japan’s country-specific methodologies were used for “2.A.2. carbon dioxide emissions

from lime production”, “4.C. methane emissions from rice cultivation” and “6.A. methane

emissions from solid waste disposal on land” etc., in order to reflect the actual situations of

emissions in Japan.

Basically, actual measurements or estimates based on researches conducted in Japan were
used for the emissions factors. However, the default values given in the Revised 1996 IPCC
Guidelines and the Good Practice Guidance (2000) were used for categories from which
emissions were thought to be quite low (such as “1.B.2.a.ii fugitive emissions from fuel (oil and

natural gas”)), and emission sources for which the reality of emissions is unsure (such as “ 4.D.3.

indirect emissions from soil in agricultural land”).

National Greenhouse Gas Inventory Report of Japan 2006
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Chapter 1. Introduction and QA/QC plan

1.2.3. Brief Description of the Process of Inventory Preparation and Implementation of

QA/QC

Japan has compiled an inventory by following the steps shown in Figure 1-2, in order to
ensure and maintain the quality control for such as the completeness, accuracy and consistency of
data. Submission of inventory to the UNFCCC secretariat is due on April 15" every year.® Dates
overlapping between different steps are due to the fact that Japan implements more than one step
contemporaneously to enhance working efficiency.

As shown in Figure 1-2, Japan has implemented QC activities, such as checking estimation
accuracy and archiving documents, in each step of the inventory compilation process in
accordance with Good Practice Guidance (2000) to manage the quality of inventories. In Japan,
the inventory preparation procedures conducted by the MOE (including the GIO and
private-sector companies commissioned for the job), which is the agency involved in inventory
preparation, as well as by other related agencies and organizations, are considered to be QC
procedures.

The process of evaluating and verifying assessment methods by Japanese experts conducted
within the Committee for the Greenhouse Gases Emissions Estimation Methods (Step 2: Expert
review of previous inventories [Committee for the Greenhouse Gases Emissions Estimation
Methods]) is considered to be a quality assurance (QA) activity in which outside experts not
involved in inventory preparation conduct external reviews, thereby evaluating and verifying data

quality in view of scientific findings and data availability.

3 Annex I Parties have to submit their inventories within 6 weeks from the submission date, which is April 15",
to be eligible to participate in the Kyoto mechanism.
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Chapter 1. Introduction and QA/QC plan

1.2.4. Brief Description of Key Categories

Key categories were assessed in accordance with the Good Practice Guidance (2000) (Tier 1
level assessment or trend assessment and qualitative analysis).

The assessment using these methods (Tierl Level Assessment, Tierl Trend Assessment,
Tier2 Level Assessment and Tier2 Trend Assessment) resulted in the following table 1-2 of 34
sources, which were determined as Japan’s key categories in fiscal 2004. Refer to Annex 1 for

more detailed results.

Table 1-2 Japan’s key source categories in FY2004

A B D Level Trend Level Trend
IPCC Source Category Direct Current Year Tier.l Teirl  Tier.2 Teir.2

GHGs Estimate
(Gg COeq.)

1A Stationary Combustion Solid Fuels 427,547.48
#2]1 A Stationary Combustion Liquid Fuels CO2 343,946.42 #2 #1 #5 #7
#3]1A3 Mobile Combustion b. Road Transportation CO2 230,273.39 #3 #4 #6 #16|
#4]1 A Stationary Combustion Gaseous Fuels CO2 166,893.26 #4 #3 #3 #6
#5]6C Waste Incineration CO2 35,394.80 #5 #6 #2 #5
#6]2A Mineral Product 1. Cement Production CO2 31,415.59 #6 #8 #8 #14,
#7]1 A3 Mobile Combustion d. Navigation CO2 12,893.54 #7 #16
#8]2A Mineral Product 3. Limestone and Dolomite Use CO2 10,879.82 #8 #14
#9]1A3 Mobile Combustion a. Civil Aviation CO2 10,663.39 #9 #14 #23
#10J4A Enteric Fermentation CH4 7,141.03 #10 #26
#11]6A Solid Waste Disposal on CH4 5,832.26 #11 #12 #18 #15
#12]J4C Rice Cultivation CH4 5,807.29 #12 #19 #23
#13)2E Production of Halocarbons 1. By-product Emissions HFCs 1,017.90 #5 #22 #1
and SF6 (Production of HCFC-22)
#14]2F(a) Consumption of 8. Electrical Equipment SF6 958.39 #1 #3
Halocarbons
#15]2B Chemical Industry 3. Adipic Acid N20 838.90 #9 #12
#16]2F(a) Consumption of 5. Solvents PFCs 5,101.00 #10 #12 #11
Halocarbons
#17)2E Production of Halocarbons  :2. Fugitive Emissions SF6 764.80 #11 #27 #4
and SF6
#18]2F(a) Consumption of 1. Refrigeration and HFCs 4,016.28 #13 #13 #13
Halocarbons Air Conditioning Equipment
#19]1B Fugitive Emission la i. Coal Mining and Handling CH4 57.18 #15 #8
(under gr.)
#20]1 A Stationary Combustion N20 4,199.57 #17 #15 #17
#21]11A3 Mobile Combustion a. Civil Aviation N20 106.49 #4 #9
#22}4D Agricultural Soils 1. Direct Soil Emissions IN20 4,251.62 #7 #10),
#23]2F(a) Consumption of 7. Semiconductor Manufacture PFCs 3,917.21 #9 #21
Halocarbons
#24]1 A3 Mobile Combustion b. Road Transportation N20 5,710.93 #10 #22
#25]4B Manure Management N20 4,732.22 #11 #18
#26]4B Manure Management CH4 2,549.06 #16 #20),
#27)4D Agricultural Soils 3. Indirect Emissions N20 2,948.83 #17 #19)
#28]2F(a) Consumption of 7. Semiconductor Manufacture SF6 1,784.38 #20 #24
Halocarbons
#29]6B Wastewater Handling N20 1,302.98 #21
#30]1 A Stationary Combustion CH4 517.03 #24
#31]|2E Production of Halocarbons (2. Fugitive Emissions PFCs 882.00 #25
and SF6
#32]|2F(a) Consumption of 4. Aerosols/Metered Dose Inhalers |JHFCs 2,190.01 #28
Halocarbons
#33]1A3 Mobile Combustion d. Navigation N20 106.55 #29
#34]6B Wastewater Handling CH4 1,499.75 #25

N.B. Figures recorded in the Level and Trend columns indicate the ranking of individual level and trend

assessments.

—
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Chapter 1. Introduction and QA/QC plan

1.3. Further Inventory Development

For further development of inventory, following issues need to be addressed. All the
problems enumerated below are proposed as those to be solved by the Committee for the
Greenhouse Gas Emissions Estimation Methods. Our approach for dealing with these problems is
to examine them, in accordance with Japan’s QA/QC plan, by giving priority to important ones

such as those involving key categories and those flagged in reviews.

1.3.1. Crosscutting I ssues

» For the not-estimated (NE) categories it is necessary to take into account the possibility of
emissions and to further investigate the state of emissions (see 1.5 Completeness and Annex 5
regarding not-estimated source categories).

» Sources estimated with default values of the Revised 1996 IPCC Guidelines or Good Practice
Guidance (2000) could be overestimated because the default values may not reflect the
circumstances of Japan correctly. Therefore, the estimation methods need to be improved in

accordance with expansion of the scientific country-specific information if it’s available.

> Japan has reported its emissions of greenhouse gases in fiscal year basis (April to March).
However, the Revised 1996 IPCC Guidelines requires to report in calendar year basis in the
course of calculation of greenhouse gas emissions and removals. During the in-country visit
review in 2003 under UNFCCC, difficulties in converting the data to calendar year basis and
possibility of counting on calendar year basis after 2004 were discussed. Expert Review Team
(ERT) concluded that it would be preferable for Japan to continue to report to the UNFCCC
on a fiscal year basis, but encourages Japan to continue its work on the possibilities for

conversion”.

1.3.2. Energy (Categoryl)
1.3.2.1. Fuel Combustion (CO,)

» Estimation methods for NMVOC emissions from sources including products other than
organic solvents and for emissions from byproduct fuel use have not been subjected to
long-term consideration, raising the possibility of insufficient estimation accuracy. As work
has begun in Japan on producing a VOC inventory, this matter will be addressed while
verifying the accuracy of current estimation methods.

1.3.2.2. Fuel Combustion (Sationary Sources. CH4, N2O)

» As activity data in this sector, we use the value obtained through proportionally distributing
the energy consumption given in General Energy Statistics, and the energy consumption
proportions according to industry type, fuel type, and furnace type, as estimated from MAP

4 FCCC/WEB/IRI(2)/2003/JPN para.14
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Surveys. However, comparison of statistical data for industry type and furnace type reveals a
contradiction in which data not counted for one are counted for the other. Although activity
data are determined while taking this problem into account, further consideration shall be
accorded to the soundness of our method. Additionally, it is likely we will no longer be able
to use fuel consumption data from MAP Surveys from the FY2002 survey onward, and
discussions are needed now how to deal with this.

» Emissions recovered from electric arc furnaces must be deduced to obtain the electric arc
furnace emission factor, but this will be a long-term effort due to the difficulty of determining

recoveries.

1.3.2.3. Fuel Combustion (Mobile Sources. CH4, N2O)

» There are few measured data on N,O emission factors of road transportation. These data are
affected by the type of equipped catalyst, temperature of catalyst, and aged deterioration of
catalyst. Therefore, development of the driving cycle (such as 10-15 mode) applied for
measuring GHGs from automobile is needed, as well as the accumulation of measured data

are needed.

» Discussions will be conducted on methods of estimating and otherwise assessing GHG (CHy,
N,O) emissions from new products (such as fuel cell vehicles and low-emission vehicles)

resulting from technological innovation.

1.3.3. Industrial Processes (Category?2)
1.3.3.1. COy CH4and N,O

» Some data are no longer available due to reasons including the elimination of statistical items,
and discussions will be needed on how to address this.

1.3.3.2. F-gas

» Some substances of F-gas are emitted from only few companies, and their aggregated data is
reported without its details such as emissions by gases because of the confidentiality.
However, some sources mentioned above have large amount of emissions. Since the code of
practice for the handling of confidential information was adopted in COP, handling of these
data along the code of practice would be needed.

» Credibility of estimation should be developed by evaluating mass-balance between actual
emissions and potential emissions (including amount of production, export, import, shipment,

consumption, stock, disposal, recovery, destruction, recycling, reclamation and emissions).

—
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1.3.4. Use of Solventsand Other Products (Category 3)

>

Estimation methods for NMVOC emissions from sources including products other than
organic solvents and for emissions from byproduct fuel use have not been subjected to
long-term consideration, raising the possibility of insufficient estimation accuracy. As work
has begun in Japan on producing a VOC inventory, this matter will be addressed while
verifying the accuracy of current estimation methods (same as above).

1.3.5. Agriculture (Category4)

>

Since there is no single statistics for all crops in Japan, various statistics are used in compiling
Japan’s inventories. Definition of each crop in these statistics may be different. Hence, in
calculating the total amount of farm products, it is important to take care of double counting
and left out of data. The estimation for total growing area of farmland has same issues.

Although the inventory does not reflect the effects of remedial measures against CHy
emissions from enteric fermentation, we currently lack research data needed to set emission

factors that take natural conditions and livestock management conditions into account.

In the livestock waste management sector, cattle and swine wastes are mixed and cannot be

9 G >

strictly separated. The present emission factor categories of “feces,” “urine,” and “mixed
feces and urine” cannot fully describe the actual situation, but as data for setting new
emission factors are currently insufficient, the problem will be addressed as data become

available.

Estimation of emissions in livestock waste management does not reflect disposal by piling it
up outside or digging holes for disposal, or composting in a composting facility. While getting
ideas from new findings and other countries’ inventories, we will conduct long-term
discussions on dividing “deposition and other management” of feces and ‘“deposition”
disposal of mixed urine and feces into the two categories of “deposition” and “outdoor

disposal,” and set an emission factor for each.

There is not enough knowledge on histosols to know what land was originally histosol, or
how much land which could be called histosol remained in the past. Discussions are
underway to provide for conformity with the land use, land use change, and forestry sectors.

1.3.6. Land Use, Land-Use Change and Forestry (Category5)

>

As it has been in the process of verifying the latest land area statistics and developing various
parameters necessary for the estimation in the Forest land sector, emissions and removals
have been decided to be reported as "NE" (Not Estimated) from 1996 onwards. It will be
considered to incorporate the results of the data developed to the inventories as appropriate in

the future. In addition, it is also under verification of the land area statistics and has been
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Chapter 1. Introduction and QA/QC plan

developing various parameters, which will be lead to be considered to reflect the developed

data as appropriate in the Settlements sector.

» Key category analysis, uncertainty assessment and preparation of QA/QC plan have not been
conducted under the inventory of the LULUCF sector in this submission. However, it is
necessary to develop the national system as soon as possible since the implementation of
these analyses and assessments have been laid down in the UNFCCC reporting guidelines,

and they are also stipulated as the essential factors under the Kyoto Protocol.

» As the Ministry of the Environment has been preparing the inventory with cooperation from
relevant ministries and agencies after establishing national system in the source category,
there also is a necessity to develop national system for the preparation of the inventory in the
LULUCEF sector.

1.3.7. Waste (Category6)

» At present there is no information available on the recovery of CH4 emissions from landfill
disposal sites, CH4 emissions arising from industrial wastewater treatment, and CH,
emissions arising from the treatment of domestic and commercial wastewater. Long-term

discussions will be held on findings pertaining to CH,4 recovery amount.

1.4. General Uncertainty Evaluation, Including Data on the Overall Uncertainty for the

Inventory Totals

1.4.1. Uncertainty of Japan’s Total Emissions

Total emissions in Japan for fiscal 2004 were approximately 1.35 billion tons (carbon
dioxide equivalents). Uncertainty of total emissions has been assessed at 3% and uncertainty
introduced into the trend in total national emissions has been assessed at 4%. Refer Annex 7 for
details of assessment method and precise results.
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Table 1-3 Uncertainty of Japan’s Total Emissions

IPCC Source Category GHGs Emissions Combined !rank| Combined irank
[Gg CO2eq.] Uncertainty uncertainty
[ 1] as % of total
national
emissions
A [ 1 B C
1A. Fuel Combustion (CO2) CO2 1,192,865.5] 88.0% 3% 9 2.60% 1
1A. Fuel Combustion (Stationary:CH4,N20)|CH4 N20 4,716.4 0.3% 43% 2 0.15% 7
1A. Fuel Combustion (Transport:CH4,N20) [CO2 CH4 N20 6,237.6 0.5% 146% 1 0.67% 3
1B. Fugitive Emissions from Fuels CO2 CH4 N20 584.2 0.0% 14% 6 0.01% 8
2. Industrial Processes (CO2,CH4,N20) CO2 CH4 N20 52,147.9 3.8% 7% 7 0.28% 6
2. Industrial Processes (HFCs,PFCs,SF6) HFCs PFCs SF6 22,879.1 1.7% 19% 5 0.32% 5
3. Solvent & other Product Use N20 297.5 0.0% 5% 8 0.00% 9
4. Agriculture CH4 N20 27,605.5 2.0% 26% 3 0.53% 4
6. Waste CO2 CH4 N20 47,535.3 3.5% 23% 4 0.82% 2
Total Emissions (D) 1,354,868.9 1100.0%] (E) 3%
1)C=AxB/D

DE=VC +Cr+

Hereafter, the same method for calculating uncertainty assessment has been used in each sector

appearing in Tables 3 and follows.

1.5. General Assessment of the Completeness

In this inventory, emissions from some categories are not estimated and reported as “NE”.
The FY2005 report dealt with categories reported as not estimated (NE) by examining the
possibilities of GHG emissions and newly estimating the emissions in many of the categories
which were thought to be highly in need of estimation improvement, such as categories whose
emissions were expected to be large.

Source categories reported as NE in this year’s report include those whose emissions are
thought to be very small, those whose emissions are unknown, and those for which emission
estimation methods have not been developed. In accordance with Japan’s QA/QC plan,
discussions will be held on emission possibilities, emission estimation, and other matters
pertaining to these categories. See Annex 5 for a list of not-estimated emission source categories.

Due to the many categories in which it is difficult to obtain past activity data for 1990-1994
emissions of HFCs, PFCs, and SFs, such sources are reported as NE.

It should be noted that emissions and removals by Land use, Land-use change and forestry
sector after 1995 have not been estimated (NE).
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Chapter 2. Trends in GHGs Emissions and Removals

Chapter 2. Trendsin GHGs Emissions and Removals

2.1. Description and Interpretation of Emission and Removal Trends for Aggregate

Greenhouse Gases

2.1.1. Greenhouse Gas Emissionsand Removals

Total greenhouse gas emission in fiscal 2004 (the sum of emissions of CO,, CH4, N0,
HFCs, PFCs, and SFs converted to CO, equivalents by multiplying its global warming potential
[GWP)? respectively; excluding for carbon dioxide removals) was 1,355 million tons (in CO,
equivalents), an increase by 12.4% compared to emissions (CO,, CH,4, N,O, excluding carbon
dioxide removals) in FY 1990 (Removals of carbon dioxide in FY 1995 were 88.0 million tons®, an
increase by 22.2% from FY1990). Compared to emissions in the base year under the Kyoto
Protocol (FY 1990 for emissions of CO,, CH4, N>O; FY 1995 for emissions of HFCs, PFCs, and
SFe), it increased by 8.0%.

It should be noted that emissions of HFCs, PFCs, and SF; in the period from 1990 to 1994,
and emissions and removals by Land Use, Land Use change and forestry sector after 1995 have
not been estimated (NE).
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Figure2-1 Trendsin emission and removals of greenhouse gases in Japan
* Values in boxes represent net emissions or removals. No values appear after 1995, however, as
carbon dioxide removals have not been estimated.

! “Fiscal” is used because CO, is the primary GHGs emissions and estimated on the fiscal year basis; from April
of the year to March of the next year.

2 Global Warming Potential (GWP): It is the coefficients that indicate degrees of greenhouse gas effects caused
by greenhouse gases converted into the proportion of equivalent degrees of CO.. The coefficients are subjected
to the Second National Assessment Report (1995) issued by the Intergovernmental Panel on Climate Change
(IPCC).

% In the inventory submitted under the FCCC, removals by forest planted before 1990 are contained. Therefore,
this value do not correspond to 13 Mt indicated in the annex of “Draft decision -/CMP.1 (Land Use, Land Use
change and forestry) (FCCC/CP/2001/13/Add.1 p54) adopted in the decision 11/COPY7.

—_
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Chapter 2. Trends in GHGs Emissions and Removals

2.1.2. CO, Emissions Per Capita

Total carbon dioxide emissionsin fiscal 2004 were 1,279 million tons, giving an emission of
10.02 tons per capita. Compared to fiscal 1990, it represents an increase of 12.3% in total carbon
dioxide emissions, and an increase of 8.7% in carbon dioxide emissions per capita. Carbon
dioxide emissions compared to the previous year decreased by 0.0% in total emissions and
decreased by 0.1% per capita.
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- : giscal Y ear) . :

igure2-2 Trendsin total CO, emissions and CO, emissions per capita

Source of population: Ministry of Public Management, Home Affairs, Posts and Telecommunications
Japan, Population Census

MPMHAPTJ, Annual Report on Current Population Estimates

2.1.3. CO, Emissions Per Unit of GDP

Carbon dioxide emissions per unit of GDP in fiscal 2004 were 2,410 tons/billion yen, resulting in a
decrease by 1.0% sincefiscal 1990, and adecrease by 2.1% from the previous year.

26

2,53
2.51 2.50 2.51
2.48 2.48 2.48 5 47

25 2.46

241
24

Emissions per GDP
(GgCO 2/ bhillion yen)

2.3

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
(Fiscal Y ear)
Figure2-3 Trendsin CO, emissions per unit of GDP
Source of GDP: website of Economic and Social Research Institute (Preliminary Estimates of
National Expenditure Oct-Dec.2004, Fixed-based)
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2.2. Description and Inter pretation of Emission and Removal Trends by Gas

Emissions of carbon dioxide in FY 2004 were 1,279 million tons, comprising 94.4% of the total.
It represents an increase by 12.3% from fiscal 1990, and a decrease by 0.0% in comparison with the
previous year. Removals of CO, in FY1995" were 88.0 million tons, equivalent to 6.6% of total
annua greenhouse gas emissions. It represents an increase by 22.2% from FY 1990, and an increase
by 5.3% in comparison with the previous year.

Emissions in FY 2004 of CH,4 were 24.4 million tons (in CO, eq.), comprising 1.8% of total
emissions. The value represents a reduction by 26.4% from FY 1990 and 1.5% in comparison with
the previous year.

Emissions in FY 2004 of N,O were 28.4 million tons (in CO, eg.), comprising 2.1% of total
emissions. The value represents a reduction by 14.4% from FY 1990, and an increase by 1.2% in
comparison with the previous year.

Emissions in CY 2004 of HFCs were 8.5 million tons (in CO; eq.), comprising 0.6% of total
emissions. The value represents a reduction by 58.0% on CY 1995, and 30.8% in comparison with
the previous year.

Emissions in CY 2004 of PFCs were 9.9 million tons (in CO, eg.), comprising 0.7% of total
emissions. The value represents a reduction by 21.1% from CY 1995, and an increase by 10.5% in
comparison with the previous year.

Emissions in CY 2004 of Sk were 4.5 million tons (in CO, eq.), comprising 0.3% of total
emissions. The value represents a reduction by 73.6% on CY 1995, and 5.7% in comparison with
the previous year.

Table2-1 Trendsin emissions and removals of greenhouse gas in Japan

[Mt CO2 eq] GWP 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
CO2 Emissions 1 1,1388| 1,1481| 1,580 1,149.8| 1,2064| 1,2195| 1,233.7| 1,227.9( 1,091.9| 1,2202| 1,251.1| 1,236.1| 1,260.3| 1,279.4| 1,279.2
Removals 1 720 -e21| 732 -784| -836| -880|NE NE NE NE NE NE NE NE NE
CH4 21 332 329 326 325 319 313| 307 296 287 280| 273| 264 254 248 24.4
N20 310 332 27 330 327 339 4| 3BT 36.3 349 288 313| 281 280 281 284
HFCs HlF ?,g,f;i 0.0 0.0 0.0 0.0 0.0 202 19.9 19.8 193 19.8 185 158 129 123 85
PFC-14
PFCs 0.0 0.0 0.0 0.0 0.0 12.6 15.3 16.9 16.6 14.9 13.7 115 9.8 2.0 9.9
6,500 etc.
SF6 23,900 0.0 0.0 0.0 0.0 0.0 16.9 175 14.8 134 9.1 6.8 57 53 47 45
Gross Total 12051 1,2137| 1,2236| 1,2150| 12723| 1,3348| 1,3527| 1,3453| 1,304.8| 1,329.8| 1,3488| 1,3236| 1,350.7| 1,358.2| 1,354.9
Net Total 11331 1,151.7| 1,1504| 1,1366| 1,1887| 1,246.8| 1,352.7| 1,3453| 1,304.8| 1,329.8| 1,3488| 1,23236| 1,2350.7| 1,358.2| 1,354.9

* NE: Not Estimated

* CH, and N,O emissions in Table 2-1 include emissions from Land Use, Land Use Change and
Forestry based on the estimation method decided by the UNFCCC. On the contrary, since emissions
from Land Use, Land Use Change and Forestry are regarded as RMU (removal unit) according to
Article 3.3 of the Kyoto Protocol, they are not included in GHG emissions based on Kyoto Protocol
(refer annex 8 table 1).

* Satistics on removals of CO, have not been updated. The most recently available data is therefore for FY 1995.

—_
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Chapter 2. Trends in GHGs Emissions and Removals

2.21. CO?°

CO, emissions in FY 2004 were 1,279 million tons, comprising 94.4% of the total. It represents
an increase by 12.3% from fiscal 1990, and a decrease by 0.0% in comparison with the previous
year.
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Figure2-4 Trendsin CO, emissions

The breakdown of CO, emissions in FY2004 shows that carbon dioxide emitted in
association with the Fuel combustion accounted for 93.2% of the total, carbon dioxide from the
Industrial processes accounted for 3.6%, and carbon dioxide from the Waste sector accounted for
2.8%.

The Industries accounts for 30.4% of emissions of CO, from the Fuel combustion, making it
the single largest source of emissions followed by the Energy industries sector at 29.6% and the
Transport sector at 19.9%.

Fluctuations in emissions by sector show that CO, emissions from the Fuel combustion in
the Energy industries sector, which accounts for about 30% of CO, emissions, increased by 20.0%
compared to FY 1990, and decreased by 1.1% compared to the previous year.

CO, emissions from the Fuel combustion in the industries decreased by 0.1% compared to
FY 1990, and increased by 1.4% compared to the previous year.

CO, emissions from the Fuel combustion in the transportation increased by 20.6% compared
to FY 1990, and decreased by 0.1% compared to the previous year.

CO, emissions from the Fuel combustion in the commercial and other sector increased by
26.9% compared to FY 1990, and decreased by 1.4% compared to the previous year.

CO, emissions from the Fuel combustion in the residential sector increased by 13.9%
compared to FY 1990, and decreased by 0.8% compared to the previous year.

® CO, associated with L UCF sector has been excluded.

—
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Figure 2-5 Trendsin CO, emissions in each sector
Table 2-2 Trendsin CO, emissions in each sector
[Gg CO2]
Category 1990 1995 2000 2003 2004
1A. Fuel Combustion 1,056,448.04 1,129,195.98 1,163,403.65 1,193,920.25 1,192,865.53
Energy Industry 315,132.65 333,459.37 347,086.10 382,645.00 378,310.97
Public Electricity &
Heet Production 290,580.91 308,318.77 321,787.98 358,711.11 354,469.56
Petroleum Refining 15,893.24 16,956.42 17,284.55 15,997.47 15,813.05
Manufacture of Solid Fuel and Other 8,658.50 8,184.18 8,013.57 7,936.42 8,028.36
Energy Industry
Industries 388,981.27 384,062.52 386,218.94 383,038.83 388,475.81
Manufacturing Industries & 367,576.51 364,516.67 369,907.25 367,366.25 372,595.10
Agriculture, Forestry and Fisheries 21,404.76 19,545.85 16,311.69 15,672.58 15,880.72
Transport 211,053.69 251,175.26 259,230.32 254,621.01 254,478.37
Civil Aviation 7,162.41 10,278.29 10,677.13 11,063.18 10,663.39
Road Transportation 189,227.88 225,390.19 232,981.28 228,795.91 230,273.39
Railways 932.45 819.36 707.28 628.53 648.04
Navigation 13,730.95 14,687.42 14,864.63 14,133.40 12,893.54
Commercial and Residential 140,270.72 159,629.92 170,000.35 172,679.75 170,626.30
Commercial & other sector 83,602.43 93,309.56 101,042.07 107,596.33 106,068.56
Residential 56,668.29 66,320.36 68,958.28 65,083.41 64,557.75
Other 1,009.70 868.90 867.93 935.67 974.08
1B. Fugitive Emissions from Fuel 36.67 50.98 36.08 34.52 35.04
2. Industrial Processes 59,814.95 61,846.66 54,796.77 49,904.82 50,374.33
Mineral Products 55,124.30 57,157.86 50,466.05 46,382.43 46,917.11
Chemical Industry 4,513.97 4,525.47 4,177.99 3,377.39 3,308.42
Metal Production 176.68 163.32 152.73 145.01 148.81
6. Waste 22,456.85 28,386.89 32,913.01 35,502.59 35,903.07
Total 1,138,756.51 1,219,480.50 1,251,149.51 1,279,362.19 1,279,177.97
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2.2.2. CHy

Methane emissions in FY 2004 were 24.4 million tons (in CO; eg.), comprising 1.8% of total
emissions. The value represents a reduction by 26.6% from FY 1990 and 1.5% in comparison with

the previous year.
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Figure2-6 Trendsin CH,4 emissions

The breakdown of methane emissions in FY 2004 shows that methane emitted from enteric
fermentation in livestock accounted for 29% of the total, making it the single largest source of
emissions. It is followed by methane emissions from SWDS (Solid Waste Disposal Site) at 24%,
and ethane emissions from rice cultivation at 24%.

Table 2-3 Trendsin CH, emissions

[Gg CO2eq.]
Category 1990 1995 2000 2003 2004
1A. Fuel Combustion 619.62 756.64 786.91 743.84 746.19
1A1. Energy Industries 17.65 23.07 31.44 33.42 32.51
1A2. Industries 152.56 240.31 248.37 241.63 245.00
1A3. Transport 249.85 251.56 248.39 234.30 229.16
1A4. Residential / Ingtitutional 199.57 241.71 258.71 234.49 239.52
1B. Fugitive Emissions from Fuels 3,163.74 1,749.70 1,201.02 564.03 549.05
1B1. Solid Fuels 2,806.43 1,344.68 769.13 93.86 66.51
1B2. Qil & Natural Gas 357.31 405.01 431.89 470.17 482.54
2. Industrial Processes 337.80 303.30 163.74 116.72 115.92
4, Agriculture 17,967.80 | 17,792.62 16,115.86 15,640.24| 15,598.86
4A. Enteric Fermentation 7,641.73 7,575.17 7,344.65 7,176.15 7,141.03
4B. Manure Management 3,120.57 2,895.37 2,644.16 2,576.76 2,549.06
4C. Rice Cultivation 7,075.73 7,200.86 6,018.51 5,785.48 5,807.29
4F. Field Burning of Agricultural Residue 129.77 121.22 108.54 101.85 101.48
5. LULUCF 120.08 85.28 NE NE NE
6. Waste 11,077.79 10,664.61 9,025.27 7,726.88 7,413.01
6A. SWDS 8,881.48 8,729.71 7,308.40 6,153.58 5,832.26
6B. Wastewater Handling 2,133.41 1,869.46 1,640.77 1,492.39 1,499.75
6C. Waste Incineration 62.90 65.44 76.10 80.91 80.99
Total 33,286.84 | 31,352.15| 27,292.79| 24,791.72| 24,423.04

—
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2.2.3. N2O

N,O emissions in FY 2004 were 28.4 million tons (in CO, eq.), comprising 2.1% of total
emissions. The value represents a reduction by 15.4% from FY 1990, and an increase by 1.2% in
comparison with the previous year. In March 1999, N,O abatement equipment came on stream in
the adipic acid production plant, causing a sharp decline in emissions from the Industria
processes during the period from FY 1998 to FY1999. In FY2000, N,O emissions increased
because of a decrease in operationa rate of the abatement equipment. In 2001, N,O emissions

decreased with resuming the normal operation of the equipment.
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Figure2-7 Trendsin N,O emissions

The breakdown of nitrous oxide emissions in FY 2004 shows that emissions from emissions
from agricultural soils for 25% of the total, making it the single largest source of emissions. It is
followed by emissions from fuel combustion of motor vehicles and other mobile sources at 21%,
and manure management accounted of 17%.

Table 2-4 Trendsin N,O emissions

[Gg CO2eq.]
Category 1990 1995 2000 2003 2004
1A. Fuel Combustion 6,710.23 8,547.30 9,741.51 10,194.96 10,207.78
1A1. Energy Industries 643.86 1,140.94 1,373.38 1,494.27 1,506.28
1A2. Industries 1,232.14 1,684.83 2,168.97 2,319.06 2,341.13
1A3. Transport 4,557.57 5,344.88 5,842.58 6,030.44 6,008.45
1A4. Residential / Institutional 276.65 376.65 356.59 351.20 351.91
1B. Fugitive Emissions from Fuels 0.11 0.16 0.11 0.11 0.11
2. Industrial Processes 8,266.95 8,212.71 4,690.09 1,259.55 1,657.60
3. Solvent & Other Product Use 287.07 437.58 340.99 320.83 297.54
4. Agriculture 14,433.41 13,247.33 12,384.23 12,068.34| 12,006.61
4B. Manure M anagement 5,542.94 5,111.60 4,844.01 4,753.35 4,732.22
4D. Agricultural Soils 8,786.55 8,047.03 7,459.04 7,240.27 7,200.44
4F. Field Burning of Agricultural Residue 103.92 88.70 81.18 74.72 73.94
5. LUCFE 370.28 185.01 NE NE NE
6. Waste 3,481.99 3,923.81 4,167.60 4,208.91 4,219.23
6B. Wastewater Handling 1,550.99 1,456.51 1,365.12 1,287.56 1,302.98
6C. Waste Incineration 1,910.88 2,451.07 2,783.83 2,902.04 2,896.71
6D. Waste (other) 20.12 16.24 18.66 19.31 19.54
Total 33,550.04| 34,553.89| 31,32454| 28,052.71| 28,388.87

—_
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2.24. HFCs

Emissions of HFCs in 2004° were 8.5 million tons (in CO, eq.), comprising 0.6% of total
emissions. The value represents a reduction by 58.0% on CY 1995, and 30.8% in comparison with
the previous year.
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Figure 2-8 Trends in HFCs emissions

The breakdown of HFCs emissions in 2004 shows that emissions from refrigerants of
refrigeration and air conditioning equipment accounted for 47% of the total, followed by
emissions from aerosols / MDI at 26%, and by-product HFC-23 emission during production of
HCFC-22 at 12%.

Table 2-5 Trendsin HFCs emissions

[Gg CO2eq.]
Category 1995 2000 2002 2003 2004
2E. Productions of F-gas 17,456.50 | 12,654.54 6,484.42 5,462.21 1,573.80
2E1. By-product Emissions from
Production of HCEC-22 16,965.00 12,402.00 6,095.70 5,022.81 1,017.90
2E2. Fugitive Emissions 491.50 252.54 388.72 439.40 555.90
2F. Consumption of F-gas 2,776.49 5,891.76 6,411.89 6,813.37 6,926.71
2F1. Refrigeration and Air
L . 809.13 2,449.23 3,160.71 3,434.03 4,016.28
Conditioning Equipment
2F2. Foam Blowing 456.96 437.71 446.65 653.19 590.64
2F4. Aerosols/MDI 1,365.00 2,847.38 2,686.01 2,613.35 2,190.01
2F7. Semiconductor Manufacture 145.40 157.44 118.52 112.80 129.78
2F9. Other 0.00 0.00 0.00 0.00 0.00
Tota 20,232.99| 18,546.30| 12,896.31| 12,275.58 8,500.51
2.2.5. PFCs

PFCs emissions in 2004 were 9.9 million tons (in CO, eq.), comprising 0.7% of total
emissions. The vaue represents a reduction by 21.1% from CY 1995, and an increase by 10.5% in
comparison with the previous year.

® Emissions of calendar year basis are adopted for HFCs, PFCs and SF.
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Figure2-9 Trendsin PFCs emissions
The breakdown of PFCs emissions in 2004 shows that emission from solvents in washing
metals etc. accounted for 51% of the total, followed by emissions from semiconductor
manufacture at 40%, and fugitive emissions from manufacturing at 9%.
Table 2-6 Trendsin PFCs emissions
[Gg CO2eq.]
Category 1995 2000 2002 2003 2004
2C3. Aluminium Production 72.46 18.29 15.10 15.10 14.78
2E2. Fugitive Emissions 762.90 1,382.60 1,043.60 1,016.40 882.00
2F. Consumption of F-gas 11,737.80 12,283.63 8,785.49 7,944.85 9,018.21
2F5. Solvents 8,880.00 7,211.30 5,002.00 4,236.00 5,101.00
2F7. Semiconductor Manufacture 2,857.80 5,072.33 3,783.49 3,708.85 3,917.21
Total 12,573.16 13,684.52 9,844.19 8,976.35 9,914.98
2.2.6. SFg

15

10

(Unit MtCO 2eq.)

Emissions of SFg in 2004 were 4.5 million tons (in CO, eq.), comprising 0.3% of total
emissions. The value represents a reduction by 73.6% on CY 1995, and 5.7% in comparison with

the previous year.
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Chapter 2. Trendsin GHGs Emissions and Removals

The breakdown of SFg emissions in 2004 shows that emissions from semiconductor
manufacture accounted for 40%, followed by emissions from Magnesium Foundries at 21%, and
emissions from the electrical equipment at 21%.

Table 2-7 Trendsin SFs emissions

[Gg CO2eg.]
Category 1995 2000 2002 2003 2004
2C4. SFg Used in Aluminium and Magnesium Foury 119.50 1,027.70 1,123.30 1,003.80 956.00
2E2. Fugitive Emissions 4,708.30 860.40 836.50 812.60 764.80
2F. Consumption of F-gas 12,093.82 4,930.39 3,323.18 2,917.91 2,742.77
2F7. Semiconductor Manufacture 1,099.82 2,141.26 1,779.24 1,715.74 1,784.38
2F8. Electrical Equipment 10,994.00 2,789.13 1,543.94 1,202.17 958.39
Tota 16,921.62 6,818.49 5,282.98 4,734.31 4,463.57

2.3. Description and Interpretation of Emission and Removal Trends by Categories

The breakdown of emissions and removals of greenhouse gases in FY 2004 by sector’ shows
that the Energy sector accounted for 88.9%, followed by Industrial processes at 5.5%, Solvents
and other product use at 0.02%, Agriculture at 2.0% and Waste at 3.5%.

Removals by Land Use, Land Use change and forestry in FY 1995 were approximately 6.2%
as a proportion of absolute value of total emissions/removals.

1,335 1,353 1,345 1305 1330 1,349 1324 1,351 1,358 1,355

1,400 1,272 S —
1,205 1,214 1,224 1215 ! ! m M| H ! =
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200 r [ Energy
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(Fiscal Year)
Figure2-11  Trendsin emissions and removals of greenhouse gases in each category
* Values in boxes represent net emissions or removals. No values appear after 1995, however, as
carbon dioxide removals have not been estimated.

"t implies “ Category” indicated in the Revised 1996 IPCC Guidelines and CRF.

—
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Table 2-8 Trendsin emissions and removals of greenhouse gases in each category
[Mt CO; eq] 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Energy 10670 10742 10825| 10757| 11280 11403| 11538| 11482 11176| 11554 11752| 11621 11973 12085| 12044
Industrial Processes 68.4 69.3 695 683 70.4 120.1 1237 1215 1125 100.0 987 87.6 80.0 773 75.0
Solvent and Other Product Use 03 0.4 04 04 0.4 0.4 04 0.4 0.4 04 03 0.3 0.3 03 0.3
Agriculture 324 324 323 321 316 31.0 30.4 207 203 28.8 285 282 27.9 27.7 276

Land Uss, Li‘;‘r’;ﬁs Change and 715 -61.6 728 -78.0 -83.3 -87.8 [NE NE NE NE NE NE NE NE NE
Waste 37.0 375 38.9 38.4 418 430 445 45.4 45.1 45.2 46.1 455 45.2 474 475
Net Emissions/Removals 11336 11521 11509| 11370| 11800 1247.1| 13527| 13453| 13048| 13208| 13488| 13236| 13507| 1382 13549
ABS 12766 12754| 12064| 12030| 13s56| 14226| 13527| 13453| 13048| 13208| 13488| 13236| 13507| 1382 13549
Emissions 1,205.1 1,213.7 1,223.6 1,215.0 12723 1,334.8 1,352.7 1,345.3 1,304.8 1,329.8 1,348.8 1,3236 1,350.7 1,358.2 1,354.9

*NE: Not Estimated

2.3.1. Energy

Emissions from the Energy sector in FY 2004 were 1,204 million tons (in CO, equivalents),
an increase by 12.9% compared to FY 1990, and an decrease by 0.1% in comparison with the

previous year.
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Figure2-12  Trendsin GHGs emissions from the Energy sector

The breakdown of emissions of greenhouse gases from the Energy sector in FY 2004 shows
that CO, emissions from liquid fuel account for 50%, making it the single largest source of
emissions followed by the CO, emissions from solid fuel at 35% and the CO, emissions from
Gaseous fuel at 14%.

Table 2-9 Trendsin GHGs emissions from the Energy sector

[Gg COeq]

Source Category 1990 1995 2000 2003 2004

1A. Fuel Combustion 1,063,777.89 1,138,499.92 1,173,932.07 1,204,859.06 1,203,820
Liquid Euel CO, 646,156.89 675,688.08 633,156.09 609,856.74 598,425
Solid Fuel CO, 305,990.32 327,309.95 374,986.67 417,018.18 427 547
Gaseous Fuel CO, 104,300.83 126,197.95 155,260.89 167,045.34 166,893
CH, 619.62 756.64 786.91 743.84 746
N,O 6,710.23 8,547.30 9,741.51 10,194.96 10,208

1B. Fugitive Emissions from Fuel 3,200.53 1,800.83 1,237.21 598.66 584
CO, 36.67 50.98 36.08 34.52 35
CH, 3,163.74 1,749.70 1,201.02 564.03 549
N,O 0.11 0.16 0.11 0.11 0.11

Total 1,066,978.42 1,140,300.75 1,175,169.28 1,205,457.72 1,204,404
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2.3.2. Industrial Processes

Emissions from the Industrial processes sector in FY 2004 were 75.0 million tons (in CO,
equivalents), an increase by 9.7% compared to FY 1990, and a decrease by 2.9% in comparison
with the previous year.

It should be noted that emissions of HFCs, PFCs, and sulfur hexafluoride have not been
estimated (NE) through 1990 to 1994.
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B Production of HFCs
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Figure2-13  Trendsin GHGs emissions from the Industrial processes sector

The breakdown of emissions of greenhouse gases from the Industrial processes sector in
FY 2004 shows that emissions from mineral products, such as CO, emissions from the limestone
in cement production account for 63%, making it the single largest source of emissions followed
by the emissions from the consumption of PFCs such as semiconductor manufacture at 12% and
the consumption of HFCs at 9%.

Table2-10 Trendsin GHGs emissionsin the Industrial processes sector

[Gg COseq]
Category 1990 1995 2000 2003 2004
2A. Mineral Products (CO2) 55,124.30 57,157.86 50,466.05 46,382.43 46,917.11
2B. Chemical Industry 13,118.72 13,041.47 9,031.81 4,753.66 5,081.94
CO, 4,513.97 4,525.47 4,177.99 3,377.39 3,308.42
CH, 337.80 303.30 163.74 116.72 115.92
N,O 8,266.95 8,212.71 4,690.09 1,259.55 1,657.60
2C. Metal Production 176.68 355.28 1,198.72 1,163.91 1,119.58
CO, 176.68 163.32 152.73 145.01 148.81
PFCs NE 72.46 18.29 15.10 14.78
SFg NE 119.50 1,027.70 1,003.80 956.00
2E. Production of F-gas 0.00 22,927.70 14,897.54 7,291.21 3,220.60
HFCs NE 17,456.50 12,654.54 5,462.21 1,573.80
PFCs NE 762.90 1,382.60 1,016.40 882.00
Sk NE 4,708.30 860.40 812.60 764.80
2F. Consumption of F-gas 0.00 26,608.11 23,105.78 17,674.30 18,687.68
HFCs NE 2,776.49 5,891.76 6,813.37 6,926.71
PFCs NE 11,737.80 12,283.63 7,943.02 9,018.21
Sk NE 12,093.82 4,930.39 2,917.91 2,742.77
Total 68,419.70 120,090.43 98,699.91 77,265.51 75,026.92
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Chapter 2. Trends in GHGs Emissions and Removals

2.3.3. Solvent and Other Product Use

Emissions from the Solvents and other product use in FY 2004 were 298 thousand tons (of
CO; equivalents), an increase by 3.6% on FY 1990, and a decrease by 7.3% in comparison with
the previous year. The only substance included in calculations in this sector is laughing gas
(nitrous oxide) used as a general anesthetic in hospitals.
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Figure2-14  Trendsin GHGs emissions from the Solvent and other product use sector

2.3.4. Agriculture

Emissions from the Agriculture in FY2004 were 27.6 million tons (in CO, equivaents), a
decrease by 14.8% compared to FY 1990, and by 0.4% in comparison with the previous yesr.
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Figure2-15  Trendsin GHGs emissions from the Agriculture sector

The breakdown of emissions of greenhouse gases from the Agriculture in FY 2004 shows that

N>O emissions from agricultural soils due to the nitrogen-based fertilizers for 26%, making it the
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single largest source followed by CH,; emissions from enteric fermentation at 26%, and CH,
emissions from rice cultivation at 21%.

Table 2-11 Trendsin GHGs emissions from the Agriculture sector

[Gg CO.eq ]
Category 1990 1995 2000 2003 2004
4A. Enteric Fermentation(CH4) 7,641.73 7,575.17 7,344.65 7,176.15 7,141.03
4B. Manure Management 8,663.51 8,006.97 7,488.17 7,330.11 7,281.28
CH, 3,120.57 2,895.37 2,644.16 2,576.76 2,549.06
N,O 5,542.94 5,111.60 4,844.01 4,753.35 4,732.22
4C. Rice Cultivation(CH4) 7,075.73 7,200.86 6,018.51 5,785.48 5,807.29
4D. Agricultural Soils (N20) 8,786.55 8,047.03 7,459.04 7,240.27 7,200.44
4F. Field Burning of Agricultural Residues 233.69 209.92 189.72 176.57 175.43
CH, 129.77 121.22 108.54 101.85 101.48
N,O 103.92 88.70 81.18 74.72 73.94
Total 32,401.21 31,039.95 28,500.09 27,708.58 27,605.47

2.3.5. Land Use, Land Use Change and Forestry

Net Removals (including CH,and N,O emissions) in the Land Use, Land Use Change and
Forestry in fiscal 1995 was 87.8 million tons, an increase by 22.7% on FY 1990, and by 5.4% in
comparison with the previous year. Emissions and removals since FY1996 have not been
estimated (NE) because the data was not prepared.
In 1995, the category “Forest land” was net removal and other land use categories were net

emissions.
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Figure2-16  Trendsin emissions and removals of GHGs from the LUL UCF sector
Table 2-12Trends in emissions and removals of GHGs from the LULUCF sector
[Gg COseq]
1990 1991 1992 1993 1994 1995
5A. Forest land -82,722.94 -72,288.00 -83,560.22 -86,910.12 -90,709.54 -94,881.08
5B. Cropland 4,663.77 3,907.86 3,785.16 3,085.51 2,194.72 2,005.16
5C. Grassland 2,450.83 2,104.62 2,013.07 1,737.97 1,784.93 1,625.12
5D. Wetlands 69.70 66.70 199.42 87.25 95.80 227.91
5E. Settlements 2,821.02 3,340.30 3,659.19 2,727.91 2,121.48 2,067.38
5F. Other land 1,180.22 1,251.80 1,127.09 1,282.44 1,206.40 1,184.34
Total -71,537.41 -61,616.72 -72,776.30 -77,989.03 -83,306.21 -87,771.16
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2.3.6. Waste

Emissions from the Waste in FY2004 were 47.5 million tons (in CO, equivaents), an
increase by 28.4% compared to FY1990, and an increase by 0.2% in comparison with the

previous year.
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Trends in GHGs emissions from the Waste sector

Figure 2-17

The breakdown of GHGs emissions from the Waste in FY 2004 shows that CO, emissions from
waste derived from petrochemicals such as waste plastics and waste oil incineration, accounting for
74%, making it the single largest source of emissions. It is followed by CH,4 emissions from solid
waste disposal sites at 12%, and N,O emissions from combustion of waste (including waste
products derived from substances other than fossil fuels) at 6%.

Table 2-13 Trends in GHGs emissions from the Waste sector

[Gg COzeq ]
Category 1990 1995 2000 2003 2004
6A. SWDS (CH,) 8,881.48| 8,729.71| 7,30840( 6,153.58| 5,832.26
6B. Wastewater Handling 368440 332597 300589 2,779.95| 2,802.73
CH, 213341 1,869.46( 1,640.77| 1,49239| 1,499.75
N,O 155099 145651 1,365.12| 1,287.56( 1,302.98
6C. Waste Incineration 23,727.79| 30,235.57| 35,117.02| 37,969.01| 38,372.50
CO, 21,754.02 | 27,719.06| 32,257.09| 34,986.06| 35,394.80
CH, 62.90 65.44 76.10 80.91 80.99
N,O 191088 2451.07| 2,783.83| 290204 2,896.71
6D. Other 722.95 684.06 674.57 535.84 527.81
CO, 702.83 667.83 655.91 516.53 508.26
N,O 20.12 16.24 18.66 19.31 19.54
Total 37,016.63 | 42,975.31| 46,105.89| 47,438.38| 47,535.30

2.4. Description and Interpretation of Emission Trends for Indirect Greenhouse Gases

and SO,

Under UNFCCC, it is required to report emissions of indirect greenhouse gases (NOy, CO,
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NMVOC and SO,), other than 6 types of greenhouse gases (CO,, CH,4, NO, HFCs, PFCs and
SF¢) which are not controlled by the Kyoto Protocol. Emission trends of these gases are indicated

bel ow.
6,000 110
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Figure 2-18 Trends in Emissions of Indirect Greenhouse Gases and SO,

Nitrogen oxide (NOx) emissionsin FY 2004 were 2,090 Gg, a decrease by 3.9% compared to
FY 1990, and by 3.5% compared to the previous year.

Carbon monoxide (CO) emissions inFY 2004 were 2,731 Gg, a decrease by 32.1% compared
to FY 1990, and by 4.5% compared to the previous year.

Non-methane volatile organic compounds (NMVOC) emissions in FY 2004 were 1,713 Gg, a
decrease by 11.5% compared to FY 1990, and an decrease by 1.2% compared to the previous year.

Sulfur dioxide (SO,) emissions inFY 2004 were 831 Gg, a decrease by 20.3% compared to
FY 1990, and by 0.9% compared to the previous year.
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Chapter 3. Energy (CRF sector 1)

Chapter 3. Energy (CRF sector 1)

3.1. Fuel Combustion (1.A.)

3.1.1. Fuel Combustion (COy)

» Background

When fossil fuels such as coal, oil products and natural gas are combusted, carbon
contained in these types of fuelsis oxidized and emitted into the atmosphere.

» Methodology for Estimating Emissions of GHGs

Tier 1 Sectoral Approach has been used in accordance with the decision tree of the Good
Practice Guidance (2000) (Page 2.10, Fig. 2.1) to calculate emissions. Country-specific
emission factors are used for all types of fuel.

E=Y" [(A -N,)*GCV, *10°* EF, * OF [ 44/12

: CO, emissions from fossil fuel combustion [ tCO;]
: Energy consumption [ t, ki, m®]
: Non-energy product use of fossil fuels| t, kI, m*]
GCV : Grosscaorific value[ MJkg, MJI, MIm? ]
EF : Carbon content of the fuel [ tC/TJ]
OF : Oxidation factor
i : Type of energy
i : Sector

Z > m

* Emission Factors

-Carbon emission factors

, The carbon content of fuels expressed as the unit of calorific value (Gross Calorific
Value) was used for carbon emission factors. Most of them are country-specific values.

Emission factors were developed based on three different concepts; (a) Energy sources
other than Blast Furnace Gas (BFG) and Town gas, (b) BFG, and (c) Town gas.

(a) Energy sources other than Blast Furnace Gas (BFG) and Town gas. Emission factors
are based on the carbon content of each fud type.

(b) BFG: During iron and steel production process, in the blast furnace and L.D. converter,
the amount of energy and carbon contained in coke and PCI coa which are injected to the
processes and these contained in BFG and LDG which are calculated should be theoretically
balanced. Since the composition of BFG is unstable, emission factors for BFG was
established with annually calculated value in order to keep carbon balance in blast furnace and
L.D. converter during the iron and steel production process.

(c) Town gas: Town gas is produced from the mixture of raw materials and air dilution.
In order to calculate town gas emission factors, total carbon contained in fossil fuel used as
raw materials was divided by the total calorific value of produced town gas.
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Table 3-1 provides the emission factors for CO, by fuel types.

Table 3-1 Emission factors for fuel combustion

Fuel Code Unit 1990 1995 2000 2003 2004

Steel Making Coal $110 tC/TJ 24,51 24,51 24.51 24.51 24.51
Coking Coal $111 tC/TJ 2451 2451 24,51 24.51 2451

PCI Coal $112 tC/TJ 24.51 24,51 24.51 24.51 24,51
Imported Steam Coal $130 tC/TJ 24,71 24,71 24.71 24,71 24,71

g Imported Coal : for general use $131 tC/TJ 24.71 24,71 24.71 24.71 24,71
O Imported Coal : for power generation $132 tC/TJ 24.71 24.71 24.71 24.71 24.71
Indigenous Steam Coal $135 tC/TJ 24.90 24.90 24.90 24.90 24.90
Underground $136 tC/TJ 24.90 24.90 24.90 24.90 24.90

Open Pit $137 tC/TJ 24.90 24.90 24.90 24.90 24.90

Hard Coal, Anthracite & Lignite $140 tC/TJ 25.46 25.46 25.46 25.46 25.46

" Coke $161 tC/TJ 29.38 29.38 29.38 29.38 29.38
§ Coal Tar $162 tC/TJ 20.90 20.90 20.90 20.90 20.90
"§ Coal Briquette $163 tC/TJ 29.38 29.38 29.38 29.38 29.38
o Coke Oven Gas $171 tC/TJ 10.99 10.99 10.99 10.99 10.99
§ Blast Furnace Gas $172 tC/TJ 27.28 26.91 26.60 26.53 26.55
Converter Furnace Gas $173 tC/TJ 38.44 38.44 38.44 38.44 38.44
Crude Oil for Refinery $210 tC/TJ 18.66 18.66 18.66 18.66 18.66

= Crude Oil for Power Generation $220 tC/TJ 18.66 18.66 18.66 18.66 18.66
o Vitumous Mixture Fuel $221 tC/TJ 19.96 19.96 19.96 19.96 19.96
Natural Gas Liquid & Condensate $230 tC/TJ 18.40 18.40 18.40 18.40 18.40

Slack Gasoline $271 tC/TJ 18.17 18.17 18.17 18.17 18.17

Slack Kerosene $272 tC/TJ 18.51 18.51 18.51 18.51 18.51

Slack Diesel Oil or Gas Qil $273 tC/TJ 18.73 18.73 18.73 18.73 18.73

Slack Fuel Oil $274 tC/TJ 19.54 19.54 19.54 19.54 19.54
Cracked Gasoline $275 tC/TJ 18.17 18.17 18.17 18.17 18.17
Cracked Diesel Oil or Gas Qil $276 tC/TJ 18.73 18.73 18.73 18.73 18.73
Feedstock Oil for Refinery and Mixing $277 tC/TJ 18.66 18.66 18.66 18.66 18.66
Naphtha $281 tC/TJ 18.17 18.17 18.17 18.17 18.17
Reformed Material Oil $282 tC/TJ 18.29 18.29 18.29 18.29 18.29
Gasoline $310 tC/TJ 18.29 18.29 18.29 18.29 18.29
Premium Gasoline $311 tC/TJ 18.29 18.29 18.29 18.29 18.29

2 Regular Gasoline $312 tC/TJ 18.29 18.29 18.29 18.29 18.29
é Jet Fuel $320 tC/TJ 18.31 18.31 18.31 18.31 18.31
< Kerosene $330 tC/TJ 18.51 18.51 18.51 18.51 18.51
i Gas Oil or Diesel Oil $340 tC/TJ 18.73 18.73 18.73 18.73 18.73
o Fuel Oil A $351 tC/TJ 18.90 18.90 18.90 18.90 18.90
Fuel Oil C $355 tC/TJ 19.54 19.54 19.54 19.54 19.54
Heating Oil B $356 tC/TJ 19.22 19.22 19.22 19.22 19.22
Heating Oil C $357 tC/TJ 19.54 19.54 19.54 19.54 19.54
Heating Qil C for Power Generation $358 tC/TJ 19.54 19.54 19.54 19.54 19.54
Lublicating Oil $365 tC/TJ 19.22 19.22 19.22 19.22 19.22
Asphalt $371 tC/TJ 20.77 20.77 20.77 20.77 20.77

Non Asphalt Heavy Oil Products $372 tC/TJ 20.77 20.77 20.77 20.77 20.77

Oil Coke $375 tC/TJ 25.35 25.35 25.35 25.35 25.35
Galvanic Furnace Gas $376 tC/TJ 38.44 38.44 38.44 38.44 38.44
Refinary Gas $380 tC/TJ 14.15 14.15 14.15 14.15 14.15
Liquified Petroleum Gas $390 tC/TJ 16.32 16.32 16.32 16.32 16.32

@ Liquefied Natural Gas $410 tC/TJ 13.47 13.47 13.47 13.47 13.47
o Indigenous Natural Gas $420 tC/TJ 13.90 13.90 13.90 13.90 13.90
‘_,3_" Indigenous Natura | Gas $421 tC/TJ 13.90 13.90 13.90 13.90 13.90
] Coal Mining Gas $422 tC/TJ 13.47 13.47 13.47 13.47 13.47
z Off-gas from Crude Oil $423 tC/TJ 13.90 13.90 13.90 13.90 13.90
< Town Gas $450 tC/TJ 14.04 13.99 13.80 13.72 13.82
E 8 Town Gas $460 tC/TJ 14.04 13.99 13.80 13.72 13.82
Small Scale Town Gas $470 tC/TJ 16.32 16.32 16.32 16.32 16.32
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(a)Energy sources other than Blast Furnace Gas (BFG) and Town gas
Adequacy assessment was conducted for emission factors which were used in the
inventories submitted in 2005 based on the following 3 criteria.

»  Comparison with theoretical upper and lower limit

»  Comaprison with default valuesindicated in 1996 revised IPCC guidelines

» Carbon balance assessment for energy group with Energy Balance Table (General
Energy Satistics).

Emissions factors assessed as adequate continue to be used in this inventory, and the ones
assessed as inadequate were substituted by the values given in Ministry of the Environment,
committee for the Greenhouse gases Emissions Estimation Methods, in its GHGs Estimation
Methods Committee Report Part 1, August 2002.

(b) BEG and (c) Town gas
Values for these fuels are established with annually calculated values based on the carbon
balance of their production processe. For more details, refer to Annex 2 of this report.

-Oxidation factor

For each type of energy, country-specific oxidation factors were established considering
the actual conditions of fuel combustion in Japan based on survey on related industrial groups,
manufacturing corporations and experts.

Gaseous Fuels

Every result of measurement of soot concentration of boiler to generate powers in 2004 for
gaseous fuels combustion shows that no soot was emitted; therefore, it is considered that
gaseous fuels are completely combusted. The results of questionnaires also shows that gaseous
fuels are completely combusted. Hence, oxidation factor for gaseous fuels combustion was se
to 1.0.

Table 3-2 Data of gaseous fuel combustion

Fired condition Provider Survey

Complete combustion The Federation for Electric Power | measurement of soot concentration of

Companies Japan (FEPC) boiler to generate powersin 2004

Liquid Fuels (Petroleum Fuels)

Carbon contained in liquid fuel is considered to be almost completely combusted; however,
unburned fuel loss, about 0.5%, may occurr depending on its fired condition. Because the data
of actual measurement was not available, considering meticulous combustion management and
smoke trestment in Japan, oxidation factor for liquid fuels combustion was set to 1.0.

Solid Fuels

Oxidation factor for solid fuels varies depending on fired condition, type of furnace, and

coal property; therefore, it is quite difficult to obtain representational data set of actual
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measurement of unburned fuel loss. Meanwhile, almost all the unburned carbon generated
during combustion in furnace is considered to be contained in coal ash. Coal ash is effectively
utilized or landfilled. Carbon contained in coal ash which is used as raw material of cement is
oxidized to carbon dioxide and emitted into the atmosphere during cal cinations processes.

Average oxidation factor from 1990 to 2003 considering unburned carbon oxidized in
firing process of coal ash eventually is 0.996, expressed as 3 effective digits after decimal
point. 2 effective digits after the decimal point are considered to be adequate in the view of
other coefficients’ accuracy; therefore, oxidation factor for solid fuelsis set to 1.0 rounding off
to two decimal places.

* Activity Data

-Energy consumption and non-energy product use of fossil fuels

Values subtracting energy consumption reported under ‘Non-energy’ [#9500] from energy
consumption reported under ‘Energy Conversion & Own use' [#2000], ‘Industry’ [#6000],
‘Residential’ [#7100], ‘Commercial & Others [#7500], and ‘Transportation’ [#8000] in
Japan’s Energy Balance Table (General Energy Satistics) are used for activity data. Because
energy consumption reported under ‘ Non-energy’ [#9500] was used for the purposes other than
combustion and was considered not emitting CO,, these values were deducted.

In ‘Energy Conversion & Own use, ‘Power Generation’ [#2100], ‘Auto Power
Generation’ [#2200] , ‘Industrial Steam Generation’ [#2300] , ‘District Heat Supply’ [#2350]
and ‘Own Use & Loss [#2900] are calculated, and other sectors ( ‘Town Gas Production’
[#2400Q] , ‘Coal Products' [#2500] , ‘Qil Products [#2600] , ‘Other Conversions & Blending’
[#2700], ‘Other Input/Output’ [#3000] and ‘Stock Change [#3500]) are excluded from
calculations.

Energy consumptios reported under ‘ Town Gas Production’ [#2400] are feedstocks of town
gas production, and was not used to purposes combustion. Therefore, they are excluded from
caculations. Meanwhile, CO, emissions from carbon contained in these feedstocks are
calculated with town gas consumption in final energy consumption sector (industry, residential,
commercial & others and transportation).

Energy consumptions reported under ‘Coal Products [#2500] and ‘Oil Products [#2600]
are feedstocks for coal products and oil products, and was not used for the purpose of
combustion. Meanwhile, CO, emissions from carbon contained in these feedstocks are
calculated with each kind of energy consumption in energy conversion sector and final energy
consumption sector (industry, residential, commercia & others and transportation).

‘Other Conversions & Blending' [#2700] sector means energy conversion other than power
generation, steam generation, coa product and oil refinery, and product chategory change by
minor operation. Energy consumption reported under this sector is not for the purpose of
combusttion; therefore, this sector is excluded from calculations.

‘Other Input/Output’ [#3000] is sector to report the inconsistency between shipping
volume and production/receiving volume. ‘ Stock Change’ [#3500] means change in stocks in
final energy consumption sector. Energy consumptions reported under both sectors are
excluded from cal cul ation because these carbons are not combusted.
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-Gross calorific value

Gross calorific values used in Japan's Energy Balance Table (General Energy Satistics)
are adopted. ! shows trends in gross calorific value for
each fuel type. Japan's Energy Balance Table (General Energy Satistics) is adopting actua
calorific values based on calculation based on annual official statistics for some fuel types
which can be recalculated. For other fuel types which can not be recalculated and whose
composition is stable, standard calorific values based on relevant officia statistics and
document are adopted.

Table 3-3 Trendsin gross calorific value of each fuel type

Fuel Code Unit 1990 1995 2000 2003 2004

Steel Making Coal $110 MJ/kg 31.81 30.53 29.10 29.10 29.10
Coking Coal $111 MJ/kg 31.81 30.53 29.10 29.10 29.10

PCI Coal $112 MJ/kg 31.81 30.53 28.20 28.20 28.20
Imported Steam Coal $130 MJ/kg 25.95 25.95 26.60 26.60 26.60

T Imported Coal : for general use $131 MJ/kg 25.95 25.95 26.60 26.60 26.60
§ Imported Coal : for power generation $132 MJ/kg 24.92 26.13 26.39 25.88 25.66
Indigenous Steam Coal $135 MJ/kg 24.28 24.28 22.50 22.50 22.50
Underground $136 MJ/Kkg 24.28 24.28 23.20 23.20 23.20

Open Pit $137 MJ/kg 18.70 18.70 18.70 18.70 18.70

Hard Coal, Anthracite & Lignite $140 MJ/kg 27.21 27.21 27.20 27.20 27.20

Coke $161 MJ/Kkg 30.14 30.14 30.10 30.10 30.10

g Coal Tar $162 MJ/kg 37.26 37.26 37.26 37.26 37.26
8 Coal Briquette $163 MJ/kg 23.90 23.90 23.90 23.90 23.90
E Coke Oven Gas $171 MJI/m°N 21.51 21.57 21.27 21.36 21.36
§ Blast Furnace Gas $172 MJI/m°N 3.51 3.59 3.64 3.68 3.69
Converter Furnace Gas $173 MJI/m>N 8.37 8.37 8.41 8.41 8.41
Crude Oil for Refinery $210 MJ/l 38.34 38.27 38.22 38.16 38.12

= Crude Oil for Power Generation $220 MJ/N 39.05 39.15 39.59 39.54 39.66
© Vitumous Mixture Fuel $221 MJ/kg 30.06 30.31 29.86 29.91 29.86
Natural Gas Liquid & Condensate $230 MJ/I 35.74 35.51 35.41 35.34 35.50

Slack Gasoline $271 MJ/I 33.63 33.63 33.57 33.55 33.55

Slack Kerosene $272 MJ/ 36.78 36.79 36.76 36.75 36.74

Slack Diesel Oil or Gas Qil $273 MJ/I 38.56 38.59 38.58 38.57 38.57

Slack Fuel Oil $274 MJ/I 41.82 41.77 41.79 41.78 41.76
Cracked Gasoline $275 MJ/I 33.63 33.63 33.57 33.55 33.55
Cracked Diesel Qil or Gas Oil $276 MJ/I 38.56 38.59 38.58 38.57 38.57
Feedstock Oil for Refinery and Mixing $277 MJ/I 38.34 38.27 38.22 38.16 38.12
Naphtha $281 MJ/I 33.63 33.63 33.57 33.55 33.55
Reformed Material Qil $282 MJ/I 35.09 35.09 35.09 35.09 35.09
Gasoline $310 MJ/I 34.57 34.61 34.60 34.60 34.59
Premium Gasoline $311 MJ/I 35.09 35.09 35.09 35.09 35.09
Regular Gasoline $312 MJ/ 34.48 34.48 34.48 34.48 34.48

§ Jet Fuel $320 MJ/I 36.42 36.42 36.70 36.70 36.70
g Kerosene $330 MJ/I 36.78 36.79 36.76 36.75 36.74
a Gas Oil or Diesel Oil $340 MJ/I 38.11 38.09 38.18 38.00 37.77
8 Fuel Oil A $351 MJ/1 39.74 39.61 39.33 39.15 39.17
Fuel Oil C $355 MJ/I 42.68 42.18 41.97 42.02 41.92
Heating Oil B $356 MJ/I 40.19 40.19 40.40 40.40 40.40
Heating Oil C $357 MJ/I 42.68 42.18 41.97 42.02 41.92
Heating Oil C for Power Generation $358 MJ/l 41.06 41.12 41.33 41.06 41.28
Lublicating Oil $365 MJ/I 40.19 40.19 40.20 40.20 40.20
Asphalt $371 MJ/kg 41.64 41.15 40.95 41.00 40.89

Non Asphalt Heavy Oil Products $372 MJ/kg 41.64 41.15 40.95 41.00 40.89

Oil Coke $375 MJ/kg 35.58 35.58 35.60 35.60 35.60
Galvanic Furnace Gas $376 MJI/m°N 8.37 8.37 8.41 8.41 8.41
Refinary Gas $380 MJI/m3N 39.35 39.35 44.90 44.90 44.90
Liquified Petroleum Gas $390 MJ/kg 50.23 50.23 50.20 50.20 50.20

a Liquefied Natural Gas $410 MJ/kg 54.60 54.57 54.55 54.57 54.57
9 Indigenous Natural Gas $420 MJI/m3N 42.09 42.39 42.55 42.91 42.39
g Indigenous Natura | Gas $421 MJI/m°N 42.09 42.39 42.55 42.91 42.39
B Coal Mining Gas $422 MJI/m°N 36.00 36.00 16.70 16.70 16.70
< Off-gas from Crude Oil $423 MJI/m>N 42.09 42.39 42.55 42.91 42.39
Town Gas $450 MJI/m*N 41.86 41.86 41.10 41.10 41.10

% fg Town Gas $460 MJI/m°N | 41.86 41.86 41.10 41.10 41.10

F Small Scale Town Gas $470 MJ/m°N | 100.50 100.50 100.50 100.50 100.50
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e Other issues

- Assumptions Relating to Allocation of Carbon Dioxide from Auto Power Generation and
Industrial Steam Generation

The Revised 1996 IPCC Guidelines requires carbon dioxide emitted from auto power
generation, etc., to be counted in the corresponding sector. In Japan’s Energy Balance Table
(General Energy Satistics),, fuel consumption used for auto power generation and industria
steam generation are presented under ‘Auto Power Generation’ [#2200] , ‘Industrial Steam
Generation’ [#2300] in the Energy Conversion Sector. However, auto power generation and
industrial steam generation actualy belong to industrial sector. Hence, carbon dioxide
emissions from “Auto Power Generation” and “Industrial Steam Generation” are allocated to
each section of ‘1A 2 Manufacturing Industries and Construction’.

-Consistnecy between sectors of Japan’s Energy Balance Table (General Energy Satistics) and
of the CRF

In order to report CO, emissions in CRF, emissions reported under the sectors in Japan’s
Energy Balance Table were reported under each sector in CRF asindicated in Table 3-4.

Table 3-4 Correspondence between sectors of Japan’s Energy Balance Table and of the CRF

CRF Japan's Energy Balance Table
1A1 Energy Industries

Power Genertion, General Electric Utilities #2110
Own use, General Electric Utilities #2911
1Ala Public Electricity and Heat Power Genertion, Independent Power Producing #2150
Production Own use, Independent Power Producing #2912
District Heat Supply #2350
Own use, District Heat Supply #2913
1A1b Petroleum Refining Own use, Oil Refinary #2916
Manufacture of Solid Fuels and Own use, Town Gas #2914
1Alc Other Energy Industries Own use, Steel Coke #2915
Own use, Other Conversion #2917

Manufacturing Industries and

1A2 .
Construction

Auto: Iron & Steel #2217
Steam Generation: Iron & Steel #2307
1A2a Iron and Steel Final Energy Consumption, Iron & Steel #6580
Non-Energy, lron & Steel #9680
Auto: Non-Ferrous Metal #2218
Steam Generation: Non-Ferrous Metal #2308
1A2b Non-Ferrous Metals Final Energy Consumption, Non-Ferrous Metal #6590
Non-Energy, Non-Ferrous Metal #9690
Auto: Chemical Textiles #2212
Steam Generation: Chemical Textiles #2302
Final Energy Consumption, Chemical Textiles #6530
. Non-Energy, Chemical Textiles #9630
1AZc Chemicals Auto: Chemical #2214
Steam Generation: Chemical #2304
Final Energy Consumption, Chemical #6550
Non-Energy, Chemical #9650
Auto: Pulp & Paper #2211
. Steam Generation: Pulp & Paper #2301
1A2d Pulp, Paper and Print Final Energy Consumption, Pulp & Paper #6520
Non-Energy, Pulp & Paper #9620
LA%e Food Processing, Beverages and Final Energy Consumption, Food #6510
Tobacco Non-Energy, Non-Manufacturing Industry (Food) #9610
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CRF Japan's Energy Balance Table
Other

Final Energy Consumption, Construction #6150

Construction Non-Energy, Non-Manufacturing Industry (Construction) #9610
Auto: Oil products #2213

Oil Products Steam Generation: Qil products #2303
Final Energy Consumption, Oil products #6540

Non-Energy, Oil products #9640

Auto: Glass Wares #2215

Glass Wares Steam Generation: Glass Wares #2305
Final Energy Consumption, Glass Wares #6560

Non-Energy, Glass Wares #9660

Auto: Cement & Ceramics #2216

1A2f Cement&Ceramics Steam Generation: Cement & Ceramics #2306
Final Energy Consumption, Cement & Ceramics #6570

Non-Energy, Cement & Ceramics #9670

Auto: Machinery & Others #2219

Machinery Steam Generation: Machinery & Others #2309
Final Energy Consumption, Machinery #6600

Non-Energy, Machinery #9700

Auto: Duplication Adjustment #2220

Duplication Adjustment Steam Generation: Duplication Adjustment #2310
Final Energy Consumption, Duplication Adjustment #6700

Non-Energy, Duplication Adjustment #9710

Auto: Others #2250

Other Industries & SMEs Final Energy Consumption, Other Industries & SMEs #6900
Non-Energy, Other Industries & SMEs #9720

1A3 Transport

Final Energy Consumption, Passenger Air #8140

1A3a Civil Aviation Final Energy Consumption, Freight Air #8540
Non-Energy, Transportation (Air) #9850

Final Energy Consumption, Passenger Car #8110

Final Energy Consumption, Freight Freight, Truck & Lorry #8510

Final Energy Consumption, Passenger Bus #8115

Final Energy Consumption, Passenger, Transportation fraction

1A3b Road Transportation . . #8190
estimation error
Fin_al Epergy Consumption, Freight, Transportation fraction #8590
estimation error.
Non-Energy, Transportation (Car, Truck & Lorry, Bus) #9850
Final Energy Consumption, Passenger Rail #8120
1A3c Railways Final Energy Consumption, Freight Rail #8520
Non-Energy, Transportation (Rail) #9850
Final Energy Consumption, Passenger Ship #8130
1A3d Navigation Final Energy Consumption, Freight Ship #8530
Non-Energy, Transportation #9850
1A3e Other Transportation - -
1A4 Other Sectors
. . Final Energy Consumption, Commercial & Others #7500
1A4a Commercial/Institutional Non-Energy, ResCom & others (Commercial & Others) #9800
. . Final Energy Consumption, Residential #7100
1A4b Residential Non-Energy, ResCom & others (Residential) #9800
Final Energy Consumption, Agruculture, Forestry & Fishery #6110
1A4c Agriculture/Forestry/Fisheries  |Non-Energy, Non-Manufacturing Industry
. #9610
(Agruculture, Forestry & Fishery)
1A5 Other
Final Energy Consumption, Mining #6120
1ASa Stationary Non-Energy, Non-Manufacturing Industry (Mining) #9610

1A5b Mobile - -

Note 1: Non-Energy is subtracted.
Note 2: Non-Manufacturing Industry of Non-Energy are not disaggregated, therefore, values in sub-sectors
were allocated based on energy consumption of each fuel type.

e
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-Reporting emissions from waste used as energy

In Japan, GHGs emissions from waste used as energy are reported under waste sector
considering actual waste management condition in Japan. Greenhouse gas (CO,, CH,4, N,O)
emissions from raw material and fuel use of waste are estimated 11.4 milliion t-CO,eq in 2004.
Details are in waste sector (NIR Ch.8).

Table 3-5 GHG emissions from raw material and fuel use of waste

Gas Unit 1990 1995 2000 2003 2004
CO, Gg-CO, 3302] 5184 7479 10612 11,006
CH, Gg-CO,eq 39 42 55 64 64
N,O Gg-CO,eq 55 120 207 288 290
Total Gg-CO,eq 3397 5345] 7741 10964] 11,360

3.1.2. Sationary Combustion (1.A.1., 1.A.2,, 1.A.4.: CH4and N;0O)

» Background

Non-CO, gases are generated from fuel combustion in stationary sources. CH, is
generated as a result of incomplete combustion, and as such, if sufficient care is taken to
ensure complete combustion, CH4 will not be generated. N,O is generated through the
reaction of NO, which is generated by combustion, with nitrogen-containing volatile
components in fuels. Consequently, the higher the nitrogen content of the fuel used, the
more likely it is that N,O will be generated. However, the reaction that produces N,O is also
dependent on temperature, with N,O more likely to be generated at lower temperatures.
More N,O will accordingly be generated by furnaces such as fluidized bed boilers that burn
fuel at low temperatures in the 800-900°C range. N,O can also be generated when NOXx
makes contact with catalysts for NOx removal.

CH, emission from coking furnacesis calculated in Industrial Processes.

» Methodology for Estimating Emissions of GHGs

Because it is possible to use fuel-specific, sector-specific and furnace-specific activity data,
and also to set country-specific emission factors for Japan, Tier 2 country-specific emission
factors were used to calculate emissions in accordance with the 1996 Revised IPCC Guidelines
and Good Practice Guidance (2000). However, in residential and other sectors in which
activity data for different furnace types cannot be used, Tier 1 IPCC default emission factors
were used.

Emissions were caculated by multiplying fuel-specific, furnace-specific and
sector-specific activity data by fuel-specific and furnace-specific emission factors.

* Emission Factors

Based on data obtained from surveys conducted in Japan (Table 3-6), chimney flue CH,,
N,O and O, concentrations, and the theoretical (dry) exhaust gas volumes, theoretical air
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volumes, and higher heating values shown in Table 3-7 were employed to establish emission
factors for each kind of facility using the combustion calculation formula’.

Emission factors for each kind of facility were averaged after dividing facilities according
to fuel and furnace types, and CH, and N,O emission factors were established ( Table 3-8,
Table 3-9). Anomalous values were excluded according to t-testing or expert opinion when
calculating average values.

Table 3-6 References for measurement data used in establishment of emission factors

References

1 Hokkaido Prefecture, Report of GHG Emissions Intensity from Sationary Combustion, 1991

2 Hyogo Prefecture, Report of GHG Emissions Intensity from Sationary Combustion, 1991

3 Osaka Prefecture, Sudy of GHG Emissions Intensity from Sationary Combustion, 1991

4 Hokkaido Prefecture, Report of GHG Emissions Intensity from Sationary Combustion, 1992

5 Hyogo Prefecture, Report of GHG Emissions Intensity from Sationary Combustion, 1992

6 City of Kitakyusyu, Report of GHG Emissions | ntensity from Sationary Combustion, 1992

7 Hyogo Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1993

8 Hyogo Prefecture, Report of GHG Emissions Intensity from Sationary Combustion, 1994

9 Kanagawa Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1995

10 | Niigata Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1995

11 | Osaka Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1995

12 | Hiroshima Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1995

13 | Fukuoka Prefecture, Report of GHG Emission Factors from Sationary Combustion, 1995

14 | City of Osaka, Sudy of GHG Emission Factors from Sationary Combustion, 1995

15 | City of Kobe, Sudy of GHG Emission Factors from Sationary Combustion, 1995

16 | Hokkaido Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

17 Ishikawa Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

18 | Kyoto Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

19 | Osaka Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

20 Hyogo Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

21 Hiroshima Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1996

22 | Fukuoka Prefecture, Report of GHG Emission Factors from Sationary Combustion, 1996

23 | Kyoto Prefecture, Report of GHG Emission Factors from Sationary Combustion, 1997

24 Hyogo Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1997

25 Fukuoka Prefecture, Report of GHG Emission Factors from Sationary Combustion, 1997

26 | Japan Sociality Atmospheric Environment, Reports on Greenhouse gas emissions estimation
methodology, 1996

27 Osaka Prefecture, Sudy of GHG Emission Factors from Sationary Combustion, 1999

28 Hyogo Prefecture, Report of GHG Emission Factors from Sationary Combustion, 2000

29 | Thelngtitute of Applied Energy, Report for Trend of Fuel Quality in Lowering
Environmental Atmospheric Quality, 2000

30 Measurement Data prepared by Committee for the Greenhouse Gases Emissions Estimation
Methodsin FY 1999

31 Data prepared by the Federation of Electric Power Companies of Japan

32 IPCC, Revised 1996 |PCC Guidelines (Reference Manual), 1997

1 For CHsand N20 emissions from electric arc furnaces, combustion calculation was carried out using
measurement results for CHs and N20 concentrations in exhaust gas, dry exhaust gas volume per unit
time, and calorific value per unit time.
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Table 3-7 Theoretical exhaust gas and air volumes, higher heating value for different fuels

. Theoretical exhaust gas| , ;. . Theoretical air
Fuel type Fllj)r(]ﬁd volume (dry) gy g vE volume Remarks
m°y/1,kg,m°N kJ/l kg,m°NkWh | m3y/I,kgm°N

Heavy oil A | 8.900 39,100 9.500 1
Heavy oil B [ 9.300 40,400 9.900 1
Heavy il C | 9.500 41,700 10.100 1
Diesd ail | 8.800 38,200 9.400 1
Kerosene | 8.400 36,700 9.100 1
Crude ail | 8.747 38,200 9.340 1
Naphtha | 7.550 34,100 8.400 1
Other liquid fuels | 9.288 37,850 9.687 2
Other liquid fuels (heavy) | 9.064 37,674 9.453 2
Other liquid fuels (light) | 9.419 35,761 9.824 2
Steam coal kg 7.210 26,600 7.800 1
Coke kg 7.220 30,100 7.300 1
Harvested wood kg 3.450 14,367 3.720 2
Charcoa kg 7.600 30,500 7.730 3
Other solid fuels kg 7.000 33,141 7.000 2
Town gas m° 9.850 46,047 10.949 2
Coke oven gas (COG) m 4.500 21,100 4.800 1
Blast furnace gas (BFG) m° 1.460 3,410 0.626 1
Liquefied natural gas (LNG) kg 11.766 54,500 13.093 1
Liquefied petroleum gas (LPG)| kg 11.051 50,200 12.045 1
Linz-Donawitz (LD) gas m 2.200 8,410 1.500 1
Refinery gas (offgas) m 11.200 44,900 12.400 1
Other gaseous fuels m 4.587 28,465 4.096 2
Other gaseous fuels] m° 7.889 40,307 7.045 2
(petroleum)

Other gaseous fuels (steel) m 2.812 19,097 2511 2
Other gaseous fuels (mining) m 3.396 38,177 3.032 2
Other gaseous fuels (other) m 4.839 23,400 4.321 2
Pulping waste liquor kg 3.245 13,898 3.499 2
Electricity kWh 3,600 1

Note 1: Theoretical exhaust gas and air volumes are the standard values given in the from the Ministry of the
Environment’s Research of Air Pollutant Emissions from Sationary Sources (hereafter MAP Survey),, except for
town gas, LNG and LPG, for which values calculated from constituent data were used. For town gas, the
congtituents of town gas 13A were considered to be representative. Regarding higher heating value, standard
calorific values given in General Energy Statistics were used for items marked 1, and standard values given in the
MAP Survey (based on the 1992 survey) for items marked 2 in the Remarks column. The higher heating value for
steam coa (imported) was used for the higher heating value of steam coal. The item marked 3 in the Remarks
column was set by the 2005 Committee based on reference materials etc.

Table 3-8 CH, emission factors for different fuels and furnaces (unit: kg-CH4/TJ)

Emission
Furnace type Fuel type factor Remarks
Boiler Heavy oils B and C, crude oil 0.10 Average of 9 facilities

Heavy oil A, diesel oil, kerosene,

Boiler naphtha, other liquid fuels 0.25 Average of 2 facilities
Boiler Gaseous fuel 0.22 Average of 5 facilities
Boiler Steam coal, coke, other solid fuels 0.13 Average of 7 facilities
Boiler Harvested wood, charcoal 72 Average of 4 facilities
Boiler Pulping waste liquor 4.3 Average of 2 facilities
Sintering furnace  for

smelting of metals (except | Solid fuel, liquid fuel, gaseous fuel 30 Average of 6 facilities

copper, lead, zinc)
Pelletizing furnace (steel
and non-ferrous metal)

Solid fuel, liquid fuel, gaseous fuel 16 Average of 2 facilities

—
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Emission
Furnace type Fuel type factor Remarks
Meta rolling furnace, metal
treating  furnace, meta | Liquid fuel, gaseous fuel 0.42 Average of 11 facilities
forging furnace
Petroleum and gas furnaces | Liquid fuel, gaseous fuel 0.15 Average of 27 facilities
Catalytic regenerator Coke, carbon 0.054 Average of 11 facilities
Etrrlugmll:] ceramic kiln, and | gyi 61, liquid fuel, gaseous fue 15 | Average of 2 failities
Aggregate  drying  kiln,
cement raw material drying . S e
kiln, brick raw materia Solid fuel, liquid fuel, gaseous fuel 27 Average of 6 facilities
drying kiln
Other drying kilns Solid fuel, liquid fuel, gaseous fuel 6.1 Average of 8 facilities
Electric arc furnace Electricity 13 Average of 6 facilities
Other industria furnaces Solid fuel 13 Average of 14 facilities
Other industrial furnaces Liquid fuel 0.79 Average of 14 facilities
Other industrial furnaces Gaseous fuel 21 Average of 6 facilities
Gas turbine Liquid fuel, gaseous fuel 0.75 Average of 11 facilities
Diesel engine Liquid fuel, gaseous fuel 0.67 Average of 8 facilities
Gas engine, petrol engine Liquid fuel, gaseous fuel 54 Average of 6 facilities
IPCC default value
Household equipment Solid fuel 290 converted to higher heating
value
IPCC default value
Household equipment Liquid fuel 9.5 converted to higher heating
value
IPCC default value
Household equipment Gaseous fuel 45 converted to higher heating
value
IPCC default value
Household equipment Biomass fuel 290 converted to higher heating
value
Table 3-9 N,O emission factors for different fuels and furnaces (unit: kg-N,O/TJ)
Emission
Furnace type Fuel type factor Remarks
Boiler Heavy oils B and C, crude oil 0.21 Average of 10 facilities
. Heavy oil A, diesel oil, kerosene, .
Boiler naphtha, other liquid fuels 0.18 Average of 2 facilities
Boiler Gaseous fuel 0.16 Average of 5 facilities
Boiler (other than fluidized . .
bed boilers) Solid fuel 0.83 Average of 9 facilities
Normal pressure fluidized . s
bed boiler Solid fuel 53 Average of 11 facilities
&?Ts:rJrlzed fluidized - bed Steam coal 52 Datafrom 1 facility
Boiler Pulping waste liquor 0.17 Average of 2 facilities
Blast furnace Coke oven gas, blast furnace gas, 0.050 Average of 2 facilities
other gaseous fuel
Efrtrr]g!:aejm furnace,  gas Liquid fuel, gaseous fuel 0.20 Average of 27 facilities
Catalytic regenerator Coke, carbon 7.3 Average of 12 facilities
Electric arc furnace Electricity 3.3 Average of 6 facilities
Town gas, coke oven gas, blast
Coke oven furnace gas, converter gas, offgas, 0.15 Average of 3 facilities
other gaseous fuels
Other industrial furnace Solid fuel 1.1 Average of 20 facilities
Other industrial furnace Liquid fuel 1.7 Average of 31 facilities
Other industrial furnace Gaseous fuel 11 Average of 18 facilities
Gas turbine Liquid fuel, gaseous fuel 0.54 Average of 12 facilities
Diesel engine Liquid fuel, gaseous fuel 2.1 Average of 9 facilities
Gas engine, petrol engine Liquid fuel, gaseous fuel 0.83 Average of 7 facilities

e
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Emission

Furnace type Fuel type factor Remarks
Household equipment Solid fuel 13 lg’ggj :gf]u;;t;/% ue converted
Household equipment Liquid fuel 0.57 lgﬁ% :giu;;t;/% Li/ealcl:):verted
Household equipment Gaseous fuel 0.090 isﬁ;ﬁgiﬂ;r%ue:;%med
Household equipment Biomass fuel 338 lsﬁ;ﬁg?]”egtiv%ue\f;%med
* Activity Data

Fuel consumption of each sector (Energy Conversion, Industry, Commercial, and
Residential) for each type of fuel as given in the General Energy Statistics activity data is
divided according to furnace type to obtain activity data.

Because stationary combustion fuel consumption data for the different types of furnaceis
not available in the General Energy Statistics, data from the MAP Survey, which provides
details on fuel consumption for different types of furnace and fuel, was used to estimate fuel
consumption for different furnace types. The procedure for calculating activity data is as

follows:

1) Fuel consumption data from the MAP Survey is collated respectively for each fuel type,
furnace type and sector.

2) The percentage of fuel consumption accounted for by each furnace type is calculated
for each fuel type and sector.

3) Fuel consumption for different fuel types and sectors provided in the General Energy
Statistics is multiplied by the percentage calculated in (2) to obtain fuel-specific,
furnace-specific, and sector-specific activity data.

4) MAP Survey fuel-specific, furnace-specific, and sector-specific fuel consumption is
used as activity data for the consumption of fuels (such as charcoal) not included in the
General Energy Statistics, and furnaces for which General Energy Statistics fuel
consumption data cannot be used (in specific terms, electricity consumption of electric arc
furnaces and carbon fuels of catalytic regenerators).

5) In the residential sector, fuel consumption for different fuel types provided in the
General Energy Statistics is used as activity data.

For years in which exhaustive MAP surveys were not carried out, data from the nearest
exhaustive survey year was used.

* Qutline of the MAP Survey

-Objective
The objective is to promote reasonable and effective atmospheric environmental policy,

—
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with to obtain the information on current activities according to the Air Pollutant Control Law
(e.g. (i) current status on registration of stationary sources which are soot and smokes emitting
facilities registered to a local government and facilities emitting ordinary soot or particular
soot, (ii) current status of air pollutant control), to develop the submitted data on facilities
emitting soot and smokes, and to estimate amount of air pollutant emissions from facilities
emitting soot and smokes.

-Target

(a) “Facilities emitting soot and smokes’ defined in the article 2, paragraph 2 of the Air
Pollutant Control Law (including “Facilities emitting soot and smokes’ defined in the
Electric Utility Law and the Town Gas Utility Law)

(b) “Facilities emitting mine smoke” or “Facilities emitting soot and smoke” defined in the
article 2 of the “Ministerial Ordinance for standard of regulation to avoid mine
pollution” according to the Security of Mine Law

(c) Facilities regulated by municipal bylaw of local governments

(d) Other

-Method

This survey is conducted with survey questionnaires. The response sheets and this survey’s
explanations are distributed to target facilities mentioned above.

Complete enumeration surveys, in the form of the MAP Survey, were carried out in fiscal
1992, 1995, 1996, and 1999, in relation to all facilities emitting soot and smoke.

* Point to Note

Up to the 2005 Inventory, Japan corrected for intake gas concentrations by using the
difference in GHG concentrations in exhaust gas and intake gas (intake gas correction) when
setting emission factors for 1.A.1. Energy Industry (CH4, N,O), 1.A.2. Manufacturing and
Construction Industries (CH4, N2O), and 1.A.4. Other Sectors (CH4, N,O), based on the
conclusions of earlier studies of estimation methodology (Reports on Greenhouse Gas
Emissions Estimation Methodology (1996), etc.). As a result, emission factors for some
emission sources were given negative values based on measurements showing that due to
combustion, the concentrations of methane and nitrous oxide in exhaust gases become lower
than their concentrations in intake gas.

However, during the 2003 in-country review, the Expert Review Team (ERT) noted that
while intake gas correction is desirable from the viewpoint of obtaining accurate emissions
data, negative emission factors are not consistent with the 1996 Revised IPCC Guidelines and
IPCC Good Practice Guidance (2000), which from the desirability of ensuring international
consistency require the use of positive emission factors based on actual exhaust gas
concentrations of methane and nitrous oxide. In order to meet this requirement, Japan now
uses actual exhaust gas concentrations as they are to calculate emission factors. (see Chapter
10 Recalculation and Improvements)
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3.1.3. Mobile Combustion (1.A.3.: CH,4 and N,O)

For emissions from mobile sources, methane and nitrous oxide emissions from
aviation, road transportation, railways and navigation are cal cul ated.

3.1.3.1. Civil Aviation (1.A.3.a.))

» Background

Greenhouse gases associated with the domestic operation of Japanese airliners are mainly
emitted from jet fuels. In addition, a small amount of aviation gasoline used by light aircraft
and helicoptersis also a source of methane and nitrous oxide emission.

» Methodology for Estimating Emissions of GHGs

Emissions have been calculated using the Tier 2a method for jet fuel and the Tier 1 for
aviation gasoline, in accordance with Decision Tree of the Good Practice Guidance (2000)
(Page 2.58, Fig. 2.7). (Refer to 1A3-2005.xIs¥ Airplane Emissions for detail on the calculation
process.)

Methane and nitrous oxide emissions associated with landing and take-off (LTO) of domestic airliners using jet
fuel
= Emission factor per LTO1 cycle per domestic airliner x Number of LTO cycles of aircraft in domestic routes

Methane and nitrous oxide emissions from domestic airliner during cruising using jet fuel
= Emission factor associated with jet fuel consumption x Jet fuel consumption by aircraft during cruising in
domestic routes

Methane and nitrous oxide emission associated with flight of gasoline-powered domestic aircraft
= Emission factor associated with consumption of aviation gasoline x Consumption of aviation gasoline by
aircraft in domestic routes

* Emission Factors

-Jet fuel

The default values given in the Revised 1996 IPCC Guidelines are used for emission
factors for methane and nitrous oxide for LTO. The values used for emission factors for
methane and nitrous oxide for cruising were calculated by converting the default values given
in the Revised 1996 IPCC Guidelines into kg-CH,/l using the specific gravity of jet fuel (0.78
t/kl). The following table provides the emission factors for methane and nitrous oxide at LTO
and cruising.

-Aviation gasoline
The default values given in the Revised 1996 IPCC Guidelines are used for emission
factors for methane and nitrous oxide.
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Table3-10 Methane and nitrous oxide emission factors for aircraft

CH, N,O
jet aircraft During takeoff and landing* 0.3 [kg-CH,/LTQO] 0.1 [kg-N,O/LTO]
(Jet fuel) During flight 0 [kg-CH4/KI] 0.078 [kg-N,O/kl]

Other than jet aircraft
(Aviation gasoline)
* L TO=Landing/takeoff cycle
Source: Ministry of the Environment, Results of Review of Greenhouse Gases Emissions
Estimations Part 3 (August 2002)
Revised 1996 | PCC Guidelines, Volume 3, Table I-47
(Refer to 1-EF-2006.xIs¥airplane for detail on the calculation process.)

0.06 [g-CH/MJ] 0.0009 [g-N,O/MJ]

* Activity Data

-Jet fuel

The number of takeoffs and landings given in the Satistical Yearbook of Air Transport of
the Ministry of Land, Infrastructure and Transport is used as activity data at takeoff and
landing. Fuel Consumption for takeoff and landing was calculated by multiplying fuel
consumption for one takeoff or landing given in the IPCC/OECD guidelines, by the number of
takeoffs and landings given above.

Fuel consumption for cruising was estimated by subtracting the amount of jet fuel
consumed at takeoff and landing, from total jet fuel consumption calculated from the
Satistical Yearbook of Air Transport of Ministry of Land, Infrastructure and Transport.

-Aviation gasoline
Consumption (converted into net calorific value) of gasoline in airplane sector taken from
the General Energy Satistics of the Agency for Natural Resources and Energy was used for

activity data.
Table3-11  Activity Data associated with emissions from aircraft
Item Unit 1990 1995 2000 2003 2004
number of LTO cycle LTO 430,654 532,279] 667,559 702,650 698,465
Jet fuel comsumption of Crui ki 2,330,514| 3,223,547 3,537,205| 3,655,081] 3,504,806
Gasoline comsumption ki 5,345 6,029 4,287 16,466 10,379

3.1.3.2. Road Transportation (1.A.3.b.)

» Background

Emissions from automobiles in Japan are calculated for the following vehicle categories:
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Table 3-12 Reporting categories and definitions of emissions from automobiles

Fuel type for emission reporting

Vehicle Type Definition Gasoline | Diesdl | LPG | LNG

Light passenger

vehicle Light vehicle used for transportation of people. o
Light cargo truck Light vehicle used for transportation of cargo o
Regular passenger vehicle or small vehicle used for
Passenger vehicle transportation of people, with a capacity of 10 o o o

persons or less.

Regular passenger vehicle or small vehicle used for
Bus transportation of people, with a capacity of 11 o o
persons or more.

Small cargo truck Small vehicle used for transportation of cargo.

Regular cargo truck | Regular vehicle used for transportation of cargo.

Special-purpose Regular, small or light vehicle used for specia

. purposes, including flushers, advertising vans, o o
vehicle
hearses, and others.
NPG vehicle Any of the above vehicles that use natural gas as fuel. o
Motorcycle Two-wheeled vehicle o

3.1.3.2.a. Light passenger vehicle, light cargo trucks, passenger vehicle, buses, small
cargo trucks, regular cargo trucks, and special-pur pose vehicles

» Methodology for Estimating Emissions of GHGs

Emissions have been calculated using the Tier 3 method, in accordance with Decision Tree
of the Good Practice Guidance (2000) (Page 2.45, Fig. 2.5). The country-specific emission
factors were used for each category of vehicle. The activity data was estimated by using
running mileage and fuel efficiency which were provided from the Ministry of Land,
Infrastructure and Transport’'s Satistical Yearbook of Motor Vehicle Transport. (Refer to
1A3-car-2005.xIs for details on the calculation process).

* Emission Factors

Emission factors for methane and nitrous oxide have been established for each type of fuel
in each category of vehicle, using actual Japanese data. The method used to establish emission
factors was to take a weighted average of the emission factors estimated for each class of
running speed, using the proportion of mileage by each class of running speed given in the
Ministry of Land, Infrastructure and Transport’'s Road Transport Census. The emission factors
reflect the actual motor vehicle operation in Japan because the proportion of mileage by each
class of running speed during congestion was applied. Detailed method for the determination
of the emission factors are described in the Greenhouse Gases Estimation Methods Committee
Report Part 3 (Environmental Agency; September, 2000), the Greenhouse Gases Estimation
Methods Committee Report Part 3 (Ministry of Environment; August, 2002) and the
Greenhouse Gases Estimation Methods Committee Report — Transportation (Ministry of
Environment; February, 2006).
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Table 3-13  Methane emission factors for road transportation

Fuel Vehicle Type Unit 1990 1995 2000 2003 2004
Gasoline Light Vehicle gCH,/km 0.011 0.011 0.011 0.010 0.010
Passenger Vehicle

(including L PG) gCH,/km 0.011 0.011 0.011 0.010 0.010
Light Cargo Truck gCH,/km 0.011 0.011 0.011 0.011 0.011
Small Cargo Truck gCH,/km 0.022 0.019 0.017| 0.015 0.014

Regular Cargo Truck gCH,/km 0.035 0.035 0.035 0.035 0.035

Bus gCH,/km 0.035 0.035 0.035, 0.035 0.035

Special Vehicle gCH/km 0.035 0.035 0.035, 0.035 0.035

Diesel Passenger Vehicle gCH,/km 0.0020 0.002 0.002 0.002 0.002
Small Cargo Truck gCH/km 0.0088] 0.0091] 0.0079] 0.0076| 0.0076

Regular Cargo Truck gCH,/km 0.017, 0.016 0.015, 0.015 0.015

Bus gCH,/km 0.019 0.018 0.017| 0.017 0.017

Special Vehicle gCH,/km 0.017| 0.015 0.013 0.013 0.013

Small Cargo Truck, Passenger
Vehicle, Light Vehicle, Light | gCH,/km| 0.0084| 0.0084| 0.0084| 0.0084| 0.0084

Natural Cargo Truck
Ve?ﬁsl Regular Cargo Truck oCHJ/km|  0366] 0366| 0366] 0366 0366
ce Special Vehicle oCH/km| 0414 0414 o0414| o0414] 0414
Bus oCHskm|  1008] 1008] 1008 1008] 1.008
Gasoline | STall motor vehicle: firstkind ) ooy in | 0111|0111 0094| 0070|0062

(travel speed 15-20km)
two-wheel | (travel speed 20-25km) | oCH km |~ 0.097|  0.097| 0.082| 0060| 0053
vehicle (travel speed 25-30km) | 9CHkm | 0.097 | 0.097| 0082| 0.061|  0.054
(hot start) | (travel speed 30-40km) | 9CHkm | 0113 0.113| 0096| 0073|  0.066
(travel speed 40-50km) | oCH/km | 0.150 | 0.159| 0.140|  0.112] 0.103
Small m°t°rk‘i’rfg'°' esecond | o km| 0124|0124 0111| oo077| 0067
(travel speed 20-25km) | oCH km | 0.107| 0.107| 0096| 0067  0.059
(travel speed 25-30km) | 9CHkm | 0.095| 0095| 0086] 0060| 0053
(travel speed 30-40km) | oCHJkm | 0.084| 0084| 0076| 0054 0048
(travel speed 40-50km) | oCH/km |~ 0.084 | 0.084| 0076| 0.055|  0.049
(travel speed 50-60km) | 9CH/km | 0.084|  0.084| 0076| 0054| 0048
(travel speed 60-80km) | 9CH/km | 0.080|  0.080| 0.072| 0052|0045
"(;?:\:éwsgxeg_‘égm)e oCHgkm| 0245| 0245| o0204| o126 0104
(fravel speed 20-25km) | oCH km | 0212| 0212| 0477| 0110|  0.090
(travel speed 25-30km) | oCH/km | 0.188|  0.188| 0.157|  0.098|  0.081
(travel speed 30-40km) | 9CH/km | 0.161|  0.461|  0.134|  0.084|  0.069
(travel speed 40-50km) | 9CH/km | 0.133|  0.433|  0.411|  0.070| _ 0.058
(travel speed 50-60km) | oCH km | 0.111| 0.111| 0092| 0058  0.048
(travel speed 60-80km) | oCH km | 0.085|  0085| 0071| 0.045|  0.037
S(':::'v'e:";’gii‘z’g;'ﬂ)e gCH/km| 0182 o0182| o167 0120 o107
(travel speed 20-25km) | 9CHkm | 0.160|  0.160|  0.147| 0105|  0.094
(travel speed 25-30km) | 9CHkm | 0143 | 0.143| 0132| 0095|  0.084
(travel speed 30-40km) | oCH/km |~ 0.124 | 0.124| 0113| 0082|0073
(travel speed 40-50km) | 9CH/km | 0.101|  0.401|  0.093|  0.068|  0.061
(travel speed 50-60km) | oCH /km | 0.080| 0080| 0074| 0055  0.050
(travel speed 60-80km) | oCHkm | 0.049 | 0.049|  0.046| 0035  0.032
Gasoline | Small motor vehicle: first kind
two-wheel controlled by regulation 9CH,/ 0.043 0.041 0.038
vehicle | Small motor vehidle:firstkind) o, , 0039| 0039 0039 0039| 0039
uncontrolled by regulation
Small motor vehicle: second

(cold start) Kind gCH4/ 0.004 0.004 0.004
Small m°t°rk‘i’r‘?2i°' e second | ooy 0012| 0012 o0012| 0012 0012
t;%?:;ﬁ“;"g;‘egg‘f:t'gf gCH/ 0022| o0022| o022
uﬁgiifgf’éévgﬁe;ﬁ'fﬁgn gCH./ ooi6| 0016 o016 0015| 0015
i’;‘ri'r'otl‘fve‘c’l"t‘)’;fz'g‘u’fg:gf gCH./ 0033 0033| 0033

Small two-whes! vehicle 1 ., 0043| 0043 0043| 0043 0043

uncontrolled by regulation

e
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Table 3-14  Nitrous oxide emission factors for road transportation

Fuel Vehicle Type Unit 1990 | 1995 | 2000 | 2003 | 2004
Gasoline |Light Vehicle gN,Okm| 0019 0021 0022 0022 o002
m?ﬁ;\ighgle aN,okm| 0027 0029 0029 0029 0.029
Light Cargo Truck gN;Okm| 0021] 0022 0022 0022 o002
Small Cargo Truck gN,Okm|  0027] 0029 o0o026] 0026] 0026
Regular Cargo Truck gN,Okm| 0039 0041 0039] 0039 0039
Bus oN,Okm| 0045] 0046 0043 0041 0041
Specia Vehicle gN,Okm| 0039 0042 0038 0035 0035
Diesdl  |Passenger Vehicle gN,Okm| 0007 0007 0007 0007 0007
Small Cargo Truck gN,Okm| 0009 0010 0010] 0009 0.009
Regular Cargo Truck gN,Okm| 0015 0015 0015] 0014 0014
Bus gN,Okm| 0025] 0025 0025 0025 0025
Specia Vehicle gN,Okm|  0025] 0025 0025 0025 0025

Small Cargo Truck, Passenger
Vehicle, Light Vehicle, Light | gN,O/km| 0.0002| 0.0002| 0.0002| 0.0002( 0.0002

Natural

ges Cargo Truck

vehicle Regular Cargo Truck gN,O/km| 0.0128| 0.0128| 0.0128| 0.0128| 0.0128
Special Vehicle gN,O/km| 0.0145| 0.0145| 0.0145| 0.0145| 0.0145
Bus gNL,O/km| 0.0384] 0.0384| 0.0384] 0.0384| 0.0384

Gasoline |Small motor vehicle: first kind | gN,O/km 0.002 0.002 0.002 0.002 0.002
two-wheel | Small motor vehicle: second kil gN,O/km 0.002 0.002 0.002 0.002 0.002

vehicle |Light two-wheel vehicle gN,O/km 0.002 0.002 0.002 0.002 0.002
(hot start) | Small two-wheel vehicle gN,O/km 0.002 0.002 0.002 0.002 0.002
Activity Data

Estimates of annual running mileage by each category of vehicle and by each type of fuel
have been used as activity data. The method of estimating activity data was to multiply the
proportion of running mileage for each fuel, which was calculated from fuel consumption and
fuel efficiency, by the running distance for each category of vehicle given in the Ministry of
Land, Infrastructure and Transport’s Satistical Yearbook of Motor \ehicle Transport. (Refer to
1-AD-2006.xIs¥car (****) for the process of estimating activity data).

Table3-15 Distance traveled per type of vehicle

vehicle type Unit 1990 1995 2000 2003 2004
Light vehicle 10%vehicleskm| 15,281 39,386] 70,055 90,986 97,058
Passenger vehicle 10% vehicleskm| 350,317| 407,001| 438,204 438,730 429,260
Bus 10° vehicles km 7,112 6,768 6,619 6,662 6,665
Light cargo truck 10° vehicleskm|  85,336| 84,534| 74,914 73623 74,317
i:inzaerrgt?ﬁd( *CAWO | 6 venicdeskm| 92400  87.924| 82209 78072| 72,044
Regular cargo truck 10° vehicles km 66,881 78,446 83,024 83,613 81,222
Special vehicle 10%vehicleskm| 11,246] 16,224 20,699 21,692 21,145

—
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3.1.3.2.b. Natural gas-powered vehicles

Methodology of Estimating Emissions of GHGs

Emissions were calculated by multiplying the distance traveled per type of natural
gas-powered vehicle by the emission factor for the type of vehicle.

* Emission Factors

Emission factors for natural gas-powered small and regular cargo trucks were determined
using the average of the emission factors established for each travel speed category based on
the actual measurements taken in Japan, weighted by the percentage of distance traveled for
each travel speed category reported in the Road Transport Census (Ministry of Land,
Infrastructure and Transport).

In the absence of actual measurement data in Japan, emission factors for vehicles other
than small and regular cargo trucks were determined by adjusting the emissions factors for
small and regular cargo trucks as necessary, taking the characteristics of each type of vehicle
into consideration.

Table3-16  Methane and nitrous oxide emission factors for natural gas-powered vehicles
P
Type Calculation Method for Emission Factor Emission Factor Factor
[g-CHy/km [g-N,O/km]
Small cargo truck | Determined based on actual measurements 0.0084 0.0002
v ehE iicilegﬁ ht Used the emission factors for small cargo truck,
lgnt taking the specifications of each type of vehicle 0.0084 0.0002
passenger vehicle, | .
. into account.
light cargo truck
ssgllzlar €90 | betermined based on actual measurements 0.366 0.0128
Determined from the percentage of distance
traveled per travel speed category which was
Special-purpose adjusted by the emission factor per travel speed
i . 0.414 0.0145
vehicle category for regular cargo trucks, taking travel
patterns of natural gas-powered special-purpose
vehiclesinto consideration.
Determined from the emission factor for regular
cargo truck which was adjusted by the ratio of
Bus equivalent inertia weight, taking vehicle weight 1.0%8 0.0384
into consideration.
* Activity Data

Annual distance traveled per type of vehicle was determined by multiplying the number of
natural gas-powered vehicles by the annual distance traveled per vehicle. The number of these
vehicles was taken from the number of registered natural gas-powered vehicles per type in data
compiled by the Japan Gas Association. For the annual distance traveled per type of vehicle,
the value specific to the natural gas-powered vehicles could not be determined. As aresult, the
calculation of activity data used the annual distance traveled per vehicle for al fuel types
which had been determined from the distance traveled per type of vehicle and the number of
registered vehicles per type reported in the Satistical Yearbook of Motor Vehicle Transport.
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Table 3-17  Annual distance traveled by natural gas-powered vehicles

per type of vehicle.
vehicle type Unit 1990 1995 2000 2003 2004
Passenger vehicle 1,000 vehicle-knf 54 104 6,516 12,074 13,216
Bus 1,000 vehicle-km 0 1,860 18,743 42,603 48,708
Truck 1,000 vehicle-kn] 91 2,459 77,394] 291,919| 335,833
Small cargo truck 1,000 vehicle-kn] 184 8,088 32,426 51,571 54,129
Light vehicle 1,000 vehicle-kn] 0 498 19,217 50,345 61,585
Garbage vehicle 1,000 vehicle-kn] 0 300 6,955 31,700 35,257

3.1.3.2.c. Motorcycles

» Methodology of Estimating Emissions of GHGs

Emissions from motorcycles were estimated based on the method developed in Japan by
the Ministry of Environment for the estimation of emissions from vehicles not subject to the
PRTR (Pollutant Release and Transfer Register) Program. The emissions were calculated for
two emission sources of “Hot start” and “Increment for cold start”, using the equations below.
For details of the calculation method, see the Greenhouse Gases Estimation Methods
Committee Report — Transportation (February, 2006).

Methane and nitrous oxide emissions from hot-starting of motorcycles
= Emission factor for vehicle-km per type of motorcycle x Total annual distance traveled by motorcycles per
type

Methane emissions from increment at cold starting of motorcycles
= Emission factor per start per type x Number of engine start-ups per year by each type of motorcycle

* Emission Factors

- Hot gtart

The THC (Total HydroCarbon) emission factor for hot starts, derived from the actual
measurement data in Japan, was multiplied by the ratio of the methane emission factor to the
THC emission factor, obtained from actual measurements. The THC emission factors for
motorcycles were established for each category of vehicle type, stroke, and
unregulated/regulated status. Accordingly, the emission factor per travel speed was determined
for each type of motorcycle by apportioning the number of motorcycles in operation to these
categories based on the estimated component ratio. For nitrous oxide, the default emission
factor for US Motorcycles/European Matorcycles given in the Revised 1996 IPCC Guidelines
isused.

- Increment for cold start
The emission factor was determined for each type of motorcycle by multiplying the THC
emission factor for cold-start increment, derived from the actual measurement data in Japan,
by the methane and THC emission factors for hot start, and apportioning the results based the
ownership component ratio. No emission factor is set for nitrous oxide because the increment
for cold start for nitrous oxide is assumed to be included in the default emission factor for hot
start
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* Activity Data

- Hot start

Based on the motorcycle operation data in the Road Transport Census, annual distance
traveled was determined for each type of motorcycle and travel speed category using the ratio
of total distance traveled per type, obtained from sources including the Survey of Motorcycle
Market Trends and the ratio of distance traveled per travel speed category, estimated from the
Road Transport Census. In the determination of the activity data for this source, the rate of
reduction of motorcycle operation due to rain or snow as well as increases in the ownership
and the distance traveled during the years outside the survey were taken into consideration.

- Increment for cold start:
The annual number of engine startups (times/year) per type of motorcycle was determined
by the following formula:

Number of engine startups
= pected operation of new motorcycle in number of days in year)y, x (Operation O gaosed years X
(Expected at f t I ber of d Yype X (Operation factor)yapsed y
(Reduction rate of operation due to rain and snow)yerecure X (Average number of startups per day)ype x (Number
of mOtorCyCIes Owned)tvpe prefecture, elapsed years

» Completeness

-Biomass fuels

Currently, ethanol vehicles driven by biomass fuels are not running in Japan. For that
reason, the emissions of methane and nitrous oxide associated with the use of vehicles using
biomass as fuel has been reported as“NO”.

-Other (Methanol)

The number of methanol vehicles owned in Japan was only 62 at the end of February 2004
(data obtained from the Organization for the Promotion of Low Emission Vehicles).
Therefore activity data is negligible, and has not been reported, as it is assumed that the
emissions are also negligible.

3.1.3.3. Railways(1.A.3.c)

» Background

Emissions from railways come mainly from diesel-engine locomotives that use light oil. In
addition, there are small amounts of emissions from coal-fired steam locomotives.

» Methodology for Estimating Emissions of GHGs

This source of emissions is not a key source category, and emissions were calculated by
multiplying the default emission factor given in the Revised 1996 IPCC Guidelines by fuel
consumption on a calorific basis. (Refer to 1A3-2006.xIs¥Train Emissions for details of the
calculation process).
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The Good Practice Guidance (2000) does not provide a decision tree for a calculation
method for this source.

Methane and nitrous oxide emissions from diesel locomotives
= Emission factor for diesel enginesin railways x Annua consumption of light oil by diesel locomotives

Methane and nitrous oxide emissions from steam locomotives
= Emission factor for coal in rail transportation x Annual consumption of coa by steam |locomotives

* Emission Factors

For emission factors for diesel-powered locomotives, the default value shown in the
Revised 1996 IPCC Guidelines under Diesel engines — Railways was used after the conversion
to a per-liter value using the calorific value of light oil.

For emission factors for steam locomotives, the default value shown in the Revised 1996
IPCC Guidelines under Coal — Railways was used after the conversion to a per-weight value
using the calorific value of imported steam coal.

The following table gives the default values from the Revised 1996 IPCC Guidelines.

Table3-18  Default valuesfor railway emission factors

Diesel Locomotives Steam L ocomotives
M ethane emission factor 0.004 [g-CH/MJ| 10 [kg-CH,/TJ|
Nitrous oxide emission 0.03 [g-N,O/MJ] 1.4 [kg-N,O/TJ]
factor
Source: Revised 1996 IPCC Guidelines, Vol. 3, p. 1.91, Table 1-49; p. 1.35, Table 1-7; and p. 1.36,
Table 1-8

* Activity Data

For the consumption of light oil by diesel locomoatives, light oil consumption in the railway
sector shown in the General Energy Satistics compiled by the Agency for National Resources
and Energy was used as the activity data.

Coal consumption by steam locomotives was considered to be the value shown in the
Statistical Yearbook of Railway Transport (Ministry of Land, Infrastructure and Transport) in
the table “Cost of Consumption of Operating Electricity, Fuel and Oil” under Cost under the
Other fuel — Cost. The cost-based value was divided by the coal price for each year (for
imported steam coal) shown in the Directory of Energy and Economic Satistics to estimate the
coal consumption.

Table 3-19  Activity Data associated with emissions from railways

Fuel type Unit 1990 1995 2000 2003 2004
Diesd oil ki 356,224 313,235 269,711| 240,865 249,805
Cod kt 16 20 28 22 15

* Point to Note

The default emission factor given in the Revised 1996 IPCC Guidelines, etc., is expressed
in net calorific value. Therefore, in order to apply this emission factor, the calorific value,
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which is generally expressed as gross calorific value in Japan’s energy statistics, is converted
into the net calorific value.

3.1.3.4. Navigation (1.A.3.d.)

» Background

Ships emit methane and nitrous oxide through the use of light oil and fuel cils A, B and C
during their navigation.

» Methodology for Estimating Emissions of GHGs

Emissions were calculated using the default values for methane and nitrous oxide given in
the Revised 1996 IPCC Guidelines, in accordance with Decision Tree of the Good Practice
Guidance (2000) (Page 2.52, Fig. 2.6).

(Refer to 1A3-2006.xIs¥ShipEmissions for details of the calculation process.)

Methane and nitrous oxide emissions associated with navigation of domestic vessels
= Emission factors for light oil and fuel cils A, B and C relating to domestic vessels  x Consumption of each
type of fuel by domestic vessels

* Emission Factors

The default values for Ocean-Going Ships (diesel engines) given in the Revised 1996 IPCC
Guidelines were converted to emission factor per liter using the calorific value for each type of
fuel (gasoil, heating oils A, B and C). The following gives the default values from the Revised
1996 IPCC Guidelines.

Table3-20  Default emission factors for navigation

Value
M ethane Emission Factor 0.007 [g-CH/MJ]
Nitrous Oxide Emission Factor 0.002 [g-N,O/MJ]

Source: Revised 1996 IPCC Guidelines Vol. 3, page 1.90, Table 1-48

* Activity Data

Consumption of each fuel type in internal navigation sector taken from the General Energy
Satistics of the Agency for Natural Resources and Energy was used for activity data.

Table3-21  Activity Data associated with emissions from ships

Fuel type Unit 1990 1995 2000 2003 2004
Diesd oil 1000k 133 208 204 180 206
Heavy oil (A) 1000k 1,602 1,625 1,728 1613 1,324
Heavy oil (B) 1000k 526 215 152 79 59
Heavy oil (C) 1000k 2,446 3,002 3,055 3,010 2,863

 Point to Note

The default emission factor given in the Revised 1996 IPCC Guidelines, etc., is expressed
in net calorific value. Therefore, in order to apply this emission factor, gross calorific value,
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which is generally adopted in Japan’s energy statistics, isfirst converted into net calorific value,
and then it is used for the conversion to the liter-based emissions factor.

» Completeness

The Common Reporting Format (CRF) provides a “Residua Oil” category, which is
believed to correspond to ‘Heating Qil’ in Japan. Emissions of methane and nitrous oxide from
heating oil A, B, and C have been calculated for each type of fuel. The resulting emissions
have been reported under Other Fuels in the CRF, and, therefore, the Residual Oil column has
been reported as“1E”.

3.2. Fugitive Emissionsfrom Fuels (1.B.)

Unburned fossil fuels emit carbon dioxide, methane and nitrous oxide during their mining,
production, processing and refining, transportation, storage and distribution. Venting and
flaring in the oil and natural gas industries also emits carbon dioxide, methane and nitrous
oxide. The main source of emissions from solid fuels is methane contained in coa seams,
while fugitive emissions, venting, flaring, volatilization and accidents are the main emission
sourcesin the oil and natural gasindustries.

3.2.1. Solid Fuels(1.B.1)
3.2.1.1. Coal Miningand Handling (1.B.1.a.)

Coal contains methane that formed during the coalification process. Most will have been
naturally released from the ground surface before mine development, but mining releases the
methane remaining in coal beds into the atmosphere.

3.2.1.1.a. Underground Mines (1.B.1.a.i.)

» Methodology for Estimating Emissions of GHGs

-Mining Activities

Emissions from mining activities were drawn from actual measurements obtained from
individual coal mines, in accordance with Decision Tree of the Good Practice Guidance
(2000) (Page 2.72, Fig. 2.10). (Refer to 1B1-2006.xls for the calculation process.)
-Post-Mining Activities

Emissions from post-mining activities were calculated using the Tier 1 method, which uses
default emission factors in accordance with Decision Tree of the Good Practice Guidance
(2000) (Page 2.73, Fig. 2.11). (Refer to 1B1-2006.xls for the calculation process.)

Emissions were calculated by multiplying the amount of coal mined from coal mines by the

emission factor.
* Emission Factors
-Mining Activities
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The emission factor for mining activities was established by dividing the emissions of
methane gas identified in a survey by Japan Coal Energy Center (JCOAL), by the production
volume of coa from underground mining given in the Ministry of Economy, Trade and
Industry Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke.

Table3-22  Emission factors for mining activities — Underground mines

Item Unit 1990 1995 2000 2003 2004 Reference
Coal Production of Underground Mines kt 6,775 5,622 2,364 738 741 |Surveyed by J-COAL
CH, Total Emissions 1000m° | 181,358 | 80,928 | 48,110 4,092 2,249 |Surveyed by J-COAL
CH, Total Emissions GoCH,| 1215| 42| 322| 27| 15| [1°°°m3]6/ 1000
X 0.67 [Gg/10°m’]
Emission Factor kg-CH,/t 17.9 9.6 13.6 3.7 2.0 |CH4 Total Emissions

-Post-Mining Activities

Due to the lack of datafor emissions from post-mining activities in Japan, emission factors
were calculated by converting the median value (2.45 m*/t) of the default values (0.9 — 4.0
md/t) given in the Revised 1996 IPCC Guidelines by the density of methane, 0.67 (thousand
t/10° m®) at 20°C and 1 atmosphere.

* Activity Data

The value used for activity data for underground mining and post-mining activities was
derived by subtracting the open-cut mining production from the total coal production as given
in the Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke and
Yearbook of Mineral Resources and Petroleum Products Satistics prepared by the Ministry of
Economy, Trade and Industry and the data provided by Japan Coal Energy Center.

Table 3-23 Trendsin coal production

ltem Unit 1990 1995 2000 2003 2004
Total Coal Production t 7,980 6,317 2,974 1,355 1,272
Surface Mines t 1,205 695 610 616 531
Underground Mines t 6,775 5,622 2,364 738 741

3.2.1.1.b. Surface Mines (1.B.1.a.ii.)

Coa mining exists in Japan, and, depending on the carbon dioxide concentration in the
coa being mined, the carbon dioxide may be released into the atmosphere during mining
activity. Although it is believed that coal beds in Japan do not contain carbon dioxide at a
concentration level that is higher than that in the atmosphere, emissions cannot be calculated
because of the absence of actua measurements. Because of the absence as well of a default
value for carbon dioxide emissions associated with coal mining, the emissions from this source
arereported as“NE”.

» Methodology for Estimating Emissions of GHGs
-Mining Activities
M ethane emissions were calculated using the Tier 1 method and the default emission factor
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in accordance with Decision Tree of the Good Practice Guidance (2000) (Page 2.71, Fig. 2.9).
(Refer to 1B1-2006.xls for the cal culation process.)

-Post-Mining Activities

M ethane emissions were calculated using the Tier 1 method and the default emission factor
in accordance with Decision Tree or the Good Practice Guidance (2000) (Page 2.73, Fig. 2.11).
(Refer to 1B1-2006.xIs for the calcul ation process.)

Both were calculated by multiplying the amount of coal mined from open-cut mining by
the relevant emission factors.

» Emission Factors
-Mining Activities
A value (0.77 [kg-CH./t-cod]) was used as the emission factor for mining activities. It was
derived by converting the median (1.15 [m*/t]) of the default values given in the Revised 1996
IPCC Guidelines (0.3-2.0 [m*t]), using the concentration of methane at one atmospheric
pressure and 20°C (0.67 [Gg/10°m?)).

-Post-Mining Activities

A value (0.067 [kg-CHJ/t-coal]) was used as emission factor for post-mining activities. It
was derived by converting the median (0.1 [m?/t]) of the default values given in the Revised
1996 IPCC Guidelines (0-0.2 [m%1]), using the concentration of methane at one atmospheric
pressure and 20°C (0.67 [Gg/10°m?)).

* Activity Data

The figure for the open-cut production given in the Yearbook of Production, Supply and
Demand of Petroleum, Coal and Coke and the Yearbook of Mineral Resources and Petroleum
Products Satistics prepared by the Ministry of Economy, Trade and Industry and the data
provided by the Japan Coal Energy Center were used as the activity data for mining and
post-mining activities (Table 3-23).

» Completeness

Along with the methane emission during coal mining, carbon dioxide may be released to
the atmosphere as emissions from mining, depending on its concentration in coal being mined.
Japanese coa strata are not thought to contain build-ups of carbon dioxide in higher
concentrations than in the atmosphere, but no actual data is available, making it impossible to
calculate emissions at this point in time.

Although a reporting column is provided for carbon dioxide emissions associated with coal
mining, in the absence of a default emission factor, emissions from this source were reported
as“NE”.
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3.2.1.2. Solid Fuel Transformation (1.B.1.b.)

In Japan, the production of briquettes is believed to meet the description of the activity of
conversion to solid fuel. The process of coa briquette production includes introducing water
to coal, and sgueeze-drying it. Therefore, the process is not thought to involve any chemical
reactions, but the emission of carbon dioxide, methane or nitrous oxide cannot be denied.
However, as no actual measurements have been taken, however, it is not presently possible to
calculate emissions. Carbon dioxide, methane and nitrous oxide emissions associated with
the conversion to solid were reported as “NE” in the absence of default values.

3.2.2. Oil and Natural Gas (1.B.2.)
3.221. Qil(1.B.2a)
3.2.2.1.a. Exploration (1.B.2.a.i.)

» Background

Fugitive emissions of carbon dioxide, methane and nitrous oxide occur during the
exploratory drilling of oil and gas fields and pre-production tests.

» Methodology for Estimating Emissions of GHGs

Carbon dioxide, methane and nitrous oxide emissions associated with oil exploration and
pre-production testing were calculated using the Tier 1 Method in accordance with the
Decision Tree of Good Practice Guidance (2000). Emissions were calculated by multiplying
the number of exploratory wells, and the number of wells tested for oil and gas during
pre-production testing, by their respective emission factors.

» Emission Factors
The emission factors from the Good Practice Guidance (2000) for drilling and testing

wells were used.

Table3-24  Emission factors for exploratory and testing wells [Gg/number of wells]

CH,4 Co, N,O
Drilling 4.3x10”" 2.8x10™° 0
Testing 2.7x107" 5.7x10™° 6.8x10°

Source:  Good Practice Guide (2000), p. 2.86, Table 2.16

* Activity Data
-Drilling
The data given in the Natural Gas Annual Report compiled by the Natural Gas Mining
Association were used for exploratory wells.

-Testing
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It was not possible to readily ascertain statistically the number of wells in which oil and gas
testing had been carried out, and even where such tests are conducted, not all wells are successful.
For that reason, the number of wells tested for oil and gas used the median values of the number
of exploratory wells and the number of successful wells shown in the Natural Gas Yearbook.

For both oil and gas, the calendar year values were used as the data for the most recent
year.

Table 3-25 Trendsin the number of exploratory wells and those tested for oil and gas

Item Unit 1990 1995 2000 2003 2004
Number of Wells Drilled | wells 8 7 6 2 2
Number of Wells Succeed wells 1 3 4 5 5
Number of Wells Tested | wells 5 5 5 4 4

3.2.2.1.b. Production (1.B.2.a.ii.)

» Background

Fugitive emissions of carbon dioxide and methane occur during production of crude ail, as
well as when measuring instruments are lowered into oil wells during inspection of operating
oil fields.

» Methodology for Estimating Emissions of GHGs

Emissions relating to fugitive emissions from petroleum production and servicing of
oilfield production wells were calculated using the Tier 1 method in accordance with Decision
Tree of the Good Practice Guidance (2000) (Page 2.81, Fig. 2.13). Emissions were calculated
by multiplying the amount of crude oil production by the emission factor. (Refer to
1B2-2006.xIs¥1B2a ii Production for details of the calculation process.)

* Emission Factors

-Production
The default value for conventional crude oil given in the Good Practice Guidance (2000)

was used for the emission factor of fugitive emissions from petroleum production. (The
median of the default values was used for methane).

Table3-26  EF for fugitive emissions from petroleum production [Gg/10%kI 2]

CH,? CO; N,O ¥

Conventional Oil | Fugitiveemissions | 1.45x10™ 2.7x10™" 0
Source: GPG (2000) Table 2.16

1) The default valueis 1.4x107° — 1.5x107
2) Excluded from calculations, as the default value is 0 (zero)

-Servicing
The default value given in the Good Practice Guidance (2000) was used as the emission
factor for fugitive emissions from servicing of petroleum production wells.
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Table3-27  EF for fugitive emissions from servicing of petroleum production wells

[Gg/number of wellg]

CH, CO, N,O"
Production Well (Servicing) 6.4x10™ 4.8x10”" 0
Source: GPG (2000) Table 2.16

1) Excluded from calculations, as the default valueis O (zero)

* Activity Data
-Production
The values for production of crude oil in Japan given in the METI's Yearbook of
Production, Supply and Demand of Petroleum, Coal and Coke and the Yearbook of Mineral
Resources and Petroleum Products Satistics were used as the activity data for fugitive
emissions from production. However, condensates were not included.

-Servicing

Because the number of oil wells and natural gas wells cannot be separated for the entire
timeseries, the total fugitive emissions from servicing of oil and natural gas wells are reported
in the subcategory 1.B.2.b.i. Exploration and is so, servicing of oil wellsisincluded there.

3.2.2.1.c. Transport (1.B.2.a.iii.)

Fugitive emissions of carbon dioxide and methane occur during the transportation of crude
oil and condensate through pipelines, tank trucks, and tank carsto refineries.

» Methodology for Estimating Emissions of GHGs

Emissions relating to fugitive emissions associated with transport were calculated using the
Tier 1 method in accordance with Decision Tree of the Good Practice Guidance (2000) (Page
2.81, Fig. 2.13). Emissions were caculated by multiplying the amount of crude oil or
condensate production by the emission factors. (Refer to 1B2-2006.xIs¥1B2a iii Transport
for details of the calculation process.)

* Emission Factors

The default values given in the Good Practice Guidance (2000) were used as the emission
factors.

Table3-28  Emission factors for transportation of crude oil and condensate [Gg/10°k]]

CH, Co, N,O "
Transportation of crude oil 2.5x10 ° 2.3x10 © 0
Transportation of condensate 1.1x10 4 7.2x10 © 0

Source: GPG (2000) Table 2.16
1) Excluded from calculations, as the default valueis 0 (zero)

* Activity Data

The values for production of oil in Japan given in the METI’s Yearbook of Production,
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Supply and Demand of Petroleum, Coal and Coke and the Yearbook of Mineral Resources and
Petroleum Products Satistics were used as the activity data for fugitive emissions from
transport.

Table 3-29  Production of crude oil and condensate in Japan

Item Unit 1990 1995 2000 2003 2004

Oil Production Kl | 420,415 | 622,679 | 385,565 | 343,559 | 342,751
excluding condensate

Condensate Production Kl 234,111 | 242,859 | 375,488 | 486,509 | 517,648

Oil Production Kl 654,526 | 865,538 | 761,053 | 830,068 | 860,399

» Assumptions Relating to Estimation of Emissions

In this category, fugitive emissions during transport of crude oil produced from offshore
fieldsin Japan to land, and fugitive emissions from overland transport are cal culated.

Crude oil for sea transport is carried out entirely by pipeline, and is not expected to
generate any fugitive emissions. Land transport includes a number of methods, including
pipeline, trucks, and tanker rail cars, but it is difficult to differentiate them statistically. For
that reason, it has been assumed that all of the produced ail is transported by tanker trucks or
rail carsin calculations.

3.2.2.1.d. Refining / Sorage (1.B.2.a.iv.)

* Background

Fugitive emissions of methane occur when crude oil isrefined or stored at oil refineries.

» Methodology for Estimating Emissions of GHGs
- Oil Refining
Emissions relating to fugitive emissions from refining were calculated using the Tier 1

method in accordance with Decision Tree the Good Practice Guidance (2000) (Page 2.82, Fig.
2.14).

- Oil Storage

Emissions relating to fugitive emissions from storage should be calculated using the Tier 1
method in accordance with Decision Tree of the Good Practice Guidance (2000) (Page 2.82,
Fig.2.14), but as the country-specific emission factor is available for this emissions source, it
was applied to the inventories instead. (Refer to 1B2-2006.xIs¥1B2a iii Refining_Sorage for
details of the calculation process.)

* Emission Factors
- Oil Refining
With respect to the emissions factors for the fugitive emissions during the refining

processes, the amount of methane emitted during crude oil refining processes was considered
to be negligible because fugitive emission of methane was unlikely to occur in Japan during
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crude oil refining at normal operation. For that reason, the lower limit of the default values
shown in the Revised 1996 |PCC Guidelines was adopted.

Table 3-30  Emission factor during refining of crude oil
Emission Factor [kg-CH./PJ]
Oil Refining | 90"
Source: GPG (2000) Table 2.16
1) The default value is 90-1,400

- Oil Storage

Qil is stored in either corn-roof tanks or floating-roof tanks. All oil storage in Japan adopts
floating-roof tanks, which means that fugitive methane emissions are considered to be very
small. If fugitive methane emissions were to occur, they could only occur by vaporization of
oil left on the exposed wall wet with oil when the floating roof descends as the stored oil is
removed; thus, the amount of fugitive methane emissions would be small.

The Petroleum Association of Japan has conducted experiments relating to the evaporation
of methane from tank walls by modeling the floating-roof tank to calculate estimates of
methane emissions.

The emission factor associated with storage of crude ail is a value derived by converting
the estimates of the Petroleum Association (0.007 Gg/year as at 1998) to a net calorific value
and dividing it by the relevant activity data.

Table3-31  Assumptions for calculation of emission factor during oil storage

Methane Emissions Input of Crude Qil to Oil Refining Industry Emission Factor
[kg-CH./year] [PJ: Gross Calorific Value] P | [PJ: Net Calorific Valug]? | [kg-CH./PJ]
7,000 9,921 9,424.95 0.7427

1) Agency for Natural Resources and Energy, General Energy Satistics
2) Net Caorific Vaue = Gross Calorific Value x0.95

* Activity Data
The value used for activity data during refining and storing was the converted net calorific

values of NGL and refined crude oil in petroleum refining industry taken from the General
Energy Satistics compiled by the Agency for Natural Resources and Energy.

Table 3-32  Amount of crude and NGL refined in Japan
Item Unit 1990 1995 2000 2003 2004
Qil and LGL Refined PJNCV 7,732 8,907 8,898 8,703 8,566

* Point to Note

The default emission factors given in the Revised 1996 IPCC Guidelines and elsewhere are
expressed in net calorific values. Therefore, in order to use the IPCC default emission factor
per unit of calorific value, the activity data were converted to net calorific values.
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» Completeness

Oil and NGL are refined and stored in Japan, and where carbon dioxide is dissolved in
crude ail, it is conceivable that it will be emitted as aresult of the relevant activity. The level of
carbon dioxide emitted by the activity is probably negligible, but because there are no
examples of measurement of the carbon dioxide content in crude ail, it is not currently possible
to calculate emissions. Emissions were reported as “NE” in the absence of the default
emission factors.

3.2.2.1.e. Disgtribution of Oil Products (1.B.2.a.v.)

Petroleum products are distributed in Japan, and where carbon dioxide and methane are
dissolved, it is conceivable that either or both will be emitted as a result of the relevant activity.
The level of carbon dioxide or methane emitted by the activity is probably negligible, in light
of the composition of the petroleum products, but because there are no examples of
measurement of the carbon dioxide or methane content of petroleum products, it is not
currently possible to calculate emissions. Emissions were reported as “NE” in the absence of
the default emission factors.

3.2.2.2. Natural Gas(1.B.2.b.)

3.2.2.2.a. Exploration (1.B.2.b.i.)

There is test drillings of oil and gas fields in Japan, and it is conceivable that the activity
could give rise to emissions of carbon dioxide, methane, or nitrous oxide. It is difficult,
however, to distinguish between oilfields and gas fields prior to test drilling, Emissions were
reported as “IE” because the calculation was combined with the subcategory of 1.B.2.a.i.
Fugitive Emissions Associated with Oil Exploration.

3.2.2.2.b. Production / Processing (1.B.2.b.ii.)

* Background

Fugitive emissions of carbon dioxide and methane occur during the production and
conditioning process of natural gas, as well as when measuring instruments are lowered into
wells during the inspection of operating gas wells.

» Methodology for Estimating Emissions of GHGs

Fugitive emissions of the production of natural gas and processing of natural gas, such as
adjusting its constituent elements, and servicing natural gas production wells was calculated
using the Tier 1 method, and in accordance with Decision Tree of the Good Practice Guidance
(2000) (Page 2.80, Fig. 2.12) (Refer to 1B2-2006.xIs¥1B2b i Production Processing for detail
on the calculation process.).

Fugitive emissions during natural gas production and conditioning processes were
estimated by multiplying the amount of natural gas production by their respective emission
factors. Fugitive emissions during gas field inspections were calculated by multiplying the
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number of production wells by the emission factor.

* Emission Factors
-Production

The default values given in the Good Practice Guidance (2000) were used for the emission

factors of fugitive emissions during the production of natural gas. (The median of the default
values was used for methane).

Table3-33  Emission factors of fugitive emissions during production of natural gas

[Gg/10° m?]

CH, " CO, N,0?
Fugitive Emissions 2.75x107° | 9.5x10™ 0

Natural Gas Production

Source: GPG (2000) Table 2.16
1) The default values are 2.6x107° — 2.9x107

2) Excluded from calculations, as the default value is 0 (zero)

-Processing

The default values given in the Good Practice Guidance (2000) for the emission factors of

fugitive emissions during processing of natural gas were used. (The median of the default
values was used for methane).

Table3-34  Emission factors during processing of natural gas [Gg/10° m’]
CH," CO, | N,0?
Processing of Processing in general (Genera 4 5
Natural Gas treatment plant, Sweet Gas Plants) 8.8x10 2.7x10 0
Source: GPG (2000) Table 2.16

1) The default values are 6.9x10™* — 10.7x10™
2) Excluded from calculations, as the default value is 0 (zero)

-Servicing

The default values for fugitive emissions during servicing of natural gas production wells
given in the Good Practice Guidance (2000) were used.

Table 3-35  Emission factors during servicing of natural gas production wells

[Gg/number of wellg]

CH, CO, N,O"
Production Well (Servicing) | 6.4x107° 4.8x107" 0

Source: GPG (2000) Table 2.16

1) Excluded from calculations, as the default value is 0 (zero)
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* Activity Data

-Production and Processing

The production volume of natural gas in Japan given by the Ministry of Economy, Trade
and Industry in its Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke
and the Yearbook of Mineral Resources and Petroleum Products Satistics was used as the
activity data during its production and processing.

-Servicing

Because the number of oil wells and natural gas wells cannot be separated for the entire
timeseries, the total fugitive emissions from servicing of oil and natural gas wells are reported
here. The number of oil/natural gas wells shown in the Yearbook of Natural Gas Information
published by the Japan Natural Gas Association was used. Note that the value for 2003 is
used for 2004.

Table3-36  Natural gas production and the number of producing and capable wells
Item Unit 1990 1995 2000 2003 2004

Natural Gas Production 10°m°® 2,066 2,237 2,499 2,814 2,957
Number of Producing and Capable Wells| wells 1,230 1,205 1,137 1,130 1,130

3.2.2.2.c. Transmission (1.B.2.b.iii.)

» Background

Fugitive emissions of carbon dioxide and methane occur during transmission of natural gas
by pipelines.

» Methodology for Estimating Emissions of GHGs

Fugitive emissions from the transmission of natural gas were calculated using the Tier 1
method in accordance with Decision Tree of the Good Practice Guidance (2000) (Page 2.80,
Fig.2.12) (Refer to 1B2-2006.xIs¥1B2b ii Transmission for details on the calculation process.)
Emissions were calculated by multiplying the total length of installed pipelines by the emission
factors.

* Emission Factors

The default values given in the Good Practice Guidance (2000) were used for the emission
factors of fugitive emissions from transmission. (The median of the default values was used for
methane).

Table3-37  Emission factors for the fugitive emissions associated with transmission of
natural gas [Gg-gas’km-pipeline]
CH, Co, N,0?

25x10 ° Y 1.6x10 ° 0

Fugitive emissions during Transmission
transmission of natural gas

Source:  Good Practice Guide (2000), Table 2.16

—
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1) Defaultvalue: 2.1x 10°t01.9x 1073
2) Excluded from the calculation as the default value is 0.

* Activity Data
For the calculation of activity data for fugitive emissions associated with natural gas
transmissions, the total length of installed natural gas pipelines in Japan shown in the Yearbook
of Natural Gas Information published by the Japan Natura Gas Association was used.
However, the calendar year values were used as the data for the most recent year.

Table 3-38  Length of natural gas pipeline instalation
Item Unit 1990 1995 2000 2003 2004
Natural Gas Pipeline length km 1,984 2,195 2,434 2,615 2,615

3.2.2.2.d. Distribution (1.B.2.b.iv.)

In Japan, liquefied petroleum gas, coal, coke, naphtha, crude oil, and natura gas are
refined and blended at gas plants into gas, which, after being conditioned to produce a certain
calorific value, is supplied to urban areas through gas lines. Such gasfuel is called “town gas’,
of which 93% is LNG-based.

Japan reports the emissions associated with the production of town gas (Natural Gas
Supplies) in the category of 1.B.2.b. Natural Gas Distribution. The town gas production is
accounted for in this category, even though it may not meet the definition in the Revised 1966
IPCC Guidelines exactly, because of the lack of a category more appropriate for reporting of
emissions from town gas production.

1) co,

Approximate 90% of town gas are based on LNG and free of carbon dioxide. Domestic
natural gas, however, contains minute amounts of carbon dioxide. Therefore when town gasis
produced from domestic natural gas, a negligible quantity of fugitive carbon dioxide emissions
is probably released.

Theratio of carbon dioxide to methane in domestic natural gasin general, isonly 7.5% at a
maximum. If it is assumed that fugitive carbon dioxide emissions from this source escape in
association with methane and in proportion to their congtituent ratios, then the annual estimate
is approximately 11 [t-CO;]. Therefore, the emission from this source category was reported as
“NE”.

2) CH,
» Methodology for Estimating Emissions of GHGs
The Tier 1 Method was used in accordance with the Decision Tree of Good Practice
Guidance (2000) (page 2.82, Fig. 2.14), except that the emissions were calculated by

multiplying the amounts of natural gas and liquefied natural gas used as material for town gas
by Japan’s country-specific emission factors that were available for use.
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The object of the calculations is the methane emitted during the normal operation of LNG
receiving terminals, town gas production facilities, and satellite terminals in Japan, as well as
the methane emitted during a regular maintenance or construction. The primary sources of
emissions are the gases sampled during an analysis and residual gases emitted during a regular
maintenance of manufacturing facilities. (Refer to 1B2-2006.xIs¥1B2b ii Distribution for
details of the calculation process.)

* Emission Factor

The emission factor was calculated by dividing emission of methane during the normal
operation of LNG receiving terminals, town gas production facilities, and satellite terminals in
Japan, as well as during regular maintenance or construction, by the calorific value (905.41
[kg-CH4/PJ]) of the raw material input (LNG, natural gas).

* Activity Data
For the calculation of activity data for this emission source, the amounts of LNG and
natural gas shown in the General Energy Satistics (Agency for Natural Resources and Energy)
as used as raw material for town gas.

Table3-39 Liquefied natural gas used as material for town gas
Item Unit 1990 1995 2000 2003 2004

LNG Consumption with Town | s64| 66| sea| 1041| 1,122
Gas Production

Natural Gas Consumption with
Town Gas Production

PJ 40 48 61 73 77

* Point to Note

As the country-specific emission factor is being used, the gross calorific value given in the
Energy Balance Table was used asis for activity data.

3.2.2.2.e. At industrial plants and power station / in residential and commercial sectors
(12.B.2.b. v.)

Activity that may be assumed to come under this category in Japan is the use of town gas
and other gaseous fuels, and it is conceivable that carbon dioxide or methane could escape to
the atmosphere in association with the use of such fuels. The amount would be very small, but
since there is no actual measurements have ever been taken, it is not currently possible to
calculate emissions.

Emissions for this category were reported as “NE” in the absence of default emission
factors for these sources even though the CRF provides spaces for reporting fugitive emissions
of methane and carbon dioxide at factories and power plants aswell as at home and business.

3.2.2.3. Venting and Flaring (1.B.2.c))

Fugitive emissions of carbon dioxide and methane occur from venting during oil field

—
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development, crude oil transportation, refining processes, and product transportation in the
petroleum industry and as well as during gas field development, natural gas production,
transportation, and processing in natural gas industry.

Flaring during the above processes a so emits carbon dioxide, methane, and nitrous oxide.

3.2.2.3.a. Venting (Oil) (1.B.2.c.-venting i.)
» Methodology for Estimating Emissions of GHGs

Emissions from flaring in the petroleum industry were calculated using the Tier 1 Method
in accordance with the Decision Tree of Good Practice Guidance (2000) (Page 2.81, Fig. 2.13)
by multiplying the amount of crude oil production by the default emission factors.

* Emission Factors

The default values for conventional oil given in the Good Practice Guidance (2000) were
used for the emission factors of oilfield venting. (The median of the default values was used

for methane).
Table3-40  Emission factors of oilfield venting
CH, " CO; N,O?
Conventiona Oil Venting valves 3 5
[Gg/1000 m3] 1.38x10 1.2x10 0

Source: GPG (2000) Table 2.16
1) The default valuesare 6.2x10 °>  270x10 °
2) Excluded from calculations, as the default value is 0 (zero)

* Activity Data
The production volume of oil in Japan given by the Ministry of Economy, Trade and
Industry in its Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke and
the Yearbook of Mineral Resources and Petroleum Products Satistics was used as the activity
data of fugitive emissions from oilfield venting (seeTable 3-29).

3.2.2.3.b. Venting (Gas) (1.B.2.c.-ventingiii.)
» Methodology for Estimating Emissions of GHGs

Carbon dioxide and methane emissions from venting in the natural gas industry were
calculated using the Tier 1 Method in accordance with the Decision Tree of Good Practice
Guidance (2000). Good Practice Guidance (2000) provides emissions factors only for
transportation. Accordingly, emissions were calculated only for the amount during
transportation by multiplying the length of natural gas pipeline installation by the emission
factors.

* Emission Factors

In the absence of actual measurement data or country-specific emission factors in Japan,
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the default values shown in the Good Practice Guidance (2000) were used. It should be noted
that the median values were used for methane emissions.

Table3-41  Emission factors for transmission of natural gas
CH," CO,

1.0x10°3 8.5x10°°

Respiration of natural gas during [Gg/10° m]
transmission (Venting)

Source:  Good Practice Guide (2000), Table 2.16

1) Default value: 0.8x103t0 1.2x1072

* Activity Data
The length of natural gas pipeline installations shown in the Natural Gas Yearbook (Japan

Natural Gas Association) was used for the calculation of activity data, except that the calendar
year values were used for the most recent year (seeTable 3-38).

3.2.2.3.c. Venting (Oil and Gas) (1.B.2.c.-venting iii.)

Statistical data are reported for two categories of petroleum and natural gas in Japan. As a
result, fugitive emissions from venting in the combined petroleum and natural gas industries
were reported as “IE” since they were accounted for respectively in the emissions from venting
in the petroleum industry (1.B.2.c.i) and the natural gasindustry (1.B.2.c.ii.)

3.2.2.3.d. Flaring (Qil) (1.B.2.c.-flaringi.)
» Methodology for Estimating Emissions of GHGs

Carbon dioxide, methane, and nitrous oxide emissions from flaring in the petroleum
industry were calculated using the Tier 1 Method in accordance with the Decision Tree of
Good Practice Guidance (2000), by multiplying the amount of crude oil production in Japan
by the default emissions factors.

* Emission Factors

In the absence of actual measurement data or country-specific emission factors in Japan,
the default values shown in Good Practice Guidance (2000) were used. It should be noted that
the median values were used for methane emissions.

Table3-42  Emission factorsfor flaring in the oil industry
CH,” CO, N,O?
Flaring (Conventional Oil) |  Gg10°m’ 1.38x10 * 6.7x10 2 6.4x10 '

Source:  Good Practice Guidance (2000), Table 2.16

1) Default value: 0.05x107 to 2.7x10™

* Activity Data

For the calculation of activity data for this emission source, the amounts of crude ail
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production shown in the Yearbook of Production, Supply and Demand of Petroleum, Coal and
Coke and the Yearbook of Natural Resources and Petroleum Products, both published by
Ministry of Economy, Trade and Industry, were used. The production of condensate was
excluded from the calculation (seeTable 3-29).

3.2.2.3.e. Flaring (Natural Gas) (1.B.2.c.-flaringii.)
» Methodology for Estimating Emissions of GHGs

Carbon dioxide, methane, and nitrous oxide emissions associated with flaring in the natural
gas industry were calculated using the Tier 1 Method in accordance with the Decision Tree of
Good Practice Guidance (2000). Emissions were calculated by multiplying the amount of
production of natural gas by the emission factors. The total emissions associated with flaring
both during gas production and processing were reported as the emissions from flaring in the
natural gasindustry.

* Emission Factors

Table 3-43  Emission factorsfor flaring in the natural gasindustry

Units CO, CH, N,O
Flaring in the natural Gas production Gg/10°m® | 1.8+10° | 11¢10° | 2.1%10°
gas industry Gas processing Gg/10°m® | 2.1*10° | 1.3*10° | 25+10°

Source:  Good Practice Guidance (2000), Table 2.16

* Activity Data
For the calculation of activity data for this emission source, the amounts of domestic
production of natural gas shown in the Yearbook of Production, Supply and Demand of
Petroleum, Coal and Coke and the Yearbook of Natural Resources and Petroleum Products,
both published by Ministry of Economy, Trade and Industry, were used (seeTable 3-36).

3.2.2.3.f. Venting (Oil and Gas) (1.B.2.c.-flaring iii.)

Statistical data are reported for two categories of petroleum and natural gas in Japan. As a
result, fugitive emissions from flaring in the combined petroleum and natural gas industries
were reported as “1E” since they were accounted for respectively in the emissions from flaring
in the petroleum industry (1.B.2.c.i) and the natural gasindustry (1.B.2.c.ii.)

e
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Chapter 4. Industrial Processes (CRF sector 2)

Chemical reactions in industrial processes cause atmospheric GHG emissions. This chapter

calculates the emissions of the industrial processes shown in Table 4-1.

Table 4-1 Emission source categories in the industrial process sector

Categories CO, CH,4 N,O HFCs | PFCs | SFq
2.A.1. | Cement production o
2.A.2. | Lime production o
2.A.3. | Limestone and Dolomite use o
Minerjl./;r'oducts 2.A.4. | Soda ash production and use o
2.A.5. | Asphalt roofing NE
2.A.6. | Road paving with asphalt NE
2.A.7. | Other IENO | NANO | NANO
2.B.1. | Ammonia production o NE NA
2.B.2. | Nitric acid production o
2.B.3. | Adipic acid production NE o
Silicon carbide production o 1IE
2.BA4.
2.B. Calcium carbide production o NA
Chemical Carbon black 0
industry Ethylene o o NA
Dichloroethane ©
2.B.5.
Styrene o
Methanol NO
Coke NE o NA
Iron and steel 1IE NA
Pig iron IE NA
2.C.1. | Sintered steel IE IE
Coke NE IE
2.C. Other (electric furnace) o 1IE
Metal production | 2.C.2. | Ferroalloys production IE 1IE
2.C.3. | Aluminum production IE NE o
SF¢ used in Aluminum and | Aluminum NO
264 Magnesium foundries Magnesium o
2.C.5. | Other NO
2.D. 2.D.1. | Pulp and Paper
Other production | 2.D.2. | Food and Drink IE
2.E. SR By-product emissions in production of .
Production of HCFC-22
halocarbons and - o
SF, 2.E.2. | Fugitive emissions o o o

—_
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Categories CO, CH, N,O HFCs | PFCs | SFg
Domestic Manufacturing o NO NO
Refrigeration Stock, Disposal IE NO NO
Commercial Manufacturing o NO NO
Refrigeration Stock, Disposal IE NE NO
Transport Manufacturing IE NO NO
Refrigeration and ) .
Refrigeration Stock, Disposal IE NE NO
2.F.1. | air conditioning
. Industrial Manufacturing IE NO NO
equipment
Refrigeration Stock, Disposal IE NE NO
Stationary Manufacturing o NO NO
Air-Conditioning | Stock, Disposal IE NO NO
Mobile Manufacturing o NO NO
Air-Conditioning | Stock, Disposal 1E NE NO
Manufacturing o NO NO
Urethane
Stock o NO NO
5;: Foam ]
5 £ Disposal IE NO NO
2 2 | Polyethylene | Manufacturing o NO NO
9
é 2.F.2. | Foam blowing é Foam Stock, Disposal NO NO NO
<
8 Manufacturing o NO NO
<
< Polystyrene
S Stock o NO NO
= Foam
- Disposal IE NO | NO
2,
£ Soft Form NO | NO | NO
g
3 Manufacturing NE NO NO
if; 2.F.3. | Fire extinguishers Stock NE NO NO
Disposal NE NO NO
Manufacturing o NO NO
2.F4. | Aerosols/metered dose inhalers Stock o NO NO
Disposal IE NO NO
Manufacturing NE o NO
2.F.5. | Solvents
Stock, Disposal NE IE NO
2.F.6. | Other applications using ODS substitutes NE NE NE
Manufacturing IE IE IE
2.F.7. | Semiconductor manufacture Stock o o o
Disposal NA NA NA
Manufacturing o
2.F.8. | Electrical equipment Stock o
Disposal IE
Other (for research, healthcare, etc.) NO NO NO
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4.1. Mineral Products (2.A.)

4.1.1. Cement Production (2.A.1.)

» Background

CO, is emitted by calcinating limestone, the main component of which is calcium
carbonate, when producing clinker, an intermediate product of cement.

CO, emission mechanism of the cement production

process
CaCO;—Ca0 CO,

» Methodology for Estimating Emissions of GHGs

The GPG (2000) decision tree was followed in calculating the CO, emissions of this
source by multiplying the production amount of clinker, an intermediate product of cement
production, by an emission factor.

CO, emissions (t-CO,) of cement production

= emission factor (t-CO,/t-clinker) x clinker production (t) x cement kiln dust correction coefficient

* Emission Factors

Multiplying the CaO content of clinker by the molecular weight ratio of CaO and CO,
(0.785) yields the emission factor. Because Japan’s cement industry takes in large amounts
of wastes and byproducts from other industries and recycles them as substitute raw materials
for cement, clinker contains CaO other than that from carbonates. This CaO has not been
through the limestone calcination stage and has not emitted CO, in clinker production. For
that reason emission factors were determined by finding the CaO content of clinker from
carbonates, from which CaO originating from waste and other sources has been subtracted.
We use 1.00 for the cement kiln dust (CKD) correction coefficient because it is deemed
likely that CKD is recovered and used again as an input.

Emission factors of CO, emitted from cement production were calculated using the
following procedure.

1 Estimate dry weight of waste and other materials input in raw material processing.

2 Estimate the amount and content of CaO from waste and other materials in clinker.

3 Estimate the CaO content of clinker, excluding the CaO from waste and other
materials.

4 Determine the clinker emission factor.

Emission factors of CO, emissions from cement production

= [(CaO content of clinker) — (CaO content of clinker from waste and other materials)] x 0.785

CaO content of clinker from waste and other materials

= dry weight of inputs of waste and other materials x CaO content of waste and other materials + clinker

production volume
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o Estimating dry weight of waste and other materials input in raw material processing

We chose these seven kinds of waste and other materials used in calculations: coal ash
(incineration residue), blast furnace slag (water granulated), blast furnace slag (slow-cooled),
steelmaking slag, nonferrous slag, coal ash (from dust collectors), and particulates/dust
(these wastes account for at least 90% of the CaO from waste and other materials). Waste
amounts (emission-based) and the content percentages of each waste or other material were
determined from studies by the Cement Association of Japan (only for 2000 and thereafter).
o Estimating the amount and content of CaO from waste and other materials in clinker

The dry weights of each type of waste or other material found above are multiplied by the
CaO content for each type as found by the Cement Association, thereby calculating the total
CaO amount in clinker derived from waste and other materials. This is divided by clinker
production volume to find the CaO content from waste and other materials in clinker.
Because data for 1999 and prior years were unavailable, averages for 2000 through 2003
were used.

o Estimating the CaO content of clinker, excluding the CaO from waste and other
materials

CaO content in waste and other materials is subtracted from the average CaO content of
clinker as determined by the Cement Association, which yields the proportion of CaO in
clinker that is used to set emission factors.

Table 4-2 Emission factors of CO, from cement production

Item Unit 1990 1995 2000 2003 2004
CaO content in clinker % 65.9 65.9 66.0 65.9 65.9
Waste Origin CaO content in clinker % 2.5 2.5 2.9 2.2 2.0
CaO content in clinker except waste origin CaO % 63.4 63.4 63.1 63.7 63.9
CO,/Ca0 0.785 | 0.785 | 0.785 | 0.785 | 0.785
EF t/CO, | 0.498 | 0.498 | 0.495 | 0.500 | 0.501

* Activity Data

Cement Association data are used to find clinker production amount. Due to the lack of
statistics on clinker production from 1990 to 1999, estimates are made by extrapolating past
(1990-1999) clinker production using the average values of the 2000-2003 ratios of clinker
production (Cement Association data) and limestone consumption (Ministry of Economy,
Trade and Industry, Yearbook of Ceramics and Building Materials Satistics).

Limestone consumption data for FY 1993 to FY2003 given in the Yearbook of Ceramics
and Building Materials Statistics include limestone consumption for cement hardening
agents, which is not included in statistics for 1992 and previous years. For this reason the
Ministry of Economy, Trade and Industry has corrected the data for 1990-1992 limestone
consumption with the figures showing cement limestone consumption for hardening agent
raw material.

To make the corrections, a connection coefficient (0.99) was used to calculate
FY1990-FY 1992 cement production including hardening agent raw material (cement
production + 0.99), and the result was multiplied by the ratio of limestone consumption to

—
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cement production (limestone consumption + cement production) to calculate limestone

consumption.
Table 4-3 Clinker production
Item Unit 1990 1995 2000 | 2003 2004
Consumption of Limestone (dry) | 89,366 97,311 | 81,376 | 73,869 -
Clinker Production (actual performance) kt 69,528 | 62,653 | 62,653
Clinker Production / Consumption of Limestone 0.853 ] 0.853] 0.854| 0.848
Clinker Production afrer correction kt 76,253 | 83,032 69,528 | 62,653 | 62,653

* Clinker Production / Consumption of Limestone 1990-1999 is the average value 2000-2003

4.1.2. Lime Production (2.A.2.)

» Background

CO; is emitted when calcinating (thermolyzing) limestone (CaCOs) and other materials

used as raw material when producing quicklime.

CO, generation mechanism of quicklime production

process
CaCO;—Ca0 CO,

MgCO;—»MgO  CO,

» Methodology for Estimating Emissions of GHGs

Following the GPG (2000) decision tree means that emission factors are determined based
on the amount of each quicklime type manufactured, but because there is no clear
correspondence between the product categories used for the calculation method shown in
GPG (2000) and Japan’s product categories, this method cannot be used. Accordingly,
emissions from quicklime production were calculated by using a Japanese method which
involves multiplying the amounts of limestone and dolomite used as quicklime raw materials

by emission factors.

CO, emissions (kg-CO,) generated by use of raw materials in quicklime production

= raw material-specific emission factor (kg-CO,/t) x amount of raw material (limestone, dolomite)

* Emission Factors

-Limestone

The purity of quarried limestone from each of eight regions obtained in a survey by Japan
Lime Association, and the amount of residual carbon dioxide', were used to establish an
emission factor using a weighted average for the production volume of each region. The
emission factor is 428 [kg-COy/t].

' The carbon dioxide remaining in the raw material after the manufacture of quicklime

—_
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Figure 4-1  Emission factor for limestone used in lime production
N.B. Production volumes are confidential

Source: Data from the Japan Lime Association

-Dolomite

The emission factor was set by the weighted average based on the purity of quarried
dolomite from each of three regions obtained in a survey by Japan Lime Association, and the

amount of residual carbon dioxide (carbon dioxide remaining in the raw material after the lime
production). The emission factor is 449 [kg-CO,/t].

(kg-CO2/t)
480
460 - Default value 477
440 /
Weighted average
emission factor
420 449
400
< o 5]
g £ £
o3 g oy
o o 2

Figure 4-2  Emission factor for dolomite used in lime production
N.B. Production volumes are confidential

Source: Data from the Japan Lime Association

* Activity Data

The volume of limestone and dolomite sold for lime (on calendar year basis) given in the
Ministry of Economy, Trade and Industry’s Yearbook of minerals and non-ferrous metals
statistics, was used for activity data for carbon dioxide emissions associated with the

manufacture of quicklime. Activity data after CY2002 were excluded from the statistical
survey. Therefore, the value of CY2001 is used for as a substitution.

—
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4-4 Amounts of limestone and dolomite consumed when producing quicklime (Calendar year values)

Item Unit 1990 1995 2000 2003 2004
Limestone kt 11,735 9,557 10,413 ] 9,798 9,798
Dolomite kt 67 75 54 99 99

4.1.3. Limestone and Dolomite Use (2.A.3.)

» Background

Limestone contains CaCO; and minute amounts of MgCOj3, and dolomite contains CaCOs
and MgCQO;. The use of limestone and dolomite releases CO, derived from CaCO; and

Mechanism generating CO, when limestone and dolomite are
used
CaCO3—Ca0O CO,
MgCO;—MgO CO,

» Methodology for Estimating Emissions of GHGs

The volumes of limestone and dolomite used in iron and steel production and as raw
materials in soda-lime glass are multiplied by the emission factors to calculate emissions.
(Refer to 2-CO2-2006.xIs¥Limestone and 2-CO2-2006.xIs¥dolomite for details on the

calculation process.)

* Emission Factors

-Limestone

The emission factor of limestone used in manufacturing steel and soda-lime glass is
calculated by adding the value obtained when multiplying the weight-to-weight ratio of CO,
and CaCO; in their reaction formula by the percentage of CaO that can be extracted from
limestone (55.4%, the median value of the “54.8% to 56.0%” given in The Sory of Lime
[Japan Lime Association]) and the value obtained when multiplying the weight-to-weight ratio
of CO, and MgCOs; by the percentage of MgO that can be extracted from limestone (0.5%, the
median value of the “0.0% to 1.0%” given in The Sory of Lime [Japan Lime Association]).

CaCO;—Ca0 CO,

Proportion of CaO extractable from limestone: 55.4 *

Proportion of MgO extractable from limestone: 0.5 °
Molecular weight of CaCOjs (primary constituent of limestone) : 100.0869°

Molecular weight of MgCO;: 84.3139°

Molecular weight of CaO: 56.0774°
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Molecular weight of MgO: 40.3044°

Molecular weight of CO,: 44.0095°

CaCOscontent = proportion of CaO extractable from limestone x molecular weight of CaCO; +
molecular weight of CaO
=(55.4% x 100.0869) +~ 56.0774 x 100 = 98.88%
MgCOj;content = proportion of MgO extractable from limestone x molecular weight of MgCO; +
molecular weight of MgO

=0.5% x 84.3139 + 40.3044 = 1.05%

oEmission factor = (molecular weight of CO, + molecular weight of CaCO; x CaCOs content)
+ (molecular weight of CO, + molecular weight of MgCO; x MgCO; content)
44.0095 100.0869*0.9888+44.0095/84.3139*0.0105
0.4348 0.0055 0.4402 t-CO,/t
440 kg-COo/t
Sources)
a. Median of 54.8% to 56.0%: Japan Lime Association, The Story of Lime
b. Median of 0.0% to 1.0%: Japan Lime Association, The Story of Lime
c. TUPAC “Atomic Weights of the Elements 1999”

(http://www.chem.qmul.ac.uk/iupac/ AtWt/AtWt9.html)

-Dolomite

The emission factor of dolomite is calculated by adding the value obtained when
multiplying the weight-to-weight ratio of CO, and CaCO; in their reaction formula by the
percentage of CaO that can be extracted from dolomite (34.5%, the median value of the 33.1%
to 35.85% range given in The Sory of Lime [Japan Lime Association]) and the value obtained
when multiplying the weight-to-weight ratio of CO, and MgCO; by the percentage of MgO
that can be extracted from dolomite (18.3%, the median value of the 17.2% to 19.5% range
given in The Sory of Lime [Japan Lime Association]).

CaCO; —» CaO CO,
MgCO; -» MgO CO,
Proportion of CaO extractable from dolomite: 34.5
(Median value of the 33.1% to 35.85% range given in The Story of Lime [Japan Lime Association])

Proportion of MgO extractable from dolomite: 18.3%18.3

(Median value of the 17.2% to 19.5% range given in The Story of Lime [Japan Lime
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Association])
Molecular weight of CaCOs (major constituent of dolomite): 100.0872
Molecular weight of MgCOj; (major constituent of dolomite): 84.3142
Molecular weight of CaO: 56.0774

Molecular weight of MgO: 40.3044

CaCO; content = proportion of CaO extractable from dolomite x molecular weight of CaCO; +
molecular weight of CaO
=34.5% x 100.0872 + 56.0774
=61.53%
MgCO; content = proportion of MgO extractable from dolomite x molecular weight of MgCO; +
molecular weight of MgO
=18.3% x 84.3142 + 40.3044
=38.39%

Molecular weight of CO,: 44.0098

oEmission factor = molecular weight of CO, + molecular weight of CaCO3 x CaCO; content
+ molecular weight of CO, + molecular weight of MgCO; x MgCO; content
44.0098 + 100.0872x0.6153  44.0098 + 84.3142x0.3839
0.2706 0.2004

0.4709

471 kg-CO,/t

* Activity Data

For the activity of CO, emissions from the use of limestone and dolomite the inventory
used the amounts of limestone and dolomite sold for use in steel refining and soda glass
given in the Ministry of Economy, Trade and Industry’s Yearbook of Minerals and
Nonferrous Metals Statistics and Yearbook of Mineral Resources and Petroleum Products
Statistics.

Table 4-5 Amounts of limestone and dolomite sold for use in steel refining and soda glass

Item Unit 1990 1995 2000 2003 2004
Limestone (for Steel and Refinement kt 22,3751 22,371 ] 22,902 | 22,259 | 23,066
Limestone (for Soda and Glass) kt 1,846 1,946 1,722 916 997
Dolomite (for Steel and Refinement) kt 1,619 771 438 418 461
Dolomite (for Soda and Glass) kt 228 197 177 142 160
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4.1.4. Soda Ash Production and Use (2.A.4.)
4.1.4.1. Soda Ash Production (2.A.4.-)

In Japan the ammonium chloride soda process is used to produce soda ash (Na,CO;). The
soda ash production process involves calcinating limestone and coke in a lime kiln, which emits
CO;. Almost all lime-derived CO, is taken into the product.

In the soda ash production process, purchased CO, is sometimes input through a pipeline,
but because these CO, emissions are from the ammonia industry, they are already included in
“Ammonia Production (2.B.1)”. Also, the coke consumed is listed as that for heating in statistics
on the consumption dynamics of petroleum and other fuels, and thus CO, emissions from coke are
already counted under “Fuel Combustion (1.A)”. Therefore all emissions from this source are
already included in other categories, and are reported as “IE”. Coke is input as a heat-source and
CO, source.

The Revised 1996 IPCC Guidelines offer a method to calculate CO, emissions from
calcinating trona (Na,CO;-NaHCO;-2H,0), but these emissions are not estimated because in

Japan soda ash has never been manufactured by trona calcination.

4.1.4.2. Soda Ash Use (2.A.4.-)

» Methodology for Estimating Emissions of GHGs

CO, emissions from soda ash use are calculated on the basis of the method in the Revised
1996 IPCC Guidelines by multiplying the soda ash consumption amount by the default
emission factor.

* Emission Factors

Because Japan does not have its own measured data or emission factor, this inventory uses
the default value (0.415 t-CO,/t-Na,CO3) in the Revised 1996 IPCC Guidelines (vol. 3 p.
2.13).
* Activity Data
Activity data are the total of (1) shipping totals from Japan Soda Industry Association data,

(2) imports and exports of soda ash from trade statistics, and (3) imports and exports of other

sodium sesquicarbonate (mainly trona ash) from trade statistics.

Table 4-6 Soda ash use

Item Unit 1990 1995 2000 2003 2004
Soda Ash Shipping kt 1,098 977 634 434 475
Soda Ash Imported kt 0.03 11 49 94 90
Other Disodium Carbonate Imported kt 295 305 346 359 358

4.1.5. Asphalt Roofing (2.A.5.)

Asphalt roofing is manufactured in Japan, but information about the manufacturing process
and activity data is inadequate, and it is not possible to definitively conclude that carbon dioxide
are not emitted from the manufacture of asphalt roofing. Emissions have also never been actually

measured, and as no default emission value is available, it is not currently possible to calculate

Page 4.10 National Greenhouse Gas Inventory Report of Japan 2006



Chapter 4. Industrial Processes (CRF sector 2)

emissions. Therefore, it has been reported as “NE”.

4.1.6. Road Paving with Asphalt (2.A.6.)

Roads in Japan are paved with asphalt, but almost no carbon dioxide would be emitted in the
process. It is not possible, however, to be completely definitive about such emissions. Emissions
have also never been actually measured, and as no default emission value is available, it is not

currently possible to calculate emissions. Therefore, it has been reported as “NE”.

4.2. Chemical Industry (2.B.)
4.2.1. Ammonia Production (2.B.1.)

1) CO,
» Background

CO, is emitted when hydrocarbon feedstock in ammonia production is broken down to
make H, feedstock.

Mechanism generating CO, in ammonia production
0.88CH,4 + 1.26air + 1.24H,0 — 0.88CO, + N, + 3H,

Ammonia synthesis

Nz + 3H2 i 2NH3

» Methodology for Estimating Emissions of GHGs

CO, emissions are calculated by multiplying the consumed amounts of fuel types

used as ammonia feedstock by emission factors.

* Emission Factors

For each feedstock listed in Table 4-7, the inventory uses values that are the same as
emission factors used to calculate CO, emissions from the fuel combustion sector (see Chapter

3).

* Activity Data

The fixed units (including weight and volume) for the fuel types in the table below, which
are from the Ministry of Economy, Trade and Industry’s Yearbook of the Current Survey of
Energy Consumption, were converted using the calorific values in the Agency for Natural
Resources and Energy’s General Energy Satistics, and results were used as activity data.
Consumption data on some fuel types are confidential.

—_
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Table 4-7 Emission factors and calorific values of feedstocks used when producing ammonia

Emission Calorific value
Feedstock Factors (sources) (Units)
(Ge-C/T]) 1990 2004
Naphtha 18.2 1992 carbon emission factor 33.5 34.1 MJ/1
%ﬁ%"g)ﬁ ed  petroleum  gas 16.3 1992 carbon emission factor 50.2 50.2 MJ/kg
Petroleum-derived
hydrocarbon gases 14.2 1992 carbon emission factor 39.3 44.9 MJ/m’
(petrochemical offgases)
Natural gas 13.9 2006 IPCC estimate 41.0 40.9 MJ/m’
Coal (thermal coal, imports) 24.7 1992 carbon emission factor 26.0 26.6 MlJ/kg
Petroleum coke 25.4 1992 carbon emission factor 35.6 35.6 MlJ/kg
Liquefied natural gas (LNG) 13.5 1992 carbon emission factor 54.4 54.5 MJ/kg
Coke oven gas (COG) 11.0 2006 IPCC estimate 20.1 21.1 MJ/m’

Table 4-8  Amount of feedstocks used for ammonia production

Item Unit 1990 1995 2000 2003 2004
Naphtha t 189,714 477,539 406,958 | 95,773 | 92,984
LPG t 226,593 | 45,932 5,991 0 0
Off gas t C 230,972 1240,200 [ 184,103 | 166,616
Natural Gas t C 100,468 | 86,873 | 79,434 ] 65,843
Coal t C 209,839 726 1,030] 1,003
Oil Coke t C 273,125 1420,862 375,297 1384,709
LNG t C 46,501 | 23,395 1133,412 {109,681
COG t C 35,860 | 55,333 0 0

* Point to Note

Fuel consumption in this category has been deducted from energy sector activity data (see
Chapter 3)

2) CH,

Emission of methane from the ammonia production has been confirmed by actual
measurements. As there are not any sufficient examples enough to enable the establishment of
an emission factor, it is not currently possible to calculate emission levels. The Revised 1996
IPCC Guidelines also do not give a default emission factor. Therefore, methane was reported
as “NE”.

3) N;O

Emission of nitrous oxides from the ammonia production is not theoretically conceivable,
and given that even in actual measurements the emission factor for nitrous oxides is below the

limits of measurement, nitrous oxides were reported as “NA”.

4.2.2. Nitric Acid Production (2.B.2.)

» Background
N,O is emitted by nitric acid (HNO3) production.

Mechanism by which nitric acid production generates N,O
4NH; + 50, — 4NO + 6H,0

—
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2NO+ HzO i 2N02
3NO; + H,0 — 2HNO; + NO (—N,0)

» Methodology for Estimating Emissions of GHGs

N,O emissions were estimated by multiplying the nitric acid production volume by an
emission factor, based on the method given in GPG (2000) (page 3.31, Equation 3.9). Because
emissions data for individual factories is confidential information, nitric acid production
volume and emission factors were set for Japan’s total production. Due to the current lack of
data on the amount of N,O destroyed, the equation has no term for destruction.

N,O emissions (kg-N,O) from nitric acid production
= emission factor [kg-N,O/t] x nitric acid production volume [t]

* Emission Factors

Because data for individual factories are confidential information, emission factors were
set by using each factory’s nitric acid production volume to find the weighted average of
each factory’s emission factor, based on measurements made at 10 factories producing nitric

acid in Japan.

Table 4-9 N,O emission factors for nitric acid production
Item Unit 1990 1995 2000 2003 2004
EF for Nitric Acid Production [kg-N,O/t 3.50 3.51 3.92 4.20 4.34

* Activity Data
Production volumes (on fiscal year basis) of nitric acid (converted at 98%) given in the
Ministry of Economy, Trade and Industry’s Yearbook of Chemical Industries Satistics were
used as the activity data for emissions of nitrous oxide during the manufacture of nitric acid.

The fiscal data for the latest year was directly provided by the Ministry of Economy, Trade and

Industry.
Table 4-10  Amount of Nitric acid production
Item Unit 1990 1995 2000 2003 2004
Nitric Acid Production t 705,600 701,460 {655,645 1617,211 |608,523

4.2.3. Adipic Acid Production (2.B.3.)

» Background

N,O is emitted in the adipic acid (C¢H;¢O4) production process through the reaction of

cyclohexanone, cyclohexanol, and nitric acid.

» Methodology for Estimating Emissions of GHGs

Emissions were estimated using the N,O generation rates, N,O decomposition volume, and
adipic acid production volume of the relevant operating sites, in accordance with the GPG
(2000) decision tree (Page 3.32, Fig. 3.4).
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N,O emissions from adipic acid production

= [N,O generation rate x (1-N,O generation rate x decomposition unit operating rate)] x adipic acid production
rate

* Emission Factors

Values calculated using the above equation has been used as the emission factors.
Parameters were established by the following methods. Relevant data used in estimation is
confidential.

-Rate of generation of nitrous oxide

The figure based on actual measurement® data has been used. The actual measurement
data is provided from the only operating site in Japan that is producing adipic acid as an end
product.

-Rate of decomposition of nitrous oxide
The figure used is the result of measurement of the rate of decomposition of nitrous oxide
in the operating site.

-Operating rate of decomposition unit

A full-scale survey on the number of hours operated is conducted annually for N,O
decomposition units and adipic acid production plants. The figure adopted here is based on this
survey.

Calculation of operating ratio of decomposition unit

Operating ratio of decomposition unit (%)

= Number of hours worked of decomposition unit

/ Number of hours worked of adipic acid production plants x 100 (%)

Number of hours worked of decomposition unit:

Hours starting from the beginning of feeding the entire volume of N,O gases till the end of feeding
Number of hours worked of adipic acid production plants:

Hours starting from the beginning of feeding materials till the end of feeding

* Activity Data

The data used for activity data for nitrous oxide emissions associated with the manufacture
of adipic acid was the production of adipic acid submitted to the Ministry of Economy, Trade
and Industry by the manufacturer. Relevant data used in estimation is confidential.

* Point to Note

From 1990 to 1997, N,O emissions from the adipic acid production increased gradually.

Page 4.14 National Greenhouse Gas Inventory Report of Japan 2006



Chapter 4. Industrial Processes (CRF sector 2)

However, given the fact that N,O decomposition units started operating in adipic acid
production plants after May 1999, the emissions after 1999 have decreased dramatically. The
temporary growth of the emissions was happened in 2000 because of the low operating ratio of

N,O decomposition units then due to the breakdown of the decomposition units.

4.2.4. Carbide Production (2.B.4.)
4.2.4.1. Silicon Carbide (2.B.4.-)

1) CO,
» Background

CO, is emitted by the use of petroleum coke as a raw material in the production of silicon
carbide.

Mechanism of CO, generation by the silicon carbide production process
SIO, +3C — SiC +2CO — 2CO,

» Methodology for Estimating Emissions of GHGs

Emissions are calculated by multiplying the amount of petroleum coke used as silicon

carbide feedstock by an emission factor.

* Emission Factors

Because Japan does not have its own measured data or emission factor, this inventory uses
the default value 2.3 [t-CO,/t] for silicon carbide production in the Revised 1996 IPCC
Guidelines (vol. 3 p. 2.21).

* Activity Data

As the activity data for CO, emissions from silicon carbide production, this inventory uses
the petroleum coke consumption amount provided by Japan’s only silicon carbide production
facility. The data are confidential.

2) CH,

In Japan silicon carbide is made in electric arc furnaces, and it is believed that CHy is
generated from the oxidation of coke, which is used as a reducing agent in silicon carbide
production. Electric furnaces used to make carbide are covered by Table No. 1-12 of the Air
Pollution Control Law’s Execution Ordinance. CH, emissions from these furnaces are
reported as “IE” because they are already calculated in Combustion of Fuel (1A).
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4.2.4.2. Calcium Carbide (2.B.4.-)

1) CO,
» Background

CO, is generated in the process of making the quicklime used in calcium carbide
production. CO, is also emitted by CO combustion when making calcium carbide. Further,
calcium carbide is made to react with water, producing calcium hydroxide (slaked lime) and

acetylene, and CO, is generated when the acetylene is used.

Mechanism by which CO, is generated in the calcium carbide production process
(Production)

CaCO; — Ca0O + CO,
CaO +3C — CaC, CO (—COy)
(Use)
CaC, 2H,0 — Ca(OH),+C,H, —2CO,

» Methodology for Estimating Emissions of GHGs

CO, emissions are calculated by multiplying calcium carbide production by the default
emission factor, based on the Revised 1996 |IPCC Guidelines.

CO2 emissions in conjunction with calcium carbide production and consumption

= > (emission factors of CO, from limestone, from reducing agent, and use) X calcium carbide production

volume

* Emission Factors

Because Japan does not have its own measured data or emission factors, this inventory
uses the default values given in the Revised 1996 |PCC Guidelines for the emission factors
of CO, from limestone, from reducing agent, and use.

Table 4-11 Emission factors of CO, generated by calcium carbide production and consumption

Units From limestone in production From reducing agent in production From use
t-CO,/t 0.760 1.090 1.100
Source: Revised 1996 IPCC Guidelines, vol. 3, p. 2.22.

* Activity Data

Calcium carbide production data provided by the Carbide Industry Association are used as

the calcium carbide production volume. The data are confidential.

2) CH,4
Byproduct gases (mainly CO) generated in carbide reactions include a small amount of

CH,, all of which is recovered and burned as fuel, with none being emitted outside the system.

—
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Therefore emissions from this source are reported as “NA”.

4.2.5. Other (2.B.5.)
4.2.5.1. Carbon Black (2.B.5.-)

» Background
Carbon black is made by breaking down acetylene, natural gas, oil mist, and other
feedstocks by incomplete combustion at 1,300°C or higher. The CHy in the tail gas (offgas)

emitted from the carbon black production process is released into the atmosphere.

» Methodology for Estimating Emissions of GHGs
CH, emissions from carbon black production are calculated by multiplying the carbon

black production volume by Japan’s emission factor, in accordance with the Revised 1996

IPCC Guidelines.
» Emission Factors

Five major companies, providing 96% of domestic production, recover methane generated
in the carbon black production processes and use it in recovery furnaces and flare stacks.
Therefore, there are no emissions during normal operation. Hence, the emission factor was
established by estimating emissions of methane during routine inspections and the boiler
inspection carried out by the five major domestic producers, deriving from weighted averages
and using production volumes of carbon black. The emission factor is 0.35 [kg-CHu4/t].

(kg-CHa/t)
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Figure 4-3  CH, Emission factor for carbon black production

Source: Data provided by the Carbon Black Association

Table 4-12 Methane emissions and carbon black production by five main domestic producers
Carbon black production Methane emissions Emission factor
[t/year] [kg-CHy/year] [kg-CH4/t]
Total from five ] 24
main companies 701,079 6,067 0.350

Source: Data provided by the Carbon Black Association (1998 actual results)

—_—
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* Activity Data
Carbon black production volumes (on fiscal year basis) given in the Yearbook of Chemical
Industries Satistics compiled by the Ministry of Economy, Trade and Industry (METI) were
used for activity data for methane emissions associated with the manufacture of carbon black.
However, as data for the latest fiscal year were not listed, the calendar-year values were used.

Table 4-13  Carbon black production volume
Item Unit 1990 1995 2000 2003 2004
Carbon Black Production t 792,722 [758,536 [771,8751792,114 1809,012

4.2.5.2. Ethylene (2.B.5.-)

1) CO,, CH,4
» Background

CO, is emitted when it is separated in the ethylene production process. CHy is emitted by

naphtha cracking through stream cracking in the ethylene production process.

» Methodology for Estimating Emissions of GHGs

CH,4 and CO, emissions from ethylene production were calculated by multiplying ethylene
production by a Japan-specific emission factor, in accordance with the Revised 1996 IPCC
Guidelines.

* Emission Factors

-CH,4

Estimates of volume of exhaust gas from flare stacks at operational startup and shutdown
at operating sites in Japan (assuming that 98% of the volume that enters is combusted), and
measured volume of exhaust gas from naphtha cracking furnace and furnaces heated by
re-cycled gas, were divided by the production volume to calculate emission factors for each
company. The weighted average of production from each company was then applied to
establish the emission factor. The emission factor is 0.015 [kg-CHy4/t].
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Figure 4-4  Emission factor for methane from manufacturing ethylene

Source: Data provided by the Japan Petrochemical Industry Association

-CO,

Emission factors for a normal operation and an unsteady operation at operating sites in
Japan were established using actual measurement data recorded in FY2000. The emission
factor was set, assuming that all carbon dioxide refined in the naphtha-cracking sector is
emitted, which was a pre-condition in establishing the emission factor. This emission factor
is confidential.

* Activity Data

Ethylene production volumes (on fiscal year basis) from the Yearbook of Chemical
Industries Satistics compiled by the Ministry of Economy, Trade and Industry (METI) were
used as activity data for emissions of methane and carbon dioxide from ethylene production.

However, as data for the latest fiscal year were not listed, the calendar-year values were used.

Table 4-14 Ethylene production volume

Item Unit 1990 1995 2000 2003 2004
Ethylene Production kt 5,966 6,951 7,566 7,419 7,555

2) N,O

There is almost no nitrogen in naphtha, the raw material in ethylene production, and the
ethylene production process takes place under conditions that are almost completely devoid of
oxygen. Emissions are reported as “NA” in accordance with the judgment of experts that in

principle there are no N,O emissions.

4.2.5.3. 1,2-Dichloroethane (2.B.5.-)

» Background

1,2-dichloroethane is made by reacting ethylene (C,H,4) and chorine (Cl,). The product then
passes through washing, refining, and thermolysis processes to become a vinyl chloride
monomer (C,H;Cl). A very small amount of CH,4 is contained in the exhaust gases of the
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reaction, and of the washing and refining processes.

» Methodology for Estimating Emissions of GHGs

CH, emissions from 1,2-dichloroethane production are calculated by multiplying

production volume by a Japan-specific emission factor, in accordance with the Revised 1996

IPCC Guidelines.

* Emission Factors

The concentration of methane in waste gas from three member companies of the Vinyl
1,2-dichloroethane
production in Japan) was measured, and weighted averages were calculated to establish the

Environmental Council (representing approximately 70% of total

emission factor. The emission factor is 0.0050 [kg-CH4/t].
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Figure 4-5

* Activity Data

Dichloroethane production volumes (on fiscal year basis) from the Yearbook of Chemical
Industries Satistics compiled by the Ministry of Economy, Trade and Industry (METI) were
used as activity data for methane emissions from 1,2-dichloroethane production. However,

Weighted average
emission factor
0.0050

\

A

Small — Production of 1,2-dichloroethane _, Large

Methane emission factors for 1,2-dichloroethane production

Source: Data provided by the Vinyl Environmental Council

as data for the latest fiscal year were not listed, the calendar-year values were used.

Table 4-15  Ethylene dichloride (1,2-dichloroethane) production volume
Item Unit 1990 1995 2000 2003 2004
Ethylene dichloride Productiof  kt 2,683 3,014 3,346 3,494 3,646
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4.2.54. Styrene (2.B.5.-)

» Background

CHy, is emitted in the production of styrene.

» Methodology for Estimating Emissions of GHGs

CH, emissions from styrene production were calculated by multiplying styrene production
volume by a Japan-specific emission factor, based on the method given in the Revised 1996
IPCC Guidelines.

* Emission Factors

Estimates of volume of exhaust gas from flare stacks at operational startup and shutdown
at operating sites in Japan (assuming that 98% of the volume that enters is combusted), and
measured volume of waste gas from heating furnaces, were divided by the production volume
to calculate emission factors for each company. The weighted average of production from each

company was then applied to establish the emission factor. The emission factor is 0.031

[kg-CO,/t].
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Figure 4-6  Methane emission factors for styrene production
Source: Data provided by the Japan Petrochemical Industry Association
* Activity Data

Styrene monomer production volumes (on fiscal year basis) from the Yearbook of
Chemical Industries Satistics compiled by the Ministry of Economy, Trade and Industry
(METI) were used as activity data for methane emissions from styrene production. However,

as data for the latest fiscal year were not listed, the calendar-year values were used.

Table 4-16  Styrene (monomer) production volume

Item Unit 1990 1995 2000 2003 2004
Styrene Production kt 2,227 2,952 3,020 3,255 3,324
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4.2.5.5. Methanol (2.B.5.-)

» Background

CHy, is emitted in the production of methanol.

» Methodology for Estimating Emissions of GHGs

CH,4 emissions from methanol production are calculated using the method given in the
Revised 1996 IPCC Guidelines.

According to industry organizations, the production (synthesis) of methanol stopped in
Japan in 1995 due to the price difference with overseas methanol. Since then all methanol has
been imported, and methanol production plants disappeared from Japan in about 1995.
According to the Yearbook of Chemical Industries Statistics, beginning in 1997 there was also
no production of refined methanol. Because the methanol refining process merely dewaters the
synthesized methanol, in principle no CHy, is generated.

Accordingly, from 1990 to 1995, emissions are reported using the production volumes in
industry organization statistics. For 1996 and thereafter, the report is “NO” because it is
assumed that methanol has not been produced (synthesized) since 1995.

* Emission Factors

The default value for methanol given in the Revised 1996 IPCC Guidelines was used. The
emission factor is 2 [kg-CHy4/t] (Refer to Revised 1996 IPCC Guidelines Vol. 2 p 2.22, Table
2-9).

* Activity Data
Production volumes of methanol (on calendar year basis) given in Methanol Supply and

Demand published by the Methanol and Formalin Association were used as activity data for

methane emissions from methanol production.

Table 4-17  Methanol production volume
Item Unit 1990 1991 1992 1993 1994 1995
Methanol Production t 83,851 | 76,772 23,043 | 45,426 | 40,662 | 75,498

4.2.5.6. Coke (2.B.5.-)

1) CO;

Coke is mainly produced in the iron and steel production in Japan, and it is conceivable
that carbon dioxide will be generated during the carbonization of coal in the process of
producing coke, and it may leak from the lid of the coking furnace. Currently, however, there
is no actual measurement data of emissions, and it is not possible to calculate emissions. No
default emission factor is given in the Revised 1996 IPCC Guidelines, and emissions have
been reported as “NE”.

—
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2) CH,4
» Background

CHy, is emitted in coke production.

» Methodology for Estimating Emissions of GHGs

CH,4 emissions from coke production were calculated by multiplying coke production
volume by a Japan-specific emission factor, based on the method given in the Revised 1996
IPCC Guidelines.

* Emission Factors

Methane emissions from coke production come from two sources: methane in combustion
exhaust gas that leaks between the carbonization chamber and the combustion chamber, and
methane emitted from the coking furnace lid, the desulfurization tower, or the desulfurization
recycling tower, in the carbonization process.

-Combustion exhaust gas

The production volume of coke was used in conjunction with the concentration of methane
in the exhaust gas from coking furnaces operated by five companies at seven operating sites
(surveyed by the Japan Iron and Steel Federation) to derive a weighted average, which was
established as the emission factor. The emission factor is 0.089 [kg-CH4/t].
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Figure 4-7  Emission factors for methane in combustion exhaust gas from coking
furnaces

Source: Data provided by the Japan Iron and Steel Federation

-Coking furnace lid, desulfurization tower, and desulfurization recycling tower

The Japan Iron and Steel Federation has had a voluntary plan in place since fiscal 1997 to
manage noxious atmospheric pollutants, and methane emissions have been estimated from
emissions of other substances from the lid of coking furnaces. The emission factor has been

established by taking a weighted average using this data and the volume of production of coke.
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Table 4-18  Emission factor of methane from coking furnace lids, desulfurization towers,

and desulfurization recycling towers

. CH, emission factors
Fiscal year Notes
[kg-CH4/t]

Emission factor change is assumed to be small. 1995
1990-1996 0.238 .
data are used for year with no data.

It is assumed that values for 1998 and 1998 are about

1997-1999 0.180
the same as those of 1997.
2000 0.101 Actual results
2001 0.062 Actual results
2002 0.052 Actual results
2003 figures are actual results; data for 2004 and
2003 2004 0.042

thereafter are assumed to be the same as 2003 figures

Source: Japan Iron and Steel Federation data

-Methane emission factor for coke production
The aforementioned Combustion Exhaust Gas and Coking Furnace Lids, Desulfurization
Towers, and Desulfurization Recycling Towers have been added, and the resulting figure has
been used as the emission factor.
* Activity Data
As the activity of CH,; emissions from coke production the inventory used the coke
production volume (fiscal year values) given in the Yearbook of Production, Supply and

Demand of Petroleum, Coal and Coke and the Yearbook of Mineral Resources and Petroleum

Products Statistics compiled by the Ministry of Economy, Industry and Trade.

Table 4-19  Coke production volume

Item Unit 1990 1995 2000 2003 2004
Coke Production kt 47,338 | 42,279 | 38,511 | 38,589 [ 38,215

» Completeness

The SBDT’ (Table 2(I).A-Gs2) in the CRF requires emissions of carbon dioxide and
methane from coke production to be reported as a sub-category of 2.C.1. Steel Manufacture,
but coke is also manufactured in Japan in industries other than the steel industry. The

emissions have therefore been counted in this category.

3) N,O
We have no measurements of the concentration of N,O in the gas leaking from coking
furnace lids, but N,O emissions from this source are reported as “NA,” the reason being that
experts say that N,O is likely not produced because the reducing atmosphere in a coke oven is
normally at least 1,000°C.

—
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4.3. Metal Production (2.C.)

4.3.1. Iron and Steel Production (2.C.1.)
4.3.1.1. Steel (2.C.1.-)

1) CO,

Coke oxidizes when it is used as a reduction agent in the steel production, and carbon
dioxide is generated. The volume of coke used has been included under consumption of fuel in
Fuel Combustion Sector (1.A.), and the carbon dioxide generated through the oxidization of
coke used as a reducing agent has already been calculated under Fuel Combustion Sector
(1.A.), too. Therefore, it has been reported as “IE”.

4.3.1.2. PigIron (2.C.1.-)

1) CO,

Carbon dioxide generated from pig iron production is emitted when coke is used as a
reduction agent. The amount of coke used has been included under consumption of fuel in Fuel
Combustion Sector (1.A.), and the carbon dioxide generated through the oxidization of coke
used as a reducing agent has already been calculated under Fuel Combustion Sector (1.A.), too.

Therefore, it has been reported as “IE”.

2) CH,

It is not theoretically possible that methane will be generated in association with the pig
iron production, and it has been confirmed that methane is not emitted from actual
measurements. Therefore, emissions have been reported as “NA”.

4.3.1.3. Sinter (2.C.1.)

1) CO,

CO, generated when making sinter is all generated by the combustion of coke fines; these
emissions come under the Fuel Combustion Sector (1.A.). As they are already calculated in
this sector, they