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Chapter 1 Outline of the Survey

Chapter 1 Outline of the Survey

1.1 Background and Objective

The 16th Conference of the Parties (COP16) of the United Nations Framework Convention on
Climate Change (UNFCCC) adopted the Cancun Agreements. The agreements clearly state the
commitment by developed countries to provide financial support to developing countries in the field
of climate change, which include i) collective commitment approaching USD 30 billion for three
years from 2010 to 2012 (as Fast-start finance) and ii) joint mobilization of USD 100 billion per year
by 2020 (as Long-term finance). The direction of future framework on climate change after 2013 is
still under discussion. It is considered that Official Development Assistance (ODA) will continue to
be actively utilized as part of the support for the developing countries in the field of climate change.
The Cancun Agreements request implementation of measurement, reporting and verification (MRV)
regarding quantitative evaluations of greenhouse gas GHG emission reduction (sequestration)

through supported mitigation actions.

Taking into account the above situations, JICA is faced with the task to consider MRV regarding GHG
emission reduction (sequestration) during the planning stages of country assistance strategies and
individual projects to ensure its implementation. This survey presents a reference document providing
estimation methodologies of quantitative evaluations of GHG emission reduction (sequestration), in
order to facilitate consideration of MRV during the planning stages of country assistance strategies
and individual projects. This survey is not intended to provide methodologies for estimating emission
reduction credits, such as those generated by the Clean Development Mechanism (CDM). The
purpose of this survey is to calculate the impacts of projects assisted by JICA. Therefore, this survey

does not take into account additionality considerations required by the CDM.

This report contains survey on mitigation measures as part of the “Study on Mainstreaming Climate
Change Considerations into JICA Operation”. The reports for survey on adaptation measures and

national and regional climate impacts are prepared separately.

1.2 Selection of Target Sub-sectors and Review of Existing Methodologies

After reviewing past JICA ODA loan projects and the trend of other donors’ assistance, 25 sub-sectors
were chosen as potential areas of future JICA ODA loan assistance. In order to establish the
estimation methodologies for quantitative evaluation of GHG emission reduction (sequestration), the
survey reviewed existing methodologies and tools including those used by other donors and by credit

generating mechanisms like the CDM.

1.3 Basic Concept and Guidelines for the Quantitative Evaluation of GHG Emission
Reduction (Sequestration)

For the selected 6 sectors and 25 sub-sectors, methodology sheets summarizing GHG emission

reduction methodologies were prepared. The five items included in the methodology sheets are: 1)

typical project outline, ii) applicability, iii) methodology on emission reduction, iv) data required for
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Chapter 1 Outline of the Survey

estimation and monitoring, and v) others. In developing countries, it can be easily anticipated that
there exists great limitation in data availability. In order to overcome this limitation, the presented
methodology allows flexibility by indicating several options when possible, along with the order of
priority. Furthermore, excel sheets with embedded estimation formula were prepared to enable

estimating actual GHG emission reductions (calculation sheets).
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1.4 Framework of the Report

Chapter 1  Outline of the Survey

Chapter 3 Basic Concept and Guidelines for the
Quantitative Evaluation of GHG Emission Reduction
(Sequestration)
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m Outline of Methodology sheet and Calculation sheet
Aim and Application
Outline of Methodology sheet
Outline of Calculation sheet

Chapter 2 Selection of Target Subsectors and Review of
Existing Methodologies

m Selection of Target Subsectors

Past JICA ODA loan projects

Classification of yen loan projects from 1995 to 2010

Trend of Other Donors
m Methodologies of Other Certification

Organizations, etc.

Reviewed Methodologies
Existing Methodologies for Targeted Sub-sectors

Chapter 4 Methodology Sheets and Calculation Sheets
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Outline of methodology and calculation
sheets for each subsector

Target sub-sectors
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2. Applicability
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(2) Project Emission
4. Data required for estimation and monitoring
<Timing of calculation>
<Data acquisition methods>
<Priority among options>
5. Others
(1) Project boundary
(2) Leakage
(3)Reviewed Methodologies and Major Differences

Calculation sheets
(1) Input Sheet
(2) Result sheet

Forest and natural resources conservation
1. Afforestation 2. Forest conservation

Traffic and Transportation
3. Freight/Passenger Transportation Improvement
4. MRT 5. Monorail, LRT 6.Bus

Energy Conservation (Industry)
7. Energy Efficiency Improvement
8. Electricity and heat supply

' 9. Fuel switching
Energy

10. Energy plant with fuel switching

11. Thermal power with electricity and heat supply
12. Thermal power with fuel switching

13. Thermal power with higher efficiency

14. Power transmission with improved efficiency
15. Power distribution with improved efficiency
16. Rural electrification

Renewable energy

17. Hydro power 18. Wind power

19. Photovoltaic power /solar heat 20. Geothermal power
21. Biomass

Sewerage, Urban sanitation

22. Landfill disposal of waste

23. Intermediate treatment of waste

24. Wastewater treatment 25. Sewerage
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Chapter 2 Selection of Target Sub-sectors and Review of Existing
Methodologies

2.1 Selection of Target Sub-sectors
In this section, target sub-sectors are selected for discussion in Chapters 3 and 4. The following items

are considered for selection of the sub-sectors.
Past JICA ODA loan projects
Potential for formulating future mitigation projects

The process of selection is as follows:

1 Establish sector and sub-sector categories that cover all yen loan projects
from 1995 to 2010

v

2. Classify all yen loan projects into mitigation sub-sectors and non-mitigation

sub-sectors

v

3. Compare yen loan projects with mitigation projects by other donors and
check whether mitigation sub-sectors supported by other donors are

included

v

4. Consider future high-potential sectors and sub-sectors for mitigation

measures based on the second and third steps.

v

5. Select target sub-sectors.

Figure 2.1.1 Process of Selecting Sub-sectors
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

2.1.1 Identification of Sectors and Sub-sectors Based on Past JICA ODA Loan Projects

First, in order to classify and identify sectors and sub-sectors based on past JICA ODA loan projects’,
projects classified in mitigation sub-sectors are extracted from all projects committed from 1995 to
2010 (1,139 projects). The mitigation and non-mitigation sub-sectors and the number of projects

classified in each group are shown in Table 2.1.1.

There are 503 projects classified into 6 mitigation sectors (forestry/natural environment, disaster
prevention, traffic and transportation, mining and industry, energy, and public utility) and 29
mitigation sub-sectors. On the other hand, there are 793 projects classified into 14 non-mitigation
sectors (including miscellaneous sector) and 52 non-mitigation sub-sectors. Projects classified into
more than one sub-sector are counted in their respective sub-sectors, resulting in a total of 1,296

counted projects.

! http://www2.jica.go.jp/ja/yen_loan/index.php
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

Table 2.1.1 Projects in Mitigation Sub-sectors among Japan’s Yen Loan Projects
(Target: Committed Projects from 1995 to 2010)/—1

Mitigation Sub-sectors Non-mitigation Sub-sectors

Sector Sub-sector projects Sector Sub-sector projects|
3 Forestry/natural |01 Forestry 37| 1 Water resources |01  Proper r rent of water resources 2]
resources 02 Forest conservation , Slope 15] 02 Water resources development, facility 14}
conservation conservation/Soil conservation upgrade
03 Mangrove conservation Of 03 Utilization of water resources 2)
05 Ecosystem (biodiversity) 5 04  Water and sanitary reform 0]
4 Disaster 07 Forest disaster prevention 0] 2 Agriculture, Food |01  Irrigation, drainage 56
management 08  Landslide disaster management 0f /2 |02 Cultivation management (Assistance of 13
agricultural management), enhancement
of irrigation association
6 Transportation 04 Railway 03 Crop development 3
001  Freight (a new railway double track 21 04  Information system 0
002  Passenger (a new railway a double track 9 05 Livestock 1
railway, or a quadruple track railway
003 MRT City and suburb rapid railway 46 06 . . 4
Subway, Elevated railway) Fisheries
004 Monorail, LRT 2 07  Agro- ecconomy 1
005  Improvement of rails, High 10] 08  Sustainable agriculture 2)
standardization , Rehabilitation of railway
006  Rehabilitation of train cars and railway § 09  Development/improvement of farmland 1
facilities
9 Mining and 01 Industry 4 10 Agricultural process 1
manufacturing 02 16| 3 Forestry/natural |04 Coastal/lakefront protection/restoration 3
industries Factory, Plant resource
conservation
03 Mining industry 3 4 Disaster 01  Coastal protection 3
11 Energy 01 Energy conservation 2f management 02 River prevention flood control 35
02 Intensive heat-supply system with fuel 26| 03 Disaster-relief 1
switching
03 Thermal power plants with electricity and 4 04 . 1
Information system
heat supply
04 Thermal power plants with fuel switching 12] 05  Development of human resources, 4
Environmental control ability
05 Thermal power plants with higher energy 39 06  Urban disaster prevention 0
efficiency.
06  Transmission and distribution 64) 09  Land-use management 0
07 Hydro power plants except for small 42) 5 Urban-regional 01 38]
hydropower and pumped and storage development Rural development
12} 02  Urban community improvement 2|
09  Rural electrification 17 6 Transportation 01  Road, bridge 164
10 Energy facilities (construction of new 2] 02 . 35
L Airport
natural gas pipelines
13 Public utilities 02 Urban health waste disposal 16} 03  Port 36
03 Sewerage 56 05  Marine transportation 7
03 Wastewater treatment 35] 06 TDM and other soft measures 1
Total 503 07  Logistic facilities 1
08 ICT 0l
7 Health 01  Adaptation capacity development 0
02 Adaptations for high risk area 0
03  Heat prevention 0]
04 Malaria control 0
05  Waterborne (infectious) disease control 1
/1 1,139 projects are extracted from JICA’s database of Japan’s 06__Medical care 15
8 Architect 01  Architect 31
ODA loan projects from 1995 to 2010, and classified into 10 Government 01 _ Finance, monetary 25
administration 02  Environmental-related issues 21|
sectors. 03  Survey/cartography 1
04  General government 5
/2 As for agricultural and food sectors, countermeasures and 82 :ZZEZ:E: ;;rproel}'l:‘{,ﬁj;:f :Zztcm 5;
reconstruction
utilization for “methane emissions from paddy fields”, 12 Human resources [01 _Education 42
02 Healthcare education 13]
“domestic animals’ waste”, “loss of soil organic material due to 13 Public Utility 01 Water Supply 96
14 Commerce 01  Tourism 7
surface soil runoff ”, “nitrous oxide originated from fertilizers”, 15 Communications 101 _ Telecommunications 17
and broadcasting |02 Broadcasting 11
and “methane emissions from paddy fields” are expected as 99 Others OL....pstaration !
02  Poverty program 19|
Total 793

promising projects in the future.

2-3



Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

2.1.2 Trend of Projects by Other Donors

The trend of mitigation projects implemented by other donors is as follows:

9] World Bank (WB)

Projects whose major theme is climate change are extracted from WB database” and classified into
project fields. Project fields are divided into major sectors and sectors. The WB database system
allows projects to be classified into more than one major sector and/or sector as shown in Figure 2.1.2.
The figure summarizes the result for 193 projects classified into major sectors and sectors. Among the
major sectors, energy has 124 projects, which is overwhelmingly greater than that of other major
sectors. Sectors with a larger number of projects include, power generation, renewable energy,

agriculture, forestry, and public utility (sewerage, etc.).

2) Global Environment Facility (GEF)

From GEF’s database’, 645 projects whose focal area is climate change and implemented after year
2000 are extracted. 385 projects are classified as mitigation projects. These projects are further
classified into project fields and implementing international organizations (Figure 2.1.3). 298 of the

total 385 projects are energy projects.

3) Asian Development Bank (ADB)
From ADB’s database®, 38 loan projects related to mitigation measures are extracted. ADB’s project
classification system allows selection of multiple sectors and sub-sectors for one project (Figure

2.1.4). Itis noted that there are more mitigation projects in the energy sector than other sectors.

% http://www.worldbank.org/
3 http://www.gefonline.org/
* http://www.adb.org/Climate-Change/projects.asp#promoting
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Table 2.1.2 Sector Classification of World Bank Mitigation Projects

i count
Major Sector Sector only | 1st | 2nd | 3rd | 4th | Total
AB_|Agricultural extension and research 5
AJ _|Animal production 1
. - AH |Crops 2
Agriculture, Fishing, and Forestry Al _|Irrigation and drainage 5
AT |Forestry 1 1 24
AZ |General agriculture, fishing and forestry 1 35
BC |Central government administration 15
BE |Compulsory pension and unemployment insurance 0
BG |Law and justice 0
BH |Sub-national government administration 9
BK |Compulsory health finance
BZ |General public administration 1
BL |Public administration - Agriculture, fishing and forestry

Public Administration, Law and Justice

Public administration - Information and communications

Public administration - Education

Public administration - Finance

Public administration - Health

Public administration - Other social services

Public administration - Industry and trade

Public administration - Energy and mining

Public administration - Transportation

Public administration - Water, sanitation and flood protection

Information and Communications

Information technology

Media

Telecommunications

General information and communications

Education

Adult literacy/non-formal education

Pre-primary education

Primary education

Secondary education

Tertiary education

Vocational training

General education

Finance

Banking

Non-compulsory health finance

Housing finance and real estate markets
Non-compulsory pensions, insurance, and contractual savings

Micro- and SME finance

Payment systems, securities clearance, and settlement

Capital markets

General finance

Health and Other Social Services

Health

Other social services

Industry and Trade

Agricultural marketing and trade

Agro-industry

Housing construction

Petrochemicals and fertilizers

el (=[] =3[t [M [ NN =} =Y (IS LN (=) [=) [ S)[=}{=][=)[=] [«}){=] [=][=){=}{=][=)[=){=}{=] (=) [=){=}{=][=){=)=) (=) [=] [=)[=] (=}[=) =)=} (=) =) =) =)= =) N] = =) =] N IS LN ()=

[=){=][=)[=){=}{=][=){=){=}{=}{=) RulN ()= (I [=) =)= (=) {=]{=] [=}{=] [=][=]{=}{=] S][=){=}{=] (=) {=){=}{=]m(=)=] [=]{=][=)=] Al (=)=]{=]{=) =] [=}{=] =] [®] (=[] =) (=] [*] RIS EN =) =

(SISl =1=]1[3] [Sl[=][=][=)[=] [=][=][=][=][=]{=] =]} [=]f A [=][=] (=] (S{=] [s][s][=][=][=][=][e][=] [s][=][=][=][=][=][=] (s ][] [=][=] (=] [t{=]{=][=){=){=][=][=]]][=]{=][=]{=]{3;] (] [=][=][=]{=][]
Bl =l{=][=][] N [(=][=][=)[=] [=][=][=][=][=]{=] [][=][}][=][=][=][=] S (=]=][s][=][s][=][e]l=] [s][=][=][=][=][=][=] (s][a][=][=] [=][=][=][s][s][s][=)[=][=][=][=][=][=][]){=}{=] [ (=] (=] [=][=]{=]

l=ILN(=]{=}[=] [ Hl=][=][=][=] [a][a][e][e][s][=] [s][s][=][=][=][=][=] [«][=] [s][s][e][e][=][=][=][=] [s][=][=][=][=][=][=] [s][s][s][=] (a][=][«][s][s][s][s][=][=][=][=][=][s][s][a][=] [e][=][=] [=]{=]]=]

YW _|Other industry
YY |Other domestic and international trade
YZ |General industry and trade
LA |District heating and energy efficiency services 1 1
LB |Mining and other extractive
. LC |Oil and gas

Energy and Mining D IPower 2 35
LE |Renewable energy 2 1 39
LZ |General energy 1 23
TA |Roads and highways 1
TV |Aviation 0

Transportation TP |Ports, waterways and shipping 0
TW |Railways 2
TZ |General transportation 13|
WD |Flood protection 11
WA |Sanitation 0

- . |ws |Sewerage 1

Water, Sanitation, and Flood Protection WB |Solid waste management 11
WC |Water supply 3
WZ_|General water, sanitation and flood protection 1 27

Project Total

2-5




Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

Water,

Energy and
Mining

Health and

Information

and

Agriculture,

Sanitation,
and Flood

Other Social
Services

Fishing, and
Forestry

Communications

Protection

Transportation

Industry and

Education Finance
Trade

Public Administration,

Law and Justice

————bo-d
| |

|
P N e N N .

U0119310.d POOY pUR UOIIR}IUES ‘13)eM [2I8UBS)
Aiddns 1818\

1Uawabeuew aisem pijos

abelamas

uonelues

uoi193101d pooj4 —

uoieI0dsuel) [BI18UdD
shemjrey

Buiddiys pue skemiazem ‘s11od
UOITeINY

sAemybiy pue speoy ]

AbBlaua [elauag

AbBlaua s|qemausy

Jamod

seb pue |10

BNI12BIIX3 1810 pue Bululy

$99IA13S Agualoyla ABiaua pue Buireay 1011sIg ]

apel} pue Aisnpll [elaus9

gpeJ] [euOIIRUIAUI PUR 11SaWOop Jay10
Anisnpur 18Y30

$192|[1149} pUe S[edlayd011ad
yoi3dnnsuo buishnoH

Aisnpui-o.iby

apeJ) pue bunaysew [eanynauby
S32IAISS [120S 19U10

YylesH —

9oueUl [eIBUSD

s19yJelll [eude)

1UBWS|119S pUR ‘8oUuees|d SallINdas ‘sialsAs Juswhed
aoueUl JNS pue -0JoIN

ren1oeiod pue ‘soueinsul ‘suoisuad A10s|ndwoo-uoN
S19¥Jewl 91elsa [eal pue asueuy BuisnoH
goueUY Yyleay Alosindwod-uoN
Bupjueg

Uo0i1eoNpa [eIauss

Buiurety feuoied0A

uoizeanpas Asenua]

uoizeaNpa Alepucdas

uoizeonpa Em&:m_

uoizeonpa Arewild-ald

Sector

U0ITRONPA [BWIOL-UOU/AJRIBY| NPy _ |

SUOITROIUNWWOD puR UOIeW.IO)UI [2I18U89
SUOITEIUNWWOR]D |
BIPSIN

ABojouY29) uoiyewIou| —

u0119910.d pooj} pue UoieNues ‘183eM
uoirerlodsuel |

Buiuiw pue Ab1du3

apeJ1 pue Aisnpd]

SIIAISS [BID0S 1310

YlesH

3dueUl4

uoizeonp3

SUONEIILNWWOD pue UoITewIou|
Ansaio} pue burysy ‘ainjnouby
uolresiuiwpe Jignd fe1suad

aoueUY yleay Alosindwo

co_um_*m_c_Eum 1USWUIBA0D [euoRU-GNS
2oi1snl pue me

2oURINSUI EmE\Ao_QEm::%% uoisuad A1osindwo)

Uolye1sIuiWpe 1UsWUIBA0D [eJ1ud)
Ansai0y pue Bulysy ‘aininaiibe elauag ]
AnsaloH

abeuresp pue uonebiu|

sdoid

uondnpoud fewiuy
40Jeasal pue LoisuaIxa [einynoLby

Transportation

Industry and

Finance
Trade

Education

Public Administration,

Law and Justice

(16)

@)

1)

Sanitation,
and Flood

Water,

Energy and
Mining

(19)

Health and

Information

and

(40)

Agriculture,

Other Social
Services

, and

Fishing
Forestry

Protection

(124)

Communications

(53)

)

©

(73)

Major Sector

Figure 2.1.2 Summary of Sector Classification of World Bank Mitigation Projects
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ADB Asian Development Bank
AfDB African Development Bank
EBRD European Bank for Reconstruction and Development

IADB Inter-American Development Bank
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UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNIDO United Nations Industrial Development Organization

Figure 2.1.3 Sector Classification of GEF Registered Mitigation Projects Implemented by Various

International Organizations
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“)

Based on the above investigation, the potential of mitigation actions in each sub-sector are

Selection of Target Sub-sectors

re-classified. As a result, the following 6 sectors and 25 sub-sectors shown in Table 2.1.3 are selected.

Table 2.1.3 Sub-sectors for Mitigation Measures

Sector

Sub-sector

Examples of mitigation measures

Forest/natural resource]
conservation

1.Afforestation

Afforestation , reforestation

2.Forest conservation

Forest conservation

Transportation

3.Passenger/Freight transportation
improvement

Passenger (a new railway a double track
railway, or a quadruple track railway

Freight (a new railway , double track
railway

Improvement of rails, High standardization

4.MRT(Mass Rapid Transit)

City and suburb rapid railway
(Subway, Elevated railway)

5.Monorail, LRT

Monorail and Light Rail Transits

6.Bus BRT,Trunk bus

BRT, Trunk bus

Energy conservation

7.Energy efficiency improvement in

Introduction of high efficiency facilities and

10.Energy plant construction with fuel
switching

Industry industrial facilities technology
8.Electricity and heat supply in industrial Effective utilization of waste heat and waste
facilities gas
9.Fuel switching in industry facilities Fuel switching from coal or petroleum to
natural gas
Energy Natural gas pipeline

Natural gas supply system

Intensive heat-supply facilities

11.Thermal power with electricity and heat
supply

Cogeneration(waste heat and waste gas use

12.Thermal power with fuel switching

Natural gas plants

Natural gas pipeline

Fuel switching from coal or petroleum to
natural gas for existing thermal power plants

13.Thermal power with high efficiency

Combined-cycle electric generation

High efficient coal thermal power plants

Thermal power plants improvement

14.Power transmission with improved
efficiency

Decreasing of electrical loss due to improved
power transmission systems

15.Power distribution with improved
efficiency

Decreasing of electrical loss due to improved
power distribution systems

16.Rural electrification

Rural electrification project by renewable
energy use

Renewable energy

17.Hydro power

Small hydro power , river-runoff hydro power
Reservoir hydro power (except for pumped
and storage hydro power)

18.Wind power

Wind power plants

19.Photovoltaic power/Solar heat

Solar power plants

20.Geothermal

Geothermal plants

21.Biomass

Biomass power generation and heat-supply

Sewerage,
Urban sanitation

22.Landfill disposal of waste

Landfill LFG power generation

23.Intermediate treatment of waste

Waste power plants , waste composition

24 Wastewater treatment

Methane emission reduction by improving
wastewater treatment

25.Sewerage

Biomass generation and composting sewage
sludge
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2.2 Methodologies of Other Certification Organizations, etc.
Existing methodologies and tools are reviewed in order to clarify the basic concept and guidelines to

be provided under this survey.

2.2.1 Reviewed Methodologies

This survey mainly reviews CDM methodologies. Other methodologies, including domestic and
international Voluntary Emissions Trading methodologies, GHG emission reduction calculation
manual or tool used by international organization for assistance to developing countries, and VER

certification organization methodologies are also considered.

Table 2.2.1 below shows the surveyed methodologies and their outlines.

Table 2.2.1 Target and Outline of Existing GHG Estimation Methodologies (1)

Survey Targets Overview

Approved methodologies,
Approved consolidated
methodologies,

Small-scale CDM methodology . .

- . ’ International standard method for project-based
gglzc})lr:g(tﬁgon/reforestatlon CDM GHG emission reductions as a method to quantify.
CDM Methodology gy Covering all sectors, there are 179 methodologies

Approved consolidated : . ?
. - applied to more than 2,400 projects, as of April 28,
afforestation/reforestation CDM 2011, !

methodology,
Small-scale approved consolidated
afforestation/reforestation CDM

methodology

This is the methodology for calculation and
J-VER offset-credit system: certification of project-based voluntary GHG
Ministry of the Environment, emission reduction (sequestration).
Japan

Energy:24 , Forestry:3 , Waste:1

Domestic Credit System (Domestic

emission certification system) This is the methodology for authentication and
Domestic Voluntary Ministry of the Environment GHG estimation done by small businesses
Emissions Trading Ministry of the Environment
methodologies Ministry of Agriculture, Forestry Energy, Waste, etc.:34

and Fisheries, Japan

This is JBIC's tool for MRV for environmental
protection activities (GREEN: Global action for
Reconciling Economic growth and ENvironmental
preservation)*

J-MRV  Japan Finance
Corporation Japan Bank For
International Cooperation

Energy Sector: 4, as of February 28, 2011.

The handbook has been published.

WB The World Bank/Carbon

Finance Unit) CDM projects are in accordance with the CDM

methodology while other projects conform to the
GEF manual.’

Manual or tool to estimate
GHG emission reduction
by international
organization(Developing

IFC offers project-GHG calculation sheet for
sectors such as forestry, water supply and sewerage
and drainage, urban sanitation, others

IFC International Finance
corporation)

country support)
OECD Organization for Economic | Published a power sector manual for calculating
Co-operation and Development) GHG. ’
ADB(Asian Development Bank) Released a transportation and energy sector manual

on basic concept for GHG estimation.
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Table 2.2.1 Target and Outline of Existing GHG Estimation Methodologies (2)

Survey Targets

Overview

Manual or tool to estimate
GHG emission reduction
by international
organization(Developing

UNEP (United Nations
Environment Program)

Released energy, transportation and industrial
processes GHG calculation sheets.

GEF(Global Environment Facility)

In the published manualo, CDM-like approach is
used to quantify GHG.'

GHG protocol (the Greenhouse Gas
Protocol Initiative)

Released energy consumption, transportation and
industrial processes GHG calculation sheets.'

USAID United States Agency for
International Development

Released forestry and transportation sectors GHG
calculation sheets (outline).

CIDA Canadian International
Development Agency

GHG calculations are conducted under a fund
targeting climate change operations. Details of the
program are unknown.

country support
1y support) GTZ(Deutsche Gesellschaft fur
Technische Zusammenarbeit)
(*Now GIZ The Deutsche GHG calculator is released in the waste sector.'®
Gesellschaft fiir Internationale
Zusammenarbeit)
KEW  Kreditanstalt fiir Released tool for GHG calculation for landfill."*
Wiederaufbau
PROPARCO (single pour Estimates GHG of the project they assist.
Promotion et Participation pour la . .
ot 2 : Information on the program is unknown.
Coopération économique)
In addition to the verification and certification of
CDM projects, the following criteria is used to
Gold Standard determine the quality of CDM /JI projects:'®
i)  Project Eligibility,
ii) Additionality and baseline
iii) Contribution to sustainable development
VER+ Certification audit is basically being done using the
same methodology as with CDM and JI projects.'’
CCB Standards(The Climate, Assessment of biodiversity, climate change
Community and Biodiversity mitigation effects and impact to the local
Project Design Standards) community.
Green Power Certification Program (Green-e) is
Green-e aimed at consumer protection when power credits
i} are sold, verifying whether the goods satisfy
Methodology of VER environmental standards.

Certification agency

VOS(Voluntary Offset Standard)

Certification system equivalent to the standard of
the Kyoto credits. Target countries are mainly
countries that did not ratify the Kyoto Protocol, and
in particular, the U.S. and Australia (Australia
ratified the Protocol).

CCX(Chicago Climate Exchange)

System has its own validation criteria. Provides
manuals for calculation of GHG in multiple
sectors.

CCAR(California Climate Action
Registry )

The methodology of California NPO. Provides
manuals for calculation of GHG in multiple
sectors.

Plan Vivo

Grass root criteria that offer high standard for
environmental protection and local benefits. The
methodology is an expensive option cong)ared to
those used in the global carbon market.
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Table 2.2.1 Target and Outline of Existing GHG Estimation Methodologies (3)

Survey Targets Overview

The feature of the methodology is to evaluate and
Social Carbon verify the long-term impact assessment of

Methodology of VER sustainable development.

Certification agency

. Efforts by the Australian Government started in
NCOS(National Carbon Offset July 2010, replacing Greenhouse Friendly™. The
Standard . Vs
targets are Australian companies.

! http://www.kyomecha.org/cdm.html#method
http://www.4cj.org/jver/system_doc/methodology.html
http://jedm.jp/process/methodology.html
http://www.jbic.go.jp/ja/about/environment/j-mrv/pdf/jmrv-guideline.pdf

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ENVIRONMENT/EXTCARBONFINANCE/0,,contentMDK:22366206~pageP
K:64168445~piPK:64168309~theSitePK:4125853,00.html

http://www.ifc.org/ifcext/climatebusiness.nsf/Content/GHGaccou
http://www.oecd.org/dataoecd/45/43/1943333.pdf
http://www.adb.org/documents/papers/adb-working-paper-series/ ADB-WP09-Transport-CO2-Emissions.pdf

(T B SNV I S

N=RENEc RN BN

http://www.unemg.org/MeetingsDocuments/IssueManagementGroups/SustainabilityManagement/UnitedNationsGreenhouseGasCalculator
/tabid/3975/Default.aspx

0 http://www.thegef.org/gef/node/313
11

12
13

http://www.ghgprotocol.org/calculation-tools
http://www.usaid.gov/our_work/environment/climate/docs/forest_carbon_calculator jan10.pdf
http://www.gtz.de/en/themen/umwelt-infrastruktur/abfall/30026.htm

14http://www.kfw—entwicklungsbank.de/ EN_Home/Sectors/Waste_management/Solid Waste Management Greenhouse Gas_Calculator/in
dex.jsp

! 5http://www.proparco.fr/ jahia/webdav/site/afd/shared/PUBLICATIONS/INSTITUTIONNEL/plaquettes-presentation/AFD-Brochure-englis
h-2008.pdf

16 http://www.cdmgoldstandard.org/Current-GS-Rules.102.0.html
17

18
19
20
21
22
23
24
25

http://www.netinform.de/KE/Beratung/Service _Ver.aspx
http://www.climate-standards.org/standards/pdf/second_edition/CCB_Standards_2nd_Edition JAPANESE.pdf
http://www.green-e.org/getcert_ghg products.shtml

http://www.carboninvestors.org/ECIS VoluntaryOffsetStandardFINALJune.pdf
https://registry.chicagoclimatex.com/public/projectsReport.jsp

http://www.climateregistry.org/

http://planvivo.org.34spreview.com/documents/standards.pdf

http://www.socialcarbon.org/

http://www.climatechange.gov.au/en/government/initiatives/national-carbon-offset-standard.aspx
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2.2.2 Existing Methodologies for Targeted Sub-sectors

The existing methodologies and tools are classified into each of the mitigation sub-sectors chosen in
the earlier section “Selection of Targeted Sub-sectors” and served as basic data for discussion of this
survey. Some of the applied methodologies in past projects were introduced. (All existing
methodologies and tools are shown in Table2.2.2, including those in sectors with a relatively small

number of or no past applications.)

)] Forest and Natural Resources Conservation Sector

Some of the methodologies of CDM and J-VER are applied in the forestry sector. CDM is only
applicable for afforestation and reforestation in the first commitment period (2008 2012), excluding
forest management (REDD) or farmland management. Application of CDM to afforestation projects is
limited. AR-AMO03 has the most applied numbers, with only 4 approved projects. On the other hand,
there is progress in application of Japan’s J-VER methodologies to domestic forest management
projects. There are two methodologies on increase of CO, sequestration through forest management

activities, with 51 applications for one of the methodologies (Thinning Promotion R001).

The ‘forest conservation’ explained here means the “Reduced Emission from Deforestation and Forest
Degradation (REDD)”. The VCS guideline is referred to because the United Nations has not approved
any of the REDD methodologies at the timing of the survey.
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Table 2.2.2 Existing Methodologies in Forest and Natural Resources Conservation Sector

Sub- CDM J-VER VCS ODA Loan Projects
SeCtor | Method No. Title Project | Method No. Title Project | Method No. Title Project Classification Project
Afforestation and
AR- reforestation of dggraded lland
AMO0003 through tree planFmg, assisted 4
natural regeneration and
control of animal grazing
AR- f;estorition of degraded lands X
roug|
AM0002 afforestation/reforestation
AR- Reforestation of degraded 5
AMO0001 land
AR- Afforestation and b
Affgre ACMO001 | reforestation of degraded land Forestation 37
station AR- Reforestation or afforestation
of land currently under 1
AMO0004 agricultural use
Afforestation and
AR- reforestation project activities 1
AMO0005 implemented for industrial
and/or commercial uses
Afforestation and
AR- ‘reforestation project activities
AMO0010 1mplemen¥ed on unmanaged 1
grassland in reserve/protected
areas
Forest Methodology for Improved Forest Forest Conservation,
conserv VMO0003 | Management through Extension Unknown | Slope Conservation/ 31
ation of Rotation Age, v1.0 Soil Conservation,
Methodology for Conservation Mangrove
Projects that Avoid Planned Land Conservation,
. VMO0004 Lo
Increase in CO, Use Conversion in Peat Swamp Ecosystem
sequestration through Forests, v1.0 Biodiversity
ROO1 forest management 51 Methodology for Conversion of conservation,
activity (Thinning VMO0005 | Low-productive Forest to Restoration,
Promotion Project) High-productive Forest Forest disaster
Methodology for Carbon prevention
Accounting in Project Activities
VMO0006 | that Reduce Emissions from

Mosaic Deforestation and
Degradation
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Sub-
sector

CDM J-VER VCS ODA Loan Projects
Method No. Title Project | Method No. Title Project | Method No. Title Project Classification Project
REDD Methodology Modules
VMO0007 (REDD-MF)
Methodology for Avoiding
VMO0009 | Mosaic Deforestation of
Increase in CO, Tropical Forests
sequestration through Methodology for Improved
R002 forest management 9 VMO0010 Forest Management:
activity (Thinning Conversion from Logged to
Promotion Project) Protected Forest
Methodology for Improved
VMO0003 Forest Management through

Extension of Rotation Age,
v1.0

Note Application number is indicated in the approved real ones. In (

) indicate the number of cases pending projects. as of March 31, 2011
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2

Some methodologies are currently available for CDM and J-VER in traffic and transportation sector.

Traffic and Transportation Sector

However, only CDM methodologies have been applied to actual project activities. There are only 6
of the

estimating/verification/monitoring of GHG emission reductions effect. As shown in Table 2.2.3, there

projects  because geographically large project boundary and difficulties in

are 5 modal shift projects applied, including 2 for bus rapid transit or BRT projects, 1 for railway, 1

for rolling stock cars for subways, 1 for cable cars, and 1 for bio-diesel production projects.

Table2.2.3 Existing Methodologies in Traffic and Transportation Sector

CDM ODA Loan Projects
Sub-sector ) )
Method No. Title Project Classification Project
Modal shift in transportation of cargo Freight (a new railway , double track railway
AMO0090 from road transportation to water or 0
Freight/Passenger rail transportation Passenger (a new railway a double track railway,
Transportation or a quadruple track railway 48
Improvement AMS-IIL.C Emission reductions by electric and 1
T hybrid vehicles Improvement of railway facilities, High
standardization , Rehabilitation of railway bridges
Baseline and monitoring methodology
MRT Mass ACMO0016 for Mass Rapid Transit Projects 0 MRT Ci d suburb rapid rail b
Rapid Transit Cable Cars for Mass Rapid Transit El (filty -?n suburb rapid railway Subway, 46
- 1
AMS-III.U. System (MRTS) 1 evated railway)
Baseline and monitoring methodology
ACMO016 for Mass Rapid Transit Projects 0
Monorail, LRT Cable Cars for Mass Rapid Transit Monorail, LRT 2
AMS-ILU. | g o (MRTS) !
Baseline and monitoring methodology
Bus(BRT, Trunk ACMO016 for Mass Rapid Transit Projects 0
Cable Cars for Mass Rapid Transit
AMO031 System (MRTS) 2 0

A3)
Energy conservation (Industry) sector has methodologies and actual application examples in the CDM,
J-VER, Domestic Credit System and J-MRV. Domestic Credit System 001 is ranked highest at 248

applications in the sub-sector of energy efficiency improvement for industrial facilities. Also, the

Energy Conservation (Industry) Sector

small-scale approved methodologies, AMS-II.D, ranked highest at 42 among other methodologies for

the CDM. These are projects that include upgrading of boilers in industrial facilities.

The CDM-approved consolidated methodology, ACMO0012, ranked highest at 22 in cogeneration
(supply of electricity and heat) for industrial facilities. There are many scenarios in approved
consolidated methodologies; however, cogeneration (supply of electricity and heat) by effective

utilization of waste energy (waste gas, waste heat, waste pressure) is the target.

Small-scale CDM methodology AMS-III.B and consolidated methodology ACMO0003, both with 13
applications each, rank the highest among the methodologies in the sub-sector of fossil fuel switching
measure for industrial facilities. These involve fuel switching to low-carbon fuel, from fossil fuel to

natural gas, etc..
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Table 2.2.4 Existing Methodologies in Energy Conservation (Industry) Sector (1)

systems

equipment

CDM J-VER Domestic Credit System J-MRV ODA Loan Projects
Method No. Title Project | Method No. Title Project  |Method No. Title Project | Method No. Title Project Classification | Project
Energy efﬁ;ien'cy Ifjpi;rad? N Update U di . ?/Ietéwd()l()gy
AMS-ILD, | 2nd fuel switching 42 | E011 uelswitch ¢ 001 perading o 248 | J-MRV002 | fOF EPCT8Y | Gnknown
measures for of boiler boil boiler. conservation
industrial facilities equipment orier. project
Demand-side energy Upgrading of
efficiency activities 004 air-conditioning 109
for specific equipment.
AMS-ILC. | lechnologies 11
Methodology for 001-A Ingtalhng anew 33
steam optimization boiler.
systems
Energy efficiency U di fh
pgrading of heat
measures through p
< | AMO0018 centralization of 10 002 §0tLlr(iie equip Hlllentt by 28
5 utility provisions of Introducing a hea
g an industrial facility pump.
§ Upgrading Aof heat
E. Methodology for source equipment by
.y improved electrical 002-A introducing a heat 8 Ener
5 energy efficiency of pump. Consegr};a tion 2
[} et ~ .
‘5 | AMS-ILH, | 2 existing ) 1 (Heat-collecting
= submerged electric type)
Li arc furnace used for Installing a new heat
& tsh,;/}’mducnon of 002-B source equipment 3
2 i by introducing a
=3 heat pump
Eneray effici Upgrading of
gy efficiency 003 industrial f 14
and fuel switching industrial furnace
measures for Intermittent
AMO0038 industrial facilities; 1 operational control,
Demand-side energy 005 Inverter control, or 43
efficiency activities Install of regulating
for specific equipments for
technologies
pumps and fans
. Upgrading of
D | anstormer :
AMO059 steam optimization 1 Up gradmg of
022 refrigeration 2
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CDM J-VER Domestic Credit System J-MRV ODA Loan Projects
Method No. Title Project |[Method No. Title Project  |Method No. Title Project | Method No. Title Project Classification | Project
Consolidated
baseline Introduction of a
methodology for Recovery small steam Recovery and
GHG emission and utilization of
ACMO0012 X 22(1) | E006 e . 21014 generator by 5 P-MRV003 Unknown | Industry
reductions for waste utilization of tilizi waste energy
gas or waste heat or waste heat WHIZING eXCess project
waste pressure based steam
energy system
Energy utilization of
SMS'HI‘ e gas based 11(1) 009 hot spring heat and 2
o ) vy waste heat 15
= Methodology for
g greenhouse gas Factory,
2 reductions through Lo lant
= p
e AMO0024 waste heat recovery 9 Switching to. )
5 and utilization for thermal applications Mining
g power generation at 013 from the external 1 indust
2z cement plants high-efficiency v
2 Recovery and heating equipment
S | AMS-IIILP | utilization of waste 4
2 gas in refinery
facilities
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Table 2.2.5 Existing Methodologies in Energy Conservation (Industry) Sector (2)

CDM

J-VER

Domestic Credit System

J-MRV

ODA Loan Projects

Method No.

Title

Project

Method No.

Title

Project

Method No.

Title

Project

Method No. Title

Project

Classification

Project

Fuel switching

AMS-III.B

Supply side energy
efficiency
improvements —
generation

13(1)

E001

Switch from
fossil fuel to
unused woody
biomass

for boiler fuel

012

Switch from coke

to biocoke in
melting furnace

AMS-IL.D.

Methodology for
conversion from single
cycle to combined cycle
power generation

42

E002

Switch from
fossil fuel to
unused wood
pellets

for boiler fuel

ACMO0003

Consolidated baseline
and monitoring
methodology for new
grid connected fossil
fuel fired power plants
using a less GHG
intensive technology

13(1)

ACMO0009

Supply side energy
efficiency
improvements —
transmission and
distribution

AMO0036

Methodology for
installation of energy
efficient transformers in
a power distribution
grid

AMS-IL.G.

Supply side energy
efficiency
improvements —
transmission and
distribution

Factory, plant

Mining industry

Note Application number is indicated in the approved real ones. Values in () indicate the number of cases of pending projects.

as of March 31, 2011
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

4) Energy Sector

The energy sector has methodologies and actual application examples in the CDM and VCS. Projects
under CDM-approved methodology AM0029 ranked highest at 31 in the sub-sector of plant supplying
energy maintenance with fuel switching, targeting projects that supply natural gas originated

electricity to a grid.

Projects under CDM-approved consolidated methodology ACMO0012 ranked second at 22 in the
sub-sector of fossil fuel fired power plants for supplying electricity. Projects under CDM small-scale
methodology MS-III.B ranked third at 13 in the sub-sector of fossil fuel-fired power plants for fuel

switching.

10 projects have applied CDM small-scale methodology AMS-IL.B in the sub-sector of fossil
fuel-fired power plants for efficiency improvement, targeting projects that replace plants such as

boilers in fossil fuel-fired power plants.

Table 2.2.6 Existing Methodologies in the Energy Sector

CDM ODA Loan Projects
Sub-sector - - - -
Method No. Title Project Classification Project
Baseline Methodology for Grid-Connected
AMO0029 Electricity Generation Plants using Natural 31 | Intensive heat-supply system with
Energy plant Gas fuel switching
with fuel . 28
switching AMO0014 Natural gas-based package cogeneration 5 Energy facilities(Establishment of
i i istri i natural gas pipeline
AMO0058 Introduction of a new primary district heating o(l) gas pip!
system
Thermal Consolidated baseline methodology for GHG
. ACMO0012 emission reductions for waste gas or waste 22(1)
power with . ..

" heat or waste pressure based energy system Thermal power with electricity and
electricity - — 4
and heat Baseline and Monitoring Methodology for heat supply

AMO0055 the recovery and utilization of waste gas in 1
supply o
refinery facilities
Thermal AMS-IILB. SW1tch1'ng fossil fuc.als 13(1)
power with Consolidated baseline methodology for fuel Intensive heat-supply system with 12
fuel switching from coal and/or petroleum fuels to fuel switching
T ACMO011 . A 1
switching natural gas in existing power plants for
electricity generation
AMS-ILB. Supply 51fie energy efficiency improvements 10
— generation
Thermal_ ACMO0007 Methodology for conversion from smgl'e 4
power with cycle to combined cycle power generation s p
. - - = Thermal power with high efficiency 39
higher Consolidated baseline and monitoring
fFici L .
ethciency ACMO013 methodology for new grld_ connected fossil 3
fuel-fired power plants using a less
GHG-intensive technology
Power o AMS-ILA. Supply S}de_ energy efﬁglen(;y improvements 0
transmission — transmission and distribution
with Methodology for installation of energy Transmission and distribution 53
improved AMO0067 efficient transformers in a power distribution 0
efficiency grid
Power AMS-ILA Supply side energy efficiency improvements 0
distribution o — transmission and distribution
with Methodology for installation of energy Transmission and distribution 11
improved AMO0067 efficient transformers in a power distribution 0
efficiency grid
Rural Renewable electricity generation for captive Renewable energy

. . AMS-LF. S 0 31

electrification use and mini-grid . .
Rural electrification

Note Application number is indicated in the approved real ones. Values in () indicate the number of cases of pending
projects. as of March 31, 2011
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

)

The renewable energy sector has some methodologies available with the CDM, J-VER, and Domestic

Renewable Energy Sector

Credit System. However, only the CDM and Domestic Credit System exhibit actual application
examples. Most CDM methodologies fall into two sub-sectors. One group is categorized into hydro,

wind, photovoltaic and geothermal. The other is biomass.

Projects under approved consolidated methodology ACMO0002 ranked highest at 900, while projects
under small-scale approved methodology AMS-1.C ranked second at 846 in the sub-sector group of
hydro, wind, photovoltaic and geothermal. These are all projects for grid-connected electricity
generation from renewable sources. The above 2 methodologies account for about half of the current

CDM approved projects.

Bio-diesel production and use for transportation applications are referred separately in the fuel
switching methodologies. In this chapter, approved consolidated methodology for electricity
generation with biomass residues under ACMO0006 is regarded as the highest ranking methodology

with 93 application cases.

Table 2.2.7 Existing Methodologies in Renewable Energy Sector

CDM Domestic Credit System Yen Loan Aid Projects
Sub-sector
Method No. Title Project | Method No. Title Project | Classification | Project
Consolidated baseline
methodology for
ACMoo02 | grid-connected 900(29)
electricity generation
from renewable
sources
Grid-connected Hydro power
Hydro power, AMS-L.D. renewable electricity 846(21) Methodology plants except
Wind power, generation for for small
Photovoltaic Thermal energy grid-connected hydrop ((i)we(rl and
power /solar | AMS-IL.C. production with or 114(4) | 008 electricity 21 IS) tlz)r:;p Z an 54
heat, without electricity generation from hvd g
Geothermal photovoltaic ydropower
Methodology for zero
powet emissions power system Renewable
grid-connected energy
electricity generation
AMO0026 from renewable 4
sources in Chile or in
countries with merit
order based dispatch
grid
Consolidated
methodology for 93(1)
Biomass ACMO0006 electricity ir)lld heat Renewable 0
generation from energy
biomass residues

Note Application number is indicated in the approved real ones. Values in (
as of March 31, 2011

projects.

) indicate the number of cases of pending
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

(6) Sewerage and Urban Sanitation Sector

Sewerage and urban sanitation sector have methodologies, but only the CDM has actual application

examples. In the sub-sector of waste management, projects under approved consolidated methodology
ACMO0001 ranked highest at 129. These include the methodologies for landfill gas capture projects.

In the 2 sub-sectors of treatment of wastewater and sewerage, 93 projects have applied small-scale

approved methodology, targeting projects for methane recovery in wastewater treatment.

Table 2.2.8 Existing Methodologies in Sewerage and Urban Sanitation Sector

Sub-sector

CDM

Yen Loan Aid Projects

Method No.

Title

Project

Classification

Project

Landfill
disposal of
waste

ACMO0001

Consolidated baseline and
monitoring methodology for
landfill gas project activities

129

AMS-IILE.

Avoidance of methane
production from decay of
biomass through controlled
combustion, gasification or
mechanical/thermal treatment

27

AMS-IILG.

Landfill methane recovery

13

AMO0083

Avoidance of landfill gas
emissions by in-situ aeration of
landfills

AMO0025

Avoided emissions from
organic waste through
alternative waste treatment
processes

17

Urban sanitation waste disposal

Intermediate
treatment of
waste

AMS-IILF.

Avoidance of methane
emissions through composting

36

AMO0039

Methane emissions reduction
from organic waste water and
bioorganic solid waste using
co-composting

Urban sanitation waste disposal

Wastewater
treatment

AMS-IILH.

Methane recovery in
wastewater treatment

93(5)

AMS-IILL

Avoidance of methane
production in wastewater
treatment through replacement
of anaerobic lagoons by aerobic
systems

AMS-IILY.

Methane avoidance through
separation of solids from
wastewater or manure
treatment systems

Drainage

35

Sewerage

AMS-IILH.

Methane recovery in
wastewater treatment

93(5)

AMS-IILL

Avoidance of methane
production in wastewater
treatment through replacement
of anaerobic lagoons by aerobic
systems

AMS-IILY.

Methane avoidance through
separation of solids from
wastewater or manure
treatment systems

ACMO0014

Mitigation of greenhouse gas
emissions from treatment of
industrial wastewater

Sewerage

56

Note Application number is indicated in the approved real ones. Values in (
as of March 31, 2011

projects.

) indicate the number of cases

of pending
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

Reference-1 Comparison of Methodologies (1)

Sector et CDM J-VER VCs Domestic Credit System J-MRV Yen loan aid projects
Method No. Title Project Method No. Title Project Method No. Title Project Method No. Title Project Method No. Title Project Classification Project
Afforestation and reforestation of degraded land through tree
planting, assisted natural regeneration and control of animal
grazing
AR-AMO0003 4
[AR-AM0002 _ |Restoration of degraded lands through 1
Afforestation|sR-ano001 | Reforestation of degraded land 5 Afforestation 37
[AR-ACMO0001 | Afforestation and reforestation of degraded land 2
AR-AMO0004 Rr:l.oreslmuon or afforestation of land currently under 1
agricultural use
AR-AMO0005 A((f)reslau.on and reloreslmum? project activities implemented |
for industrial and/or commercial uses
Forest AR-AM0010 Afforestation and reforestation project activities implemented 1
and on unmanaged grassland in reserve/protected areas
natural Increase in CO2 sequestration through Methodology for Improved Forest Management
I ROO1 forest management activity (Thinning 51 vMo003 |through Extension of Rotation Age, v1.0 Unknown|
conserval Promotion Project)
tion Increase in CO2 sequestration through Methodology for Conservation Projects that
R002 forest management activity (Thinning 9] VMO0004 |Avoid Planned Land Use Conversion in Peat Unknown
Promotion Project) Swamp Forests, v1.0 F " Jati sI
Methodology for Conversion of Low-productive ores ct.msen:.n fon, op§
'VMO0005 Forest to High-productive Forest Unknown| conservation/Soil conservation
FO"CS[V Methodology for Carbon Accounting in Project Mangrove conservation 20|
conservation VMO006  |Activities that Reduce Emissions from Mosaic | Unknown Ecosystem (biodiversity)
D ion and Degradation integrity/restoration
VMO0007_|REDD Methodology Modules (REDD-MF) Unknown| Forest disaster prevention
VMO0009 D/{elhodf)logy for Avoided Mosaic Deforestation Unknown
of Tropical Forests
VM0010 I\{[elhod@ogy for Improved Forest Management: Unknown
Conversion from Logged to Protected Forest
Methodology for Improved Forest Management
VM0003 . . . Unk
through Extension of Rotation Age, v1.0 mnown)
al shift in transportati Feargo fr ad tra ati Sco-drive wi ~d digita Freight (a new raillway double
AM0090 Modal shift in tr msp\ma\h.on of cargo from road transportation o|lE023 Eco-drive with mounted digital o rack il
to water or rail transportation tachographs b Yy X
Freight/Passe Emission reductions by electric and hybrid vehicles Passenger (a new railway a
nger double track railway, or a
Transportatio quadruple track “““_’“ay 48
n AMS-IILC | Improvement of rails, High
Traffic |fmprovement o standardization , Rehabilitation of
and P railway bridges
Transpor Rehabilitation of train cars and
tation railway facilitie
[AMS-TIL.U. Cable Cars for Mass Rapid Transit System (MRTS) 1 MRT City and suburb rapid
MRT | Baseline Methodology for Mass Rapid Transit Projects railway Subway, Elevated 46
[ACMO0016 0
i
Mono- [AMS-IILU. Cable Cars for Mass Rapid Transit System (MRTS) 1 i
B M ail, LRT 2
railLRT _[ACM0016 _|Bascline Methodology for Mass Rapid Transit Projects 0 onorat
[ACMO0016 Baseline Methodology for Mass Rapid Transit Projects 0|
B - - - - BRT,Trunk B 0
us [AMO0031 Baseline Methodology for Bus Rapid Transit Projects 2) runk Bus
AMS-ILD. Energy efficiency and fuel switching measures for industrial wleont Upgrade fuel switch of boiler equipment 5 001 Upgrading of boiler. 248]1-MRV002 Melhodolf)gy for‘ Energy Unknown
facilities conservation project
Demand-side energy efficiency activities for specific Upgrading of air-conditioning
technologies equipment.
AMS-ILC. 11 004 109]
AM0018 Baseline gy for steam ion systems 10 001-A Installing a new boiler. 33
AMS-ILH. tnerg)f efﬂcl.enc)A/ measl»lres}h»rgugh centralization of utility 1 002 Upgradmg of heat source 28
provisions of an industrial facility by introducing a heat
Methodology for improved electrical energy efficiency of Upgrading of heat source
[AM0038 an existing submerged electric arc furnace used for the 1 002-A i by introducing a heat 8
Energy production of SiMn pump.
Efficiency Reduction in GHGs emission from primary aluminium Installing a new heat source Energy Conservation 2|
Improvement |AM0059 smelters 1 002-B equipment by introducing a heat 3
pump
003 Upgrading of industrial furnace 14
Intermittent operational control,
005 Inverter control, or ) 53
Install of regulating equipments
for pumps and fans
Upgrading of transformer
010 5
Energy Upgrading of refrigeration
Conserval 022 equipment 2
tion
(Industry| Consolidated baseline methodology for GHG emission Recovery and utilization of waste heat Introduction of a small steam Recovery and utilization of
) [ACMO0012 reductions from waste energy recovery projects 22(1)|E006 2 014 generator by utilizing excess 5[J-MRV003  |waste energy project Unknown
team
L a v at/) j ilizati i
Electricity  [AMS-IILQ. Waste energy recovery (gas/heat/pressure) projects 1 009 Energy utilization of hot spring )
heat and waste heat
and heat - — - 2 — Factory Plant 15
suppl Baseline for gas through Switching to thermal applications Minin,
SUpPY AMO0024 waste heat recovery and utilization for power generation at 9 013 from the external high-efficiency 1 s
cement plants heating
AMS-ILP. Recovery and utilization of waste gas in refinery facilitics 4
Switching fossil fuels Switch from fossil fuel to unused woody Switch from coke to biocoke in
AMS-IIL.B. 13(1)(E001 biomass 8| 012 melting furnace 1
for boiler fuel
Energy efficiency and fuel switching measures for industrial Switch from fossil fuel to unused wood
AMS-ILD. facilities 42|E002 pellets 5
for hailer fiel
Emissions reduction through partial substitution of fossil fuels
[ACM0003 with alternative fuels or less carbon intensive fuels in cement 13(1)]
Fuel or quicklime e Factory Plant 8
switching ! i i itori .
g ACMO0009 (,ovso!ldaled baseline and monitoring methodology for fuel 5 Mining
switching from coal or petroleum fuel to natural gas
Fuel switch from fossil fuels to biomass residues in heat
AMO0036 generation equipment 3
Energy cfficiency measures in thermal applications of non-
AMS-ILG. renewable biomass !
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Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

Reference-2 Comparison of Methodologies (2)

Sector | Sub-Sector CDM J-VER VCS Domestic Credit System J-MRV Yen loan aid projects
Method No. Title Project Method No. Title Project Method No. Title Project Method No. Title Project Method No. Title Project Classification Project
AMO0029 Baseline Methodology for Grid Connected Electricity 31 .
Energy plant Generation Plants using Natural Gas Intensive heat-supply system
with fuel AMO0014 Natural gas-based package cogeneration 5 with fuel switching 28|
switching Introduction of a new primary district heating system Energy Facilities Construction
AMO0058 0(1)] of Natural gas ipelines
Thermal solidz aseli — .
ermal ACMO012 Conso?lddte‘d baseline methodology for GHG emission 2(1) Thermal power plants with
power reductions from waste energy recovery projects lectricity and heat supply 4
- —— A elec
electricity AM0055 Recovery and utilization of waste gas in refinery 1
Switching fossil fuels
Thermal AMS-IILB. 13(1))
power with Thermal power plants with fuel 12
fue} i Consolidated baseline methodology for fuel switching from switching
switching ACMO011 coal and/or petroleum fuels to natural gas in existing power 1
plants for electricity generation
Supply side energy efficiency improvements — generation Methodology for fossil fuel
fi lants using a
AMS-ILB. 10 1-MRvoo4  [fired powerplantsusinga |y ooy
less GHG intensive
Thermal ) technology o
Energy power with Conversion from single cycle to combined cycle power Thermal power plants with higher 39
higher ACMO0007 generation 4 energy efficiency
efficiency
Consolidated baseline and monitoring methodology for new
ACMO0013 grid connected fossil fuel fired power plants using a less GHG 3
intensive technology
Supply side energy efficiency improvements — transmission
Power AMS-ILA. and distribution 0
transmission
ith - - Electricity T issi 53
:zl roved Methodology for installation of energy efficient transformers ectricity Transmission
eflsciency AMO067 in a power distribution grid 0
Power AMS-ILA. Suppl.y s{de energy efficiency improvements — transmission 0
distribution and distribution
with Methodology for installation of energy efficient transformers Electrical Distribution 11
improved AMO0067 in a power distribution grid 0
efficiency
Rural AMS-LF Renewable electricity generation for captive use and mini-grid 0 Renewable energy 31
electrificatio o Rural electrification
Consolidated baseline methodology for grid-connected Methodology for grid-connected
Hyd . . . - _
W);nl'dOPILOV‘;V;r, ACMO0002 electricity generation from renewable sources 900(29) 008 el:clrlcl;y generanon from 21 Hydro power plants except for
’ photovoltaic power system mall hydropower and pumped
Photovoltaic JAMS-1.D. Grid connected renewable electricity generation 846(21) Y E pump
ower / AMS-L.C Thermal duction with or without electricit 114(4) and storage hydropower 4
Renewab P L. ermal energy production with or without electricity Renewable energy
le ener, solar heat, Methodology for zero-emissions grid-connected electricity
&¥|Geothermal {AMO0026 generation from renewable sources in Chile or in countries 4
with merit order based dispatch grid
Consolidated methodology for electricity and heat generation Methodology for electricity
Biomass ACM0006 from biomass 93(1) J-MRV0001 |and heat generation from Unknown|Renewable energy 0
biomass residues
ACMO001 Consoh.datcd b.asc.lmc and monitoring methodology for landfill 129
gas project activities
AMS-IILE. Avoidance of methane pmd},lctlon fr?m c:lecay of biomass 27
Landfill through controlled combustion, gasification or Urban Sanitati
disposal of  |AMS-IILG. Landfill methane recovery 13 rban 3"11?!110" 7
waste Disposal of waste
AMO083 Avoidance of landfill gas emissions by in-situ aeration of 1
landfills
AMO0025 Avoided emissions from organic waste through alternative r
waste treatment processes
Intermediate | AMS-IILF. Avoidance of methane emissions through composting 36 Urban Sanitation
Sewerag |treatment of Methane emissions reduction from organic waste water and i - 9
Utb. AM0039 . . . . . 2] Disposal of waste
e, Urban |waste bioorganic solid waste using co-composting
:amtatw AMS-TILH. Methane recovery in wastewater treatment 93(5)
Wastewater AMS-TILT Avoidance of methane production in wastewater treatment 7 Wastewater 35
treatment o through replacement of anaerobic systems by aerobic systems
AMS-TILY. Methane avoidance through separation of solids from 1
" ‘wastewater or manure treatment systems
AMS-TILH. Methane recovery in wastewater treatment 93(5)
AMS-TILT Avoidance of methane production in wastewater treatment 7
Sewerage - through replacement of anaerobic systems by aerobic systems Sewerage 56
AMS-TILY. Methane avoidance through separation of solids from 1
T ‘wastewater or manure treatment systems
ACMO0014 Natural gas-based package cogeneration 2

Note:Application number is indicated in the approved real ones. Values in () indicate the number of cases of pending projects. March 31, 2011)
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Reference-3 Methodologies of International Organization (1)

Established agency / Institution WB IFC Organization for(l)il::slf())mic Co-operation ADB UNEP GEF GHG protocol United States AU Z?(}Dfor International Canadian Imcnfalt?(;:al Development
sency The Worlds Bank/Carbon Finance Unit) International Finance corporation) 8 ~op (Asian Development Bank) (United Nations Environment Programme) (Global Environment facility) (The Greenhouse Gas Protocol Initiative) seney ! P!
and Development) Development Agency
Multi _ Bilateral Multi Multi Multi Multi Multi Multi Multi Bi Bi
Outline The handbook has been published. TFC offers project-GHG calculation sheet [Published a power sector manual for Released a transportation and energy sector|Released energy, transportation and In the published manual, CDM-like Released energy consumption, Released forestry and transportation Canada Climate Change Development

CDM projects are in accordance with the
CDM methodology while other projects
conform to the GEF manual.

for sectors such as forestry, water supply
and sewerage and drainage, urban
sanitation, others

calculating GHG.

manual on basic concept for GHG
estimation.

industrial processes GHG calculation
sheets.

approach is used to quantify GHG. t

GHG calculation sheets.

ransportation and industrial processes

sectors GHG calculation sheets (outline).

Fund estimates GHG, but the details
including an estimation program are
unknown.

~ 0 ~00 W

© Carbon estimation tool

Sewerage, Urban sanitation

Others Evaluation tool for GHG emissions
reduction in the field of waste

Simplified Toolkit for Manure
Management Processes

Simplified toolkit for wastewater
treatment projects Simplified toolkit for
solid waste management projects

Simplified toolkit for landfill gas capture
projects

Forestry Forestry ©Provide estimation methodology for
Land use GHG emission reductions in Agriculture FOREST CARBON CALCULATOR
Forest and natural resources conservation sector
EX-ACT, EX-ante
Transport modal shift ©Transport and Carbon Dioxide Others MANUAL FOR CALCULATING [©GHG estimation sheet for traffic and
Infrastructures Construction of Port Emissions: GREENHOUSE GAS BENEFITS FOR transportation
Bridge, etc. Forecasts, Options Analysis, and GLOBAL ENVIRONMENT FACILITY WRI_Transport_Tool
Evaluation TRANSPORTATION PROJECTS
Traffic and Transportation
Cement Cement Energy conservation in general ©GHG estimation sheet for industry
Fertilizer Metal GHG emissions from the production of
Chemistry aluminum
Glasses CO2 emissions from the production of
Lime production lime
Oil Mining CO2 emissions from the production of
Energy Conservation (Industry) iron and steel
CO2 emissions from the production of
cement (US EPA)
CO2 emissions from the production of
ammonia
Fuel switch from fossil fuel ©PRACTICAL BASELINE ©EVALUATION KNOWLEDGE BRIEF Higher efficiency of energy
Cogeneration RECOMMENDATIONS FOR ON GREENHOUSE GAS
Updating of refinery GREENHOUSE GAS MITIGATION IMPLICATIONS OF ADB'S ENERGY
Energy Updating of electricity transmission PROJECTS IN SECTOR OPERATIONS
Updating of electric power substation THE ELECTRIC POWER SECTOR
Construction of natural gas pipeline
Fuel switch from fossil fuel Renewable energy in general
Renewable energy
Landfill Waste disposal
wetland reclamation Waste water treatment
Reservoir

all

©Greenhouse Gas Assessment
Handbook(1998)

©GHG estimation sheet
IFC Carbon Emissions Estimation Tool
(CEET)

Fuel consumption

Electricity consumption

Refrigerator, Air conditioner

©GHG MitiGation actions:
MRV issues and options

©GHG estimation sheet

Spreadsheet for calculating greenhouse
gas (GHG) emissions based on the UNEP
GHG Calculator

United Nations Greenhouse Gas
Calculator

©Manual for Calculating GHG Benefits of]|
GEF Projects: Energy Efficiency and
Renewable Energy Projects

Others GHG estimation tool for GEF
project

GHG Benefits of GEF Projects: Carbon
Dioxide Calculator

©GHG estimation tool for fixed sources
Stationary_combustion_tool
©GHG estimation tool using electrical
consumption
GHG emissions from purchased
electricity
©HFC PFC emissions tool
hfc-pfc

Source

http://web.worldbank.org/WBSITE/EXTE
RNAL/TOPICS/ENVIRONMENT/EXTC

ARBONFINANCE/0,,contentMDK:22366
206~pagePK:64168445~piPK:64168309~t
heSitePK:4125853,00.html

http://www.ifc.org/ifcext/climatebusiness.n
sf/Content/GHGaccou

http://www.oecd.org/dataoecd/45/43/19433
33.pdf

http://www.adb.org/documents/papers/adb-
working-paper-series/ADB-WP09-
Transport-CO2-Emissions.pdf

http://www.unemg.org/MeetingsDocument
s/I 1 Groups/! bility
Management/UnitedNationsGreenhouseGa
sCalculator/tabid/3975/Default.aspx

A

http://www.thegef.org/gef/node/313

http://www.ghgprotocol.org/calculation-
tools

http://www.usaid.gov/our_work/environme
nt/climate/docs/forest_carbon_calculator_j
an10.pdf

http://www.oecd.org/dataoecd/26/44/42474
623.pdf

http://www.adb.org/Documents/Evaluation
/Knowledge-Briefs/REG/EKB-REG-2009-
38.pdf

http://www.energyefficiencyasia.org/docs/
SimplifiedGHGCalculator.xls

http://www.thegef.org/gef/GEF_C39_Inf.1
6_Manual_Greenhouse_Gas_Benefits

http://www.ghgprotocol.org/calculation-
tools/all-tools
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Reference-4 Methodologies of International Organization (2)

Established agency / Institution

GTZ
(Deutsche Gesellschaft fur Technische
Zusammenarbeit)

KFW
Kreditanstalt fiir Wiederaufbau

PROPARCO
(sigle pour Promotion et Participation pour
la Coopération économique)

U.S. Department of Commerce

US Environmental Protection Agency

U.S. Department of Transportation

Defra Department for Environment, Food
and Rural Affairs

Co-Benefit
Manual of Quantitative evaluation
Ministry of Environment,JAPAN

Multi _Bilateral

Bi

Bi

Bi

BI

Outline

GHG calculations are conducted under a
fund targeting climate change operations.
Details of the program are unknown.

Released tool for GHG calculation for
landfill.

Estimates GHG of the project they assist.
Information on the program is unknown.

GHG calculation tool for Landuse, Traffic
Sector has been released.

GHG calculation tool for Traffic Sector and
Climate Change has been released.

GHG Model for Traffic Sector has been
released.

GHG calculation Guidelinel for Traffic and
Energy Sector has been released.

The conditions required to organize a
quantitative assessment of global warming
co-benefits.

~ o ~06 0w

Forest and natural resources conservation

Traffic and Transportation

Calculation sheets for Simulation of Traffic
Network

VMT Spreadsheet

Trip Generation with
4Ds Spreadsheet

TDF Model

Enhanced TDF Model

GHG Calculation software
URBEMIS  Software
ICLEI CACP Software
Place3s Software
INDEX Software

Optimization Model for Reducing Emissions
of Greenhouse Gases from Automobiles
(OMEGA)

GHG Calculation Model for traffic Sector
MOBILE6
NONROAD
NMIM
COMMUTER
SIT
SIPT
CLIP

etc. 17Models.

© Guidance on measuring and
reporting Greenhouse Gas
(GHG) emissions from freight
transport operations

Air quality improvement
Calculation formula by mobile sources

Energy Conservation (Industry)

Energy

2010 Guidelines to Defra / DECC's GHG
Conversion Factors for Company Reporting

Renewable energy

Sewerage, Urban sanitation

©GHG estimation tool for waste

GHG calculator for waste management

SWM Greenhouse Gas Calculator
the solid waste and wastewater
sector

‘Waste Reduction Model (WARM)
Recycled Content (ReCon) Tool

Water Pollution Control

GHG emission reduction from Wastewater
treatment system small scale CDM
AMSIII-T

Air quality improvement

Calculation formula by fixed sources

Waste Management

Landfill methane recovery tool

all

Calculation of GHG emission program for
each project
Bilan Carbone

Source

http://www.gtz.de/en/themen/umwelt-
infrastruktur/abfall/30026.htm

http://www.kfw-
entwicklungsbank.de/EN_Home/Sectors/W|
aste_management/Solid_Waste_Manageme
nt_Greenhouse_Gas_Calculator/index.jsp

http://www.proparco.fr/jahia/webdav/site/afd
/shared/PUBLICATIONS/INSTITUTIONNE
L/plaquettes-presentation/AFD-Brochure-
english-2008.pdf

http://www.commerce.wa.gov/DesktopModul
es/CTEDPublications/CTEDPublicationsVie

w.aspx?tabID=0&ItemID=7797&MId=944&

wversion=Staging

http://www.epa.gov/otaq/climate/models.htm

http://climate.dot.gov/methodologies/analysis
-resources.html

http://www.defra.gov.uk/environment/busine
ss/reporting/pdf/ghg-freight-guide.pdf

http://www.env.go.jp/press/file_view.php?ser
ial=13728&hou_id=11242

http://www.newpartners.org/2010/docs/prese
ntations/thursday/np10_samdahl.pdf

http://www.epa.gov/climatechange/wycd/was
te/calculators/Warm_home.html

http://www.defra.gov.uk/environment/busine
ss/reporting/pdf/100805-guidelines-ghg-
conversion-factors.pdf

VMT:Vehicle-Miles Traveled
TDF Travel Demand Forecasting

2-26




Chapter 2 Selection of Target Sub-sectors and Review of Existing Methodologies

Reference-5 Methodologies of VER Certification Organization

VER Certification agency

Gold Standard

VER+

CCB Standards
(The Climate, Community and
Biodiversity Project Design
Standards)

Green-e

VOS
(Voluntary Offset Standard)

CCX
(Chicago Climate Exchange)

CCAR
(California Climate Action
Registry )

Plan Viivo

Social Carbon

NCOS
(National Carbon Offset
Standard

Established Institutions

WWF World Wide Fund for
Nature SSN
SouthSouthNorth
International etc

Helio

TUV SUD Group 3C Group

CCBA Company NGO etc.

CRS Center for Resource
Solution NPOs in US

International Carbon Investors
and Services INCIS  Morgan
Stanley

INCIS was established by
financial institutions for the
development of emissions
trading markets GHG.

CCX(Private Sector

California

ECCM(Edinburgh Centre for
Carbon Management ) BR&D

BioClimate Research &
Development

NGO of Brazil Ecologica
Institute (IE)

Australian Government

Multi_Bilateral

Outline

In addition to the verification
and certification of CDM
projects, the following criteria is
used to determine the quality of
CDM /JI projects:

i) Project Eligibility,

ii) Additionality and baseline

iii) Contribution to sustainable
development

Certification audit is basically
being done using the same
methodology as with CDM and
JI projects.

Assessment of biodiversity,
climate change mitigation
effects and impact to the local
community.

Green Power Certification
Program (Green-e) is aimed at
consumer protection when
electric credits are sold,
verifiying whether the goods
satisfy environmental standards.

Certification system equivalent
to the standard of the Kyoto
credits. Target countries are
mainly countries that did not
ratify the Kyoto Protocol, and in
particular, the U.S. and Australia
(Australia ratified the Protocol).

System has its own validation
criteria. Provides manuals for
calculation of GHG in multiple
sectors.

The methodology of California
NPO. Provides manuals for
calculation of GHG in multiple
sectors.

Grass root criteria that offer
high standard for environmental
protection and local benefits.
The methodology is an
expensive option compared to
those used in the global carbon
market.

The feature of the methodology
is to evaluate and verify the
long-term impact assessment of
sustainable development.

Efforts by the Australian
Government started in July
2010, replacing Greenhouse
Friendly™. The targets are
Australian companies.

=00 ®W0

Forest and natural resources
conservation

*Afforestation

*Forest Conservation Forest
Management

*Afforestation

*Nature Restoration

*Forest Conservation Forest
Management
*Afforestation

*Forest Conservation Forest
Management
*Afforestation

*Forest Conservation Forest
Management

*Afforestation

*Agroforestry

*Afforestation/reafforestation

*Forest management (forests
established before 1990)
*Revegetation (establishment of
\woody biomass that does not
meet forest

criteria)

Traffic and Transportation

*Energy efficiency
TargetIndustry Residential
Transportation Public
Agricultural Business Sector

Suppression of methane
emission in Area circulation

Energy Conservation (Industry)

*Energy efficiency
TargetiIndustry Residential
Transportation Public
Agricultural Business Sector

Energy

*Energy efficiency
TargetiIndustry Residential
Transportation Public
Agricultural Business Sector

*Energy efficiency

*Energy efficiency
*Fuel Switching

*Water power

Renewable energy

*Renewable Energy
photovoltaic/Solar
Heat(Electricity/Heat ,Biomass/|
Biogas /Liquid biofuels,Wind
power,Geothermal power Water
power

*Renewable Energy
Biomass,Water power,Wind
power etc.

*Renewable Energy
photovoltaic,Wind
power,Geothermal power, Small
Water power,Biomass,Bio
Diesel Hydrogen battery

*Renewable Energy
Wind power,Biomass,Biogas, etc.

Sewerage, Urban sanitation

*Landfill methane recovery

*Landfill methane recovery
*Proper disposal of ozone-
depleting substances

*Effective use of methane in the
organic waste treatment

*Landfill methane utilization
*Composting of organic refuse
*Decomposition of organic
refuse (proper disposal)
*Proper disposal of ozone-
depleting substances

*Landfill

all

Source

http://www.cdmgoldstandard.org
/Current-GS-Rules.102.0.html

http://www.netinform.de/KE/Be
ratung/Service_Ver.aspx

http://www.climate-
standards.org/standards/pdf/se
cond_edition/CCB_Standards_2n
d_Edition_JAPANESE.pdf

http://www.green-
e.org/getcert_ghg_products.shtml

http://www.carboninvestors.org/|
ECISVoluntaryOffsetStandardF|
NALJune.pdf

https://registry.chicagoclimatex.
com/public/projectsReport.jsp

http://www.climateregistry.org/

http://planvivo.org.34spreview.c
om/documents/standards.pdf

http://www.socialcarbon.org/

http://www.climatechange.gov.a
u/en/government/initiatives/nat
ional-carbon-offset-
standard.aspx

http://www.wwf.or jp/activities/
climate/cat1297/cat1299/index.
html

http://www.netinform.de/KE/We
gweiser/Ebenel_Projekte2.aspx?
Ebenel ID=49&mode=4

http://www.climate-
standards.org/projects/index.ht
mi

http://www.chicagoclimatex.com
/docs/offsets/CCX_Rulebook C
hapter09_OffsetsAndEarlyAction
Credits.pdf

http://www.socialcarbon.org/upl
oadDocs/Documents/SOCIALC
ARBON_STANDARD v.4.1.pdf

http://goldstandard.apx.com/res
ources/AccessReports.asp
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Chapter 3 Basic Concept and Guidelines for the Quantitative
Evaluation of GHG Emission Reduction (Sequestration)

3.1 Basic Concept

3.1.1 Quantitative Evaluation

Mitigation measures against global warming are intended to stop the progress of global warming by
reducing (or sequestrating) GHG emissions and stabilize the concentrations of GHG in the
atmosphere. The mitigation measures need time to show their effects but are the fundamental
solutions. Actual mitigation measures such as effective use of energy and energy conservation, carbon

dioxide capture and storage, and increasing carbon sinks are being implemented.

Quantification of GHG emission reduction (sequestration) aims to calculate the impact of mitigation

through individual measures.

3.1.2 Basic Concept of Estimation

1 Traffic and Transportation, Energy Conservation, Energy, Renewable Energy, Sewerage and
Urban Sanitation Sectors

The effects of GHG emission reductions through a mitigation measure (ERy) can be estimated as the

difference between the GHG emissions without the mitigation measure (baseline emissions: BEy) and

those with the mitigation measure project emission: PE,). For example, the mitigation measure

involving implementation of mass rapid transportation (MRT) is as follows:

Basically, the baseline emission is the GHG emission in case present conditions would continue
without project implementation (other concepts can be adopted depending on individual
circumstances in each project). To compare between ‘with’ and ‘without’ mitigation measure, GHG is
estimated based on the assumption that the level of activities is equivalent to the ‘with’ mitigation

measure case (such as the amount of electricity used or the volume of production).

On the other hand, the project emission is determined as the GHG emission by implementing the
project. Generally, the volume of project emission is smaller than that of the baseline emission. Also,

the project emission of a renewal energy project activity becomes zero.

For financial intermediary loans (two-step loans) which provide assistance to numerous small-scale or
medium-scale projects through intermediate financial organizations, etc., a simplified methodology
based on the methodologies presented in this report can be applied to estimate the effects of GHG

emission reductions, considering the availability of the required data and work volume.
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BE, Baseline Emission (Without project) PE, Project Emission (With Project)

o -
e =

Ex. MRT Project

2) Forestry and Natural Resources Conservation Sectors
Because trees grow by sequestrating carbon dioxide from the air through photosynthesis and

capturing of carbon, a forested site can be considered as a sink of carbon dioxide (or carbon).
According to IPCC guidelines, net anthropogenic GHG removals by sinks ( ER,s , ) can be estimated

by extracting the increase (or the decrease) without the forestry (baseline absorptions: ACgg , ).

Meanwhile, GHG emissions at the initial stage of the forestry project (project emissions: GHG; , )

can be estimated from the increase of carbon dioxide sink after the forestry project progresses over a
certain period (or the decrease by thinning and harvesting ) (project absorptions: AC.g; , ).

The details are also shown in the explanatory sheets for forestry and natural resources conservation

sub-sectors in Chapter 4.

ERAR,y =ACPRJ,y _ACBSL,y _GHGPRJ,y
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3.2 Framework of Methodology Sheet and Calculation Sheet (Excel)

3.2.1 Aim and Application of Methodology Sheet and Calculation Sheet (Excel)
Methodology sheets are prepared to simply estimate the quantitative effects of the GHG emission
reduction at the pre-project and post-project stages on the individual project. Workflow and utilization

of the methodology sheet and calculation sheets are shown in the figure below.

Confirmation of the target project and the guidelines for related
sector/sub-sector

Consider which sector or sub-sector is suitable for the purpose of the target project.
Refer to Table2.1.3 and select the sector/sub-sector.

_ Confirmation of the estimation methodology

Refer to ‘“Methodology Sheet’’ prepared for each sub-sector selected in Step-1.
This step includes review of the applicability of typical project outline and
methodology in the sub-sector, before confirmation of the estimation
methodologies, required data for calculating and monitoring of GHG emission
reductions.

. 4

Implementation of the estimation

Based on the methodology confirmed in Step 2, fill in project specific
value/coefficient published value applicable in the country, etc. in the “Calculation
Sheet”.
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13. Energy

Chapter 3 Basic Concept and Guidelines for the Quantitative Evaluation of

GHG Emission Reduction (Sequestration)

3.2.2 Outline of Methodology Sheet

Outline of the methodology sheet is described as follows:

13, Energy/ Thermal Power with higher efficiency

1 Typucal
Froject Chatline

The proect istends 10 supgress the greenbouse gas (GHG) from fossl firl combiastion n the fossd fired plants
by redhucing the fiel comsumption per ebectric supply through the mew constnaction of high efficient fossil
fired plants or mpeovement of the existing power plasts (upgrading to the combined cycle power plasits,
efficiency mnprovement by the improvementiggrading of the power plants or upgrading 10 the hagher
efficsency power plants)

2 Applicabality

For new fSacility: pew facility construction equipped with highly efficient facilsties through the project
activity

For existing facility: repl: of facilities

upgrading. and fuel
For the new and the exsstng faclity: i) fossal foel fired plants commecting the gnd and 1)

now

faciliies.

3 8
om  Eméssion
Reduction

v | GHG b

: v efficiency hall be & s the &
baseline smissions (from facilities with low efficiency) and project smission (after improvement)

In crder 10 compte emzssion, the amoust of electneity power supply 35 multiphied by sts €O, enmssson factars.
GHG emission factor is consputed from the respective efficiency m power generation before and afier the
progect starts. Compute the emission from generating the same smoust of power supply (after the project starts)
and compase them For the existing Eacilities, baseline emission is compaied with the monsioeed. emissica
factar befire the improvenent of the power plants

ERy =BEy-PEy (1-COyy)
ER, :GHG emissions reduction in year y achssved by the project (1-00yy)

BE,
FE,

: GHG enusmion from low efficiency facilshes i year y (+-C05y) (Baselne esussical
+ GHG ensssion from ingroved efficiency fcilities in year y (-C04y) (Project emission) )

[3éew facikities]

BE, : Baseline

emission FE, : Project emission

[ Existing facilities]

e MG —R 'F

13, Energy,

Thermal Power with higher efficiency

i

a

on  Eméssion
Reduction
(Contistaon)

Thermal Power with higher efficiency

©O, emissicn factor i computed from the power genemtion efficiency without replacement, upgmding and
improvement of powes peneratos before the project starts. GHG emsssion Becessary 1o generate the amount of
electracaty supply, equivalent 1o the existing power gemerators afler the project starts

BE, = Eipy, = EFpt,

Type | Parsmeter Deseniption

Ougpur | BE, Easeline emission
GHG emgssion from bow efficiency power penerators
(-C0.) |

Dypnt | EGpy, aumial energy production afler the project  stans
(tramsnmssaan edge)XMWh)

EF, Co emsssion factos per electric power supply

(1-COVMWL)

Determination of EFBL Y
[ew Excilitaes )

Baselime Co? emussions factor in the new facilities 15 defined as the average ensssion factor of all power plants

supplying the gnd whene the project actrary 15 mplemented. (Refer to Appendax C-1). The mtional default

emmssion factor, Data adopted by Kyoto Mechanisas or data based on 1ED are used for calculation.
However, if the natwnal default 18 not avalable, it should be caloulated uung the pet electneal output of all
plants, fuel seed, net fuel consumption, net calonfic value and COZ emusaion factor m addstion 10 the wlervaiew

(2 Determunation of roject enmsiaon
To calculate project GHG emission, moitor CO; emission from the power generation efficiency whit the
power penerator that are replaced. upgraded and improved afier project activity.

Type T

as the

PE, = EGyy, * EFpy,

Paramwter Description

Inpuar

Ouipur | PE,
GHG emission afer the project starts_(1-C0yy)

Project emission

EGr, Anoal energy production after the project starts
(transmassion adpa}MWh)
EFpy, Co2 emsssicn factor per electne power supply

(100, MWH)

D ination of EFes,
[New facilities] [Existing facilities]

C0, emussion factor per electric power supply after the project starts 15 computed wsing the efficiency after

improvement In order to comypute EFp, please use the planed data before the project starts and the

mondtoring data after the projact starts.

COEFY

oty

i6

. COEF, Gl
EFpn.y = 36
Ty

Co2 emission factor of fisel ¥1-CO,TI)
Plarmed or mondtoring afficiency data afier the
elficrency wmprovenent of the power peneration
Electrical ousput per slectnc energy (1MWh=3 6G)

1. Typical project outline

Outline of the typical mitigation project for
the sub-sector

2. Applicability
Applicability of the methodology of GHG
reduction calculation shown in this sheet

3. Methodology on emission reduction

Description of the basic concept and formula
of the estimation method

Image figure of baseline emission and
project emission of typical mitigation
project for the sub-sector

(1) Baseline Emission

Baseline emission is the emission calculated
based on the assumption that the current
condition continues in the absence of the
mitigation measure. (However, a different
assumption can be made according to
individual circumstances in each project.) To
compare between ‘with’ and ‘without’
mitigation measure, GHG is estimated based
on the assumption that the level of activities
is equivalent to the ‘with’ mitigation measure
case (such as the amount of electricity used
or the volume of production)

Here, basic calculation formula and
explanation on the required parameters or
figures, including the sub-formula for
calculating the required parameters or
figures, are described.

(2) Project Emission

Project emission is the emission

calculated based on the result of the
mitigation measure.

Here, basic calculation formula and
explanation on the required parameters
or figures, including the sub-formula for
calculating the parameters or figures,
are described.
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13. Energy / Thermal Power with Higher Efficiency 4
L

Data  required for

4. Data

Required for estimation and monitoring
Estimation and . .

Monitoring Description of the data to be

collected

[ New Facilities]

Data Acquisition Methods
Baseline Emissions Project Emissions

Diata Type I p of D

plants g

v
emission | OO0y emissions Fact Data availability is validated in the following order bu“&n&s:g: is

Bc_!wc_ﬂlc .’\‘“w ij_cu elore lie Aller Project | — <Tlmlng Of calculat10n>
; Project Starte 0 0 Toject Starts Completio .
e e e o Before the project starts:
) o fuel fired plants b[ Planned data Measured data Planned data Measured l .
P
the proic dara During preparatory survey
ctivity{MWh/y) . .
Efficiency | E];‘ci;!q' o!l_"powu' | Measured data of one or two old | Measured After proj ect Completlon:
( CtOFe © fasyh generation  in the | and typical power plants existing in Planned data dala

(After : gel fossil fuel-fired "

During monitoring  after

me aN e | e, ||| project completion.
tity
ik ic\::lllzllul default
iii) TPCC Guideline default dataiAnnex C-3) )
R <Data acquisition methods>
[Existing Facilities]
- Dol cpisiion Metids____ Planned data: Planned data
Data Type Description of Data | mm!:;celm Emi?rr:;mjea Rerotr:::mmi’:::mj'e1 ;
Project Starts .Cullmlclluli Projec) Starts .C\nglcllull durlng the preparatory Survey
aner 56y Napply of the o before the project starts
el fired plants by Planned data Measured data Plannd data Me‘::;ml A tu 1 d t D t d
aject Ctual data: Data measurec
achi\iy(MWh E‘JM .
Eeeicncy ofpomes geeraicn g’;u’g\ﬁl e | Mo g e the Pt | g | Mersrcs (monitored) at power plants
Data type and factories after project
Description of the completion
terms in formula.
13. Energy/ Thermal Power with higher efficienc <Pri0rit among o tionS>
5.0thers {1)Prject boundary y gop
The pliysical boundary for measuring emissions mchides power failities where activity is : :
e " } o If there are options, such as publicly
lestage available country specific value and default
Project activity could lead to the followang leakages . . .
Plan replacement the indirect enussions potentilly 60 T leskage dot fo iies sich a5 prodit values issued by international
manufschiring or materials tramsport. This respective emission is temporarkand nzlipible considenng the . . .
projct sesle. Theror i can be gnored organizations, the sheet presents options
5 it plus priority, based on the recognition that
1AM 1 Methodology for andlor energy efficiendy imrovemend\in existing power . .
o }\ calculation based on project / country
- ':hnu:]]h the rierence methodology excludes new facilities as element | new Vacilities used in this Speciﬁc data is more desirable_ If Other
formula
Power plants which run over 10 years and the last 5 year data 15 scfalable X used in the refercnce appropriate data can be COHeCted users can
‘methodology. This formun excludes these condstions ?
Dnfferent cabculat thod is wsed for basel vhen it excheds the ay lect 1 1
\uppl_\'ofr:c‘x It lfdl:::mmdil\‘»m@ th::fﬁcm“c:'; Sm:‘ﬁml:ﬁ;h ha \\pm!’; T‘npl:d; Ho ‘2:: apply a more Sultable data fOI' calculatlon'
is determened simply wing the net pawer supply of the amoust of power fupply of thi\ representatiy. year
in this formmada,

The reference methodology excludes the leakage potential unless there ofe great influenves. This formgla

also excludes the leakape um the sans manner

2)AMDOG2(verl.1): Energy efficiency improvements of o power plant theoug!{ retrofitting turbi 5. Others

T o s cxhotlen ekl s i s o e i i (1) Project boundary

Basically, the project boundary is the project
area itself. However, if special considerations

are necessary for the sub-sector, it is described

formula
The reference methodology i applied 1o e steam turbane and gas tarbank. The amount of stefm supply
and the amount of power supply of the steam nabme should be able (Pl measured in h\ turbine
tenproved urder the project activities, Thus formula exeludes thess condstsfers
The reference methodalogy exchudes the leakage potential unless there afe grea influences. This

also excludes the leakage in the sanwe manner,

BACMO0 3iverd2): C baseline and iy fof new p\d connected fossl Nl 1 1 mn
fired power planks using a less GHG mbensive techmalogy mn thlS COlu *
[Dnfferences]

Though the rference methodology excludes pew facilibes a3 element| new facalles are used m thos)

formula :

Regarding the baseline fuel based on the reference methodology, applicability of th s is for fossil (2) Leakage

fuel used i the absence of the project, whach i more than 50% of the ndt electnoity fower supply m the 11 . .

Inst three years. Thas formula exclodes these conditions. This formmla expludes these chnditsons. Leakage means the pOSSIblllty Of GHG €mission
DAM I Blver) Supply sde emergy eicency ingrovennents  gncrsion outside the boundary due to the project activities.
[ Differences) . .

The reference methodoogy is pplsd o reducion of e siecine e ot cocwn e s or e || EXpected leakage and how leakage is dealt with

consumption reduction from thenmal application through miprovement of sxssting facilitie) hawever, the . .

formala here bas 1o restictions with quantity nfckﬂmlr)'nmfxchg/nl aapply is described for each sub-sector.

The reference methodology applies to the facilities hoffever, in this formmuda

3 Reviewed Methodologies and Major Differences
Brief description of major differences between reviewed methodologies and the methodology
presented in this sheet is shown
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3.2.3 Outline of Calculation Sheet (Excel)
Calculation sheet is composed of two sheets: "Input Sheet" and "Result Sheet.". For each sub-sector,
an imaginary case using virtual data is attached to help users understand how the sheets can be

utilized.

Input/Output Form Imaginary case (for reference)

Input Sheet Input_ virtual data

Result Sheet Result  virtual data

(1) Input Sheet
The contents of the ““Data required for monitoring and estimation””indicated in the "Methodology
Sheet " serve as inputs to the “Input Sheet”.

Input Sheet: New facilities

Promettame [ | — | Input the Project name.

1. Quantity of powar supgly (of the target tacilites atter the ooject starts) (MW \
Ingut the panaed data for the calcubition befor the pm et tart and the measumd dan for the Gakaulation
aftnr the pmipst start

= Eauee it [t Input data indicated by "Methodology
Giusriity of power supply of the fossd
{fuel fired faciities after the projact star ey 9y - .
Sheet” into the yellow cells. (Input field is
2. Efficiency of powar gunuration 1
’ Ir:.n the mrh.ﬂum far the effickncy of th target faciities in sbeance of the poject dlfferent for eaCh Sub_seCtor')
Irgnit the pareod dats for the calculation of the efficiency of the tepet faciites bfore the poject Start and >
et monitoring date for the calculation of the efMicincy of the targst faclilies afler the projsct stat.

. .,.‘.: ct --:._: : _ ke

4. 00, amissio Fuctor accardingta ful tpe (1-00w/To) — Input the source of data under the entry

Data svailabiity i vaddsted in the folowing order beceuse R should oreferably be calculated using data snd

infarmation urice 1o the pojBct
1} Tha unigue data of the pmict obtained from th intrive wih Ewor manmgnmen: antity ﬁeld
¥ Hational dofaul
) PGS Gukdeling default data
| Ires ftem | Enitey Tt Uni
o

J

T Jernry feus

Eriry feld of the reference documents

2) Result Sheet

The calculation results are shown in the “Result Sheet”.

- 2 -

GHG emission reduction with the project t-CO,/y £R, BE, PE, (t-CO./y)

& Deseine emssion BE, = co = cres Formula of "Methodology Sheet" is
embedded.

2. Project emission PE, = EGpy, < EFzy,

The value is inputted automatically from the
"Input Sheet". Thus, it need not be edited.

3. GHG emission reduction with the project ER,

GHG emission reductions will be calculated

automatically in this sheet.
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Chapter 4 Methodology Sheets and Calculation Sheets

This chapter shows how to formulate the mitigation measures.

In Figure 4.1, a workflow shows how to identify a mitigation project, and how corresponding

information should be provided to the partner nation at the preparatory survey.

1. Initial Screening Non-mitigation

Confirmation of the corresponding measures

sector and sub-sector in this guideline « Projects not

classified as
mitigation
sub-sectors
Projects having no
effects of GHG
emission
reductions (or

2. Estimation of Mitigation sequestration)

Effects

Calculation of GHG emission
reductions of each project

3. Classification of the Project
Projects classified as mitigation measures

Projects directly reducing Project sequestrating CO,

GHG emissions Projects contributing to the

Projects that directly reduce GHG emission reductions by
GHG emissions, such as CO2 sequestration, such as
efficient use of energy and afforestation projects increasing
energy conservation the amount of carbon capture

4. Project Preparatory Survey, etc.

The survey includes the following:
Confirmation of details of the mitigation measures
Estimation of the level of emission reduction (sequestration) impacts.

Figure 4.1 Process for Formulating Mitigation Projects
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4.1 Typical Project Outlines in Targeted Sub-sectors

A typical project is outlined before preparing a guideline for each sub-sector, based on past JICA

ODA loan project information. The outlines of the typical projects are shown in Table 4.1.1.

Table 4.1.1 Outlines of Supposed Projects for Target Sub-sector(1)

Sub-sector

Typical Project Outline

1. Afforestation

The project intends to expand CO, sink through afforestation in
non-forest lands including degraded, pasture or agricultural lands.
For reducing emissions from deforestation and forest degradation
(REDD), refer to “2. Forest Conservation”.

2. Forest conservation

The project intends to reduce GHG emission through prevention of
deforestation such as unregulated logging in developing countries
(REDD).

Refer to “1. Afforestation” for CO2 sinks increase through
afforestation.

3.1
Railway ,passengers

3. Passenger /Freight

The project intends to reduce GHG emissions by realizing “modal
shift” from existing passenger transport systems (i.e., conventional
buses, passenger cars, taxies and bikes) to passenger railway
systems such as a new railway, a double track railway, or a
quadruple track railway. In addition, “electrification” of passenger
railway systems will reduce GHG emissions.

transportation improvement

3.2
Railway , freight

The project intends to reduce GHG emissions by realizing “modal
shift” from existing freight transport systems (i.e., conventional
trucks and trailers) to freight railway systems such as a new railway,
a double track railway. In addition, “electrification” of freight
railway systems will reduce GHG emissions.

4.MRT(Mass Rapid Transit)

The project intends to reduce GHG emissions by realizing “modal
shift” from existing transport systems (i.c., buses, private cars,
taxies and bikes) to a Mass Rapid Transit (MRT) system.

5.Monorail, LRT

The project intends to reduce GHG emissions by realizing “modal
shift” from existing transport systems (i.c., buses, private cars,
taxies and bikes) to a light or medium transport system such as
monorail and LRT (Light Rail Transit).

6.Bus BRT, Trunk bus

The project intends to reduce GHG emissions by realizing “modal
shift” from existing transport systems (i.e., buses, private cars,
taxies and bikes) to Bus Rapid Transit (BRT) or trunk bus systems.

7.Energy efficiency improvement

The project intends to inhibit greenhouse gas (GHG) emissions by
reducing fuel consumption in industrial facilities through energy
efficiency improvements such as efficient motors adoption.

8. Electricity and heat supply

The project intends to directly suppress electricity/fuel consumption
and reduce GHG emissions in industrial facilities, such as steel
plants and cement plants, through recovery and utilization from
waste energy (waste heat, waste gas pressure).

9.Fuel switching

The project intends to inhibit GHG emissions through switching
from high carbon content heavy oil fuel in order to lower carbon
content fuel in new and existing industrial facilities.

10.Energy plant with fuel switching

The project intends to inhibit GHG emissions by switching from
high carbon content heavy oil fuel in order to lower carbon content
fuel of new and existing intensive heat-supply facilities.

11.Thermal power with electricity and heat supply

The project intends to directly reduce GHG emissions and suppress
fuel consumption for electricity generation through recovery and
utilization (new construction of combined cycle power plants etc.)
from waste energy (waste heat, waste) at fossil fuel fired power
plants.
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Table 4.1.1 Outlines of Supposed Projects for Target Sub-sector(2)

Sub-sector

Typical Project Outline

12.Thermal power with fuel switching

The project intends to inhibit GHG emissions by switching from
high carbon content heavy oil fuel to lower carbon content fuel at
new and existing intensive heat supply facilities.

13.Thermal power with higher efficiency

The project intends to suppress the greenhouse gas (GHG) from
fossil fuel combustion in the fossil fired plants by reducing the
fuel consumption per electric supply through the new construction of
high efficient fossil fired plants or improvement of the existing
power plants (upgrading to the combined cycle power plants,
efficiency improvement by the improvement/upgrading of the power
plants or upgrading to the higher efficiency power plants)

14.Power transmission with improved efficiency

The project intends to directly suppress GHG emissions associated
with transmission loss, through reducing power loss in the
transmission grid or through maintenance of high voltage substation
at new and existing facilities for electric energy
transmission-transformation.

15.Power distribution with improved efficiency

The project intends to directly suppress GHG emissions associated
with distribution loss, through reducing power loss in the
distribution grid or efficiency improvements of distribution
equipment at new and existing facilities for electric energy
distribution.

16.Rural electrification

The project intends to directly reduce greenhouse gas (GHG)
emissions by generating power from renewable energy sources,
which generate limited amounts of GHG. This is realized through the
implementation of renewable energy utilization project in the area
where there is no connection to the main electricity transmission
grid, or diesel power generation or kerosene lamp is not applied.

17.Hydro power

The project intends to directly contribute to GHG emission reduction
through hydropower plants construction aiming to generate
renewable energy, which does not emit GHG at flaring, with the use
of natural resources such as hydro power.

18.Wind power

The project intends to directly contribute to GHG emission reduction
through the use of wind power plants in generating power. Thus, no
GHG is generated with the use of natural resources such as wind
power.

19.1 Photovoltaic
power

The project intends to directly contribute to GHG emission reduction
through generation of power from photovoltaic power plants. Thus
there is reduction in GHG emission with the use of non-fossil fuel
source such as photovoltaic power.

19.Photovoltaic power
/Solar heat

19.2 Solar heat

The project intends to directly reduce GHG emissions by generating
power from solar power plants, which generate limited amounts of
GHG. The requirement for flaring of GHGs to reduce emissions,
with the use of natural resources such as concentrated solar power, is
eliminated.

20.Geothermal power

The project intends to directly reduce GHG emissions by generating
power from geothermal power plants, which generate limited
amounts of GHG. The requirement for flaring of GHGs to reduce
emissions with the use of natural resources such as geothermal
power is eliminated.

21.Biomass

The project indents to directly reduce GHG emissions through
electricity generation or heat generation from biomass residues
instead of fossil fuel fired at power plants or factories which leads to
reduce consumption of electricity or fossil fuel.
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Table 4.1.1 Outlines of Supposed Projects for Target Sub-sector(3)

Sub-sector

Typical Project Outline

22.Landfill disposal of waste

The project intends to reduce GHG emission through recovery and
utilization of landfill gas (LFG) generated from landfill after the
completion of reclamation and from active landfill.

23.Intermediate treatment of waste

The project intends to reduce the GHG emissions without disposing
in landfill but by waste treatment such as composting or anaerobic
digestion etc.

24 . Wastewater treatment

The project intends to reduce the GHG emissions by suppressing
CH4 from the sewage sludge decay through composting the sewage
sludge.

25.Sewerage

The project intends to reduce GHG emission through improving the
living condition and reducing CH, from sewer water with
wastewater treatment from the houses or factories.
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4.2 Methodology Sheets and Calculation Sheets (Excel) for Each Sub-sector
Methodology sheets are shown below and calculation sheets are attached in Appendix “Calculation
Sheet”.

4-5
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Sub-sector

1. Afforestation

2. Forest Conservation



1. Forest and Natural Resources Conservation/Afforestation

. Typical Project
Outline

The project intends to increase CO, sink through afforestation of non-forest lands including degraded, pasture or
agricultural lands.

For reducing emissions from deforestation and forest degradation (REDD), refer to “2. Forest Preservation”.

. Applicability

(OThis project is not applicable to the lands defined as forests in the target country.

OAR-CDM defines afforestation lands as non-forests for the past 50 years and reforestation lands as non-forests
since 1990, respectively. Formulas presented below are to estimate the amount of GHG emission reduction as the
outcome resulted from afforestation regardless of time constraints.

(OThe forests should be sustainably managed after afforestation with appropriate management tasks including

thinning in place.

. Methodology of
GHG reduction

calculation

Since trees absorb and fix carbons in atmosphere for growth in photosynthesis, they are regarded as the carbon
dioxide (or carbon) reservoirs. Thus, the net anthropogenic GHG absorption through afforestation is calculated as the
difference between increase in carbon dioxide sink in forested lands (or reduction due to thinning and harvesting)
(project absorption) and assumed increase (or decrease) in carbon dioxide sinks without afforestation project
(baseline absorption) plus GHG emission associated with the afforestation project (project emission) in a certain

period after the project.

ERAR,y = ACPR/,y - ACBSL,y - GHGPRJ,y
ER g , : Net anthropogenic GHG absorption with afforestation project in Yeary  (t-CO»/y)
ACpyy,, : Annual GHG absorption with afforestation project in year y (t-CO,/y)(Project absorption)
ACggy, : Annual GHG absorption without afforestation project in year y (t-CO,/y)(Baseline absorption)

GHGpg,,, : GHG emission associated with afforestation project in Year y (t-CO,/y)(Project emission)

where
ACPRJ L= CPRJ’y B CPRJ,yft
- t
-C

t

C
ACBSL, y =

BSL,y BSL,y—t

Cpgy,, : CO,absorbed by planted trees until year y (CO, sink of forested lands in year y)(t-CO,/y)
Cpry, -1 : CO;, absorbed by planted trees until year y-t (CO, sink of forested lands in year y-t)(t-CO,/y)
Cgsi,, : GHG absorbed by non-woody plants without afforestation project until year y (CO, stock in year
y)(t-COyy)
Cgsi,,.1  : GHG absorbed by non-woody plants without afforestation project until year y-t (CO, stock in year
y-0)(t-COy/y)

The difference of CO, sink in the forested lands can be obtained as the difference between year y and the year
earlier (y-1) as well as between year y and year y-t (i.e., t=3 or 5 years). Per year GHG absorption can be calculated
by dividing the calculated GHG absorption by t years.

To simplify and generalize descriptions here, t is assumed as 1 year.

Then, the cumulative net anthropogenic GHG absorption stored after the project implementation until year y can

be expressed in the following formula.

Y
cumER ,, =Y ER  ,
y

The figure below illustrates the above-mentioned concept (formula).
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As shown in the figure above, each of project absorption (t-CO,/y), baseline absorption (t-CO,/y), and project
emission (t-CO,/y) changes along the time scale.
+ Project absorption is obtained as the difference of carbon dioxide stocks in the forested land between year y and

the year earlier (y-1).

+ Baseline absorption is obtained as the difference of carbon dioxide stocks in the project area before year y and the
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year earlier (y-1) assumed without afforestation project. If the vegetation originally grown in the land is
reproduced in the same cycle over years, AC BSLy = 0 is derived as the baseline absorption as
B, =B,.; =constant, thus Cgg; ,=Cjpsg; ,./=constant.

* Project emission includes dinitrogen monoxide (N,O) emission due to fertilization (nitrogen fertilizer, caustic
lime) and GHG emission due to clearing grasses, crops and trees originally grown on the project area. The former
is usually negligibly small, thus treated as zero here. The latter is limited only to the initial stage to prepare for

afforestation, however, it is not always negligible.

The figures below show changes and cumulatives (carbon dioxide stocks in the forested land, t-CO,) of project
absorption (t-CO,/y), baseline absorption (t-CO,/y), and project emission (t-CO,/y) along the time scale in a typical
afforestation project. In this afforestation project, seedlings were planted in 2010 and trees are harvested in 2020.
Subsequently planting and harvesting will be repeated in the cycle of 10 years. The figure on the left shows the

overall view, while the figures on the right are enlarged versions.

40,000
O Project Absorption A Cpgy
[ Baseline Absorption A Cgg
20000 F-——————————+ O Project Emission GHGpg,
ACGgg,
Ao, [] Project Absorption 0l o DDD: O Ol o HD
8 . - 1 5 S e R S == N W P
A GHGpg, [] Baseline Absorption \: u
(Single Year) [] Project Emission S
. < 20000 |-
0 40000 - — — — — — — — — b ________
3 Ay, 40,000
% AGHGpgy Year
(Cumulative) - ~60,000
Harvesting 100,000
/ = Project Absorption X ACpg,
— Baseline Absorption = ACgg + Project Emission GHGpg,
Project Absorption 80,000
) Net .~ _ 60000
Baseline Absorptio Anthropogenic S
A GHG e
Project Emission g Absorption 40,000
20,000
1987 2010 2020 Year

2010 2015 2020 2025

In 2010, project emission should be considered for clearance of the afforestation land. From 2012 to 2020, project
absorption is expected along with tree growth, however, as trees are harvested in 2020, project absorption turned to
negative. Baseline absorption remains at zero throughout the project period.

On the other hand, the cumulative shown on the left bottom shows constant increase of carbon dioxide stocks
absorbed by original vegetation from 1987 to 2009. After 2010 until 2020, cumulative project absorption continues to
increase along with tree growth in a sigmoid curve. Once trees are harvested in 2020, the cumulative absorption
reduces to the baseline level. Cumulative baseline absorption and project emission level off from 2010 when project
emission occurred. The difference between cumulative project absorption and cumulative project emission represents
cumulative net anthropogenic GHG absorption or the carbon dioxide stocks in the forested land until the specific

year.

(1) Boundary and land use of afforestation land
Afforestation in lands with low CO, stocks (degraded/ pasture land) may effectively increase CO, absorption. In
this regard, the boundary and historical land use need to be accurately understood using the following means.
* Arial photos or satellite images that show historical land use in the target area.
* Documents that provide land use information, i.e., land use map, vegetation map or land cover map
In developing countries where the afforestation land usually extends in a wider area (or scattered in a wider extent)
and land cover and/or land use are not well-documented, satellite images from LANDSAT, ASTER, SPOT, ALOS,

or QuickBird will provide useful data.
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1. Forest and Natural Resources Conservation/Afforestation

3. Methodology of
GHG reduction

calculation (cont’d)

(2) Calculation of project absorption
Annual project absorption after project implementation can be obtained as the difference of carbon dioxide stocks
in the afforested area between Year y and the year earlier (y-1). Carbon dioxide stocks can be obtained by

multiplying the forested tree biomass (dry matter) by the forested acreage and CO, conversion factor for carbon.

ACPRJ,y = CPRJ,y - CPRJ,y—]

CPRJ,y = Z(Ny,; X App,; x44/12)
Cors s T2AN gy X Appy; %44 /12)

Type Term Description

Output ACpryy Project absorption:
Annual GHG absorption by planted trees in Year y after project
implementation (t-CO,/y)

Input N, Carbon stocks in strata in Year y after project implementation (t-C ha)
Apryi F r sted acreage of stratum I (ha)
44/12 CO, conversion factor for carbon

Note: Strata represent forest growth attributes such as species, density, forested year, degree (grade of
land fertility) in the forested land. All attribute data are required per stratum. Since there is no
standardized stratification, strata can be specifically defined in each project. In the land with uniform
degree, the required stratum may be species only even in a wide area. More numbers of strata are
required in lands with diverse species and degrees. The past projects registered in CDM typically
defined 2 -16 strata. Stratification can be simplified, for example, trees can be roughly classified into 3
strata based on growth rate where diverse species are found. Annex table A-7 shows the sample
stratification.

Determination of N, ;
Carbon stocks acquired through afforestation are calculated for aboveground and belowground, respectively.

N,i= (NA,yi+NB,y,i)

Ny : carbon stock in aboveground (t-C/ha)

Np,yi : carbon stock in belowground (t-C/ha)

Aboveground and belowground carbon stocks are calculated by multiplying aboveground biomass (dry matter

stem, branches, and leaves) and belowground biomass (dry matter roots), respectively, by tree carbon fraction.

NA,y,i = TA,y,i X CF;

Np,;=Ts,; xCF,
Tyyi : Aboveground biomass (t-dm/ha: ton dry matter/ha)
T,y : Belowground biomass (t-dm/ha)

CF; : Carbon fraction

Aboveground biomass is calculated by multiplying the tree volume by the biomass expansion factor and bulk

density.

TAW. = SVW. x BEF, x WD,




1. Forest and Natural Resources Conservation/Afforestation

N . Tree volume (m’/ha)
BEF; : Biomass expansion factor (-)
WD; : Bulk density (t-dm/m®)

* Tree volume (S7,,; ) means the stem volume. Based on “the yield table” listing the average tree volumes in relation
to species and tree ages, develop “the yield projection table” for the project. The yield table shows the course of
tree growth under the standard management for a specific region/ species/ degree. Use the country-specific table if
available.

+ If the yield table is not available, measure the breast-height diameter and tree height to calculate tree volumes in
the tree volume equation.

* Biomass expansion factor (BEF;) is the factor to expand the tree volume to the whole tree including branches,
leaves and roots. One should apply factors specific to species and ages. Preferably the country-specific factor
should be applied, however, values in Table 3A. 1. 10 (Annex Table A-1) in IPCC Good Practice Guidance (GPG)
for Land Use, Land Use Change, and Forestry (LULUCEF) are also applicable where no specific factor is available
in the country.

+ Bulk density is the coefficient to convert volume into weight. Various coefficients are available specific to species.
Preferably the country-specific coefficient should be applied, however, values in Table 3A. 1. 9 (Annex Table A-2)
are also applicable where no specific coefficient is available in the country).

+ Carbon fraction (CF;) is the carbon ratio to the whole tree weight. Preferably the country-specific ratio should be
applied, however, values in Table 4.3 (Annex Table A-3) in IPCC Guidelines for National Greenhouse Gas
Inventories (GNGGI), Volume4. Agriculture, Forestry, and Other Land Use are also applicable where no specific
rate is available in the country.

*+ Aboveground biomass can be obtained based on the tree volume (indirect approach) as well as the allometry
formula (direct approach). If these approaches are not applicable, values in Table 3A. 1.6 in IPCC GPG for
LULUCEF (Annex Table A-4) is also applicable.

Belowground biomass can be obtained in the following formula.

T R xT

Byi — 14 Ayi
R; : Ratio of belowground biomass to aboveground biomass (ratio of belowground vs. aboveground) (-)

+ The ratio of belowground biomass to aboveground biomass is specific to species. Preferably, the country-specific
values should be applied, however, values in Table 3A.1.8 of IPCC GPG for LULUCF (Annex Table A-5) are also

applicable where no specific value is available.

(3) Baseline absorption calculation
Baseline absorption would be zero under the assumption that the vegetation grows in the same cycle over years

without afforestation project.

Baseline absorption can be obtained as the difference of carbon dioxide stocks in vegetation originally grown on
the afforestation land between year y when afforestation is implemented and the year earlier (y-1). Carbon dioxide
stocks are calculated by multiplying biomass such as grasses (dry matter) by the acreage and CO, conversion factor

for carbon.

ACBSL,y = CBSL,y - CBSL,y—]
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Cosy =2(B, ; x Ay ; x44/12)
J

Costys =L( B, ;X Apgy ; x44/12)
j

Type Term Description
Output ACpsy,y Baseline absorption
CO, absorption by original vegetation in Year y without afforestation project
(t-COy/y)
Input B, Carbon stock in stratum j in year y (t-C/ha)
Apsi; Acreage of stratum j (ha)
44/12 CO, conversion factor for carbon

Determination of B,,;

Carbon stocks in vegetation without afforestation project are calculated for aboveground and belowground,

respectively.
B, = (By,;TBg,,)
By, : Aboveground carbon stocks (in grasses, crops)(t-C/ha)
Bg,,; : Belowground carbon stocks (in grasses, crops)(t-C/ha)

Aboveground and belowground carbon stocks are calculated by multiplying aboveground biomass (dry matter

stem, branches, and leaves) and belowground biomass (dry matter roots), respectively, by carbon fraction for

vegetation.
B, ,=M,, %05
By, , =M, %05
My, : Aboveground biomass (t-dry matter/ha)
Mp,; : Belowground biomass (t-dry matter/ha)
0.5 : Carbon fraction for vegetation

Belowground biomass is calculated in the following formula.
My, =R;xM,
R; : Ratio of belowground biomass to aboveground biomass (ratio of belowground vs. aboveground) (-)

Baseline absorption ACgg; ,=0

In the land without afforestation project, under the assumption that the vegetation grows in the same cycle over

years, baseline absorption would be AC BSLy = 0 as B, =B, ~constant, thus Cggs; ,=Cpg; ,.;=constant.

(4)Project emission calculation
Project emission may include emission of dinitrogen monoxide (N,O) associated with fertilization and GHG

emission associated with clearing grasses and crops to prepare for afforestation.
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GHG oy, =N20, +Cpyyy

Type Term Description
Output GHGppy, Project emission

CO, emission after project implementation (t-CO,/y)

Input N>O, N,O emission associated with fertilization (t-CO,e/ha)

Cruyy Carbon stocks in vegetation to be cleared for afforestation (t-C/ha)

Emission of dinitrogen monooxide associated with fertilization

This emission is usually negligibly small compared to CO, absorption after project implementation, thus
disregarded. CO2 emission resulted from fertilizing are listed in Annex Table A-6 in CDM registered projects for your
reference.

Therefore,

N20,=0

GHG emission associated with clearing vegetation originally grown on the afforestation land

This GHG emission corresponds to carbon stocks in vegetation originally grown on the afforestation land. It can be
calculated by multiplying biomass (dry matter) such as grasses before the project by the acreage and CO2 conversion

factor for carbon. Note that this emission is calculated for the year of clearance for afforestation only.

Cruyy =2(0,,; x A, x44/12)
J

O, : Carbon stocks in stratum j in the year of clearance for afforestation (t-C/ha)
Aoy

44/12 : CO, conversion factor for carbon

: Acreage of stratum j (ha)

Determination of Ou'

Carbon stocks in vegetation cleared in the afforestation land are calculated for aboveground and belowground,

respectively.
0= (Ryy;TRgy,)
Ry pyj : Aboveground carbon stocks in the year of clearance (year py)(t-C/ha)
Rg ) : Belowground carbon stocks in the year of clearance (year py)(t-C/ha)

Aboveground and belowground carbon stocks are calculated by multiplying aboveground biomass (dry matter

stem and leaves) and belowground biomass (dry matter roots), respectively, by carbon fraction for vegetation.

Ry, i =V, x0.5

Ry i =V i X0.5
Vi pyi : Aboveground biomass in the year of clearance (year py)(t-C/ha)
Vo pyi : Belowground biomass in the year of clearance (year py)(t-C/ha)
0.5 : Carbon fraction to vegetation biomass

* Preferably, the country-specific aboveground biomass should be used; however, values in Table 3A.1.8 of IPCC
GPG for LULUCF (Annex Table A-5) are also applicable where the specific value is not available.
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Belowground biomass is calculated in the following formula.

Vyi=R;* VA,y,i

R.

; : Ratio of belowground biomass to aboveground biomass (ratio of belowground vs. aboveground) (-)

Preferably, the country-specific ratio of belowground biomass to aboveground biomass (R) should be used;

however, values in Table 6.1 of PCC-GNGGI are also applicable where specific values are not available.

Vegetation in scope of biomass calculation

Among vegetation in pasture or agricultural lands, perennial plants are included in carbon stock calculation.
Perennial plants prefer to grow in pasture lands. In addition, shrubs grown on pasture lands are also in scope of
calculation. Among crops on agricultural lands, perennial orchards and horticultural trees such as gum trees and date
palms are also in scope of calculation. Annual crops (vegetables, corns and cottons) are grown and harvested in a

year, thus contribution to carbon stocks would be almost zero.

CO, stock calculation per land use

Biomass in pasture and agricultural lands is preferably calculated for aboveground and belowground, respectively.
However, biomass per land use issued in the target country can be used to estimate CO, stocks per hectare. The tables

below show some samples.

< Biomass and CO, stocks per land use>

Biomass Carbon Conversion CO, stock
(t-dm ha) fraction factor from (t-CO,/ha)
Land use category (t-C/t-dm) carbon to
carbon
dioxide
g Agricultural | Paddy 0.00 0.00
.% land Upland 0.00 0.00
g E;; Orchard 30.63 0.5 44/12 56.16
% £ | Pasture 13.50 24.75
m s Wetland, developed land, others 0.00 0.00

Extracted from “Report of Greenhouse Gas Inventory of Japan”

Biomass Carbon Conversion CO, stock
(t-dm ha) fraction factor from (t-COy/ha)
Land use category (t-C/t-dm) carbon to
carbon
dioxide
1. Glass land 11 20
2. Glass land with shrubs 16 29
3. Annual crops/fa low land (slas 0.5 44/12
0 0
and burn)
4. Perennial crops 24 44

PDD:CARBON SEQUESTRATION THROUGH REFORESTATION IN THE BOLIVIAN TROPICS BY
SMALLHOLDERS OF “The Federacion de Comunidades Agropecuarias de Rurrenabaque (FECAR)” extracted
from Version 2.03 4th of December 2008 Page28
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04.Data
for
estimation
and
monitoring
D o ¢ Data Acquisition method
Data Type esc}r)lp’tuon ° Baseline Absorption Project Absorption
ata
Before project | After project Before Project After Project
Acreage (4;) | Forested (Not required; out of the scope of
acreage after calculation) Planned value Measured value
project (ha)
Aboveground | Biomass of (Not required; out of the scope of
biomass planted trees calculation) Planned value Measued value
(T (t-C/ha)
Tree volume | Tree volume (Not required; out of the scope of
) after project calculation) Planned value Measured value
(t-dm/ha)
Biomass Biomass Preferably, the country-specific data and
expansion expansion factor f . .
t houl fi Iculation.
factor (BEF) of planted trees information should be used for calculation

(Not required; out of the scope of
calculation)

Follow the steps below to check data

availability.

i Interview to competent authorities for
data specifically used in this project

ii ~ Values announced in the target country

iii ~ Values based on data provided by [PCC
or others

(See Annex Table A-1)

Bulk density
(WDi)

Bulk density of
planted trees
(t-dm/m®)

(Not required; out of the scope of
calculation)

Preferably, the country-specific data and
information should be used for calculation.
Follow the steps below to check data

availability.
i Interview to competent authorities for
data specifically used in this project
ii  Values announced in the target country
iii ~ Values based on data provided by IPCC
or others
(See Annex Table A-2)

Carbon
fraction (CF))

Carbon ratio to
the total tree
weight (-)

(Not required; out of the scope of
calculation)

Preferably, the country-specific data and
information should be used for calculation.
Follow the steps below to check data
availability.

i Interview to competent authorities for

data specifically used in this project
it~ Values announced in the target country

iii ~ Values based on data provided by [IPCC
or others
(See Annex Table A-3)
iv. 0.5 (Note that 0.5 is applied regardless
of species in J-VER R003)




1. Forest and Natural Resources Conservation/Afforestation

Description of

Data Acquisition Method

Data type Data Baseline Absorption Project Absorption
Before Project | After Project Before Project | After Project
Ratio of Ratio of Preferably, the country-specific data and
aboveground b?lowground information should be used for calculation.
and biomass (dry
belowground matter roots) to Follow the steps below to check data
biomass (Ri) aboveground (Not required; out of the scope of | availability.
biomass (dry calculation) i Interview to competent authorities for
matter stem, data specifically used in this project
branches and ii ~ Values announced in the target country
leaves) (-) iii ~ Values based on data provided by IPCC
or others
(See Annex Table A-5)
Biomass  of | Dry matter

cleared

stems, branches,

vegetation leaves and roots Not required: baseline absorption is
(M,) of  vegetation d : P (Not required; out of the scope of
assumed as 0 .
grown calculation)
originally on the
project area
(t-dm/ha)
Descrinti ¢ Data Acquisition Method
Data Type esc}r)l}; :;on © Project Emission
Before Project After Project
Original Acreage of
acreage (4;) vegetation (Not required; out of the scope of
coverage .
.. Measured value calculation)
originally
grown on the
project area (ha)
Original A.boveground Preferably, the country-specific data
apoveground b10mas§ of and information should be used for
biomass (M,;) | vegetation
originally calculation of aboveground biomass.

grown on the
project area
(t-C/ha)

Follow the steps below to check data

availability.

1

Interview to

(Not required; out of the scope of

- competent calculation)
authorities for data specifically
used in this project

ii  Values announced in the target
country
iii ~ Values based on data provided
by IPCC or others
(See Annex Table A-4)
Original ratio | Ratio of Preferably, the country-specific data
of upderground and information should be used for
underground biomass to
biomass to aboveground calculation. Follow the steps below
aboveground | biomass (-) to check data availability.

biomass (R)

1

ii

il

Interview to competent
authorities for data specifically
used in this project

Values announced in the target
country

Values based on data provided
by IPCC or others

(See Annex Table A-5)

(Not required; out of the scope of
calculation)
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5. Others

(1) Project boundary

Afforestation lands in the project area are in the scope of GHG estimation.

(2) Leakage

If residents and/ or farming activities (cultivation, animal husbandry) need to be migrated in the course of project
implementation, loss of carbon stocks (leakage) might be a concern in relation to deforestation out of the project boundary.
Although pasture and agricultural lands are in scope of afforestation in this estimation formula, migration of many farmers
and farming activities out of the project boundary is not assumed in the course of the project implementation. Therefore,
leakage is deemed as zero. However, migration of residents and farming activities (cultivation, animal husbandry) needs to
be counted as a concern, leakage should be calculated in consideration of cultivated acreage and number of livestock
migrated out of the project boundary. For example, in CDM methodology (AR-AMSO001), 15% of anthropogenic GHG
reduction is calculated as leakage for cases where 10-50% of cultivated lands are migrated out of the project boundary (50%

or more cultivated land migration may not regard as feasible as a project).

(3) Monitoring

JICA ODA loan projects usually require post-project evaluation only once after project completion. Baseline absorption
(BC, ) monitoring is not required in afforestation projects. Other items (project absorption and project emission) need
monitoring at the timing when the afforestation outcomes can be confirmed for the purpose of post-project estimation.
Challenges inherent to afforestation projects include difficulties to know the timing to implement post-project evaluation as
well as the wide extent of the project area. To cope with such challenges, satellite images may provide useful means. The use
of QuickBird in resolution of 1.0 m enabled to identify individual trees planted in a past afforestation project.

For the long-term monitoring for 10-30 years throughout the forest growth period, set up the permanent sampling plots and
temporary sampling plots (for soil plots) to monitor states after afforestation (2-3 years) and for several times after 5, 10 and
following years. A permanent sampling plot is the site to monitor carbon pool changes throughout the project period. Such
plots should be maintained at the same level as the other plots within the project boundary and never be destroyed during the

monitoring period. A soil plot is the site to measure soil organic carbons.

(4) Reference methods and the differences

1) AR-AMO0001 : Reforestation of degraded land
[Difference]

+ The target area should be stratified based on the site category map/ chart, latest land use/ cover map or satellite images,
soil map, vegetation map, topographical map and additional studies. It is required to define baseline scenarios by stratum;
however, this requirement is integrated and simplified under this estimation formula, classifying the area up to 5 to 7

strata for species and the characteristic of the certain afforestation project.

2) AR-AMO0007 : Afforestation and Reforestation of Land Currently Under Agricultural or Pastoral Use
[Difference]

+ Baseline carbon pool changes should be defined based on the land use scenarios, however, this is not applied in this
estimation formula.

+ Baseline absorption is estimated for littered or dead trees based on carbon stocks, however, it is not considered in this
estimation formula.

+ Leakage associated with migration of residents and agricultural activities (cultivation, animal husbandry) is considered in

relation to the project implementation, however, leakage is deemed as zero in this estimation formula.

3) J-VERO003 : Increase of CO2 absorption through afforestation activities
[Difference]

+ The following conditions are required to meet, however, they are not considered in this estimation formula.
a) The project area does not fall in the forest prescribed in Article 5 or Article 7-2 of Forest Act as of March 31, 2008,

and does not satisfy the following forest definitions.
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@ Japan’s forest definitions

Definition Threshold
Minimum forest area 0.3ha
Minimum canopy coverage 30%
Minimum tree height Sm
Minimum forest width 20m

b) The project is implemented for afforestation.
c¢) The project area is well-planned to be included within the forest planning area. Alternatively, the project area has been
designated as the forest planning area at the inception of this project.

d) Follow the monitoring guideline (for forestry management projects) under offset credit (J-VER) scheme in monitoring.

4) The Carbon Assessment Tool for Afforestation Reforestation (CAT-AR)
[Difference]

+ Kyoto Protocol defines three approaches for carbon dioxide absorption by forests, namely “afforestation”, “reforestation”,
and “forestry management”. CAT-AR is the tool developed for “afforestation” and “reforestation” compatible to
AR-CDM, however, this estimation formula is not AR-CDM compatible.

4-18
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1. Typical This project intends to reduce GHG emission through prevention of deforestation due to unregulated logging in
project developing countries (REDD).

outline Refer to 1. Afforestation for GHG sinks increase through afforestation.

2. OThis project is applicable to sustainably managed forests.

Applicability

3. This project aims at reducing GHG emission (REDD) by preventing forests from converting into farmlands through
Methodology | clearing and swiddening. As trees absorb and fix carbon dioxide for growth in photosynthesis, forests are regarded as
of GHG carbon dioxide (or carbon) stocks. The net anthropogenic GHG emission reduction through afforestation is calculated
reduction as the difference between carbon dioxide stock reduction without project in a certain period (baseline emission) and
calculation carbon dioxide stock reduction after project implementation (project emission).

ERREDD,y = ACBSL, y ACPRJ,y

ERgepp , : Net anthropogenic GHG reduction through REDD in year y (t-CO,/y)

ACgsy, : Annual GHG emission without REDD in year y (t-CO,/y)(baseline emission)
ACpyg,, : Annual GHG emission with REDD in year y (t-CO,/y)(project emission)
where
CBSL, ) CBSL, -
ACBsL,y — }fy’
CPRJ, y CPRJ,V—
ACpy,, = : p =
Cgsyi, 5 1 CO; stocks in forest without REDD in year y (t-CO,/y)
Cgsi, y-1 : CO, stocks in forest without REDD in year y-t  (t-CO,/y)
Cpry,, : CO, stocks in forest after REDD implementation in year y (t-CO,/y)
Cpgy, -1 : CO, stocks in forest after REDD implementation in year y-t (t-CO,/y)

The difference of CO, stock in REDD project area can be obtained for a year or as the change between year y and
year y-t (i.e., t=3 or 5 years). Per year GHG absorption is calculated by dividing the difference by t years.

To simplify and generalize descriptions here, t is assumed as 1 year.

Thus, the cumulative of net anthropogenic GHG emission from project implementation to year Y is calculated in

the following formula.

Y
cumER ppppy = ZERREDD,y
y

The figure below illustrates the above-mentioned concept (formula).
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Baseline Project
Before the project After the After the After the project After the
starts or lst year after ... project starts .. project starts .. starts ... project starts
the project starts Year y-1 Year y Year 14th Year 15th
For example, y=2010
Baseline emission Ay = Cog =Gy s
GBSL, y-I cﬂ y

Project emission AG‘,,W' = cm./,y'cm./, -1

c/’l?-/. y-1 om./, y

The figure above illustrates changes of baseline emission (t-CO,/y) and project emission (t-CO,/y) over years.
+ Baseline emission is obtained as the expected difference in carbon dioxide stocks between year y and the year
earlier (y-1) without REDD project.
* Project emission with REDD project is obtained as the difference in forest carbon dioxide stocks between the year

y and the year earlier (y-1).

Graphs in the next page show changes in baseline emission (t-CO,/y) and project emission (t-CO,/y), and
cumulative (t-CO,) over years for a typical REDD project. This project started in 2010. The figure on the left shows

the overall view and the figures on the right are enlarged ones.
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As certain forest acreage is assumed as reduced year-by-year, baseline emission (t-CO,/y) is constant throughout
the project period. This REDD project assumes to prevent 10% of forest acreage reduction in each year in a phased
manner, thus project emission (t-CO2/y) in 2010 would be 90% of baseline emission (t-CO,/y). Likewise, project
emission would be 80% and 70% in 2011 and 2012, respectively, achieving 0 in 2019.

The cumulative of baseline emission shown on the left bottom is calculated under the assumption that certain forest

acreage is reduced each year from 1987 to 2009, thus carbon dioxide emission would be cumulated linearly. On the

other hand, cumulative project emission gradually decreases from the cumulative baseline emission after REDD
project implementation in 2010. In 2019 and the following years, project emission remains constant as the
deforestation is fully controlled. The difference between the cumulative baseline emission and the cumulative
project emission is the cumulative net anthropogenic GHG reduction or the carbon dioxide amount reduced in

REDD project by the target year.

3.
Methodology
of GHG
reduction
calculation
(cont’d)

(1) Current and future land use in REDD project area
It is crucial to understand historical land use statuses in REDD projects as CO, emission is reduced by preventing
forests with higher CO, stock capacity from being converted into lands with less stock capacity (for example, land
use conversion from forest to pasture, or to farmland). In developing countries where a REDD project tends to cover
a wider extent land cover or land use is not well-documented, satellite images from LANDSAT, ASTER, SPOT,
ALOS or QuickBird will provide useful data.
To project future deforestation, firstly confirm the presence of reference scenarios based on international agreement
in the target country (use such scenarios if available). If there are no available scenarios, simply assume that forest
acreage is reduced at the same rate as in the past (linearly). The rate of deforestation may be different in each section

even within the project area; the rate should be calculated per section.

(2) Baseline emission calculation
Baseline emission is obtained as the difference in expected carbon dioxide stocks in forests without REDD project
between year y and the year earlier (y-1). Carbon dioxide stocks is calculated by multiplying tree biomass (dry

matter) by the acreage projected in (1) with consideration of deforestation and CO, conversion factor.

ACBSL,_V = CBSL,y - CBSL,_V—]

Cysi, = X(BT, x Ay, x44/12)

Chsiyt = Z(BT_Vd,k X Apg i x44/12)
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Type Term Description

Output ACpsyy Baseline emission:

Annual CO, emission in year y without REDD project (t-CO2/y)

Input BT, Carbon stock in stratum k in year y without REDD project (t-C/h)
Apsik Forest acreage of stratum k (ha)
44/1 CO, conversion factor for carbon

Note: Strata represent attributes relating to forest growth such as species, density, forested year, and
degree (grade of soil fertility). All attribute data are required per stratum for estimation. There is no
standardized stratification. Strata can be set specifically for a project. In lands with uniform degree, the
required stratum may be species even in a wide forest area. More numbers of strata may be needed for
diverse species and degrees. In projects registered in CDM so far, 2 — 16 strata are usually set.
Stratification can be simplified, for example, by classifying species into three categories based on
growth rate if many species are found in the area. Annex Table A-7 shows the sample stratification.

Determination of BT, &

Carbon stocks acquired through forestation can be calculated for aboveground and belowground, respectively.
BT, ;= (BTt BTgyx)

BTk : Aboveground carbon stock (t-C/ha)
BTg,x : Belowground carbon stock (t-C/ha)

Aboveground and below ground carbon stocks are calculated by multiplying aboveground biomass (stem, branches

and leave dry matter) and belowground biomass (root dry matter), respectively, by tree carbon fraction.

BT,,,=TU,, , xCF,
BTy, =TU, ,, xCF,

TUyk : Aboveground biomass (t-C/ha)
TUg,k : Belowground biomass (t-C/ha)
CF; : tree carbon fraction

Aboveground biomass is calculated in the formula below, by multiplying tree volume by biomass expansion factor
and bulk density.

TU,,, =SV, x BEF, xWD,

SV : Tree volume (m*/ha)
BEF), : Biomass expansion factor (-)
WDy : Bulk density (t-dm/m”)

* Tree volume (S7,; ) means the stem volume. Based on “the yield table” listing the average tree volumes in relation
to species and tree ages, develop “the yield projection table” for the project. The yield table shows the course of
tree growth under the standard management for a specific region/ species/ degree. Use the country-specific table if
available.

+ If the yield table is not available, measure the breast-height diameter and tree height to calculate tree volumes in
the tree volume formula.

 Biomass expansion factor (BEF;) is the factor to expand the tree volume to the whole tree including branches,
leaves and roots. One should apply factors specific to species and ages. Preferably the country-specific factor
should be applied, however, values in Table 3A. 1. 10 (Annex Table A-1) in [IPCC Good Practice Guidance (GPG)
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for Land Use, Land Use Change, and Forestry (LULUCEF) are also applicable where no specific factor is available
in the country.

+ Bulk density (WD ,) is the coefficient to convert volume into weight. Various coefficients are available specific to
species. Preferably the country-specific coefficient should be applied, however, values in Table 3A. 1. 9 (Annex
Table A-2) are also applicable where no specific coefficient is available in the country.

+ Carbon fraction (CF)) is the carbon ratio to the whole tree weight. Preferably the country-specific ratio should be
applied, however, values in Table 4.3 (Annex Table A-3) in IPCC Guidelines for National Greenhouse Gas
Inventories (GNGGI), Volume4. Agriculture, Forestry, and Other Land Use are also applicable where no specific
rate is available in the country.

+ Aboveground biomass can be obtained based on the tree volume (indirect approach) as well as the allometry
formula (direct approach). If these approaches are not applicable, values in Table 3A. 1.6 in IPCC GPG for
LULUCEF (Annex Table A-4) is also applicable.

Belowground biomass is calculated in the formula below.
Tpyk =RixTy
Ry : Ratio of underground biomass to aboveground biomass (ratio of belowground vs. aboveground) (-)
+ The ratio of underground biomass to aboveground biomass is specific to species. Preferably, the country-specific
value should be used; however, values in Table 3A.1.8 of IPCC GPG for LULUCF (Annex Table A-5) are also
available where no specific values are available.
(3) Project emission calculation

Project emission after REDD project implementation can be obtained as the difference of carbon dioxide stocks in
forests between Year y and the year earlier (y-1). Carbon dioxide stock is calculated by multiplying dry matter

biomass by forest acreage and CO, conversion factor for carbon.

ACPRJ,y = CPRJ,y - CPRJ,yfI

Crayy = LN, X Ay x44/12)
Cosyet = DONT, 1y X Ay <44/ 12)

Type Term Description
Output ACpryy Project emission:
Annual CO, emission in year y with REDD (t-CO,/y)
Input NT, Carbon stock in stratum j in year y with REDD (t-C/ha)
Apryk Acreage of stratum i (ha)
44/12 CO, conversion factor for carbon

Carbon stocks are calculated for aboveground and belowground, respectively.
NTy,k: (NTA,);k“‘NTB,y,k)

NT .k : Aboveground carbon stock (t-C/ha)
NTp i : Belowground carbon stock (t-C/ha)
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Aboveground and belowground carbon stocks are calculated by multiplying aboveground biomass (dry matter

stem, branches, and leaves) and belowground biomass (dry matter roots) by carbon fraction of tree.

NT,,, =TT, ,, xCF,
ITy,, =TT, ,, xCF,

TT ik : Aboveground biomass (t-C/ha)
TTg : Belowground biomass (t-C/ha)
CF; : Carbon fraction of tree

Aboveground biomass is calculated in the formula below, by multiplying tree volume by biomass expansion factor

and bulk density.
IT,,, = SVyyk x BEF, xWD,
SVk : Tree volume (m*/ha)
BEF), : Biomass expansion factor (-)
WD, : Bulk density (t-dm/m”®)

Belowground biomass is calculated in the formula below.

Tgyh =R Ty,

Ry : Ratio of underground biomass to aboveground biomass (ratio of belowground vs. aboveground) (-)

+ The ratio of underground biomass to aboveground biomass is specific to species. Preferably, the country-specific
value should be used; however, values in Table 3A.1.8 of IPCC GPG for LULUCF (Annex Table A-5) can be also

applicable where specific values are not available.

4-24



2. Forest and Natural Resources Conservation/ Forest Conservation

4. Data for
estimation
and
monitoring
. Data acquisition method
Description of - - ; -
Data type Data Baseline emission Project emission
Before project After project Before project After project
Acreage (4;) g fcizersted acrrsi%; (Not required:
. proj Projected value not in scope of Planned value Measured value
implementation .
calculation)
(ha)
Aboveground | Aboveground
biomass biomass of (Not required:
(T) planted Planned value not in scope of Planned value Measured value
trees calculation)
(t-C/ha)
Tree volume | Tree volume of (Not required:
Svy) planted  trees Planned value not in scope of Planned value Measured value
(t-dm/ha) calculation)
Biomass Biomass Preferably, the country-specific data and information should be used for calculation.
expansion expansion factor o
Follow the st low to check dat; lability.
factor (BEF) of planted trees ollow the steps below to check data availability.

i Interview to competent authorities for data specifically used in this project
ii ~ Values announced in the target country
iii ~ Values based on data provided by IPCC or others

(See Annex Table A-1)

Bulk density

Bulk density of

Preferably, the country-specific data and information should be used for calculation.

(WDi) pllan;edS trees Follow the steps below to check data availability.
(t-dm/m’) i Interview to competent authorities for data specifically used in this project
ii  Values announced in the target country
iii ~ Values based on data provided by IPCC or others
(See Annex Table A-2)
Carbf)n Carbon ratio to | preferably, the country-specific data and information should be used for calculation.
fraction (CF7) the' whole tree Follow the steps below to check data availability.
weight (-) iv  Interview to competent authorities for data specifically used in this project
v Values announced in the target country
vi  Values based on data provided by IPCC or others
(See Annex Table A-3)
vii 0.5 (Note that 0.5 is applied in J-VER R003 regardless of species)
Ratio of | Ratio of
b§lowground b.elowground Preferably, the country-specific data and information should be used for calculation.
biomass to | biomass (dry
aboveground matter roots) to Follow the steps below to check data availability.
biomass (Ri) aboveground 1 Interview to compgtent authorities for data specifically used in this project
biomass it~ Values announced in the target country
(drymatter stem, Values based on data provided by IPCC or others
branches  and | (See Annex Table A-5)
leaves)(-)
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5. Others

(1) Project boundary

Forestation lands in the project area are in the scope of GHG estimation.

(2) Leakage

If residents and/ or farming activities (cultivation, animal husbandry) need to be migrated in the course of project
implementation, loss of carbon stocks (leakage) might be a concern in relation to deforestation out of the project
boundary. Although pasture and agricultural lands are in scope of forestation in this estimation formula, migration of
many farmers and farming activities out of the project boundary is not assumed in the course of the project
implementation. Therefore, leakage is deemed as zero. However, migration of residents and farming activities
(cultivation, animal husbandry) needs to be counted as a concern, leakage should be calculated in consideration of
cultivated acreage and number of livestock migrated out of the project boundary. For example, in CDM methodology
(AR-AMSO001), 15% of anthropogenic GHG reduction is calculated as leakage for cases where 10-50% of cultivated
lands are migrated out of the project boundary (50% or more cultivated land migration may not regard as feasible as a

project).

(3) Monitoring

JICA ODA loan projects usually require post-project evaluation only once after project completion. Baseline
absorption (BC,) monitoring is not required in afforestation projects. Other items (project absorption and project
emission) need monitoring at the timing when the afforestation outcomes can be confirmed for the purpose of
post-project estimation. Challenges inherent to afforestation projects include difficulties to know the timing to
implement post-project evaluation as well as the wide extent of the project area. To cope with such challenges,
satellite images may provide useful means. The use of QuickBird in resolution of 1.0 m enabled to identify individual
trees planted in a past afforestation project.

For the long-term monitoring for 10-30 years throughout the forest growth period, set up the permanent sampling
plots and temporary sampling plots (for soil plots) to monitor states after afforestation (2-3 years) and for several
times after 5, 10 and following years. A permanent sampling plot is the site to monitor carbon pool changes
throughout the project period. Such plots should be maintained at the same level as the other plots within the project

boundary and never be destroyed during the monitoring period. A soil plot is the site to measure soil organic carbons.

(4) Differences between REDD+ and REDD

Reduce Emission from Deforestation and forest Degradation (REDD) is a mechanism to reduce GHG emission
through mitigation of deforestation and forest degradation in developing countries. Currently discussion centers on
legally binding force of this mechanism under the future climate change framework. Under REDD mechanism, a
mitigation measure for deforestation and degradation taken in developing countries is deemed as GHG removal that
might be emitted without measures. Such efforts are conferred with credit and compensation. REDD+ (REDD plus)
adds active carbon stock increase efforts through afforestation and forest management (mitigating degradation under

appropriate forest management).

(5) Reference methods and the differences
1) World Bank BioCarbonFund “Methodology for Estimating Reductions of GHG Emissions from Mosaic

Deformation”
[ Difference]

+ Although REDD comprehensive methodology consists of 5 modules (Carbon Pool, Baseline, Leakage, Emission,

Monitoring, Miscellaneous), this estimation formula focuses on the basic only.

2)The Carbon Assessment Tool for Sustainable Forest Management (CAT-SFM)
[ Difference]

+ This is the tool developed for “Forestry Management” of AR-CDM, however, this estimation formula is not for
AR-CDM.
+ The specifications include calculation of emission, absorption, credit and parameters comprehensively; however,

this estimation formula focuses on the basic.
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Annex Table A-1 Default values of biomass expansion factors (BEF)

TABLE3A.1.10
DEFAULT VALUES OF BIOMASS EXPANSION FACTORS (BEFS)

(BEF ; to be used in connection with growing stock biomass data in Equation 3.2.3;
and BEF ; to be used in connection with increment data in Equation 3.2.5)

- BEF; (overbark) BEY,; {overbark)
Climatic zone Forest type Minimum dbh to be used in connection to growing to be used in connection to
(cm) stock biomass data (Equation 3.2.3) increment data (Equation 3.2.5)
Conifers 0-8.0 1.35(1.15-3.8) 1.15 (1-1.3)
Boreal
Broadleaf 0-8.0 1.3(1.15-4.2) 1.1 (1-1.3)
Conifers:
Spruce-fir 0-12.5 13(1.15-42) 1.15 (1-1.3)
Temperate Pines 0-12.5 13 (1.15-34) 1.05 (1-12)
Broadleaf 0-12.5 1.4 (1.15-3.2) 1.2(1.1-1.3)
. Pines 10.0 1.3 (1.2-4.0) 1.2{1.1-1.3)
Tropical
Broadleaf 10.0 3.42.0-9.0) 1.5(1.3-1.7)

Note: BEF;s given here represent averages for average growing stock ar age, the upper limit of the range represents young forests or
forests with low growing stock; lower limits of the range approximate mature forests or those with high growing stock. The values apply

to growing stock biomass (dry weight) including bark and for given minimum diameter at breast height; Minimum top diameters and
treatment of branches is unspecified. Result is above-ground tree biomass,

Sources: Isaev ef al,, 1993; Brown, 1997; Brown and Schroeder, 1999; Schoene, 1999, ECE'FAO TBFRA, 2000, Lowe et al., 2000;
please also refer to FRA Working Paper 68 and 69 for average values for developing countries ( htip://wwaw.fao.org/forestry/index jsp)

Source : IPCC Good Practice Guidance for Land Use, Land Use Change, and Forestry (LULUCF) Table3A.1.10, 2003!

' IPCCC: http://www.ipcc-nggip.iges.or.jp/public/gpgluluct/gpgluluct files/Chp3/Anx 3A 1 Data_Tables.pdf
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Annex Table A-2  Basic wood densities of stemwood WD (1) (t-dry matter/m’)

TABLE 3A.1.9-1
BASIC WOOD DENSITIES OF STEMWOOD (tonnes dry matter/m’ fresh volume)
FOR BOREAL AND TEMPERATE SPECIES
{To be used for D in Equations 3.2.3.,3.2.5,3.27,3.2.8)
Species or genus Basic :jjo‘c;lw:llensity Source
Abies 040 1
Acer 0.52 1
Alnus 045 1
Betula 0.51 1
Carpinus betulus 0.63 3
Castanea sativa 0.48 3
Fagus sylvatica 0.58 1
Fraxinus 0.57 1
Juglans 0.53 3
Lanx deciduna 0.46 1
Lanx kaempfen 0.49 3
Picea abies 0.40 1
Picea sitchensis 0.40 2
Pinus pinaster 0.44 5
Pinus strobus 0.32 1
Pinus sylvestris 0.42 1
Populus 035 1
Prunus 0.49 1
Pseudotsuga menziesi 0.45 1
Quercus 0.58 1
Salix 0.45 1
Thuja plicata 0.31 4
Tilta 0.43 1
Tsuga 0.42 4
Source:
1. Dietz, P. 1975: Dichte und Rindengehalt ven Industricholz. Holz Roh- Werkstoff 33: 135-141
2. Knigge, W.; Schulz, H. 1966 Grundriss der Forstbenutzung. Verlag Paul Parey, Hamburg, Berlin
3. EN 350-2 (1994): Durability of wood and wood products - Natural durability of solid wood - Part 2:
Guide to the natural durability and treatability of selected wood species of importance in Europe
4. Forest Products Laboratory: Handbook of wood and wood-based materials. Hemisphere Publishing
Corporation, New York, London
5. Rijsdijk, J.F.; Laming, P.B. 1994: Physical and related properties of 145 timbers. Kluwer Academic
Publishers, Dordrecht, Boston, London
6. Kollmann, F.F.P., Coté, W.A_ 1968: Principles of wood science and technology. Springer Verlag,
Berlin, New York

Source : IPCC Good Practice Guidance for LULUCF , Table3A.1.9, 2003

2 IPCCC: http://www.ipcc-nggip.iges.orjp/public/gpgluluct/gpglulucf files/Chp3/Anx 3A_1 Data Tables.pdf
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Annex Table A-2  Basic wood densities of stemwood WD (2) (t-dry matter/m’)

TABLE 3A.1.9-2
BASIC WOOD DENSITIES (D) OF STEMWOGD (tonnes dry matter/m’ fresh voluume) FOR TROFICAL TREE SPECIES
(To be used for D in Equations 3.2.3.,,3.2.5,3.2.7,3.2.8)

TROPICAL ASIA D TROPICAL AMERICA D TROPICAL AFRICA n
Acacia lencophloea 0.76 Albizia spp. 0.52 Afzelia spp. 0.67
Adina cordifolia 0.58, 0.59+ |Alcomea spp. 0.34 Aidia achroleuca 0.78*
Aegle marmelo 075 Alexa grandifiora 0.6 Albizia spp. (.52
Agathis spp. 0.44 Alnus ferruginea 0.38 Allanblackia floribunda 0.63¢
Aglaia llanosizna 0.89 Anacardivm excelsum 0.4l ::L‘g’:lil:l’: africanns £ 0.45
Alangium Jongifloram 0.65 Anadenanthera macrocarpa 0.86 Alslonia congensis 0.33
Albizzia amara 0.70% Andira retusa 0.67 Amphimas pterocarpoides 0.63¢
Albizzia falcataria 0.25 Aniba riparia lduckei 0.62 Amnisophyllea obtusifolia 0.63*
Alenrites trisperma 0.43 Antiaris africana 038 Annonidium mamnii 0.29%
Alnus japonica 043 [Apeiba echinatla 0.26 Anopyxis klaincana 0.74¢
Alphitonia zizypheides 0.5 Artocarpus comunis 0.7 Anthooleista keniensis 0.50*
Alphonsea arborea 0.69 g:g:f;“;;‘l’:)' 0.75 Anthonotha macrophylla 0.78¢
Alseodaphne longipes 0.49 Astrenivm leconter 0.73 Anthostemma aubryanum 0.32*
Alstonia spp. 0.37 Bagassa guianensis 0.68,0.65+  |Antiaris spp 0.38
Amoora spp. 0.6 Banara guianensis 0.61 Antrocaryon klaincanum 0.50*
Anisophyllea zeylanica 0.46% [Basiloxylon exclsnm 058 Aucoumea klaineana 0.37
Anisoptera spp, 0.54 [Beilschmiedia sp. 061 Autranella congolensis 0.78
Anogeissus latifolia 0.78, 0.79+ |Berthollettia excelsa 0.59, 0.63+  |Baillonella toxispcrma 0.71
Anthooephalus chincnsis 0.36,0.33+ |Bixa arborca 0.32 Balanites aegyptiaca 0.63%
Antidesma pleuricum 059 [Bombacopsis scpiom 0.39 Baphia kirkii 0.93*
Aphanamiris perrottetiana 0.52 Borojoa patinoi 0.52 Beilschmicdia louisii 0.70*
Arancaria bidwillii 0.43 Bowdichia spp. 0.74 Beilschmicdia nitida 0.50*
Artocarpus spp 0.58 é;f’j;‘;‘“m Spp (alicastum | 4 o) 0 ger  [Berlinia spp. 0.58
Azadirachta spp. 0.52 Brosimum ulile 041,046+  |Blighia welwitsehii 0.714*
Balanccarpus spp. 0.76 Brysenia adenophylla 0.54 Bombax spp. 04
Barringtonia edulis * 0.48 Buchenauia capitata 0.61, 0.63+  |Brachystegia spp. 0.52
Bauhinia spp. 067 Bucida buceras 0.93 Bridelia mizrantha .47
Beilschmicdia tawa 058 Bulnesia arborea 1 Calpocalyx klainei 0.63*
Berrya sordifolia 0.78+ Bursera simaruba 0.29, 034+  |Canarium schweinfurthii 0.40*
Bischofia javanica 0.54,0.58,0.62+ (Byrsonima coriacea 0.64 Canthium rubrocostratum 0.63%
Bleasdalea vitiensis 0.43 Cabralea eangerana 0.553 Carapa procera 0.59
Bombax ceiba 033 Caesalpiniz spp. 1.0% Casearia battiscombei 0.5
f.:::lili::r:;:ndron 0.53 Calophyllum sp. 0.65 Cassipourea curycides 0.70%
Boswellia scrrata 0.5 Campnosperma 0.33,050+ [Cassipourea malosana 0.59+%
Bridelia squamosa 0.5 Carapa sp. 0.47 Ceiba pentandra 0.26
Buchanania latifolia 0.45 Caryocar spp. 0.69,0.72+  |Celtis spp. 0.59
Bursera serrata 0.59 Casearia sp. 0.62 Chlerophora ercelsa 0.55
Butea monosperma 0.48 Cassia moschala 071 Chrysophyllum albidum 0.56*
Calophyllum spp. 0.53 Casuarina cquisctifolia 0.81 Cleistanthus mildbraedii 0.87+
Calycarpa arborca Q.33 Catostemma spp. 0.55 Cleistopholis palens 0.36*
Cananga odorata 0.29 Cecropia spp. 0.36 Coelocaryon preussii D.36"
Canarinm spp. 0.44 Cedrela spp. 0.40, 0.46+  |Cola sp. 0.707
Canthium menstrosum 0.42 Cedrelinga catenaeformis 0.41, 0.53+ Ezat:i;d;:dmn 0.7
Carallia calycina 066*  |Coiba pentandsa 0’23’;'22;;0‘25’ Conopharyngia holstii 0.50%
4 The wood densities specified pertain to more than one bibliographic sourse.

* Wood density value is derived from the regression equation in Reyes ef al. (1992).
Source: Reyes, Giscl, Brown, Sandra; Chapman, Jonathan; Lugo, Ariel E. 1992, Wood densities of tropical trce specics. Gen. Tech. Rep.
SO-88 New Orleans, LA: U.S. Departinent of Agriculture, Forest Service, Southern Forest Experiment Station. 15pp.
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Forest and Natural Resources Conservation/ Annex Table

Basic wood densities of stemwood WD (3) (t-dry matter/m’)

TABLE 3A.1.9-2 (CONTINUED)

(To be used for D in Equations 32.3.,3.2.5,32.7,328)

Basic wooD DENSITIES (D} OF STEMWOOD (fonnes dry ma tter/m® fresh volume) FOR TROPICAL TREE SPECIES

TROPICAL ASIA D TROPICAL AMERICA D TROPICAL A¥YRICA D
Cassia javanica 0.69 Centrolobium spp. 0.65 Copaifera teligiosa . Q.50”
Castanopsis philippensis 0.51 Cespedesia moacrophylla 0.63 Cordia millenii 0.34
Casuvarina equisetifolia 0.83 S::::;;g::mus 0.8 Cordia platythyrsa 036"
Casvarina nodiflora 0.85 Chlorophera tincteria 0.71,0.75+  |Corynanthe pachyceras 0.63"
Cedrela odorata Q.38 Clarisia racemosa 0.53,0.57+  |Coda edulis 0.78%
Cedrela spp. 0.42 Clusia rosea 0.67 Croton megalocarpus 0.57
Cedrela toona 043 Sg;tl‘;‘:zm“m 0.26 Cryptosepalum staudtii 0.70*
Ceiba pentandra 0.23 Copaifera spp. 0.46,0.55+  [Ctenolophan englerianus 0.78¢
Celtis luzonica 0.49 Cordia spp. (gerascanthus 0.74 Cylicodiscus gabonensis 0.8

group)

Chisocheton pentandrus 052 ;;TS spp. (alliodora 0.48 Cynometra alexandri 0.74

Clloroxylon swictcnia 0.76, 0.79, 0.80+ |Couepia sp. 07 Dacryodes spp. 0561

Chukrassia tabularis 0.57 Couma macrpcarpa 0.50,0.53+  |Daniellia ogea 0.40*
Citrus grandis 0.59 Couratari spp. Q.5 Desbordesia pierreana 0.87"
Cleidion speciflorum 0.5 Crotan xanthochloros 0.48 Detarium senegalensis 0.63*
Cleistanthus eoilinus 0.88 Cupressus lusitanica 0.43,0.44+  |Dialium excelsum 0.78%
Cleistocalyx spp. 0.76 Cyrilla racemiflora 0.53 Didelctia africana 0.78”
Ig;?;::i?;ﬁ:“z iosum 0.27 Dactyodes colombiana .51 Didelotia letowzeyi 0.5

Cocos nucifera 0.5 Dacryodes excelsa 0.52,0.53+  |Diospyros spp. 0.82
Colona serratifolia 0.33 Dalbergia retusa. 0.89 Discoglypremna caloneura 0.32%
qcﬁfi:ﬂ:‘d’“ 057 Dalbergia stevensonii 0.82 E:;‘;‘;‘i‘;"l:ls‘“ 0.58
Cordia spp. 0.53 Declinanona calycina 0.47 Drypetes sp. 0.63*
Cotylelobium spp. 0.69 Dialium guiancnsis 0.87 Ehretia acuminata 0.51%
Crataeva religiosa 0.53* Dialyanthera spp. 0.36, 0.48+  |Enantia chlorantha 0427
Cratoxylon arborescens 0.4 Dicorynia paracnsis 0.6 Endodesmia calophylloides 0.66”
Crypiocarya spp. 0.59 Didymopanax sp. 0.74 Entandrophragma utile 0.53

Cubilia cubili 0.49 Dimorphandra mora 0.99¢ Eribroma oblongum 0.60%
Cullenia excelsa 0.53 Diplotropis purpurea 0.76, 0.77, 0.78+ |Enoccoclum microspermum 0.50”
Cynometra spp. 0.8 Dipterix odorata 0.81,0.86,0.89+ |Erismadclphus ensul 0.56*
Dacrycarpus imbricatus 0.45,0.47+  |Drypetes variabilis 0.69 [Erythrina vogelii 0.25”
Dactydium spp. 0.46 Dussia lehmannii 0.59 Erythrophleum ivorense 0.72
Dacryodes spp. 0.61 Ecclinusa guianensis 0.63 Erythroxylum mannii 05

Dalbergia paniculata 064 Endlicheria coovirey 0.39 Fagara macrophylla 0.69
Decussocarpus vilicnsis 037 f;::;’;‘f;‘g‘ﬁ 0.82 Ficus iteophylla 0.40"
Degeneria viticnsis 0.35 Eperua spp. 0.78 Fumtumia latifolia 0.45*%
Dchaasia triandra 0.64 Eriotheca sp. 0.4 Gambeya spp. 0.36*
Dialium spp. 0.8 Ensma uncinatum 0.42,0.48+ |{Garcinma punclata 0.78"
Dillenia sgip. 0.5¢ Erythrina sp. 0.23 gi‘lﬁi‘;‘:ﬁdm“ 0.87"
Diospyros spp. 0.7 Eschweilera spp. 0.71,0.79,0.95+ ga‘;‘;‘;f;'e:l‘l’nd““dr°“ 0.4

Diplodisous paniculatus 0.63 Eucalyptus robusta 0.51 Guarea thompsonii 0.55”
Dipterocarpus caudatus 0.61 Eugenia stahlii 0.73 Guitocurtia spp. 0.72
Dipterocagpus eurynchus 0.56 Ewxylophora paraensis 0.68,0.70+  |Hannoa klaineana 0.28™
Dipterocarpus gracilis 06l Fagara spp. 0.69 E:;';i::ﬁmis 0.45”
Dipterocarpus grandiflorus 0.62 Ficus sp. 032 Hexalobus crispiflorus 0.48”
Dipterocarpus kemmi 0.56 Genipa spp. 0.75 Holoptelea grandis 0.59"

+ The woed densities specified pertain to more than one bibliographic source

* Wood density value is derived from the regression equation in Reyes af al. (1992).
Source: Reyes, Giscl, Brown, Sandra; Chapman, Jonathan, Lugo, Aricl E. 1992. Wood densities of tropical tree speoies. Gen. Tech. Rep.
S0-88 New Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Station. 15pp.
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Annex Table A-2

Forest and Natural Resources Conservation/ Annex Table

Basic wood densities of stemwood WD (4) (t-dry matter/m’)

TABLE 3A.1.9-2 (CONTINUED)

(Tobeused for D in Equations 32.3.,3.2.5,3.27,3.2.8)

BASIC WOQD DENSITIES (I}) OF STEMWOOD (tonnes dry matter/m’ fresh volume) FOR TROPICAL TREE SPECIES

SO-B8 New Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Station. 15pp.

TROPICAL ASIA D TROPICAL AMERICA D TROPICAL AFRICA D
Dipterocarpus kunstlerii 0.57 Goupia glabra 0.67,0.72+ |Homalium spp. 0.7
Dipterocarpus spp. 0.61 Guarea chalde 0.52 Hylodendren gabonense. 0.78”
Dipterocarpus warburgii 0.52 Guarca spp. 0.52 Hymenostegia pellegrini 0.78”
Dracontotelon spp. 05 Guatteria spp. 0.36 Irvingia grandifolia 0.78”
Dryobalanops spp. 0.61 Guazuma ulmifolia 0.52,0.50+  |Julbernardia globiflora 0.78
Diypetes bordenii 0.75 Guettarda scabra 0.65 Khaya ivorensis 0.44
Durio spp. 0.53 Guillichna gasipac 0.95,1.25+ |Klainedoxa gabonensis 0.87
Dyera costulata 0.36 Gwtavia sp. 0.5¢ Lannea welwitschii 0.45™
Dysoxylum quercifoliom 0.49 Helicostylis tomentosa 0.68,0.72+ |Lecomtedoxa klainenna 078"
Tlaeocarpus serratus 0.40% [Hernandia Sonora 0.29 Letostua durissima 0.87"
Emblica officinalis 0.8 [Hevea brasiliense 0.49 Lophira alata 087
Endiandra laxiflora 0.54 Himatanthus articulata 0.40,0.54+  |Lovoa trichilioides 0.45”
Endospermum spp. 038 Hirtella davisii 0.74 fﬂ’;::';i:f:hama 0.40%
f;‘:f;’:r‘;‘f 0.35 Humiria balsamifera 066,067+  |Maesopsis eminii 041
Epicharis cumingiana 0.73 [Humiriastrum procera 0.7 :f:ilif‘:l?:ma sp- aff 0.457
Erythrina subumbrans 0.24 Hura crepitans 0.36, 0.37, .38+ |Mammea africana 0.62
Eg':i‘;l‘;‘l’_:i:’e“m 0.65 Hycronima alchomeoides |  0.60,0.64+  [Manilkara lacera 078"
Eucalyptus citriodora 0.64 Hyeronima laxiflora 0.59 Markhamia platycalyx 0.45*
Eucalyptus deglupta 034 [Hymenaea davisii 0.67 Memecylon capitellatum 077
Eugenia spp. 0.65 [Hymenolobium sp. 0.64 t:;zc;t":ﬁ;ﬁs 0.7
Fagraea spp. 0.73 Ingasp. 0'49’00'653;0‘58’ Microcos coriaceus 0.42°
Ficus benjamina 065 Iryanthera spp. 0.46 Milletia spp. 0.72
Ficus spp. 0.39 Jacaranda sp. 0.55 Mitragyna stipulosa 0.47
Ganua obovatifolia 0.59 Jeannesia heveoides 0.39 gz;’:;z‘:::lanums 0.47"
Gareinia myrtifolia 0.65 Lachmellea speciosa 0.73 Musanga cccropioides 0.23
Garcinia spp. 0.75 1 actia pracera 0.68 Nauclea diderrichii 0.63
Gardenia turgida 0.64 Lecythis spp. 0.77 Neopoutonia macrocalyx 0.32”
Garuga pinnata 0.51 Licania spp. 0.78 Ef::f;fig:r‘;i“ 0.65
Gluta spp. 0.63 Licaria spp. 0.82 Qchtocosmus africanus 078
Gmelina arborea 0.41,0.45+  |Lindackeria sp. 0.41 Odyendea spp. 0.32
Gmelina vitiensis 0.54 Linocicra domingensis 081 Oldfieldia africana 0.78*
Gonocaryum calleryanum 0.64 Lonchocarpus spp. 0.69 Ongokea gore 072
Gonystylus punctatus 0.57 Loxopterygivm sagotu 0.56 Oxystigma oxyphyllum Q.53
Grewia tiliacfolia 0.68 Lucuma spp. 0.79 Pachyelasma tessmannii 0.70”
Hardwickia binata 0.73 l.uchea spp. 0.5 Pachypodanthium staudtii 0.58™
Harpullia arborca 0.62 Lucheopsis duckeana 0.64 Paraberlinia bifoliolata 0.56”
Heritiera spp. 0.5¢ Mabea piriri 0.59 Parinari glabra 0.87"
Hevea brasiliensis 053 Machaerium spp. 07 Parkia bicolor 036
Hibiscus tiliaceus 0.57 Macoubea guiancnsis 0.40% Pausinystalia brach ythyrsa 0.56”
Homalanthus populneus 038 Magnalia spp. 0.52 Pausinystalia cf. talbotii 0.56"
Homalium spp. 0.76 Maguira sclerophylla .57 Pentaclethra macrophylla 0.78"
Hopea acuminata 0.62 M. americana 0.62 Pentadesma butyracea 0.78”
Hopea spp. 0.64 Mangifera indica 0.55 Phyllanthus discoideus 0.76”
Intsia palembanica 0.68 Manilkara sp 0.89 Pierreodendron africanum 0.70;
Kayea garciac 0.53 Manla sp. 0.63 Piptadeniastrum africanum 0.56
+ The wood densities specified pertain to more than one bibliographic source.

* Wood density value is derived from the regression equation in Reyes e al. (1992)
Source: Reyes, Gisel, Brown, Sandra; Chapman, Jonathan; Lugo, Aricl E. 1992. Wood densities of tropical tree species. Gen. Tech. Rep.
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Forest and Natural Resources Conservation/ Annex Table

Basic wood densities of stemwood WD (5) (t-dry matter/m’)

TABLE 3A.1.9-2 (CONTINUED)

(To be used for D in Equations 323.,3.2.5, 327,328

BASIC WOOD DENSITIES (D) OF STEMWOOD (tonnes dry matter/m” fresh volume) FOR TROPICAL TREE SPECIES

TROPICAL ASIA D TROPICAL AMERICA D TROPICAL AFRICA D
fl:i :}ﬁ::;on 0.48 Marmaroxylon racemosum 0.78* Plagiostyles africana 0.70”
Kleinhovia hospita 0.36 Matayba domingensis 0.7 Poga oleosa 0.36
Knema spp. 0.53 Matisia hirta 0.61 Polyalthia suavcolens 0.66”
Koompassia excclsa 0.63 Maytenus spp. 0.71 Premna angolensis 0.63"
ﬁﬂi:::ﬁ‘“d“dm“ 0.65,0.69+ |Mezilaurus lindaviana 0.68 Pteleopsis hylodendron 0.63%
Kydia calycina 0.72 Michropholis spp. 0.61 Pterocarpus soyauxii 061
Lagerstroemia spp. 0.55 Minquartia guiancnsis 0.76,0.79+ Pterygota spp. 0.52
Lannea grandis 0.5 Mora sp. 0.71 Pycnanthus angolensis 0.4
Leucaena leucocephala 0.64 Mouriria sideroxylon 0.88 Randia cladantha 0.78*
L}'ltj:" :;::;::m 5P 0.88 Myrciaria floribunda 0.73 Rauwolfia macrophylla 0.47*
Lithocarpus soleriana 0.63 Myristica spp. 046 Ricinodendron heudelotii 0.2
Litsea spp. 0.4 Myroxylon balsamum 0.74, 0.76, 0.78+ [Saccoglottis gabonensis 0.74”
Lophopetalum spp. 0.46 Mectandra spp. 0.52 Santiria trimera 0.53*
Macaranga denticulata 0.53 Ocoteaspp. 051 Sapium elliptioum 0.50*
Madhuca oblongifolia 0.53 Smnzzgn":’;‘;:um 0.64 Schrebera arborea 0.63*
Mallotus philippensis 0.64 Crmosia 5pp. 0.59 Sclorodophloeus zenkeri 0.68*
Mangifera spp. 0.52 Curatea sp, 0.66 Seottellia coriacea 0.56
Maniltoa minar 0.76 Pachira acuatica 043 Seyphocephalivm ochocoa 0.48
Mastixia philippinensis 047 Paratecoma peroba 06 Scytopetalum tieghemii 0.56"
Melanorthea spp. 063 Parinari spp. 068 Sindoropsis letestui 0.56*
Melia dubia 0.4 Parkia spp. 0.39 Staudtia stipitata 0.75
Melicope triphylla 0.37 Peltogyne spp. 0.79 Stemonocoleus micranthus 0.56”
Meliosma macrophylla 027 Pentaclethra macroloba 0.65,0.68+  |Sterculia rhinopetala 0.64
Melochia umbellata 0.25 Peru glabrata 0.65 Strephonema pseudocola 0.56*
Meda ferrea 0.83,0.85+  |Peru schomburgkiana 0.59 Strombosiopsis tetrandra 0.63”
Metresideros collina 0.70,0.76+ Persea spp. 0.40, 0.47,0.52+ | Swartzia fistuloides 0382
Michelia spp. 0.43 Petitia domingensis 0.66 Symphonia globulifera 0.58”
Microcos stylocarpa 04 Pinus caribaea .51 Syzygium cordalum 0.59*
Micromelnm compressum 0.64 Pinus oacarpa 0.55 Terminalia superba 0.45
Milliusa velutina 063 Pinus patula 0.45 Tessmania africana 0.85”
Mimusops elengi 072 Piptadenia sp. 0.58 Testulea gabenensis 0.6
Mitragyna parviflora 0.56 Piranhea longepedunculata 09 Tetraberlinia tubmaniana 6.60"
Myristica spp. 0.53 Piratinera guianensis 0.96 Tetrapleura tetraptera 0.50”
Neesia spp. 0.53 Zﬁ%ﬁlﬂg?::mg:sﬂhﬂp ele 0.56 Ticghemella heckelii 0.55”
Wecnauclea bemardoi 0.62 Platonia insignis 0. Trema sp. 0.40%
Neotrewia cumingii 0.55 Platymiscivm spp. 0.71, 0.84+ |Trichilia pricurcana 0.63”
Ochna foxworthyi 0.86 Podocarpus spp. (.46 Trichoscypha arborea 0.59”
COchroma pyramidale 0.3 Pourouma aff. melinonii 0.32 Triplochiton scleroxylon. 032
Octomeles sumatrana 027,032+  |Pouteria spp. 0.64, 0.67+ |Uapaca spp. 0.6
Oroxylon indicum 032 Prioria copaifera 0.40,0.41+ Vepris undulata 0.707
Qugenia dalbergiodes 0.7 Protium spp. 0.53,0.64+  |Vitex doniana 0.4
Palaquium spp. 0.55 Pseudolmedia laevigata 0.64 Xylopia staudtii D.36*
Panginm edule 0.5 Pterocarpuis spp. 0.44
Parashorea malaanonan 0.51 Pterogyne nitens 0.66
Parashorea stellata 0.59 Quaica albiftora 0.5
Paratrophis glabra 0.77 Qualea cf. lancifolia 0.58
Parinari spp. 068 Qualea dinizii 0.58

-+ The wood densities specified pertain to more than one bibliographic source.

* Wood density value is derived from the regression cquation in Reyes et af. (1992).
Source: Reyes, Gisel, Brown, Sandra; Chapman, Jonathan, Luge, Anel E. 1992, Wood densities of tropical tree species. Gen. Tech. Rep.
S0-88 New Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Station. 15pp.
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Forest and Natural Resources Conservation/ Annex Table

Basic wood densities of stemwood WD (6) (t-dry matter/m’)

TABLE 3A.1.9-2 (CONTINUED)
BASIC WOOD DENSITIES (D) OF STEMWOOD (tonnes dry matter/m” fresh velume) FOR TROPICAL TREE SPECIES
(To be used for D in Equations 3.2.3,3.2.5,327,32.8)

TROPICAL ASIA D TROFPICAL AMERICA D TROFPICAL AFRICA D
Parkia roxburghii 0.34 Qualea spp. 0.55
Payena spp. 0.55 Quaranbaca guianensis 0.54
Peltophorum ptercoarpum 0.62 Quercus alata 0.71
Pentace spp. 0.56 Quercus costancensis 0.61
Phaeanthus ebracteolatus 0.56 Quercus eugeniacfolia 0.67
Phyllecladus hypophyllus 0.53 Quercus spp. 0.7
Pinus caribaca 048 Raputia sp. 0.55
Pinus insvlaris 0.47,0.48+ |Rheadiaspp. 0.72
Pinus merkusii 0.54 Rollinia spp. 0.36
Pisonia umbellifera 0.21 Saccoglottis ocydonioides 0.72
Pittosporum pentandrum 0.51 Sapinm ssp. 0.47,0.72+
Planchonia spp. 0.59 Schinopsis spp. 1
Podocarpus spp. 0.43 Sclerobium spp. 0.47
Polyalthia flava 0.51 Sickingia spp. 0.52
Polyscias nodosa 0.38 Simeba multiflora 0.51
Pometia spp. 0.54 Simarouba amara 032,0.34,0.38+
Pouteria villamilii 0.47 Sloanea guianensis 0.79
Premma tomentosa 0.96 Spondias mombin 0.30,0.40,0.41+
Pterocarpus marsupium 0.67 Sterculia spp. 0.55
Pterocymbium tinctorium 028 Stylogyne spp. 0.69
Pyge um vulgare 0.57 Swartzia spp. 0.95
Quercus spp. 07 Swictenia macrophylla 0'42’(?‘;45;0'46’
Radermachera pinnata 051 Symplionia globulifera 0.68
Salmalia malabarica 0.32,0.33+ :is:}t:)uia spp. (Izpacho 0.91
Samanea saman 0.45,0.46+ |Tabebuia spp. {roble) 0.52
Sandoricum vidalii 043 Tabebuia spp. (white cedar) 0.57
Sapindus saponaria (.58 Tabebuia stenocalyx 0.55,0.57+
Sapinm luzontonm 04 Tachigalia myrmesophylla 0.56
Schleichera oleosa 0.96 Talisia sp. 0.84
Schrebera swietenoides 082 Tapirira guianensis 0.47%
Semicarpus anacardium 0.64 Terminalia sp. 0500; gfl’
Serialbizia acle 0.57 Tetragastris altisima 061
Serianthes melancsica 0.48 Toluifera balsamum 0.74
Sesbania grandiflora 04 Torrubia sp. 0.52
s;:ﬁ::::ef;ica forma 0.41 Toulicia pulvinata 063
Shorea astylosa 0.73 Tovomita guianensis 06
Shorea ciliata 0.75 Trattinickia sp. 0.38
Shorea contorta 0.44 Trichilia propingua 0.58
Shorea gisok 0.76 Trichosperma mexicanum 0.41
Shorea guiso 0.68 Triplaris spp. 0.56
Shorea hopeifolia 0.44 Trophis sp. 0.54
Sherea malibato 0.78 Vatairea spp. 0.6
Shorea negrosensis 0.44 Virola spp. 0‘:)0;:;'4’
Shorea palosapis 0.39 Vismia spp. 0.41
Shorea plagata 0.7 Vitex spp. 0":_’) 239]3 8,

+ The wood densities specified pertain to more than one bibliographic scurce.

* Wood density valuc is derived from the regression equation in Reyes ef al. (1992).
Source: Reyes, Gisel; Brown, Sandra; Chapman, Jonathan;, Lugo, Aricl E. 1992. Wood densities of tropical tree specics. Gen. Tech. Rep.
SO-88 New Orleans, LA: U.S. Department of Agriculture, Forest Service, Southem Forest Experiment Station. 15pp.
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Forest and Natural Resources Conservation/ Annex Table

Basic wood densities of stemwood WD (7) (t-dry matter/m’)

TABLE 3A.1.9-2 (CONTINUED)
BASIC WOOD DENSITIES (DY) OF STEMWOOD (tonnes dry matter/m’ fresh volume) FOR TROPICAL TREE SPECTES
: (To be used for D in Equations 32.3.,3.2.5,32.7,32.8)

TROPICAL ASIA D TROPICAL AMERICA D TROPICAL AFRICA D
Shorea polita 0.47 Vitex stahelii 0.6
Shorea polysperma 0.47 Vochysia spp 010521'7’
Shorea robusta 0.72 Vouacapoua amencana 0.79
Shorea spp. balau group 0.7 Warszewicsia coccinea 0.56
:]l::ﬂr:&:ispp, dark red 0.55 Xanthoxylum martinicensis 0.46
leﬁisw' light red 0.4 Xanthoxylum spp. 0.44
Shorea spp. white meranti 0.48 Kylopia frutescens 0647
il]::::ispp. yellow 046
Shorea virescens 0.42
Sloanea javanica 0.53
Soymida febrifuga 097
Spathodea campanulata 0.25
Sternonurus luzoniensis 037
Sterculia vitiensis 0.31
et 0s2
Stromhosia philippinensis 071
Strychnos potatorum 0.88
Swictenia macrophylla 0.49,0.53+
Swintonia foxworthyi 0.62
Swantoniza spp. 0.61
Syeopsis dunni 0.63
Syzygium spp. 069, .76+
Tamarindus indica 0.75
Tectona grandis 0.50,0.55+
Teijsmanniodendron
aliemianum 08
Terminalia citrina 671
Teminalia copelandii 0.46
Teminalia foetidissima 0.55
Temminalia microcarpa 0.53
Temninalia nitens 0.58
Terminalia pterocarpa 0.48
Temminalia tomentosa 0.73,0.76, 0.77+
Temstroemia megacarpa 0.53
Tetrameles nudiflora 03
Tetramerista glabra 0.61
Thespesia populniea 0.52
Toona calantas 0.29
Trema orientalis 031

+ The wood densities specified perlain to more than ons bibliographic souree
* Wood density value is derived from the regression equation in Reyes ef al. (1992).
Source: Reyes, Gisel, Brown, Sandra; Chapman, Jonathan; Lugo, Ariel E. 1992. Wood densities of tropical tree species. Gen. Tech. Rep.
SO-38 New Orleans, LA: U.8. Department of Apriculture, Forest Service, Southern Forest Experiment Station. 15pp.
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Annex Table A-3 Carbon fraction of aboveground forest biomass (CF)

TABLE4.3

CARBON FRACTION OF ABOVEGROUND FOREST BIOMASS

Carbon fraction, (CF)

Temperate and
Boreal

Domain Part of tree 1 References
[tonne C (tonne d.m.)"]
Default value All 047 McGroddy ef al., 2004
Andreae and Merlet, 2001,
Chambers et ai., 2001,
All 047 (044 - 0.49) McGroddy ef al., 2004; Lasco
and Pulhin, 2003
wood 0.49 Feldpausch ef al., 2004
wood, treed < 10 em 0.46 Hughes et al., 2000
Tropical and
Subfropical wood, tree d> 10 cm 0.49 Hughes ef al., 2000
foliage 0.47 Feldpausch et al, 2004
foliage, e d<10 0.43 Hughes ef al., 2000
foliage, ree dz 10 0.46 Hughes ef al., 2000
Andreae and Merlet, 2001,
All 0.47 (0.47 - 0.49) Gayoso el al., 2002;

Matthews, 1993; McGroddy et
al., 2004

broad-leaved

0.48 (0.46 - 0.50)

Lamlom and Savidge, 2003

conifers

0.51 (0.47 - 0.55)

Lamlom and Savidge, 2003

Source : [IPCC Guidelines for National Greenhouse Gas Inventories (GNGGI), Volume4. Agriculture, Forestry, and Other Land Use,

Table 4.3, 2006

3 IPCCC:http://www.ipce-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4 04 Ch4 Forest Land.pdf
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Annex Table A-4 Annual average aboveground biomass increment in plantations by broad category

(t/ha)
Moist with | Moist with
. Wet Short Dry Long Dry Dry Mﬂr:}tiz?e M [I);?m
Age Class Season Season ) :
R =2000 2000=-R=1000 R=1000 R=1000 R=1000
Africa
) 5.1
Eucalyptus spp <20 years - 20.0 126 (3.0-7.0) i i
=20 years - 250 - (4_98_'163.63 - -
Pinus sp =20 vears 18.0 12.0 20 3.3 (0.5-6.0) - -
=20 vears 15.0 11.0 25 - -
i 6.3 90 10.0
others =20 years (5.0.8.0) (3.0-15.0) (4.0-16.0) 15.0 11.0 -
=20 years - - § 1.0 i _
Asia
5.0 150
Eucalyptus spp Al (3.6.8.0) 80 (5.025.0) - 31 -
other species i 52 7.8 71 643 5.0
pe (2.48.0) (2.0-13.5) (1.6-12.6) (1.2-11.7) (1.3-10.0) -
America - - - - - - -
. 145 7.0
Pmus - 18.0 (50-19.0) (4.0-103) 5.0 14.0 -
21.0 16.0 16.0 13.0
Eucalyptus - (64-384) | (64-320) | (64-320) 160 8.5-17.5) -
- 80 g0
Tectona - 15.0 (38-115) (3.8-115) - 232 -
) 17.0 18.0 10.5
other broadleaved - (50-350) | (20-400) | (32-1L8) - 40 -

Note 1 : = annual rainfall in mm/yr

Nete 2 - Data are given as mean value and as the range of possible values.

Note 3 : Seme Boreal data were caleulated from oniginal values in Zakharov et al (1962), Zagreev et al. (1993), Isaev ef al. (1993) using
0.23 as belowground/aboveground biomass ratio and assuming a linear increase in annual increment from 0 to 20 years.

WNote 4 : For plantations in temperate and boreal zones. it is good practice to use stemwood volume increment data (I, in Equation 3.2.5)
instead of above ground bicmass increment as given in above table.

Source : IPCC Good Practice Guidance for LULUCF Annex 3A.1, Table 3A.1.6*

* IPCCC: http://www.ipcc-nggip.iges.orjp/public/gpgluluct/gpgluluct files/Chp3/Anx_3A_1 Data_Tables.pdf
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Annex Table A-5 Average belowground to aboveground biomass ratio (Root-Shoot ratio, R) in natural
regeneration by broad category (R)

Vegetation tvpe _-l.bm‘eground Mean sD lower Upper References
biomass (t'ha) range range
- S ical/sub- i N 5,7,13,25 28, 31, 48,
L% Secondary tropical/sub-tropical “125 0.42 022 0.14 0.83 7.1 8.31,48
= E forest 71
== A tropical/sub-tron
§g | Pmary tropical/sub-tropical NS 024 0.03 0.22 033 | 33,57.63.67.69
2.5 moist forest
=
=5 Tropical/sub-tropical dry forest NS 027 0.01 0.27 028 65
— | Conifer forest/plantation <50 046 0.21 0.21 1.06 28,43, 44.54.61.75
= g g Comnifer forest/plantation 50-150 032 0.08 0.24 0.50 6. 36, 54, 55. 58. 61
S E _
= = - . 2
= = | Comifer forest/plantation =150 023 0.09 0.12 0.49 _1”6_!;0 40,33, 61, 67,
Oak forest =70 0.35 0.25 0.20 1.16 15, 60, 64, 67
g Eucalypt plantation <50 045 0.15 0.29 0.81 9.51,59
E = Eucalypt plantation 50-150 0.35 0.23 0.15 0.81 4.9, 59 66,76
= .2 -
28 Eucalypt forest/plantation =150 0.20 0.08 0.10 0.33 4.9 16, 66
s £ | Other broadleaf forest <75 043 024 0.12 093 | 30,45, 46, 62
o
}- < »
2 Other broadleaf forest 75-150 0.26 0.10 0.13 052 | 39-36.45.46.62.77
g .
|
Other broadleaf forest =150 024 0.05 0.17 0.30 3.26.30,37.67,78, 81
- Steppe/tundra/praine grassland NS 395 297 192 10.51 50,56, 70,72
8 /sub-tropical/ i
= Temperate/sub-tropical’ tropical NS 158 L02 0.59 311 22 2332, 52
g grassland
= Semi-arid grassland NS 2.80 133 143 492 17-19, 34
17 7 ¥
Woodland/savanna NS 048 0.19 0.26 1.01 10-12, 21, 27, 49, 65,
73.74
LF]
= 29,35 2
a5 Shrubland NS 2.83 2.04 0.34 6.49 14,29, 35, 38, 41, 42,
~ 47,67
Tidal marsh NS 1.04 0.21 0.74 1.23 24 39 68,80
NS = Not specified

Source : IPCC Good Practice Guidance for LULUCF Annex 3A.1, Table 3A.1.8°

5 IPCCC: http://www.ipcc-nggip.iges.orjp/public/gpgluluct/gpgluluct files/Chp3/Anx_3A_1 Data_Tables.pdf
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Annex Table A-6  CO, emissions from fertilizer, leakages and effects of GHG emissions reduction®

Forest and Natural Resources Conservation/ Annex Table

Estimation of baseline

Estimation of actual net

Estimation of leakage

Estimation of net
anthropogenic GHG

Caribbean Savannas

Project Host Parties (tonnzmohfZgOZ e net GHG removals by | GHG removals by sinks (tonnes of CO2 e) removals by sinks Ratl(EAEf/l[eBa]kage

sinks (tonnes of CO2 e) (tonnes of CO2 e) [A] (tonnes of CO2 e)

[B]

CARBON SEQUESTRATION THROUGH REFORESTATION IN THE
BOLIVIAN TROPICS BY SMALLHOLDERS OF “The Federacién de Bolivia zero 0 11,529 24,124 91,165 26Y%
Comunidades Agropecuarias de Rurrenabaque (FECAR)”
Reforestatufn of croplands and grasslands in low income communities Paraguy 3 8,737 58,188 18.983 30,468 62
of Paraguari Department, Paraguay
;?5;I:t;22iReforestatlon for Guangxi Watershed Management in Pearl China Jero 531 794225 19.852 773.842 3%
LZZJnIt:dr:;atlonal Small Group and Tree Planting Program (TIST), Tamil India zero 0 107,810 0 107,810 o%
Moldova Soil Conservation Project Moldova zero 109,962 3,702,513 7,705 3,584,846 0%
Southern Nicaragua CDM Reforestation Project Nicaragua zero 0 237,448 0 237,448 0%
Uganda Nile Basin Reforestation Project No 3 Uganda zero 0 111,798 0 111,798 0%)
IReforelstatlon: sugtalna,ble production fmd carbon sequestration project Peru sero 171,545 1,145,332 0 973,788 0%
in José Ignacio Téavara”s dry forest, Piura, Peru
Reforestation on Degraded Lands in Northwest Guangxi China 15,394 1,761,552 0 1,746,158 0%
Reforestation of grazing Lands in Santo Domingo, Argentina Argentina zero 21,366 1,342,140 0 1,320,775 %)
Assisted Natural Regeneration of Degraded Lands in Albania Albania zero 6,250 465,537 0 459,287 0%|
,Posco Uruguay" afforestation on degraded extensive grazing land Uruguay zero 0 659 0 659 0%
Forestry Project for the Basin of the Chinching River, an Environmental . .
and Productive Alternative for the City and the Region . Columbia zero 0 755678 0 755,678 0%
Ibi Bateke degraded sgvannah e_lfforestatlon project for fuelwood Congo Zero 0 1,635.338 0 1635338 0%
production (Democratic Republic of Congo)
QSjOTlgtzzﬁg;ﬁorestatlon/Reforestatlon Project in the State of Sgo Brasil _ 59,257 4,788,332 0 4729074 0%
Humbo Ethiopia Assisted Natural Regeneration Project Ethiopia zero 0 880,296 0 880,296 0%)
Cao Phong Reforestation Project Vietnam 22 0 53,735 11,090 42,645 26%
India: Himachal Pradesh Reforestation Project — Improving Livelihoods India Jero 0 828,016 0 828,016 0%
and Watersheds
Improving Rural Livelihoods Through Carbon Sequestration By Adopting . _ o
Environment Friendly Technology based Agroforestry Practices India 0 146,888 0 146,888 0%
iI:eéor:ez.?ltatlon as Renewable Source of Wood Supplies for Industrial Use Brasil _ 751,894 30,409,091 15,522 2273493 10
Argos CQZ Offset Project, through reforestation activities for Columbia _ 133,021 1,079,384 23,100 923.263 3y
commercial use.
Small Scale Cooperative Afforestation CDM Pilot Project Activity on .
Private Lands Affected by Shifting Sand Dunes in Sirsa, Haryana. India zero 43 29.785 0 231,920 0%
Nerqwhge S_mall—_ScaIe CDM Afforestation Project using Mycorrhizal Chile 2ero 0 185,836 0 185,836 o%
Inoculation in Chile
Forestry Project in Strategic Ecological Areas of the Colombian Columbia zero 279 1,999,849 0 1,999,571 o

& UNFCCC CDM http://cdm.unfccc.int/Projects/projsearch.html
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Country :

Project participants :

Title :

CDM registered

Forest and Natural Resources Conservation/ Annex Table

Annex Table A-7 Examples of stratum (CDM Project)

Paraguay

Japan International Research Center for Agricultural Sciences

Instituto Forestal Nacional (Public entity)

Reforestation of croplands and grasslands in low income communities of Paraguari

Department, Paraguay
2009

Stratum Tree species Tree spacing(m) Plant age Forested area (ha)
S1 Eucalyptus grandis 3.0x2.5 2007 30.05
S2 Eucalyptus grandis 3.0x2.5 2008 31.17
S3 Eucalyptus camaldulensis 3.0x2.5 2007 16.36
S4 Eucalyptus camaldulensis 3.0x2.5 2008 64.48
S5 Grevillea robusta 3.0x2.5 2007 5.59
S6 Grevillea robusta 3.0x2.5 2008 15.16
S7 Grevillea robusta 5.0x4.0 2007 14.05
S8 Grevillea robusta 5.0x4.0 2008 38.30
Total 215.16
Country : Chile

Project participants :

Title :

CDM registered

Nerquihue Small-Scale CDM Afforestation Project using Mycorrhizal Inoculation in

Chile
2009

Mikro-Tek Inc. , Natsource Europe Limited

Stratum Tree species Tree spacing(m) Plant age Forested area (ha)
S1 Eucalyptus grandis 3.0x2.5 2007 30.05
S2 Eucalyptus grandis 3.0x2.5 2008 31.17
Total 215.16
Country : India

Project participants :

Title :

CDM registered

Haryana CDM Variksh Kisan Samiti, Ellenabad, Sirsa
Small Scale Cooperative Afforestation CDM Pilot Project Activity on Private Lands

Affected by Shifting Sand Dunes in Sirsa, Haryana.

2008

Stratum Tree species Tree spacing(m) Plant age Forested area (ha)
S1 Eucalyptus hybrid 2007 26.30
S2 Ailanthus excelsa 2007 57.86
S3 Acacia tortilis 2007 61.65
S4 Dalbergia sissoo 2007 53.65
S5 Acacia nilotica 2007 60.75
S6 Prosopis cineraria 2007 74.20
S7 Zizyphus mauritiana 2007 35.46
Total 369.87

" UNFCCC: http://cdm.unfccc.int/Projects/projsearch.html
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Country :

Project participants :

Vietnam

Forest and Natural Resources Conservation/ Annex

Forest Development Fund

Table

Title : Cao Phong Reforestation Project
CDM registered 2009
Stratum Tree species Tree spacing(m) Plant age Forested area (ha)

S1 A.mangium 2.5%2.5 2008 166.65

S2 A.mangium 2.5%2.5 2009 166.65

S3 A.auriculiformis 2.0x2.0 2009 31.96

Total 365.26
Country : India

Project participants :

Title :

ITC Limited, Paperboards and Specialty Papers Division (PSPD), Unit: Bhadrachalam

Reforestation of severely degraded landmass in Khammam District of Andhra Pradesh,

India under ITC Social Forestry Project

CDM registered 2007

Stratum

Tree species

Tree spacing(m)

Plant age

Forested area (ha)

S1

Eucalyptus tereticornis
Smith and Eucalyptus
camaldulensis Dhen

1 year old tree

2001

979.79

S2

Eucalyptus tereticornis
Smith and Eucalyptus
camaldulensis Dhen

2 yeasr old tree

2002

556.65

S3

Eucalyptus tereticornis
Smith and Eucalyptus
camaldulensis Dhen

3 yeasr old tree

2003

971.33

S4

Eucalyptus tereticornis
Smith and Eucalyptus
camaldulensis Dhen

4 yeasr old tree

2004

562.42

Total

3070.19
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Country :

Forest and Natural Resources Conservation/ Annex Table
Bolivia

Project participants : FECAR (community organization), (Private entity)

Foundation Centro Tecnico Forestal (CETEFOR) (Private entity)
Asociacion Accidental Cetefor-Sicirec (Private entity)

Vlaams Gewest (Public entry)

Title : CARBON SEQUESTRATION THROUGH REFORESTATION IN THE BOLIVIAN
TROPICS BY SMALLHOLDERS OF “The Federacion de Comunidades Agropecuarias
de Rurrenabaque (FECAR)” Version 2.03

CDM registered 2009

Stratum Tree species Tree Plant age Forested area (ha)
spacing(m)

S1 Fast growing/ plantation — — —

S2 Fast growing/Agroforestry System — — —

S3 Fast growing/ Silvipastoral System — — —

S4 Midium growing/ plantation — — —

S5 Midiumgrowing/AgroforestrySystem — — —

S6 Midium growing/ Silvipastoral System — — —

S7 Slow growing/ plantation — — —

S8 Slow growing/Agroforestry System — — —

S9 Slow growing/ Silvipastoral System — — —

Total 317ha

Country : Uganda

Project participants : National Forest Authority (NFA)

International Bank for Reconstruction and Development as trustee of the BioCarbon
Fund

Title : Uganda Nile Basin Reforestation Project No 3
CDM registered 2009
Stratum Tree species Tree Plant age Forested area (ha)
spacing(m)

S1 Pine . . .
/Maesopsis (&Prunus)

S2 Pine o B .
/Maesopsis (&Prunus)

S3 Pine . B .
/Maesopsis (&Prunus)

S4 Pine . B .
/Maesopsis (&Prunus)

S5 Pine . . .
/Maesopsis (&Prunus)

Total 2014ha
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Traffic and Transportation Sector

Sub-sector

3. Freight/Passenger Transportation Improvement
4. MRT
5. Monorail, LRT

6. Bus (BRT, Trunk bus)



3.1 Traffic and Transportation /Railway, Passengers

1.Typical Project
Outline

The project intends to reduce GHG emissions by realizing “modal shift” from existing passenger transport systems
(i.e., conventional buses, passenger cars, taxies and bikes) to passenger railway systems such as a new railway, a
double track railway, or a quadruple track railway. In addition, “electrification” of passenger railway systems will

reduce GHG emissions.

2.Applicability O After the project completes, the passenger rail system will have its own rail-based infrastructure and it will provide
rapid transportation for a large number of passengers.
OThe current baseline transport system should be road based (i.e., buses, private cars, taxies and bicycles). Hence,
the current transport system does not involve ships or civil aviation.
ORailway electrification projects are also targeted. In such cases, the current baseline transportation systems are
non-clectrified railways.
(OThe motive power of passenger railways should be electricity or of internal-combustion (engine).
3. GHG emissions reduction due to passenger railway projects is calculated as the difference between the GHG
Methodology on | emissions with the existing transport systems (baseline) and those after the success of the modal shift to a passenger
Emission railway system (project emission). In addition, GHG emissions reduction due to railway electrification is calculated as
Reduction the difference between the GHG emissions with the existing non-electrified railway (baseline) and those with the

electrified railway (Project).

ER, =BE, — PE, (t-CO,ly)

ER, :GHG emissions reduction due to project activity in year y (t-CO,/y)
BE, :GHG emissions with existing transport systems in year y (t-CO,/y) (Baseline emissions)

PE, :GHG emissions after the success of modal shift to the passenger railway from the existing transport
systems in year y (t-CO,/y) (Project emissions)

BE, : Baseline emissions

5
a8
> &
& =

= 2

Emissions with existing Emissions with a
transport systems in passenger railway system
absence of a passenger
railway system
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3.1 Traffic and Transportation /Railway, Passengers

3. Methodology
on Emission
Reductions

(Continuation)

(1) Baseline Emissions Estimation

1) Road-based Transportation Systems

In case the existing transport systems would share a similar number of passengers transported by the projected
railway, the baseline emissions for various types of vehicles are estimated by multiplying the shared number of

passengers with the respective CO, emission factors per passenger before the project starts.

BE, = Z(EFp,i,y XPPJ,i,j)

Type Items Description

Output | BE, Baseline emissions :

GHG emissions in the absence of the passenger railway project (gr-CO»/y)

Input EFp;, CO, emission factor per passenger for vehicle category i (gr-CO,/passenger)

Ppy;y Annual number of passengers transported by vehicle category i after the project

has completed

Determination of EF, Piy

Involving parameters such as CO, emission factor per kilometer, average trip distance, and average occupation rate of
vehicle before the project starts, the CO, emission factor per passenger for each vehicle category is estimated using the
following formula:

ep_ EFo xTD,

Piy — 0 C,-
EF,, ; : CO, emission factor per km for vehicle category i before the project starts (gr-CO,/km)
TD. : Average daily trip distance driven by vehicle category i (km/vehicle)

1

ocC, : Average daily occupancy rate for vehicle category i (person/vehicle)

1

EF,,, ;is calculated using the following formula:

EF, s|L=%i) g X
.= - X X -
KM SEC, cozx 7\ N

0 i

SEC._, : Specific fuel consumption per vehicle category i (km/L)
EF,,, . : CO, emission factor of fuel category x (gr-CO,/L)
i : Number of vehicle category i using fuel category x (vehicle)
N, i : Number of vehicle category i (vehicle)
: Mixing rate of biofuel (e.g., = 0.1 for biodiesel 10% mixing fuel)

2) Non-electrified railways
Baseline emissions are calculated by multiplying the total annual fuel consumption of non-electrified passenger trains

(diesel trains or internal-combustion locomotives) with the CO, emission factor of fuel.

BE,=TC, xEF,,
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3.1 Traffic and Transportation /Railway, Passengers

Type Item Description

Output | BE, Baseline emissions:

GHG emissions of non-electrified trains (t-CO,/y)

Input TCyy Total annual fuel consumption of non-electrified trains (diesel
trains or internal-combustion locomotives) after the project has
completed (L/y)

EFcosx CO, emission factor of fuel category x (gr-CO,/L)

Determination of EFp;,

The total annual fuel consumption of the non-electrified passenger trains is estimated considering their specific fuel
consumption multiplied by their total annual trip distance. By involving a mixing rate of biofuel in fuel

consumption, the formula is as follows:

(] - ax bs ) DD y
TC, =—
SEC, ,
SE Cx,dt . Specific fuel consumtion (km/L)
DDy 1 Total annual trip distance of passenger trains (train km/y)
@y g Mixing ratio of biofuel

(2) Project Emissions Estimation

1) Electric-powered Freight Trains

Project emissions are calculated by multiplying the total annual electricity consumption of passenger trains (electric
train/electric locomotive) after project completion (planned value) with the CO, emission factor of electricity.

PE,=TC, xEF, ,

Type Item Description

Output | PE, Project emissions:
GHG emissions of passenger trains (electric train/electric

locomotive) after project completion (t-CO,/y)

Input TCy Total annual electricity consumption of passenger trains after
project completion (kWh/y)
EFcosx CO, emission factor of electricity (gr-CO,/kWh)

Determination of TC,

The total electricity consumption of pasenger trains is estimated considering their electricity consumption rate

multiplied by the total annual trip distance as follows:

ety

TC,, =DD, -SEC

SEC

ety

: Electricity consumption rate (kWh/km)

DDy : Total annual trip distance driven by passenger trains (train km/y)

2) Engine-powered Passenger Trains (Internal Combustion).
Project emissions are calculated by multiplying the total annual fuel consumption of passenger trains (diesel trains

or internal-combustion locomotives) after project completion (planned value) with the CO, emission factor of fuel.
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Type Item Description

Output | PE, Project emissions:
GHG emissions of passenger trains (diesel train

/internal-combustion locomotive) after project completion

(t-COyly)
Input TCy Total annual fuel consumption of passenger trains after project
completion (L/y)
EFcosx CO, emission factor of fuel category x (gr-CO,/L)

Determination of TC,

The total fuel consumption of pasenger trains is estimated considering their fuel consumption rate multiplied by their

total annual trip distance.By involving a mixing rate of biofuel in the fuel consumption, the formula is as follows:

(1-a,, )DD,
T Cdt,y =
SEC, 4,
SEC xdi,y - Specific fuel consumtion (km/L)
DDy 1 Total annual trip distance of passenger trains (train km/y)

[ : Mixing ratio of biofuel
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3.1 Traffic and Transportation /Railway, Passengers

4. Data Required
for Estimation

and Monitoring

Data Type

Description of Data

Data Acquisition Methods

Baseline Emissions

Project Emissions

Before the After Project
Project Starts Completion

Before the After Project
Project Starts Completion

Passengers of existing
transport systems
(After : Ppy;,)

Passengers of
existing transport
systems that would
be shared in the
absence of the
passenger train
project.

The total number of
passengers of
existing transport
systems is equal to
the passengers of
passenger trains

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Total annual trip distance
driven by unelectrified
passenger trains (After:DD,)

Total annual trip
distance driven by
unelectified
passenger trains

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Specific fuel consumption of
unelectirfied passenger trains
in fuel type x, vehicle
category i, (SEC,4)

Fuel consumption
rate per liter (km/L)

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Total annual trip distance
driven by passenger
trains ( After:DD,)

Total annual trip
distance driven by
passenger trains
after projct
completion

(Not necessary because data are not
involved in the calculation)

Planned values | Measured values

Electricity consumption rate
of passenger trains
(SE Cx, bs, ,v)

Electricity
consumption rate of
passenger trains

(Not necessary because data are not
involved in calculation)

Planned values | Measured values

Total number of
existing vehicles
in fuel type x, and
vehicle category i,
Ny

Total number of
vehicles in a vehicle
category and a fuel

type

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

Total number of
existing vehicles
in vehicle category

Total number of
vehicles in a
vehicle category

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

distance driven by
existing vehicles

o, :
emissio |12 (Vi)
ns factor | Average trip Trip distance for

each vehicle
category before the

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

occupation rate of
existing vehicles
in vehicle

in vehicle project starts
category 1,(OD;)
Average Occupation rate of

each vehicle
category before the
project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)
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3.1 Traffic and Transportation /Railway, Passengers

Data Types

Description of Data

Data Acquisition Methods

Baseline Emissions Project Emissions

Before the After Project
Project Starts Completion

Before the After Project
Project starts Completion

CO,

Specific fuel
consumption of
existing vehicles
in fuel type x,
vehicle category i,
(SEC,)

Fuel consumption
rate per liter (km/L)

It is best desirable to use national or
regional data and information of the
project, so the availability of relevant
data and information should be
justified and used in the following
order (see the tables hereinafter):

i) Specific data in the project
obtained through interviews with
transport management authorities

ii) Published values in the country
where the project exists

iii) Values based on IPCC database

(Not necessary because data are not
involved in the calculation)

emissio
ns
factor

CO, emission
factor of
fuel ( EFCO,,)

CO, emission
factor of fuel per
liter, such as
gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. with the
transport management authorities

ii) Published values in the country where the project exists

iii) Values based on IPCC database

Mixing ratio of
biofuel

Mixing ratio of
biofuel in gasoline,
diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. for the
transport management authorities

ii) Published values in the country where the project exists
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5. Others

(1) Project boundary

The project delineation for GHG estimations is defined by the outreach of the passenger train project.

(2) Leakage

Considering the life cycle assessment (LCA) related to the passenger train project, the production and freight of raw
materials needed for passenger trains and the energy consumed during construction and manufacturing of raw
materials are expected as leakages of GHG emissions. However, these are significantly small as compared with the
GHG emissions reduction caused by the project. Hence, these are not counted as leakages in this estimation
methodology. Looking at five CDM registered projects, only the Bagota Bus Rapid Transit (BRT) Project took
account of leakage, while the other projects counted leakage as zero. For reference, the estimated leakages of the
Bogota BRT Project are shown in the appended Table B-3 attached herewith. The total volume of leakages is 0.8%
as compared with that of the GHG emissions reduction due to the BRT project.

(3) Relevant methodologies and their differences with this estimation methodology
ACMO0090 : Modal Shift in Transportation of Cargo from Road Transportation to Water or Rail Transportation
[ Differences]
+ A cargo (freight) railway project can be the target for GHG emissions estimation; however, this estimation
methodology targets passenger train projects.
+ At least 50% of investments for water or railway transport systems should be used for the cargo transportation
systems including construction of facilities (i.e., railway stations) or purchase of equipments.
+ The cargo is transported from the same origin (point A) to the same destination (point B); however, this condition

is not considered in this estimation methodology.

ACMO0016 : Baseline Methodology for Mass Rapid Transit Projects
[ Differences]

+ All mass rapid transit (MRT) systems including not only rail-based systems such as subways and light rail transit
(LRT) but also bus systems such as BRT; however, only passenger train systems are considered in this estimation
methodology.

+ CHy, N,O other than CO, can be counted as GHG emissions; however, only CO, emission is counted in this
estimation methodology.

+ The effects of GHG emission reduction by the improvement of technology can be counted; however, these are not
counted in this estimation methodology.

+ The effects of GHG emission reduction due to the improvement of technology can be counted; however, these are
not counted in this estimation methodology. In particular, a technology improvement factor is assumed 0.99/year
(or 1%/year) and the GHG emissions are expected to reduce by 1% per year with the technology improvement. In
10th year, 0.99 to the 9th power equals 0.91, and so the baseline emissions from the existing transport systems
becomes 0.91 times due to their technological improvement. Simply assuming annual GHG emissions is constant
over 10 years, the difference between with and without the technology improvement factors is around 4%. Thus,
the baseline GHG emissions over 10 years would reduce by 4% due to technology improvement, and so the
effects of GHG emission reduction lessen by 4%, meaning it is on the safety side. In developing countries,
however, it is reasonable to consider that old vehicles will be continuously used rather than acquiring brand-new
vehicles. Because of this, the technological improvement factors are not considered in this estimation
methodology.

+ Once the MRT system has been newly introduced, passengers must utilize the MRT stations that were not
available before the project has started in order to reach their destinations. This results in producing additional
GHG emissions. These indirect GHG emissions can be counted; however, these are not considered in this
estimation methodology.

+ The reduction of traffic congestions after the project has started may reduce GHG emissions since vehicle
operation will speed due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than passenger trains. These are

involved in AMO0016 but not considered in this estimation methodology.
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+ CO, emission factors for passenger cars and taxies are a function of speed; however, these are not considered as a
function of speed (constant for average speed) in this estimation methodology.

+ The changes in load factors of conventional buses and taxies after the MRT project has started are involved in its
GHG emissions estimation; however, these factors are not considered in this estimation methodology.

+ The motive power of transport systems may be either through an internal combustion (engine) or electricity;

however, only an internal combustion is considered in this estimation methodology.

AMS-III-U : Cable Cars for Mass Rapid Transit Projects
[ Differences]

+ Cable car projects can be the target for GHG emissions estimation; however, the passenger railway project is the
target in this estimation methodology.

+ CH, and N,0 can be counted as GHG emissions other then CO,; however, only CO, emissions are counted in this
estimation methodology.

+ The effects of GHG emissions reduction due to technology improvements can be counted; however, these are not
counted in this estimation methodology.

+ Once the cable car system has been introduced, passengers must utilize the cable car stations which were not
available before the project started in order to reach their destinations. This results in additional GHG emissions.
These indirect GHG emissions can be counted; however, these are not considered in this estimation methodology.

+ Cable cars are powered by electricity; however, both electricity and engine (internal combustion) is considered in

this estimation methodology.
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1. Typical

Project Outline

The project intends to reduce GHG emissions by realizing “modal shift” from existing freight transport systems (i.e.,
conventional trucks and trailers) to freight railway systems such as a new railway, a double track railway. In

addition, “electrification” of freight railway systems will reduce GHG emissions.

2. Applicability

O After the project completes, the freight railway system will have its own rail-based infrastructure and will provide
rapid transportation for a large volume of freight.

(OThe current baseline transport system should be road based (i.¢., buses, private cars, taxies and bikes). Hence, the
current transport system does not involve ships or civil aviation.

ORailway electrification projects are also targeted. In such cases, the current baseline transportation systems are
non-electrified railways.

(OThe motive power of freight railways should be electricity or internal combustion (engine).

3.
Methodology on
Emission

Reduction

GHG emissions reduction due to freight railway projects is calculated as the difference between the GHG emissions
with the existing transport systems (baseline) and those after the success of the modal shift to a freight railway system
(project emission). In addition, GHG emissions reduction due to railway electrification is calculated as the difference
between the GHG emissions with the existing non-electrified railway (baseline) and those after the electrified railway
(Project).

ER, =BE, — PE, (t-CO,ly)
ER, :GHG emissions reductions due to project activity in year y (t-CO,/y)
BE, :GHG emissions with existing transport systems in year y (t-CO,/y) (Baseline emissions)
PE, : GHG emissions after the success of modal shift to a freight railway system from the existing transport

systems in year y (t-CO,/y) (Project emissions)

BE, : Baseline emissions

Emissions with existing Emissions with a freight
transport systems in railway system

absence of a freight railway

system
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3. Methodology
on Emission
Reductions

(Continuation)

(1) Baseline Emissions Estimation

1) Road-based Transportation Systems

In case the existing transport systems would share a similar volume of freights transported by the projected railway,
baseline emissions for various types of vehicles are estimated by multiplying the shared volume of freights with the

CO, emission factors per 1 ton of freight before the project starts.

BE, = Z(EFp,i,y XPPJ,i,j)

Type Items Description

Output | BE, Baseline emissions :

GHG emissions in the absence of the freight railway project (gr-CO,/y)

Input EFp;, CO, emission factor per 1 ton of freight for vehicle category i
(gr-COy/passenger)
Ppjiy Annual volume of freights transported by vehicle category i after the project has
completed

Determination of EFp;,

Involving parameters such as CO, emission factor per kilometer, average trip distance, and average loading ratio of
vehicle before the project starts, the CO, emission factor per 1 ton of freight for each vehicle category is estimated by

the following formula:

EF,. . xTD.
E FP . — KM i i
. ocC,
EF, wu; - CO, emission factor per km for vehicle category i before the project starts (gr-COy/km)
1D, : Average daily trip distance driven by vehicle category i (km/vehicle)
ocC,; : Average daily loading for vehicle category i (ton/vehicle)

EF,, ;s calculated using the following formula:

(I_axi) in
EFyy =2~ % EFcp, ¥ N‘

<| SEC,, )

SEC,, : Specific fuel consumption per vehicle category i (km/L)
EF,,, : CO, emission factor of fuel category x (gr-CO,/L)

N xi : Number of vehicle category i using fuel category x (vehicle)
N, i : Number of vehicle category i (vehicle)
a; : Mixing rate of biofuel (ex. = 0.1 for biodiesel 10% mixing fuel)

2) Non-electrified railways
Baseline emissions are calculated by multiplying the total annual fuel consumption of non-electrified freight trains

(diesel trains or internal-combustion locomotives) with the CO, emission factor of fuel.

BE, =TC, xEF,,,
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Type Item Description

Output | BE, Baseline emissions:

GHG emissions of non-electrified trains (t-CO,/y)

Input TCuy Total annual fuel consumption of non-electrified trains (diesel
trains or internal-combustion locomotives) after the project has
completed (L/y)

EFcosx CO, emission factor of fuel category x (gr-CO,/L)

Determination of EFp;,

The total annual fuel consumption of the non-electrified freight trains is estimated considering their specific fuel
consumption multiplied by their total annual trip distance. By involving a mixing rate of biofuel in fuel

consumption, the formula is as follows:

(] - ax,bs )DDy
TCdl,y ==
SEC.
SEC xdt - Specific fuel consumtion (km/L)
DD, . Total annual trip distance of freight trains (train km/y)
@, s Mixing ratio of biofuel

(2) Project Emissions Estimation
1) Electric-powered Freight Trains
Project emissions are calculated by multiplying the total annual electricity consumption of freight trains (electric

locomotive) after the project has completed (planned value) with the CO, emission factor of electricity.

Type Item Description

Output | PE, Project emissions:
GHG emissions of freight trains (electric locomotive) after the

project has completed (t-CO,/y)

Input TCy Total annual electricity consumption of freight trains after the
project has completed (kWh/y)
EFcox CO, emission factor of electricity (gr-CO,/kWh)

Determination of TC,

The total electricity consumption of freight trains is estimated considering their electricity consumption rate

multiplied by their total annual trip distance as follows:

ety

1C,, =DD,-SEC
ety y

SEC
DD, : Total annual trip distance driven by freight trains (train km/y)

: Electricity consumption rate (kWh/km)

ety

2) Engine-powered Passenger Trains (Internal Combustion)
Project emissions are calculated by multiplying the total annual fuel consumption of freight trains (diesel

train/internal-combustion locomotive) after the project has completed (planned value) with the CO, emission factor of
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fuel.

Type Item Description
Output | PE, Project emissions:
GHG emissions of freight trains (diesel train /internal-combustion
locomotive) after the project has completed (t-CO,/y)
Input TCy Total annual fuel consumption of freight trains after the project has
completed (L/y)
EFcosx CO, emission factor of fuel category x (gr-CO,/L)

Determination of TC,

The total fuel consumption of freight trains is estimated considering their fuel consumption rate multiplied by their

total annual trip distance.By involving a mixing rate of bio-fuel in the fuel consumption, the formula is as follows:

SEC

x,dt,y :

(] &y bs )DDy

7C, =
dy SEC

x,dt,y

Specific fuel consumtion (km/L)

Total annual trip distance of freight trains (train km/y)

Mixing ratio of bio-fuel
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4. Data Required
for Estimation
and Monitoring

Data Type

Description of Data

Data Acquisition Methods

Baseline Emissions

Project Emissions

Before the
project starts

After project
completion

Before the
project starts

After project

completion

Freights by existing transport
systems
(After : Ppy;,)

Freights of existing
transport systems
that would be
shared in the
absence of the
freight train project.
The total freights of
existing transport
systems is equal to
the freight carried
by freight trains

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Total annual trip distance
driven by unelectrified
passenger trains (After:DD,)

Total annual trip
distance driven by
unelectified
passenger trains

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Specific fuel consumption of
unelectirfied freight trains in
fuel type x, vehicle category i,
(SEC..ar)

Fuel consumption
rate per liter (km/L)

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Total annual trip distance
driven by freight trains

Total annual trip
distance driven by

(Not necessary because data are not
involved in the calculation)

Planned values | Measured values

(After:DD,) freight trains
N ) Electricity
Electricity consumption rate consumption rate of | (Not necessary because data are not
of freight trains freicht trai . . . Planned values | Measured values
reight trains involved in calculation)
(SE Cx, bs,s)
( Nx,i) Total number of

Total number of
existing  vehicles
in fuel type x, and
vehicle category i,
(Nx,i)

vehicles in a vehicle
category and a fuel

type

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

Total number of
existing  vehicles
in vehicle category

Total number of
vehicles in a
vehicle category

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

co, ||
emissio |12 (V)
ns factor | Average trip Trip distance for

distance driven by
existing vehicles

each vehicle

category before the

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

occupation rate of
existing vehicles
in vehicle
category i, (OC;)

in vehicle project starts
category 1,(OD;)
Average Occupation rate of

each vehicle
category before the

project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)
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Description of

Data Acquisition Methods

Baseline Emissions Project Emissions

CO,
emissions
factor

Data Type - -
Data Before the After project Before the After project
project starts completion project starts completion
Specific fuel Fuel It is best desirable to use national or
consumption of consumptionrate | yeoignal data and information of the
per liter (km/L)

existing vehicles
in fuel type x,
vehicle category
i, (SECy)

project, so the availability of relevant
data and information should be
justified and used in the following
(Not necessary because data are not

order (see the tables hereinafter):
involved in the calculation)

i) Specific data in the project
obtained through interviews with
transport management authorities

ii) Published values in the country
where the project exists

iii) Values based on IPCC database

CO, emission
factor of
fuel (EFCO,,,)

CO, emission
factor of fuel per
liter, such as

gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

1) Specific data in the project obtained through interviews, etc. with the
transport management authorities

ii) Published values in the country where the project exists

iii) Values based on IPCC database

Mixing ratio of
biofuel

Mixing ratio of
biofuel in

gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. for the
transport management authorities

i) Published values in the country where the project exists
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5. Others

(1) Project boundary
The project delineation for GHG estimations is defined by the outreach of the MRT project.

(2) Leakage

Considering the life cycle assessment (LCA) related to the freight train project, the production and freight of raw
materials needed for freight trains, and the energy consumed during construction and manufacturing of raw
materials are expected as leakages of GHG emissions. However, these are significantly small as compared with the
GHG emissions reduction caused by the project. Hence, these are not counted as leakages in this estimation
methodology. Looking at five CDM registered projects, only the Bagota Bus Rapid Transit (BRT) Project took
account of leakage, while the other projects counted leakage as zero. For reference, the estimated leakages of the
Bogota BRT Project are shown in the appended Table B-3 attached herewith. The total volume of leakages is 0.8%
as compared with that of the GHG emissions reduction due to the BRT project.

(3) Relevant methodologies and their differences with this estimation methodology
ACMO0090 : Modal shift in transportation of cargo from road transportation to water or rail transportation
[ Differences]
+ At least 50% of investments for water or railway transport systems should be used for the cargo transportation
systems including construction of facilities (i.e., railway stations) or purchase of equipments.
+ The cargo is transported from the same origin (point A) to the same destination (point B); however, this condition

is not considered in this estimation methodology.

ACMO0016 : Baseline Methodology for Mass Rapid Transit Projects
[ Differences]

+ All mass rapid transit (MRT) systems including not only rail-based systems such as subways and light rail transit
(LRT) but also bus systems such as BRT; however, only freight train systems are considered in this estimation
methodology.

+ CH,4 and N,O can be counted as GHG emissions other than CO,; however, only CO, emission is counted in this
estimation methodology.

+ The effects of GHG emission reduction by the improvement of technology can be counted; however, these are not
counted in this estimation methodology.

+ The effects of GHG emission reduction due to the improvement of technology can be counted; however, these are
not counted in this estimation methodology. In particular, a technology improvement factor is assumed 0.99/year
(or 1%/year) and the GHG emissions are expected to reduce by 1% per year with the technology improvement. In
10th year, 0.99 to the 9th power equals 0.91, and so the baseline emissions from the existing transport systems
becomes 0.91 times due to their technological improvement. Simply assuming annual GHG emissions is constant
over 10 years, the difference between with and without the technology improvement factors is around 4%. Thus,
the baseline GHG emissions over 10 years would reduce by 4% due to technology improvement, and so the
effects of GHG emission reduction lessen by 4%, meaning it is on the safety side. In developing countries,
however, it is reasonable to consider that old vehicles will be continuously used rather than acquiring brand-new
vehicles. Because of this, the technological improvement factors are not considered in this estimation
methodology.

+ Once the freight railway system has been newly introduced, freight must utilize the freight stations that were not
available before the project has started in order to reach their destinations. This results in producing additional
GHG emissions. These indirect GHG emissions can be counted; however, these are not considered in this
estimation methodology.

+ The reduction of traffic congestions after the project has started may reduce GHG emissions since vehicle
operation will speed due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than freight trains. These are
involved in AM0016 but not considered in this estimation methodology.

+ CO, emission factors for passenger cars and taxies are a function of speed; however, these are not considered as a

function of speed (constant for average speed) in this estimation methodology.
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+ The changes in load factors of conventional buses and taxies after the MRT project has started are involved in its

GHG emissions estimation; however, these factors are not considered in this estimation methodology.

AMS-III-U : Cable Cars for Mass Rapid Transit Projects
[ Differences]

+ Cable car projects can be the target for GHG emissions estimation; however, the freight railway project is the
target in this estimation methodology.

+ CH, and N,0 can be counted as GHG emissions other then CO,; however, only CO, emissions are counted in this
estimation methodology.

+ The effects of GHG emissions reduction due to technology improvements can be counted; however, these are not
counted in this estimation methodology.

+ Once the cable car system has been introduced, passengers must utilize the cable car stations which were not
available before the project started in order to reach their destinations. This results in additional GHG emissions.
These indirect GHG emissions can be counted; however, these are not considered in this estimation methodology.

+ Cable cars are powered by electricity; however, both electricity and engine (internal combustion) is considered in

this estimation methodology.
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1. Typical

Project Outline

The project intends to reduce GHG emissions by realizing “modal shift” from existing transport systems (i.e., buses,

private cars, taxies and bikes) to a Mass Rapid Transit (MRT) system.

2. Applicability

OAfter the project completes, the MRT system will have its own rapid railways (a subway or elevated railway)
infrastructures connecting a city center and its suburbs, and will provide rapid transportation for a large number
of passengers.

OThe baseline transport system should be road based, such as buses, private cars, taxies and bikes. Hence, the
current transport system does not involve railways, ships, or civil aviation.

OThe motive power of rapid railways should be electric-powered.

3.
Methodology on
Emission

Reduction

GHG emissions reduction due to MRT is calculated as the difference between the GHG emissions with the existing
transport systems (baseline) and those after the success of the modal shift to MRT (project emission).
ER, =BE, — PE, (t-COyly)
ER, :GHG emissions reduction due to project activity in year y (t-CO,/y)
BE, :GHG emissions with existing transport systems in year y (t-CO,/y) (Baseline emissions)
PE, : GHG emissions after the success of modal shift to MRT from the existing transport systems in year y

(t-CO,/y) (Project emissions)

BE, : Baseline emissions PE, : Project emissions

Emissions with a MRT
system

Emissions with existing
transport systems in
absence of a MRT system

(1) Baseline emissions estimation
In case the existing transport systems would share a similar number of passengers transported by the projected MRT,
baseline emissions for various types of vehicles are estimated by multiplying their shared number of passengers with

their CO, emission factors per passenger before the project starts.

BE, = ;(EFp,i,y XPPJ,i,j)

Type Items Description
Output | BE, Baseline emissions :
GHG emissions in the absence of MRT (gr-CO,/y)
Input EFp;, CO, emission factor per passenger for vehicle category i (gr-CO,/passenger)
Pryiy Annual number of passengers transported by vehicle category i after the project
has completed
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3. Methodology
on Emission
Reductions

(Continuation)

Determination of EFp;,

Involving parameters such as CO, emission factor per kilometer, average trip distance, and average occupation rate of
vehicle before the project starts, the CO, emission factor per passenger for each vehicle category is estimated by the

following formula:

EF,,, . xTD.
E FP . — KM i i
. OcC,
EF, xi - COy emission factor per km for vehicle category i before the project starts (gr-CO,/km)
1D, : Average daily trip distance driven by vehicle category i (km/vehicle)
ocC, : Average daily occupancy rate for vehicle category i (person/vehicle)

1

EF,,, ;s calculated using the following formula:

EF, Y U=au) g N
L= - X X -
KM i E CO2,x N

x x,i i

SEC,; : Specific fuel consumption per vehicle category i (km/L)

EF,, . : CO, emission factor of fuel category x (gr-CO/l)

: Number of vehicle category i using fuel category x (vehicle)
N i : Number of vehicle category i (vehicle)

: Mixing rate of biofuel (ex. = 0.1 for biodiesel 10% mixing fuel)

(2) Project emissions estimation

Project emissions are calculated by multiplying the total annual electricity consumption of MRT trains (subways or

elevated trains) after the project starts (planned value), with the CO, emission factor of electricity.

Type Items Description

Output | PE, Project emissions:
GHG emissions of MRT trains after the project starts (t-CO,/y)

Input TCy Total annual electricity consumption of MRT trains after the
project has started (kWh/y)

EFcosx CO, emission factor of fuel category x (gr-CO,/1)

Determination of TC,
The total annual fuel consumption of MRT trains is estimated considering their electricity consumption rate multiplied

by their total annual trip distance as follows:

1C,,, =DD, - SEC,

ety ety

SEC,,, : Electricity consumption rate (kWh/km)

DD, : Total annual trip distance traveled by MRT trains (train km/y)
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For subway cars with electric power regeneration brake, a regeneration ratio is involved in their electrical

consumption as follows:

TC, = DD, xSEC,, , x(1- 5% )

Yo : Ratio of electric power regeneration

4 : Ratio of electrical power used for othare subway cars to total regenerateded power
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4. Data Required
for Estimation
and Monitoring

Data Acquisition Methods

Baseline Emissions

Project Emissions

Data Type Description of Data - -
Before the After Project Before the After Project
Project Starts Completion Project Starts Completion
Passengers of existing | Passengers of
transport systems existing transport
(After : Ppy;,) systems that would
be shared in the
absence of the MRT
project. Planned values Measured values (Not necessary because data are not

The total number of
passengers of
existing transport
systems is equal to
the passengers of
MRT trains

involved in the calculation)

Total annual trip distance Total annual trip
. (Not necessary because data are not Measured
traveled by MRT distance traveled by | . Ived in the calculation) Planned values )
. . involved in the calculation values
trains ( After:DD,) MRT trains
Electricity
Electricit ti t H
ceictly consumption fate consumption rate of | (Not necessary because data are not Measured
of MRT trains MRT trains ) . . Planned values
involved in calculation) values
(SECx,bs,s)
(N Total number of
Total number of | vehicles in a vehicle
isti t d a fuel
eXIS. ne . categoty and a fue (Not necessary because data are not
vehicles in fuel | type Measured values | Measured values | . . .
involved in the calculation)
type X, and
vehicle category
i, (Nx i)
Total number of | Total number of
st hicles i
ex1§ ne . ve ?C esima (Not necessary because data are not
vehicles in vehicle category Measured values | Measured values | . . .
. involved in the calculation)
co vehicle category
. .2 i> (Nx i)
emissions - T
factor Average trip Trip distance for

distance driven
by existing
vehicles in
vehicle category

each vehicle
category before the
project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

vehicles in
vehicle category
i, (0Cy)

project starts

Measured values | Measured values

i,(OD))

Average Occupation rate of

occupation rate | each vehicle

of existing category before the (Not necessary because data are not

involved in the calculation)
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Data Acquisition Methods

Baseline Emissions Baseline Emissions

Data Type Description of Data
Before the After Project Before the After Project
Project Starts Completion Project Starts Completion
Specific fuel Fuel consumption | It is best desirable to use national or
consumption of | rate per liter (km/L) | regional data and information of the

CO,
emissions
factor

existing
vehicles in fuel
type x, vehicle
category i,
(SEC,)

project, so the availability of relevant

data and information should be

justified and used in the following
order (see the tables hereinafter):

i) Specific data in the project
obtained through interviews with
transport management authorities

ii) Published values in the country
where the project exists

iii) Values based on IPCC database

(Not necessary because data are not
involved in the calculation)

CO, emission
factor of

fuel (EFCO, .
)

CO, emission
factor of fuel per
liter, such as
gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. with the
transport management authorities

ii) Published values in the country where the project exists

iii) Values based on IPCC database

Mixing ratio of
biofuel

Mixing ratio of
biofuel in gasoline,

diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

1) Specific data in the project obtained through interviews, etc. for the
transport management authorities

i) Published values in the country where the project exists
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5. Others

(1) Project boundary
The project delineation for GHG estimations is defined by the outreach of the MRT project.

(2) Leakage

Considering the life cycle assessment (LCA) related to the passenger train project, the production and freight of raw
materials needed for MRT facilities and trains, and the energy consumed during construction and manufacturing of
raw materials are expected as leakages of GHG emissions. However, these are significantly small as compared with
the GHG emissions reduction caused by the project. Hence, these are not counted as leakages in this estimation
methodology. Looking at five CDM registered projects, only the Bagota Bus Rapid Transit (BRT) Project took
account of leakage, while the other projects counted leakage as zero. For reference, the estimated leakages of the
Bogota BRT Project are shown in the appended Table B-3 attached herewith. The total volume of leakages is 0.8% as
compared with that of the GHG emissions reduction due to the BRT project.

(3) Relevant methodologies and their differences with this estimation methodology
ACMO0016 : Baseline Methodology for Mass Rapid Transit Projects
[ Differences]

* All mass rapid transit (MRT) systems including not only rail-based systems such as subways and light rail transit
(LRT) but also bus systems such as BRT; however, only subway and elevated train systems are considered in this
estimation methodology.

+ CH,4 and N,O can be counted as GHG emissions other than CO,; however, only CO, emission is counted in this
estimation methodology.

* The effects of GHG emission reduction by the improvement of technology can be counted; however, these are not
counted in this estimation methodology.

+ The effects of GHG emission reduction due to the improvement of technology can be counted; however, these are
not counted in this estimation methodology. In particular, a technology improvement factor is assumed 0.99/year
(or 1%/year) and the GHG emissions are expected to reduce by 1% per year with the technology improvement. In
10th year, 0.99 to the 9th power equals 0.91, and so the baseline emissions from the existing transport systems
becomes 0.91 times due to their technological improvement. Simply assuming annual GHG emissions is constant
over 10 years, the difference between with and without the technology improvement factors is around 4%. Thus,
the baseline GHG emissions over 10 years would reduce by 4% due to technology improvement, and so the
effects of GHG emission reduction lessen by 4%, meaning it is on the safety side. In developing countries,
however, it is reasonable to consider that old vehicles will be continuously used rather than acquiring brand-new
vehicles. Because of this, the technological improvement factors are not considered in this estimation
methodology.

* Once the MRT system has been newly introduced, passengers must utilize the MRT stations that were not
available before the project has started in order to reach their destinations. This results in producing additional
GHG emissions. These indirect GHG emissions can be counted; however, these are not considered in this
estimation methodology.

+ The reduction of traffic congestions after the project has started may reduce GHG emissions since vehicle
operation will speed due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than MRT trains. These are involved
in AM0016 but not considered in this estimation methodology.

+ CO, emission factors for passenger cars and taxies are a function of speed; however, these are not considered as a
function of speed (constant for average speed) in this estimation methodology.

+ The changes in load factors of conventional buses and taxies after the MRT project has started are involved in its

GHG emissions estimation; however, these factors are not considered in this estimation methodology.

AMS-III-U : Cable Cars for Mass Rapid Transit Projects
[ Differences]
+ Cable car projects can be the target for GHG emissions estimation; however, the MRT project is the target in this

estimation methodology.
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+ CH, and N,0 can be counted as GHG emissions other then CO,; however, only CO, emissions are counted in this
estimation methodology.

+ The effects of GHG emissions reduction due to technology improvements can be counted; however, these are not
counted in this estimation methodology.

+ Once the cable car system has been introduced, passengers must utilize the cable car stations which were not
available before the project started in order to reach their destinations. This results in additional GHG emissions.

These indirect GHG emissions can be counted; however, these are not considered in this estimation methodology.
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1.Typical Project
Outline

The project intends to reduce GHG emissions by realizing “modal shift” from existing transport systems (i.e., buses,

private cars, taxies and bikes) to a light or medium transport system such as monorail and LRT(Light Rail Transit).

2.Applicability O After the project completes, the light or medium transport system will have its own rail-based infrastructure
(monorail or LRT) infrastructures connecting a city center and its suburbs and will provide rapid transportation
for a large number of passengers.
OThe current baseline transport system should be road based, such as buses, private cars, taxies and bikes. Hence,
the current transport system does not involve railways, ships, or civil aviation.
OThe motive power of monorail and LRT should be electricity.
3. GHG emissions reduction due to monorail or LRT systems is calculated as the difference between the GHG emissions
Methodology on | with the existing transport systems (baseline) and those after the success of the modal shift to monorail or LRT
Emission systems (project emission).
Reduction

ER, =BE, — PE, (t-COly)

ER, :GHG emissions reduction due to project activity in year y (t-CO,/y)

BE, :GHG emissions with existing transport systems in year y (t-CO,/y) (Baseline emissions)
PE, :GHG emissions after the success of modal shift to monorail or LRT from the existing transport systems
in year y (t-CO,/y) (Project emissions)
BE, : Baseline emissions PE, : Project emissions

Emissions with existing Emissions with a mono
transport systems in rail system

absence of a monorail

system

Monorail System

@D

Emissions with existing Emissions with a LRT
transport systems in rail system

absence of a LRT system

LRT system
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3. Methodology
on Emission
Reductions

(Continuation)

(1) Baseline emissions estimation
In case the existing transport systems would share a similar number of passengers transported by the projected
monorail or LRT, baseline emissions for various types of vehicles are estimated by multiplying their shared number

of passengers with their CO, emission factors per passenger before the project starts.

BE, = Z(EFp,i,y XPPJ,i,j)

Type Items Description
Output | BE, Baseline emissions :
GHG emissions in the absence of MRT (gr-CO,/y)
Input EFp;, CO, emission factor per passenger for vehicle category i (gr-CO,/passenger)
Py Annual number of passengers transported by vehicle category i after the project
has completed.

Determination of EFp;,

Involving parameters such as CO, emission factor per kilometer, average trip distance, and average occupation rate of
vehicle before the project starts, the CO, emission factor per passenger for each vehicle category is estimated by the

following formula:

EF,,, . xTD,
E FP . — KM i i
. OcC,
EF,,, ; : CO, emission factor per km for vehicle category i before the project starts (gr-CO,/km)
1D, : Average daily trip distance driven by vehicle category i (km/vehicle)
OcC, : Average daily occupancy rate for vehicle category i (person/vehicle)

1

EF,,, ;s calculated using the following formula:

(I_axi) in
EFyy =2~ % EFcp,, ¥ N,

<| SEC,, )

SEC_ . : Specific fuel consumption per vehicle category i (km/L)
EF,,, : CO, emission factor of fuel category x (gr-CO/l)

N i : Number of vehicle category i using fuel category x (vehicle)
N i : Number of vehicle category i (vehicle)
a; : Mixing rate of biofuel (ex. = 0.1 for biodiesel 10% mixing fuel)

(2) Project emissions estimation
Project emissions are calculated by multiplying the total annual electricity consumption of monorail or LRT trains

after the project has completed (planned value), with the CO, emission factor of electricity.

PE, =TC, x EFgy, .

Type Items Description

Output | PE, Project emissions:
GHG emissions of monorail or LRT trains after the project has
completed (t-CO,/y)

Input TCy Total annual electricity consumption of monorail or LRT trains

after the project has completed (kWh/y)

EFcosx CO, emission factor of fuel category x (gr-CO,/1)
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Determination of TC,

The total annual electricity consumption of monorail or LRT trains is estimated considering their electricity

consumption rate multiplied by their total annual trip distance as follows:

IC,, =DD,-SEC

ety ety
SEC,,, : Electricity consumption rate (kWh/km)
DDy : Total annual trip distance driven by MRT trains (train km/y)

4-68




5. Traffic and Transportation /Monorail, LRT

4. Data Required
for Estimation
and Monitoring

Data Type

Description of Data

Data Acquisition Methods

Baseline Emissions

Project Emissions

Before the After Project
Project Starts Completion

Before the After Project
Project Starts Completion

Passengers of
transport systems
(After : Ppy,;))

existing

Passengers of
existing transport
systems that would
be shared in the
absence of the
monorail/LRT
project.

The total number of
passengers of
existing transport
systems is equal to
the passengers of

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

monorail/LRT trains
Total annual trip distance Total annual trip
. . . . (Not necessary because data are not
driven by monorail or LRT distance driven by | . Ived in the calculation) Planned values | Measured values
. . . involved in the calculation
trains ( After:DD,) monorail/LRT trains
Electricity
Electricity consumption rate ;
V. POt consumption rate of | (Not necessary because data are not
of monorail or LRT trains monorail/LRT ) . . Planned values | Measured values
involved in calculation)
(SECyps.s) trains

Total number of
existing

Total number of
vehicles in a vehicle

hicles in fuel t d a fuel t b dat t
vehicles in fue category and a fue Measured values | Measured values .(No nece.ssary ecause. ata are no
type X, and type involved in the calculation)
vehicle category
i, (Nx i)

Total number of
existing
vehicles in
vehicle category

Total number of
vehicles in a
vehicle category

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

by existing
vehicles in
vehicle category

COZ i> (Nx i)
emissions | Average trip Trip distance for
factor distance driven | each vehicle

category before the
project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

vehicles in
vehicle category
i, (0Cy)

project starts

Measured values | Measured values

i,(OD))

Average Occupation rate of

occupation rate | each vehicle

of existing category before the (Not necessary because data are not

involved in the calculation)
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Data Acquisition Methods

Baseline Emissions Project Emissions

Data Type Description of Data
Before the After Project Before the After Project
Project Starts Completion Project Starts Completion
Specific fuel Fuel consumption | It is best desirable to use national or
consumption of | rate per liter regional data and information of the
existing vehicles | (km/L) project, so the availability of relevant

CO,
emissions
facto

in fuel type x,
vehicle category
i, (SECyy)

data and should be
justified and used in the following

information

order (see the tables hereinafter):
i) Specific data in the project
obtained through interviews with

(Not necessary because data are not
involved in the calculation)

transport management authorities
ii) Published values in the country
where the project exists
iii) Values based on IPCC database

CO, emission
factor of
fuel( EFCO, )

CO, emission
factor of fuel per
liter, such as
gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. with the
transport management authorities

ii) Published values in the country where the project exists

iii) Values based on IPCC database

Mixing ratio of
biofuel

Mixing ratio of
biofuel in gasoline,

diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. for the
transport management authorities

i) Published values in the country where the project exists
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5. Others

(1) Project boundary

The project delineation for GHG estimations is defined by the outreach of the monorail or LRT project.

(2) Leakage

Considering the life cycle assessment (LCA) related to the monorail or LRT project, the production and freight of
raw materials needed for monorail or LRT trains, and the energy consumed during construction and manufacturing
of raw materials are expected as leakages of GHG emissions. However, these are significantly small as compared
with the GHG emissions reduction caused by the project. Hence, these are not counted as leakages in this estimation
methodology. Looking at five CDM registered projects, only the Bagota Bus Rapid Transit (BRT) Project took
account of leakage, while the other projects counted leakage as zero. For reference, the estimated leakages of the
Bogota BRT Project are shown in the appended Table B-3 attached herewith. The total volume of leakages is 0.8%
as compared with that of the GHG emissions reduction due to the BRT project.

(3) Relevant methodologies and their differences with this estimation methodology
ACMO0016 : Baseline Methodology for Mass Rapid Transit Projects
[ Differences]

* All mass rapid transit (MRT) systems including not only rail-based systems such as subways and light rail transit

(LRT) but also bus systems such as BRT; however, only monorail and LRT systems are considered in this

estimation methodology.

+ CH,4 and N,O can be counted as GHG emissions other than CO,; however, only CO, emission is counted in this

estimation methodology.

* The effects of GHG emission reduction by the improvement of technology can be counted; however, these are not

counted in this estimation methodology.

+ The effects of GHG emission reduction due to the improvement of technology can be counted; however, these are

not counted in this estimation methodology. In particular, a technology improvement factor is assumed 0.99/year
(or 1%/year) and the GHG emissions are expected to reduce by 1% per year with the technology improvement. In
10th year, 0.99 to the 9th power equals 0.91, and so the baseline emissions from the existing transport systems
becomes 0.91 times due to their technological improvement. Simply assuming annual GHG emissions is constant
over 10 years, the difference between with and without the technology improvement factors is around 4%. Thus,
the baseline GHG emissions over 10 years would reduce by 4% due to technology improvement, and so the
effects of GHG emission reduction lessen by 4%, meaning it is on the safety side. In developing countries,
however, it is reasonable to consider that old vehicles will be continuously used rather than acquiring brand-new
vehicles. Because of this, the technological improvement factors are not considered in this estimation

methodology.

* Once the MRT system has been newly introduced, passengers must utilize the MRT stations that were not

available before the project has started in order to reach their destinations. This results in producing additional
GHG emissions. These indirect GHG emissions can be counted; however, these are not considered in this

estimation methodology.

+ The reduction of traffic congestions after the project has started may reduce GHG emissions since vehicle

operation will speed due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than monorail or LRT trains. These

are involved in AMO0O016 but not considered in this estimation methodology.

+ CO, emission factors for passenger cars and taxies are a function of speed; however, these are not considered as a

function of speed (constant for average speed) in this estimation methodology.

+ The changes in load factors of conventional buses and taxies after the MRT project has started are involved in its

GHG emissions estimation; however, these factors are not considered in this estimation methodology.

AMS-III-U : Cable Cars for Mass Rapid Transit Projects
[ Differences]

+ Cable car projects can be the target for GHG emissions estimation; however, the passenger railway project is the

target in this estimation methodology.
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+ CH, and N,0 can be counted as GHG emissions other then CO,; however, only CO, emissions are counted in this
estimation methodology.

+ The effects of GHG emissions reduction due to technology improvements can be counted; however, these are not
counted in this estimation methodology.

+ Once the cable car system has been introduced, passengers must utilize the cable car stations which were not
available before the project started in order to reach their destinations. This results in additional GHG emissions.

These indirect GHG emissions can be counted; however, these are not considered in this estimation methodology.
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6. Traffic and Transportation /Bus (BRT, Trunk Bus)

1.Typical Project
Outline

The project intends to reduce GHG emissions by realizing “modal shift” from existing transport systems (i.e., buses,

private cars, taxies and bikes) to Bus Rapid Transit (BRT) or trunk bus systems.

2.Applicability OAfter the projects completes, the BRT or trunk bus system will have its own bus lanes, separating it from other
transport systems, and will provide rapid transportation for a large number of passengers.
OThe current baseline transport system should be road based (i.e., buses, private cars, taxies and bikes). Hence, the
current transport system does not involve railways, ships, or civil aviation.
(OThe motive power of buses should be through an internal combustion (engine), meaning not electricity.
3. GHG emissions reduction due to BRT or trunk bus systems is calculated as the difference between the GHG emissions
Methodology on | with the existing transport systems (baseline) and those after the success of the modal shift to BRT or trunk bus
Emission systems (project emission).
Reduction

ER, =BE, — PE, (t-CO,ly)
ER, :GHG emissions reduction due to project activity in year y (t-CO,/y)
BE, :GHG emissions with existing transport systems in year y (t-CO,/y) (Baseline emissions)

PE, :GHG emissions after the success of modal shift to BRT or trunk bus systems from the existing transport

systems in year y (t-CO,/y) (Project emissions)

: Baseline emissions PE, : Project emissions

D =
.

- 4 i
o F4o w :> ’Tﬁw

Emissions with existing Emissions with BRT or
transport systems in the trunk bus systems
absence of BRT or trunk
bus svstems

b
:

(1) Baseline emissions estimation
In case the existing transport systems would share a similar number of passengers transported by the projected BRT,
baseline emissions for various types of vehicles are estimated by multiplying their shared number of passengers with

their CO, emission factors per passenger before the project starts.

BEy = Z(EFP’i’y XPPJ,i,j)

Type Items Description
Output | BE, Baseline emissions :
GHG emissions in the absence of BRT (gr-CO»/y)
Input | EFp;, CO, emission factor per passenger for vehicle category i (gr-CO,/passenger)
Ppyiy Annual number of passengers transported by vehicle category i after the project
completes
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3. Methodology
on Emission
Reductions

(Continuation)

Determination of EFp;,

The CO, emission factor per passenger for each vehicle category is estimated by the following formula, involving
variables such as CO, emission factor per kilometer, average trip distance, and average occupation rate of vehicle

before the project starts:

EF,, . xTD.

E FP . — KM i i

- ocC,

EF, xu; - CO, emission factor per km for vehicle category i before the project starts (gr-COy/km)
1D, : Average daily trip distance driven by vehicle category i (km/vehicle)

OcC, : Average daily occupancy rate for vehicle category i (person/vehicle)

i

EF

xu ;18 calculated using the following formula:

EF, Y (=) g X
L= —X X -
| sec,, o2 N,

SEC_ . : Specific fuel consumption per vehicle category i (km/L)
EF,,, : CO, emission factor of fuel category x (gr-CO,/L)

N i : Number of vehicle category i using fuel category x (vehicle)
N i : Number of vehicle category i (vehicle)
a; : Mixing rate of biofuel (i.e., = 0.1 for biodiesel 10% mixing fuel)

(2) Project emissions estimation
Project emissions are calculated by multiplying the total annual fuel consumption of BRT or trunk buses after the

project starts (planned value), with the CO, emission factor of fuel.

Type Item Description

Output | PE, Project emissions:
GHG emissions of BRT or trunk buses after the project has
completed (t-CO,/y)

Input TCy Total annual fuel consumption of BRT or trunk buses after the

project has completed (L/y)

EF oz CO, emission factor of fuel category x (gr-CO,/L)

Determination of TC,

The total annual fuel consumption of BRT buses is estimated considering their specific fuel consumption multiplied

by their total annual trip distance. By involving a mixing rate of biofuel in fuel consumption, the formula is as follows:

_ (1 &y bs )DDy
=2
SEC, 4. )
SECx,bS,y . Specific fuel consumtion (km/L)
DD, : Total annual trip distance driven by BRT buses (vehicle km/y)
@ s Mixing ratio of biofuel
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4. Data Required

for Estimation
and Monitoring

Data Type

Description of Data

Data Acquisition Methods

Baseline Emissions

Project Emissions

Before the
project starts

After project
completion

Before the
project starts

After project

completion

Passengers of existing
transport systems
(After : Ppy;,)

Passengers of
existing transport
systems that would
be shared in the
absence of the BRT
project.

The total number of
passengers of
existing transport
systems is equal to
the passengers of

Planned values Measured values

(Not necessary because data are not
involved in the calculation)

Specific fuel consumption rate
of BRT buses
(SE Cx,bs,s)

consumption of
BRT buses

(Not necessary because data are not
involved in calculation)

BRT buses
Total annual trip distance Total annual trip
driven by BRT distance driven by .(NOt nece.tssary becaus§ data are not Planned values | Measured values
buses ( After:DD,) BRT buses involved in the calculation)

Specific fuel

Planned values | Measured values

CO,
emissions
factor

Total number of
existing
vehicles in fuel
type x, and
vehicle category
i, (V,)

Total number of
vehicles in a vehicle
category and a fuel

type

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

Total number of
existing
vehicles in
vehicle category
ia (Nx i)

Total number of
vehicles in a
vehicle category

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

Average trip
distance driven
by existing
vehicles in
vehicle category
L(ODy)

Trip distance for
each vehicle
category before the
project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)

Average
occupation rate
of existing
vehicles in
vehicle category
i, (0OCy)

Occupation rate of
each vehicle
category before the

project starts

Measured values | Measured values

(Not necessary because data are not
involved in the calculation)
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Data Type

Description of Data

Data Acquisition Methods

Baseline Emissions Project Emissions

Before the
project starts

Before the
project starts

After project After project

completion completion

CO,
emissions
factor

Specific fuel
consumption of
existing vehicles
in fuel type x,
vehicle category
i, (SECy)

Fuel
rate per liter
(km/L)

consumption

It is best desirable to use national or
regional data and information of the
project, so the availability of relevant
data and information should be
justified and used in the following
order (see the tables hereinafter):

i) Specific data in the project
obtained through interviews with
transport management authorities

ii) Published values in the country
where the project exists

iii) Values based on IPCC database

(Not necessary because data are not
involved in the calculation)

CO, emission
factor of
fuel (EFCO, )

CO, emission
factor of fuel per
liter, such as

gasoline, diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

i) Specific data in the project obtained through interviews, etc. with the
transport management authorities

ii) Published values in the country where the project exists

iii) Values based on IPCC database

Mixing ratio of
biofuel

Mixing ratio of
biofuel in gasoline,

diesel

It is desirable to use national or regional data and information of the project,

so the availability of relevant data and information should be justified and

used in the following order (see the tables hereinafter):

1) Specific data in the project obtained through interviews, etc. for the
transport management authorities

ii) Published values in the country where the project exists
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5. Others

(1) Project boundary
The project delineation for GHG estimations is defined by the outreach of the BRT or trunk bus project.

(2) Leakage

Considering the life cycle assessment (LCA) related to the freight train project, the production and freight of raw
materials needed for BRT or trunk buses, and the energy consumed during construction and manufacturing of raw
materials are expected as leakages of GHG emissions. However, these are significantly small as compared with the
GHG emissions reduction caused by the project. Hence, these are not counted as leakages in this estimation
methodology. Looking at five CDM registered projects, only the Bagota Bus Rapid Transit (BRT) Project took
account of leakage, while the other projects counted leakage as zero. For reference, the estimated leakages of the
Bogota BRT Project are shown in the appended Table B-3 attached herewith. The total volume of leakages is 0.8%
as compared with that of the GHG emissions reduction due to the BRT project.

(3) Relevant methodologies and their differences with this estimation methodology

AMO0031 : Methodology for Bus Rapid Transit Projects

[ Differences)

+ CH,4 and N,O can be counted as GHG emission other then CO,, while CO, emission is only counted in this

estimation methodology.

+ The effects of GHG emission reduction by technology improvements can be counted; however, these are not

counted in this estimation methodology.

* GHG emissions including construction for BRT bus lanes and related facilities such bus stations with platforms,

production of new BRT buses, scrap of conventional buses, and GHG emission reductions by decreasing fuel
finery volume, are considered as leakages; however, these leakages are not considered in this estimation

methodology.

* Reduction of traffic congestions after the project has started may cause GHG emission reductions from speeding

up vehicle operation due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than BRT buses. These are involved

in AMO0016 but not considered in this estimation methodology.

+ The changes in load factors of conventional buses and taxies after the BRT project starts is involved in its GHG

emissions estimation; however, these factors are not considered in this estimation methodology.

+ Biofuels cannot be considered in GHG emissions estimation; thus these factors are not suitable in this estimation

methodology.

ACMO0016 : Baseline Methodology for Mass Rapid Transit Projects
[ Differences]

+ All mass rapid transit (MRT) systems including not only rail-based systems such as subways and light rail transit

(LRT) but also bus systems such as BRT; however, only BRT or trunk bus systems are considered in this

estimation methodology.

* CHy4 and N,O can be counted as GHG emissions other than CO,; however, only CO, emission is counted in this

estimation methodology.

+ The effects of GHG emission reduction by the improvement of technology can be counted; however, these are not

counted in this estimation methodology.

+ The effects of GHG emission reduction due to the improvement of technology can be counted; however, these are

not counted in this estimation methodology. In particular, a technology improvement factor is assumed 0.99/year
(or 1%/year) and the GHG emissions are expected to reduce by 1% per year with the technology improvement. In
10th year, 0.99 to the 9th power equals 0.91, and so the baseline emissions from the existing transport systems
becomes 0.91 times due to their technological improvement. Simply assuming annual GHG emissions is constant
over 10 years, the difference between with and without the technology improvement factors is around 4%. Thus,
the baseline GHG emissions over 10 years would reduce by 4% due to technology improvement, and so the

effects of GHG emission reduction lessen by 4%, meaning it is on the safety side. In developing countries,
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however, it is reasonable to consider that old vehicles will be continuously used rather than acquiring brand-new
vehicles. Because of this, the technological improvement factors are not considered in this estimation
methodology.

+ Once the freight railway system has been newly introduced, freight must utilize the freight stations that were not
available before the project has started in order to reach their destinations. This results in producing additional
GHG emissions. These indirect GHG emissions can be counted; however, these are not considered in this
estimation methodology.

+ The reduction of traffic congestions after the project has started may reduce GHG emissions since vehicle
operation will speed due to reduced traffic congestion. On the other hand, it may induce an increase in GHG
emissions because of the increasing traffic caused by transport systems other than BRT or trunk buses. These are
involved in AM0016 but not considered in this estimation methodology.

+ CO, emission factors for passenger cars and taxies are a function of speed; however, these are not considered as a
function of speed (constant for average speed) in this estimation methodology.

+ The changes in load factors of conventional buses and taxies after the MRT project has started are involved in its

GHG emissions estimation; however, these factors are not considered in this estimation methodology.

AMS-III-U : Cable Cars for Mass Rapid Transit Projects
[ Differences]
+ Cable car projects can be the target for GHG emissions estimation; however, the freight railway project is the
target in this estimation methodology.
+ CH,4 and N,0 can be counted as GHG emissions other then CO,; however, only CO, emissions are counted in this
estimation methodology.
+ The effects of GHG emissions reduction due to technology improvements can be counted; however, these are not
counted in this estimation methodology.
+ Once the cable car system has been introduced, passengers must utilize the cable car stations, which were not
available before the project started in order to reach their destinations. This results in additional GHG emissions.
These indirect GHG emissions can be counted; however, these are not considered in this estimation methodology.

+ Cable cars are powered by electricity; however, internal combustion is considered in this estimation methodology.
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Annex Table B-1 Specific fuel consumption rates and CO, emission factors per liter for various types of vehicles

Vehicle Type Fuel economy CO,/km traveled EF co2 «

L/100 km gC0,/km gC0,/L
New small gas/electric hybrid 4.2 100. 1 2,383
Small gas auto, highway 7.3 175.1 2,399
Small gas auto, city 9.0 215.5 2,394
Medium gas auto, highway 7.8 186. 8 2,395
Medium gas auto, city 10. 7 254. 7 2,380
Large gas automobile, highway 9.4 224. 1 2,384
Large gas automobile, city 13.1 311.3 2,376
Medium Station wagon, highway 8.7 207.5 2, 385
Med Station wagon, city 11. 8 280. 1 2,374
Mini Van, highway 9.8 233.5 2,383
Mini Van, city 13. 1 311.3 2, 376
Large Van, highway 13.1 311.3 2,376
Large Van, city 16. 8 400. 2 2, 382
Mid size. Pick—up Trucks, highway 10.7 254.7 2, 380
Pick—up Trucks, city 13.8 329.6 2,388
Large Pick—up Trucks, highway 13.1 311.3 2,376
Large Pick-up Trucks, cuty 15.7 373.5 2,379
LPG automobile 11. 2 266 2,375
Diesel automobile 9.8 233 2,378
Gasoline light truck 16. 8 400 2,381
Gasoline heavy truck 39.2 924 2,357
Diesel light truck 15.7 374 2,382
Diesel heavy truck 33.6 870 2,589
Light motorcycle 3.9 93 2, 385
Diesel bus 35. 1 1034. 6 2,948

Sources : Miles per gallon for typical vehicles based on averages from US-EPA 2001 Guide.!

GHG mission activity Fuel type Unit Values

Gasoline gr-CO,/L 2,320
Diesel gr-CO,/L 2,580

Source: A List for Estimation Methodologies and Emissions Factors in Regulations for Estimation, Reporting, and Publication

Combustion of fuels

2

Vehicle category CO, emission

(Fuel type) factor
(gr-CO,/L)

Passenger car and taxi 2,313

(Gasoline)

Bus 2,661

(Diesel)

Source: AM0031
(Original source: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual®)

' EPA : http://www.epa.gov/greenvehicles/Index.do
2 Ministry of the Environment , Ministry of Economy, Trade and Industry : http://www.env.go.jp/earth/ghg-santeikohyo/material/itiran.pdf
* IPCC : http://www.ipcc-nggip.iges.or.jp/public/gl/invs6.html
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Annex Table B-2 Specific fuel consumption

Vehicle category Fuel type Specific fuel Fuel consumption
consumption (L/km) (km/L)
Commercial Normal gasoline 0.19 5.26
use diesel 0.25 4.00
Compact gasoline 0.12 8.33
diesel 0.12 8.33
Special-purpose | gasoline 0.11 9.09
diesel 0.23 4.35
Light motor gasoline 0.09 11.11
diesel - -
Personal use Normal gasoline 0.15 6.67
diesel 0.19 5.26
Compact gasoline 0.11 9.09
diesel 0.11 9.09
Special-purpose | gasoline 0.13 7.69
diesel 0.19 5.26
Light motor gasoline 0.09 11.11
diesel - -

Source: Year book of survey on motor vehicle transport, Ministry of Land, Infrastructure, Transport and Tourism, 2009*

Comparison between leakage and CO, emissions reduction effect in Bogota BRT proj

ect

. . Estimation of
Estimation of project Estlmatllon of Estimation of leakage emisson .
.. L baseline . Ratio of leakage
Year activity emissions emissions (tCOy,) reductions [Al/[B]
CO,..,) (tC0O,,,)
(t 2eq (tCOz ) [A] 2eq
o [B]
2006 56,179 154,569 3,823 94,567 4%
2007 79,391 216,246 2,845 134,011 2%
2008 135,685 365,885 0 230,201 0%
2009 182,336 486,767 0 304,432 0%
2010 182,336 481,900 845 298,719 0%
2011 208,634 545,890 521 336,735 0%
2012 208,634 540,431 4,521 327,276 1%
(t-ggjl ) 1,053,194 2,791,689 12,555 1,725,940| 1%
€q

Source : BRT Bogota, Colombia: TransMilenio Phase II to TV?

* Ministry of Land, Infrastructure and Transport : http://www.mlit.go.jp/k-toukei/06/annual/06a0excel.html
> UNFCCC CDM http://cdm.unfccc.int/Projects/projsearch.html
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