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1.

Introduction

Asia is urbanizing fast. Over 50% of the population now lives in cities. Over the next 30 years,
another 1.1 billion people are expected to be living in cities. In 2010, 12 megacities are in Asia
and by 2025, it is expected that 21 of the 37 megacities in the world will be in this region (Asian
Development Bank (ADB), 2010).
Asian economies are growing. Many emerging market economies in Asia are growing above prerecession trends, and they are projected to continue their growth (International Monetary Fund
(IMF), 2012). PR China, India, and Indonesia had the highest gross domestic product (GDP) in the
region, ranging from at least 250 million to 3.2 billion USD in 2010. PR China (14.47%), Nepal
(25.3%), and Singapore (10.4%) had the fastest GDP growth rates (World Bank (WB), 2012).
Growth for Asia and the Pacific region is projected to be at 6% in 2012 before rising to about
6.5% in 2013 (IMF, 2012).
Air pollution in Asia is worsening, and greenhouse gas (GHG) emissions is increasing. Air
pollution in Asia is causing over 800,000 premature deaths each year, according to the World
Health Organization (WHO, 2011). Carbon dioxide (CO2) emissions are also on the rise. In 2010,
Asia emitted at least 30% of the world’s CO2 emissions (International Energy Agency (IEA), 2011).
The business-as-usual scenario suggests that Asia will contribute around 45% of global energyrelated CO2 emissions by 2030 and an estimated 60% by 2100 (United Nations Environment
Programme (UNEP), 2012). Some Asian cities are also estimated to have higher CO2 emissions per
capita compared with cities in the developed countries. For example, in 2010, the estimated CO2
emissions per capita in Shanghai (11.1 tons per capita) and Beijing (10.1 tons per capita) were
higher when compared with London (6.8 tons per capita) and New York (7.5 tons per capita)
(Want China Times, 2012; City of New York, 2010; The Guardian, 2010).
The growth of the region will boost energy demand in the transport and electricity (and heat)
sectors. The annual average growth rate of Asia’s energy demand from 1980 to 2007 was 4.6%.
This is more than twice the global average of 2% (Komiyama, n.d.). In 2010, Asia accounted for
30% of the world’s total energy demand and this share is expected to increase further in the near
future (British Petroleum (BP), 2011). PR China accounts for the largest share of the growth in
global energy use, with demand projected to increase up to 60% by 2035 (IEA, 2012).
Transport is the fastest growing contributor to global CO2 emissions. The transport sector
consumed 19% of total fuel use and contributed 22% of total (energy-related) CO2 emissions (IEA
estimates, 2012). Of the total CO2 emissions, about 74% comes from road transport. Transport
CO2 emissions are also expected to increase 57% worldwide in 2005-2030, with PR China and
India accounting for more than half of this growth. Air pollution from transport is rising due to the
sharp increase in vehicle use, which has offset efforts to make fuels and vehicles cleaner. Of
particular concern are diesel emissions and small particulates (PM10 and PM2.5). Diesel fumes can
cause lung cancer as confirmed by the WHO (International Agency for Research on Cancer (IARC),
2012). Small particulates worsen asthma and other respiratory and cardiovascular diseases. Black
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carbon, a component of soot, which comes from gasoline and diesel vehicles also contributes to
global warming more than previously thought.
Electricity and heat production has the largest share of global CO2 emissions. Electricity and
heat production worldwide contributes 41% of total CO2 emissions (IEA, 2012). Asia boosted its
electricity generation to 6,290 terawatt-hours (TWh) in 2010—a 139% increase from 2000 figures
(IEA, 2012). In 2009, 81% of electricity was generated from fossil fuels, specifically coal, which
accounts for 70% of total electricity generation. Fossil fuels are a significant source of GHG and
Sulfur dioxide (SO2). Although GHG emissions (as CO2 emissions) have yet to be abated, there
have been significant advancements in reducing air pollution from power generation. The
implementation of abatement technologies, such as flue-gas desulfurization devices in power
plants, has reduced SO2 emissions from this sector.
Need for Information to Manage Emissions
Relevant data. Policy and decision makers need relevant data and emissions indicators of road
transport and electricity sectors to track the progress of policies that aim to increase energy
efficiency and to reduce emissions. This is relevant to low-emissions development strategies at
the national and local levels and participation in international climate market mechanisms.
While there are initiatives on emissions indicators from transport and energy, few focus on Asia.
Data and indicators that are available for Asia usually are aggregate values. For example,
indicators are combined for a group of Asian countries (e.g. Southeast Asia), or they are
presented as total transport emissions without a breakdown for different fuel and vehicle
categories. Such aggregated data are of minimal use in developing targeted policies to reduce
emissions.
Reliable data. Many international organizations echo the need to improve data accuracy,
timeliness, and comparability. This includes the 2009 Ministerial Conference on Global
Environment and Energy in Transport (MEET) and the IEA, among others. The need for better
government data is expected to increase considerably as climate negotiations call for a more
regular and updated national communications by developing countries and for a measurement,
reporting and verification (MRV) mechanism to assess progress in emission pledges and/or
obligations.
Standard methodologies and assumptions are important to ensure that data are reliable and
comparable. Supporting data and assumptions used in emissions calculation by different
organizations vary and are often not transparent. For example, the CO2 emissions estimates for
India’s transport sector by the IEA, The Energy Research Institute (TERI), World Resource Institute
(WRI), and other organizations in 2005 ranged from 98 million tons to 216 million tons—a
difference of more than 100% (see Figure 1).
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Figure 1. CO2 emission estimates for India’s road transport sector from various organizations
Accessible data. Collected data are often not easily accessible, or are incomplete. For example,
the Sri Lanka Department of Motor Traffic collects detailed data as part of vehicle registrations.
However, the only data made publicly available through the Central Bank and the Department of
Census and Statistics are the number of vehicles registered and fuel used aggregated by vehicle
class. Another example is pilot projects and local programs that generate interesting data and
emission factors but their use is limited, i.e. these factors cannot be extrapolated easily to an
entire city, sector, or country (see Figure 2).
Furthermore, various ministries
ministries—ranging
ranging from finance, customs, and trade to energy,
environment and
nd transport, collect relevant data, but coordination among them is often lacking.
An added complication is that universities, development agencies, corporations, and other
institutions collect data for their own research and programs but seldom share these
thes with
government authorities or the public.

Figure 2. Data collection for road transport in Sri Lanka
Clean Air Asia, 2010
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Benchmarking Emissions in Asia
To address the challenges explained earlier, Clean Air Asia brought together various
organizations in a knowledge partnership to improve access to air quality and climate change
data. The partnership aims to further enrich policy development interventions relevant to energy,
transport, and urban development. It was initiated with funding from the World Bank
Development Grant Facility (DGF) and with co
co-financing from other partners.
Knowledge Partnership for Measuring Air Pollution and GHG Emissions in Asia
The World Bank DGF, Asian Development Bank (ADB), China Sustainable Energy Program (Energy
Foundation), Cities Development Initiative for Asia (CDIA), German International Development
Cooperation (GIZ), Institute for Global Environmental Strategies (I
(IGES),
GES), Institution for Transport Policy
Studies (ITPS), Institute for Transportation and Development Policy (ITDP), Transport Research
Laboratory (TRL), United National Centre for Regional Development (UNCRD),and Veolia
Environnement S.A.

The partnership first focused on 13 countries in Asia ((Figure 3).
). These countries represent 95% of
Asia’s total population and 89% of its total GDP (based on current exchange rates) (IEA, 2012). It
includes two countries from BRICS (India and PR China), rrepresenting
epresenting some of the world’s leading
emerging economies. In most of these countries, Clean Air Asia has an established country
network, which can facilitate the process of sustaining this initiative in the country.

Figure 3. Initial countries included in the Knowledge Partnership
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The development of road transport and electricity emissions indicators was supplemented by (a)
guidelines for the development, measurement and use of these indicators and (b) an online
database where the indicators along with supporting data and assumption
assumptionss for its calculation are
provided. This process followed the broad steps provided in the figure belowError!
Error! Reference
R
source not found..

Figure 4.. Main activities in the Knowledge Partnership
This knowledge partnership has four outputs:
1) Air Pollution and GHG Emissions Indicators for Road Transport and Electricity Sectors in
Asia: Guidelines for their Development, Mea
Measurement, and Use
The Guidelines documents the process involved in developing the air pollution and GHG
emissions indicators for road transport and electricity and detailed methodology on how to
measure and use the emissions indicators. The general outline of the methodology sheets for the
t
emissions indicators and input parameters is provided in the table below.
The methodology was based on existing guidelines by the European Environment Agency (EEA),
IEA, Intergovernmental Panel on Climate Change (IPCC), and the US Environmental Protection
Protec
Agency (US EPA). The sources for the input parameters used to derive the indicators are also
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provided. This document was prepared to facilitate and encourage consistent data collection in
the future.
This publication is available online:
http://cleanairinitiative.org/portal/projects/MeasuringAPandGHGEmissions
2) Accessing Asia: Air Pollution and Greenhouse Gas Emissions Indicators from Road
Transport and Electricity
Accessing Asia presents the first benchmark of air pollutant (as particulate matter, PM) and GHG
(as CO2) emissions for 13 countries across Asia for road transport and electricity generation. To be
released biennially, it compares selected emissions indicators and emissions drivers at the national
level. Future editions will feature city emissions indicators and drivers. Future editions will feature
city emissions indicators and drivers. Updates on national level indicators will also be included.
The report features the following:
● Road transport - Total road transport emissions for Asia and individual countries, and
emissions intensities expressed by population, GDP, passenger and freight movement,
vehicle types, and fuel types. Data are provided for underlying emission drivers, including
growth in vehicle numbers, motorization index, fuel consumption, and travel activity.
● Electricity - Total electricity generation and consumption emissions for Asia and individual
countries, and consumption and emissions intensities expressed by population, GDP, enduse sector, and fuel type. Data are provided for underlying emission drivers, including
electricity access, generation, consumption, trade, and fuel mix.
This publication is available online:
http://cleanairinitiative.org/portal/projects/MeasuringAPandGHGEmissions
3) Country Profiles
Accompanying Accessing Asia, country profiles were developed using selected emissions
indicators and emissions drivers on per country level.
This publication is available online:
http://cleanairinitiative.org/portal/projects/MeasuringAPandGHGEmissions
4) www.CitiesACT.org - Clean Air Asia’s online database on air quality, climate change,
energy, and transport
The CitiesACT (www.CitiesACT.org) was developed by Clean Air Asia with support from the ADB,
the Global Air Pollution Forum, and the World Bank together with Clean Air Asia Partnership
members. The revamped www.CitiesACT.org was launched at the Better Air Quality (BAQ)
conference in Hong Kong in December 2012 (www.baq2012.org).
This online database contains the following:
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•
•
•
•
•

1.1

Air pollution (PM, SO2, and NOx) and CO2 emissions indicators for road transport and
electricity for 13 countries and 23 cities in Asia.
Input parameters used to derive the emission indicators.
Reported ambient air quality levels compiled for over 400 Asian cities.
Ambient air quality standards, fuel quality, and vehicle emission standards for 22 Asian
countries.
Air quality monitoring information in Asian cities.

This report

This report is composed of two parts:
• Process for development of air pollution and GHG emissions indicators for transport and
energy sectors, including a proposed system for data collection and future updating of
data and indicators
• Guidelines for each indicator and input parameter for road transport and electricity

1.2

Scope and Limitations

For this report, the transport sector is limited to road-based transport and the energy sector is
limited to electricity. Emissions considered as representative indicators of AP and GHG emissions
in the transport and energy sectors are Carbon dioxide (CO2), Nitrogen oxide (NOx), Particulate
matter (PM) and Sulfur dioxide (SO2). Specifically, indicators for CO2, NO2 and PM emissions are
considered relevant for road transport while indicators for CO2, SO2 and PM emissions are
relevant for electricity.
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2.

Air Pollution and GHG Emissions Indicators for
Road Transport and Electricity Sectors

The air pollution and GHG emissions indicators for road transport and electricity are listed in
Table 1 and
Table 2. Collectively, there are 39 indicators; 21 indicators for road transport sector and 18
indicators for electricity. This chapter will discuss the framework used for the selection of the
indicators and input parameters.

Table 1: List of Air Pollution and GHG Emissions Indicators and Input Parameters for Road
Transport
Air Pollution and GHG Emissions Indicators for
Input Parameters
Road Transport
T1 Total CO2 emissions from road transport
• Average vehicle-kilometers
T2 Road transport CO2 emissions per GDP
traveled (VKT) by vehicle and fuel
type
T3 Road transport CO2 emissions per capita
T4 Road transport CO2 emissions per passenger km
• Vehicle population by vehicle and
fuel type
T5 Road transport CO2 emissions per freight ton-km
• Average fuel efficiency by vehicle
T6 Road transport CO2 emissions per vehicle type
and fuel type
T7 Road transport CO2 emissions per vehicle and fuel type
• Average speed
T8 Total PM emissions from road transport
• Emission factor
T9 Road transport PM emissions per GDP
T10 Road transport PM emissions per capita
• Fuel characteristics
T11 Road transport PM emissions per passenger km
• GDP
T12 Road transport PM emissions per freight ton-km
• Total population
T13 Road transport PM emissions per vehicle type
• Average occupancy
T14 Road transport PM emissions per vehicle and fuel type
• Average load
T15 Total NOx emissions from road transport
T16 Road transport NOx emissions per GDP
T17 Road transport NOx emissions per capita
T18 Road transport NOx emissions per passenger km
T19 Road transport NOx emissions per freight ton-km
T20 Road transport NOx emissions per vehicle type
T21 Road transport NOx emissions per vehicle and fuel type
Notes:
(1) Vehicle categories are: two-wheelers (2W), three-wheelers (3W), passenger cars (PC), multi-utility
vehicles (MUV), bus, light commercial vehicles (LCV), and heavy commercial vehicles (HCV).
(2) Fuel categories are diesel, gasoline, LPG, CNG, and electric.
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Table 2: List of Air Pollution and GHG Emissions Indicators and Input Parameters for
Electricity
Air Pollution and GHG Emissions Indicators for
Input Parameters
Electricity
E01 Total CO2 emissions (from electricity generation)
• Electricity generation, total and
E02 CO2 emissions by source type (electricity generation)
by source type
E03 CO2 emissions per kWh (electricity generation)
• Electricity consumption, total
E04 CO2 emissions by end-use sector (electricity consumption)
and by end-use sector
E05 CO2 emissions per GDP (electricity consumption)
• Heat rate (fuel efficiency)
E05 CO2 emissions per capita (electricity consumption)
• Emission factor
E07 Total PM emissions (electricity generation)
• GDP
E08 PM emissions by source type (electricity generation)
• Total population
E09 PM emissions per kWh (electricity generation)
• Population with access to
E10 PM emissions by end-use sector (electricity consumption)
electricity
E11 PM emissions per GDP (electricity consumption)
E12 PM emissions per capita (electricity consumption)
E13 Total SO2 emissions (electricity generation)
E14 SO2 emissions by source type (electricity generation)
E15 SO2 emissions per kWh (electricity generation)
E16 SO2 emissions by end-use sector (electricity consumption)
E17 SO2 emissions per GDP (electricity consumption)
E18 SO2 emissions per capita (electricity consumption)
Notes: (1) Source type includes coal, oil, and natural gas (not included for SO2). (2) End-use sector
includes the residential, commercial, industrial, transport, and other sector/s. (3) Total electricity

generation and consumption excludes transmission and distribution losses. (4) CO2 emissions
indicators described only refers to CO2, and not CO2-eq.

2.1

Understanding Indicators and Input Parameters

An indicator is a variable based on measurements or derived from input parameters,
representing, as accurately as possible and necessary, a phenomenon of interest.1 While an input
parameter is a property that is measured or observed that is used in the calculation/derivation of
an indicator.
Adapting this definition, an air pollution and GHG emissions indicator for road transport and
electricity is a variable, derived from input parameters, which represents the emissions as a result
of these sectors (or factors which may cause emissions, as accurately as possible and necessary.

1

Joumard, R. and Gudmundsson, H., (Eds). (2010). Indicators of environmental sustainability in transport: a interdisciplinary approach to
methods. INRETS report, Recherches R282, Bron, France.
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Indicators perform many functions. They can support better decisions-making and more effective
actions by simplifying, clarifying and making aggregated information available to policy makers.2
They are essential tools for communicating issues to policymakers and to the public, and for
promoting institutional dialogue.3 Joumard, R. and Gudmundsson, H., (Eds) (2010) characterized
the general policy-type functions (supporting decision-making or policy development) of
indicators as:
•
•
•
•
•
•
•
•

Focus function – What is important?
Descriptive function – What is the situation? Where are we going?
Assessment function – How are we doing relative to previous
year/standard/target/reference point?
Diagnostic function – What is wrong? How much is due to different factors?
Prioritizing – What should we do?
Accountability function – Who is responsible?
Learning/ Improving function – How can we improve? How can we do better?
Communicating – How can it be shown?

This work focuses on indicators describing and assessing what is going on in terms of emissions in
the road transport and electricity sectors.
While indicators are useful, it is necessary to be aware of the inherent limitations of an indicator
for proper use and interpretation. Several of limitations in indicators are influenced by the input
parameters used for its derivation. Practical issues that must be taken into consideration include
the scope and quality of input parameters used to derive an indicator, the data sources and
collection procedure, and presentation and interpretation of indicators.4 Each indicator should be
read and interpreted in reference to a country’s potentially unique circumstances.5 These practical
issues are addressed in these guidelines and are discussed for each of the selected indicators and
input parameters.

2.2

Framework for Selection of Indicators and Input Parameters

Approach
A theme/issue-based framework was used in identifying indicators. The indicators selected were
specifically focused on describing and assessing transport- and energy-related air pollution and
GHG emissions. In relation to the UN-DSD Indicators for Sustainable Development, the selected
indicators are categorized under the Atmosphere theme.6
2

United Nations Development of Economic and Social Affairs (UN-DESA). (2010). Indicators of Sustainable Development: Guidelines and
Methodologies. 3rd Ed. United Nations, New York.
3
International Atomic Energy Agency (IAEA), UN Department of Economic and Social Affairs, International Energy Agency, Eurostat and
European Environment Agency. (2005). Energy Indicators for Sustainable Development: Guidelines and Methodologies. IAEA, Austria.
4
World Health Organization (WHO). (2006). Reproductive Health Indicators: Guidelines for their generation, interpretation and analysis for
global monitoring. WHO, Geneva, Switzerland.
5
International Atomic Energy Agency (IAEA), UN Department of Economic and Social Affairs, International Energy Agency, Eurostat and
European Environment Agency. (2005). Energy Indicators for Sustainable Development: Guidelines and Methodologies. IAEA, Austria.
6
United Nations Department of Economic and Social Affairs (UN-DESA). (2010). Indicators of Sustainable Development: Guidelines and
Methodologies. 3rd Ed. United Nations, New York.
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Criteria for the selection of Indicators
The selection of indicators is, to a large extent, determined by the purpose of the indicator set.7
The purpose of these indicators is to:
• Describe the state of air pollution and GHG emissions in the transport and energy sectors;
• Assess and measure their trends and tendencies, based on a reference point; and
• Support the setting of priorities and track progress of actions taken for transport and
energy sectors.
It is also important to note that indicators in isolation do not provide comprehensive insights. It is
necessary to assess many indicators and linkages between different indicators to get a more
comprehensive understanding of a situation. Aside from their purpose, there are other criteria
taken into consideration in identifying and selecting emissions indicators for transport and energy
sectors (Table 3).

Criterion

Demand-driven

7

Table 3. Selection criteria for the indicators
Explanation/Description
In identifying and selecting indicators, it is necessary to identify the
primary users of the indicators and what they need to know/ need
indicators to address.
The proposed indicators are intended for use primarily by
• Policy-makers and decision-makers at national and local levels
(especially useful for official national indicator sets, policy
development support, international reporting mechanisms,
others);
• International and regional strategies and indicator programmes
(e.g., Bangkok 2020 Declaration);
• Development
organizations
and
financial
institutions
(understanding trends of air pollution and GHGs emissions in the
region is needed to proactively manage risk and enhance quality
of their operations).

United Nations Department of Economic and Social Affairs (UN-DESA). (2010). “Indicators of Sustainable Development: Guidelines and
Methodologies.” 3rd Ed. United Nations, New York.
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Criterion

Explanation/Description

Scientifically robust

An indicator must be a valid, specific, sensitive and reliable reflection of
that which it purports to measure.
• A valid indicator must actually measure the issue or factor it is
supposed to measure.
• A specific indicator reflects only changes in the issue or factor
under consideration.
• The sensitivity of an indicator depends on its ability to reveal
important changes in the factor of interest.
• A reliable indicator must give the same value if its measurement
were repeated in the same way on the same population and at
almost the same time.
Source: WHO, 1997.

Measurable

A measurable indicator should be straight-forward and relative
inexpensive to measure.
Source: Dale and Beyeler, 2001.
Input parameters required to calculate an indicator should be available or
relatively easy to acquire by feasible data collection methods that have
been validated in field trials. Source: WHO, 1997.

Data availability

The data have to be accurate, comparable over time, complete with
historical information and covering sufficient geographic area. Source:
Boyle, 1998.
Indicators will be easily estimated if input parameters are already
regularly measured or collected by other organizations/institutions.
An indicator must adequately encompass all the issues or sectors it is
expected to cover. Source: WHO, 1997.

Representative

Emissions considered as representative indicators of air pollution and
GHG emissions in the transport and energy sectors are CO2, NOx, PM
and SO2. Specifically, indicators for CO2, NO2 and PM emissions are
considered relevant for road transport while indicators for CO2, SO2 and
PM emissions are relevant for power generation. General information on
these pollutants is provided below.
CO2 emissions
Carbon dioxide (CO2) is the most important greenhouse gas as it
accounts for the largest proportion of anthropogenic emissions and is
currently responsible for about half of the global warming impact. CO2
also has a longer lifetime than other greenhouse gases. The global
warming potential (GWP) of CO2 (measured as CO2-eq) is often
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Criterion

Explanation/Description
considered the unit of measure of the warming effect of GHGs over a
100-year timeframe. The concentration of CO2 is increasing mainly due to
anthropogenic activities and deforestation. More extreme weather
events in the form of increased storms, rainfall, and drought are
predicted. Although there is no forecast on the frequency and location of
these events, developing countries are expected to adapt to their effects
i.e. floods, landslides, and alike.
NOx emissions
Nitrogen oxides (NOx) is a general set of pollutants including Nitrogen
dioxide (NO2), Nitric oxide (NO), Nitrous acid (HNO2) and Nitric acid
(HNO3). Aside from direct emission from vehicular sources, the majority
of NOx emissions are in the form of Nitrogen oxide (NO), which is
subsequently oxidized by ozone (O3) in the atmosphere to form the
secondary pollutant NO2. It is a major source of tropospheric ozone in
the presence of hydrocarbons and ultraviolet light, thus playing an
important role in determining ambient O3 concentrations. NO2 is also a
key precursor of nitrate particles which form an important fraction of
ambient particulates with diameter of 2.5 microns or less (PM2.5). As a
strong oxidant, it causes a range of respiratory and pulmonary
complications and adverse birth outcomes.
PM emissions
Particulate Matter (PM) is a complex mixture of extremely small solids
and liquid droplets. PM is emitted with the combustion of fossil fuels for
energy. They can also be formed by precursors chemically transformed in
the atmosphere. Particle pollution is a serious environment, economic,
and health problem. In 2001, the WHO estimated the total number of
PM-related premature deaths to be approximately 2.5 million deaths per
year worldwide, at least half of which are due to outdoor air pollution in
Asia.
SO2 emissions
Sulfur dioxide (SO2) belongs to a family of sulfur oxide gases (SOx). It is
formed from the combustion of sulfur-containing raw materials such as
coal and metal-containing ores as well as in oil refining process. SO2 has
adverse effects on human health causing series of respiratory and
pulmonary disorders. SO2 can be transported over large distances
creating sulfuric acid (H2SO4) causing regional acid rain. Additionally,
sulfate particles are known to combine with other compounds in the
atmosphere, such as ammonia, to contribute to the secondary formation
of fine particulate matter (PM2.5).
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Criterion

Explanation/Description

Understandable

An indicator must be simple to define and its value must be easy to
interpret.
Source: WHO, 2006.
A transparent indicator is one which is feasible to understand and
possible to reproduce for intended users.

Transparency

Ethical

The input parameters, assumptions, methods, models and theories must
be accessible. Transparency allows the user to check the calculation and
therefore to trust in the figures. Transparency is associated with but not
identical to simplicity. A simple indicator may be more attractive because
it easier to show how it is produced. However, complex indicators may
also be transparent if the methodology is well justified, well defined and
well explained. Source: Joumard, R. and Gudmundsson, H., (Eds) 2010.
An indicator must be seen to comply with basic human rights and must
require only data that are consistent with the morals, beliefs or values of
the local population. Source: WHO, 1997.

Criteria for the selection of Input Parameters
As previously discussed, several limitations in indicators are influenced by the input parameters
used its derivation. Availability of good quality, timely, comparable and reliable input parameters
is a prerequisite for establishing and maintaining policy-relevant air pollution and GHG emissions
indicators.
An initial list of input parameters were derived based on known methodologies used for
calculating air pollution and GHG emissions from on-road transport and from energy sector.
Subsequently, data mapping tools were developed and implemented to understand the
availability and quality of these input parameters. The mapping exercise also included the
following information for each data parameter:
• Institutional responsibility for data collection, management and dissemination;
• Frequency and reliability of data collected; and
• Existing quality assurance mechanisms employed by institutions in data collection.
Data availability, quality and relevance for deriving an indicator were the main considerations in
selecting the input parameters. Data mapping activities were undertaken in 13 Asian countries:
Bangladesh, China, India, Indonesia, Lao PDR, Malaysia, Nepal, Pakistan, Philippines, Singapore,
Sri Lanka, Thailand, and Vietnam. Summary results are presented in Table 5 and Table 6, with
focus on the availability and importance for assessing air pollution and GHG emissions from road
transport and electricity sector.
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The selected input parameters to be used are specified in Table 8. The information included in the
table includes:
• Importance: The column indicates level of importance of the input parameter for deriving
an indicator. 1 = High, required in order to derive indicator, 2 = Medium, also necessary
to derive an indicator but can be replaced/supported with other input parameters, 3 =
Low, would be nice to have, but not necessary.
• Availability: Denotes availability of data. 1 = High, available in most countries, 2 =
Medium, available in many countries, 3 = Low, unlikely to be available or available only in
few countries.
• Quality: Provides an indication of data quality. 1 = High, reliable and of good quality,
2 = Medium, generally usable but with caveats, 3 = Low, poor and unreliable in most
instances.
• Remarks: Other remarks/comments specific to each input parameter.
While data availability does vary from one country to another, this provides the general indication
of data availability and quality for Asian countries.
Auxiliary Statistics and other indicators
To be able to benchmark the air pollution and GHG emissions from different countries or cities,
auxiliary statistics, such as socioeconomic parameters, will be used as normalizing factors. Some of
these statistics include:
• Population (Total, urban, population with access to electricity)
• Gross domestic product (GDP)
For road transport, fuel type, vehicle type and vehicle-fuel type are parameters that will form
basis for the disaggregation of transport indicators. For electricity, another normalizing factor is
kiloWatt-hours (kWh), which is a measure of electricity.
These statistics may serve as necessary components in deriving the indicators, or as a
complement in their analysis and interpretation.
Observations on transport and energy data availability and quality in Asia8
Limitations of transport and energy data have been documented in several publications and have
also been observed through the data mapping exercise. Some of these limitations are:
1. Available and accessible data are usually presented at very high levels of aggregation
Data can be collected and reported at various levels of aggregation.9 As presented in Box 1,
during vehicle registration, vehicle data per vehicle make, engine type, and others is usually
collected, but vehicle registration data reported are usually summary statistics – total vehicles

8

Patdu, K. (2010). Availability, quality and use of transport and energy data in Asia: A regional case study. Presented at Data and Indicators for
Sustainable Cities Session, Better Air Quality (BAQ) 2010. Singapore, 8 November 2010. Available online:
http://baq2010.org/sites/default/files/Kaye%20Patdu%20%20BAQ%202010.pdf
9
The Center for Clean Air Policy. (2010). Data & Capacity Needs for Transportation NAMAs. Report 1: Data Availability. Washington, D.C.
Available online: http://www.ccap.org/docs/resources/925/CCAP_Transport_NAMA_Data_Availability.pdf
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registered by vehicle type and fuel type. Often, it is aggregate data which is easily available;
seldom is disaggregated data provided.
2. Fragmented data generation
The data mapping exercise also highlighted the relationship of different data levels. As illustrated
in Figure 5, plenty of information is generated at the city and/or province level; however, these
are usually stored at the local levels, unless required by the national government.
This is also observed with data collected by consulting firms engaged by government agencies for
different purposes. Only processed data is reported back to government agencies. This result in
an abundance of segmented information which is usually not consolidated (Figure 6). A similar
dynamic is observed with project level data and data from institutions.
3. Routine data generation/collection usually not done for activity data
Often, activity data needed for estimating emissions are not routinely collected, or if they are
collected, are often of limited scope or are outdated. Most are collected on an ad hoc basis for
project specific purposes. When data is available, information/indication of data quality are not
provided. The methodology used in data collected and/or generation is not always clear.
4. Lack of harmonized classification
One of the observations from the data mapping exercise is that definitions of statistics and input
parameters may vary within and between countries. In the Philippines, for instance, different
government agencies use varying vehicle classifications. The vehicle classification used by the
Land Transportation Office is not the same with the one used by the Department of Trade and
Industry or the Bureau of Customs. The same is also observed when attempting to consolidate
data across countries within the region. While there are initiatives for a harmonized classification
system (e.g., at the Association of Southeast Asian Nations (ASEAN) level), they are often works in
progress.
The government’s response time to classify emerging vehicle types usually takes a long time, as in
the case of electric vehicles. This may result to vehicle types which are unaccounted for in national
vehicle fleet counts but are already being used.
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Box 1. Vehicle registration data flow in Sri Lanka.
During registration for new vehicles, the Department of Motor Traffic (DMT) collects several information
including vehicle make and model, engine number
number, purpose of use and others. In-use
use vehicles pay the
annual revenue license wherein vehicle class, fuel use, vehicle weight are collected. However, data
reported by Department of Census and Statistics is very limited and aggregated.. In this case, only vehicle
registrations by vehicle class
lass and fuel used are available. This
his is usually the most easily accessible
information to data users.
Data quality checks usually also decrease as moving up from the data generator/source
/source (DMT) to those
disseminating the information; thus increasing potential for errors and uncertainties.

Source: CAI-Asia, 2010.

Figure 5. Relationship of different data
levels
Source: Clean Air Asia, 2010.

Figure 6. Fragmented data with consultants
Source: Clean Air Asia, 2010.
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Some considerations in understanding data availability and quality in Asia10
There are a lot of data issues for estimating emissions in Asia. To move towards addressing these
issues, it is necessary to gain understanding of the data sources and factors influencing availability
of data for emissions estimates in transport and energy sectors.
It is important to take note that the type of data generated is influenced by their specific purpose
or intended use– which may not always be for estimating emissions. This is why data for emissions
measurements is often lacking.
The type of data generated
ated and/or collected by a source is influenced by their specific
need/purpose. In the Philippines, for instance, the Land Transportation Office collects vehicle
registration data for regulation and enforcement purposes. Road accidents data is collected by
the Department of Public Works and Highways for identification of accident black spots.

Figure 7
7. Drivers of data generation/collection
The intended purpose directly influences the data that will be available. If not needed, the
t data
simply gets stored in databases or lost in paperwork. Traditionally, policy, planning, enforcement
and regulation have been the main drivers in data collection. Often, data needed for these
purposes are routinely collected or by demand (policy and planning need). While data
collection/generation for estimating emissions have become an emerging driver, but it is still just
one of many data generation drivers. Usually data for estimating emissions are still collected on an
ad hoc basis. With estimating
g emissions emerging as a driver for data collection, there should be a
way to match data available with the data requirements for estimating emissions.

10

Patdu, K. (2010). Availability, quality and use of transport and energy data in Asia: A regional case study. Presented at Data and Indicators for
Sustainable Cities Session, Better Air Quality (BAQ) 2010. Singapore, 8 November 2010. Available online:
http://baq2010.org/sites/default/files/Kaye%20Patdu%20%20BAQ%202010.pdf
fault/files/Kaye%20Patdu%20%20BAQ%202010.pdf
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2.3

Structure of the Guidelines

Separate methodology sheets are provided for indicators and input parameters.
Table 4 presents the general structure used for each of the indicators and input parameters.
Table 4: Structure of the Guidelines
Indicator
Indicator name
Indicator code
Brief definition
Unit of measurement
Policy relevance (purpose; international
conventions and agreements; international
targets/recommended standards)
Methodology (measurement methods;
Related Indicators; limitations of the
indicator)
Other organizations using this indicator
References

Input Parameter
Input parameter name
Brief definition
Unit of measurement
Data sources (source, description and limitations)
Periodicity of data collection
Disaggregation
For which indicators is this needed for calculation
References
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3.

Guidelines for Generation, Interpretation and
Analysis of AP and GHG Emissions Indicators for
Road Transport

This chapter presents the methodology used in the estimation of emissions indicators from road
transport. This includes total emissions and emissions intensity expressed by population, GDP,
passenger and freight movement, vehicle and fuel types. It also provides information on the input
parameters including motorization, fuel consumption, passenger and ton-kilometers, and fuel
efficiency of different modes.
The data sources and data availability for input parameters used to derive the emissions indicators
are also discussed. Data considerations, definitions, and assumptions per country are found in the
section on input parameters.
The approach used allows the estimation of the impact of changing aspects of the electricity
system that affect CO2 emissions, whether it be source type and fuel efficiency. It can provide
insights on how the implementation of different policy measures can affect the emissions from
electricity.

3.1

Methodology

Estimating total emissions from road transport can be achieved using either a top-down (based on
fuel consumption) or a bottom-up approach (based on travel activity). The IPCC has provided
guidance on both approaches: the 2006 IPCC Guidelines for National GHG Inventories for the
top-down approach, and IPCC Good Practice Guidance and Uncertainty Management in National
GHG Inventories for the bottom-up approach. General information on IPPC’s methodology for
both approaches is provided in Box 2.
In this work, air pollutant (PM and NOx) and CO2 emissions from the road transport sector were
estimated using the Activity-Structure-Intensity-Fuel (ASIF) approach (adapted from Schipper
and Marie 1999; Schipper, Gorham, and Marie, 2000). In this approach, road transport emissions
are dependent on the level of transport activity (A); the road transport mode structure (S); the fuel
intensity (I); and the carbon content of the fuel or emission factor (F). The impact of individual
ASIF parameters on emissions from transport can be estimated, each of which is influenced by
different policies.
Subsequently, insights are gained on the effectiveness of transport policies on emissions
(Schipper, Fabian and Leather, 2009).
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Box 2. IPCC Guidance on estimating emissions from road transport
Top-down Approach: Tier 1 or 2 Approach as specified in Chap 3.2, Vol 2 of 2006 IPCC
Guidelines for National GHG Inventories
Total CO2 emissions from road transport can be calculated based on the aggregate amount of
fuels combusted for transport and type of fuel combusted (taken to be equal to the fuel sold for
road transport) and its carbon content. This calculates CO2 emissions by multiplying estimated
fuel sold with a CO2 emission factor:
Emission =Σ[Fuel a • EF a ]
a

Where:
Emission = Emissions of CO2 (kg)
Fuela= fuel sold (L)
EFa = emission factor (kg/L). This is equal to the carbon content of fuel multiplied by 44/12.
a = type of fuel (e.g. petrol, diesel, natural gas, LPG etc)
Convert kg to million metric tons using conversion factors below:
1 kg = 1000 grams
1 gram = 1.0 x 10-6 metric tons
If local emission factors are not available, default emission factors will be used. A list of default
values are provided in Annex B.
Bottom-up approach: IPCC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories
The bottom-up approach estimates emissions in two steps. The first step is to estimate fuel
consumed by vehicle type i and fuel type j.
Fuel Consumptionij = nij • kij • eij

Where:
i = vehicle type
j = fuel type
n = number of vehicles
k = annual kilometers travelled per vehicle
e = average litres consumed per kilometer travelled
Next, estimate total CO2 emissions by multiplying fuel consumption by an appropriate
emission factor for the fuel type and vehicle type.
Emissions =ΣiΣj [Emission Factorij • Fuel consumptionij ]

Where:
i = vehicle type
j = fuel type
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The calculation of emissions using the ASIF approach is as follows:
G =A * S * I * F

Where:
G = CO2 emissions
A = Activity (total transport activity in passenger kilometers or ton freight kilometers)
S = Structure (travel shares of each road transport mode)
I = Intensity (fuel intensity of each road transport mode in liters)
F = Fuel (carbon content of fuels or emission factor in grams of carbon or pollutant per
liter of fuel consumed)
Figure 8 illustrates the calculation flowchart that was used to estimate emissions from the road
transport sector using the ASIF approach.
Figure 8. Flowchart to Estimate Emissions from Road Transport

Notes:
VKT = Vehicle kilometers travelled
PM = Particulate matter
CO2 = Carbon dioxide
NOx = Nitrogen oxide

GDP = Gross domestic product
PKM = passenger kilometers
TKM = ton kilometers
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The input parameters used to derive emission indicators were selected based on a data mapping
exercise. Table 5 below provides an overview of data availability of input parameters for each
country.
Table 5. Overview of Data Availability of Input Parameters for Each Country

Activity

Data Requirements for Estimating Emissions
BAN IND INO LAO MAL NEP PAK PHI PRC SIN SRI THA VIE
from Road Transport
2W
3W
PC
Vehicle
By vehicle
MUV
kilometer
type
travelled
Bus
LCV
HCV

Structure

By vehicle
type

Vehicle
population

By vehiclefuel type

Intensity

By
technology
type

By vehicle
type
Average fuel
efficiency

By vehiclefuel type

2W
3W
PC
MUV
Bus
LCV
HCV
Gasoline
Diesel
LPG
CNG
Electric
Pre-Euro
Euro 1
Euro 2
Euro 3 or
above
2W
3W
PC
MUV
Bus
LCV
HCV
Gasoline
Diesel
LPG
CNG
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Fuel

Data Requirements for Estimating Emissions
BAN IND INO LAO MAL NEP PAK PHI PRC SIN SRI THA VIE
from Road Transport
Electric
2W
3W
PC
Occupancy
By vehicle
MUV
loading
type
Bus
LCV
HCV
Emission
Fuel
factor
characteristics
Biofuel blend
Notes: 2W = two-wheelers; 3W = three-wheelers; PC = passenger cars; MUV = multi-utility vehicles;
LCV = light commercial vehicles; HCV = heavy commercial vehicles
Legend:
Available (Data available for all years)
Limited (Data available for at least one year)
No data
Default value for Asian fleet
Not applicable
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The data mapping exercise highlighted the data challenges to estimating road transport
emissions. The main challenges and approaches taken to overcome these are summarized in the
table below.
Table 6. General Data Assumptions and Approach

Activity

Structure

Intensity

Fuel

Vehicle kilometers travelled (VKT). For most countries, data is only available for
certain years and not in time-series. Most countries do not conduct regular
national household surveys or record and analyze odometer readings as part of
regular vehicle registration process. Only Singapore and Thailand had annual
average VKT data readily available for most vehicle types. For other countries,
annual average VKT values were sourced from national transport planning
documents and local studies. In the absence of data, average VKT values from
countries with similar transport conditions were used.
Vehicle population. In most countries, in-use vehicle population data were not
readily available, especially where vehicle registrations are not renewed annually.
Vehicle sales, imports, and production data, and, in some cases, models, were
used to refine vehicle population estimates further.
Disaggregation of vehicle population. Most countries provide vehicle
population by vehicle type. However, official data for multi-utility vehicles (such
as the jeepneys in the Philippines and angkots in Indonesia) are limited. Most
countries do not provide comprehensive vehicle classifications by fuel type
(especially for vehicles running on alternative fuels and on electricity) and by
technology type (which is important for air pollutant emissions estimations). In
the absence of data, the disaggregation by vehicle and fuel type was estimated
using vehicle tax data, sales statistics from oil companies, market research data
(e.g., Segment Y Ltd.), and local studies.
Average speed. Vehicle kilometers travelled at different speeds and resulting
fuel efficiencies based on local drive cycles were not readily available. Therefore,
average values were used.
Fuel efficiency. Where possible, local estimates for fuel efficiency were used.
These data were collected from vehicle manufacturer’s statistics, transport
company records, fleet operators surveys, national targets, transport planning
documents, and local studies. When data were not available, average fuel
efficiency from countries with similar transport conditions were used.
Emission factors. Where possible, locally derived emission factors were used. In
addition, several studies in Asia were collated to compile default values for the
Asian fleet. Examples of these studies are the Developing Integrated Emissions
Strategies for Existing Land (DIESEL) Transport project of the World Bank and
the Emission Factor Development for Indian Vehicle by the Automotive Research
Association of India for Central Pollution Control Board (CPCB) and Ministry of
Environment and Forests (MOEF). A list of default values are provided in
Annex B.
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Each country employed different assumptions and methods in data collection. This is most evident
in the disaggregation of electricity generation by source type and electricity consumption by enduse sector. These assumptions are stated in for each country below.

Table 7. Per Country Data Assumptions and Approach

A

Bangladesh

S

I
F

A

India

S

I
F

A

Indonesia
S

I

• Annual VKT estimates for most vehicle types were sourced from the Road
User Cost Reports of the Ministry of Construction, Roads and Highways
Department. Other local studies were used to cross-reference the VKT and
to estimate annual VKT values for years wherein the Road User Cost Reports
were not available.
• Main source of data were from the Bangladesh Road Transport Authority
and from Statistical Yearbooks published by the Bureau of Statistics.
Statistics for “Mechanised Vehicles on Road” were used instead of the
vehicle registration statistics. To disaggregate into fuel types, percent
shares from local studies, including Wadud (2007) was used. CNG vehicles
were estimated using statistics provided by the Rupantarita Prakritik Gas
Company Ltd.
• Average fuel efficiency estimates were sourced from various local studies
and specifications from vehicle manufacturers
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT estimates were sourced from transport planning reports, fleet
records, and local studies, including “India Planning Commission. (2002).
India Vision 2020,” and SIAM. (2000-2010). “Industry Statistics.”
• Annual VKT are only available for few years.
• Vehicle registration statistics were collected from various issues of Road
Transport Yearbook published by the Ministry of Shipping, Road Transport
and Highways (MoSRT&H) of the Government of India. Disaggregation by
fuel type is taken from Segment Y and IEA Sustainable Mobility Project.
• Average fuel efficiency estimates were sourced from various local studies
and specifications from vehicle manufacturers
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were based from Suhadi, D. (2008). “Penyusunan Petunjuk
Teknis Perkiraan Beban Pencemar Udara dari Kendaraan Bermotor di
Indonesia - Academic Manuscript”, and Ministry of Economic Affairs. (2012).
“JABODETABEK Urban Transportation Policy Integration Project in the
Republic of Indonesia.”
• Annual VKT are only available for few years.
• This is based on registration data from National Traffic Police data and
vehicle sales statistics from the Automotive and Motorcycle Manufacturers’
Association. 3W is only available in Jakarta (Transport Agency Jakarta). This
was also checked against the vehicle population provided in the Republic of
Indonesia. (2010). “Indonesia’s Technology Needs Assessment on Climate
Change Mitigation (Synthesis Report).”
• Average fuel efficiency estimates were sourced from various local studies.
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F
A
S
Lao PDR

I
F

A
Malaysia
S
I
F

A

Nepal
S
I
F

A

Pakistan

S

I
F

Philippines

A

• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT are only available for few years.
• Vehicle registration statistics were sourced from Ministry of Communication,
Transport, Post and Construction.
• Average fuel efficiency estimates were sourced from various local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were estimated from local studies including the Malaysian
Institute of Road Safety Research (MIROS). (2007). “The Effectiveness of
OPS BERSEPADU - conducted over the Hari Raya Periodfrom 7-21 October
2007.”
• Annual VKT are only available for few years.
• Vehicle population statistics were collected from the “Malaysia Road
Transport Department.”
• Average fuel efficiency estimates were sourced from various local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were based from Dhakal. (2003). “Implications of transportation
policies on energy and environment in Kathmandu Valley, Nepal” and
Ministry of Physical Planning and Works; & ADB. (2010). Kathmandu
Sustainable Urban Transportation Project
• Annual VKT are only available for few years.
• This is based on vehicle registration data of Department of Transport
Management (DoTM). DoTM vehicle registration data was re-classified as
follows: 3W=tempo; HCV=Crain/Dozer/Escavator/truck; MUV=Minibus +
Micro; LCV=Pick-up + Tractor; PC=Car/Jeep/Van
• Average fuel efficiency were sourced from several local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were sourced from local studies including the International
Resources Group (IRG). (2010). “Pakistan Integrated Energy Model (PakIEM) Final Report, Volume I, II and III.”
• Annual VKT are only available for few years.
• Vehicle population numbers were collected from the “Ministry of Finance.
(2000-2010). “Pakistan Economic Surveys.” Disaggregation by fuel type
were sourced from percent shares from the International Resources Group
(IRG). (2010). “Pakistan Integrated Energy Model (Pak-IEM) Final Report,
Volume I, II and III.” Estimates for LPG were collected from the Natural Gas
Vehicle Knowledge Base (formerly known as The International Association
for Natural Gas Vehicles – IANGV).
• Average fuel efficiency estimates were sourced from various local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were sourced from various transport planning documents, fleet
records and local studies, including the Transport and Traffic Planners, Inc.
(2010). “A Strategic Approach to Climate Change in the Philippines,” and
“JICA Inter-Regional Passenger and Freight Flow Surveys in the
Philippines.”
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S

I
F
A

S
PR China

I
F

Singapore

A
S
I
F

A

Sri Lanka

S

I
F
Thailand

A

• Annual VKT are only available for few years.
• This is based on vehicle registration data of Land Transportation Office
(LTO). LTO vehicle registration data was re-classified as follows: 2W and 3W
registration data are combined and as such, 2W and 3W were taken as 50%
of each as an assumption; PC = cars + SUV; Bus = Bus; HCV = trucks +
trailer; LCV and MUV were taken as 50% each of total UV figures.
• Annual VKT were sourced from various transport planning documents and
local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT estimates were sourced from several local studies.
• 2W and 3W population data is not provided in national statistics yearbooks.
2W statistics were estimated from various sources, including the China
Vehicle Emission Control Annual Report.
• PC numbers was taken as "small-size passenger cars for civil use" and MUV
numbers was taken as "mid-size passenger cars for civil use" from China
Statistical Yearbook. Bus numbers were taken from China Urban
Construction Statistics Yearbook and the China Statistical Yearbook. LCV
(taken as non-HDV) and HCV were taken from China Statistical Yearbook.
The China Statistical Yearbook is accessible online while the China Urban
Construction Statistics Yearbook was purchased.
• Annual VKT estimates were sourced from several local studies.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT is available from the Land Transport Authority.
• Vehicle population statistics was sourced from the Land Transport Authority.
• Average fuel efficiency were collected from the Land Transport Authority.
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT were sourced from various local studies including Urban Air
Quality Management in Sri Lanka 2003 - AirMAC (ISBN : 955-9120-25-5) and
the Chandrasiri, S. (2006). "Demand for road-fuel in a small developing
economy: The case of Sri Lanka."
• Annual VKT are only available for few years.
• Active vehicle fleet estimations were based on vehicle registration data
(from Department of Motor Traffic (DMT)) since 1956 and survival rate
model of each category. DMT vehicle registration categories was reclassified as follows: 3W = Motor Tricycles + Motor Tricycle vans; PC =
Motor cars + Motor Tricycle cars; MUV = Dual Purpose Vehicles; BUS =
Buses; HCV = Lorries + Special purpose vehicles + Ambulances + Hearses +
Forklift and Containers. DMT does not disaggregate vehicle registration
numbers for Lorry into light motor and heavy motor lorry. Land vehicles
were not included.
• Average fuel efficiency were sourced from ESMAP (2003). “Sustainable
Transport Options for Sri Lanka” and Urban Air Quality Management in Sri
Lanka 2003 - AirMAC (ISBN : 955-9120-25-5)
• The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
• Annual VKT values for several vehicle types were based on Department of
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S

•
•
•

I
F

•
•

A
•
•

S
Vietnam

•
I
F

•

Highways data and local studies, including Pongthanaisawan et al. (2007).
Land transport demand analysis and energy saving potentials in Thailand.
Vehicle Population in Thailand (Based on Vehicle Tax Data)
Vehicle population by type was based on vehicle tax data. This was
categorized by fuel type using the percent share from registration statistics.
Average fuel efficiency were sourced from several local studies, including
the PCD Thailand, 2008. “DIESEL - Developing Integrated Emission
Strategies for Existing Land Transport Project”
The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
Annual VKT estimates were sourced from Transport Development and
Strategy Institute (TDSI) Cordon Traffic Counts.
Annual VKT are only available for few years.
2W numbers are registration statistics from the National Traffic Safety
Committee. PC, Bus, LCV and HCV numbers were estimated from Vietnam
Register monthly statistics ("Total Vehicle Population in the country").
Vietnam Register vehicle registration categories (Car, Bus, Truck,
Specialized vehicle, others) were re-classified as follows: Car = PC; Bus =
BUS; Truck = LCV + HCV; Specialized vehicle: Roller, Cranes etc.; Others:
Vehicle conversion, homemade car etc. Vehicle population further
disaggregated to LCV and HCV using percentage of each vehicle type in
traffic flow (based on traffic count survey of 55 stations in whole country –
VITRANSS2).
Average fuel efficiency values were sourced from a number of local studies,
including EMBARQ (WRI). (2008). Measuring the Invisible - Quantifying
emissions reductions from transportation solution.
The authors used emission factors taken as default for the Asian fleet. This
compilation is available in the annex.
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3.2

Input Parameters for Indicators for Road Transport
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Average odometer readings
Average Trip length
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Vehicle Registration
Vehicle Production
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Population
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a
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By Age of
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1st Level
Average
VKT of
vehicles
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ASIF
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Table 8: List of Transport Input Parameters According to Availability and Importance
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31

Average load/ trip

Average fuel efficiency
Average fuel efficiency at
average speed
Speed adjustment factor
Emission factor (amount/
distance)
Fuel characteristics- sulfur
content
Fuel characteristics-biofuel
blend
Fuel characteristics- carbon
content

1

1

1

1

46

√

43

√
√

*Indicates level of importance for deriving indicators: 1 = High, 2 = Medium, 3 = High
**Indicates level of data availability: 1 = High, 2 = Medium, 3 = High
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Vehicle Population
Brief Definition
Unit of Measurement:

Total number of two-wheelers, three-wheelers, passenger cars, multiutility vehicles, light commercial vehicles, heavy commercial vehicles and
buses in use.
Number in millions

METHODOLOGY
(a) Data Sources
1. Surveys: Vehicle inventory and use, household travel and national travel surveys
Surveys such as national and household travel surveys, vehicle inventory and use surveys are
good sources of information on physical and operational characteristics of the vehicle
population and provides insight on national and/or local travel patterns. In-use vehicle
population data can be derived these surveys.
For instance, the US Census Bureau’s Vehicle Inventory and Use Surveys (VIUS) is one of the
primary data sources for the US EPA’s MOVES (Motor Vehicle Emission Simulator) Highway
Vehicle Population and Activity Data. The VIUS was conducted for private and commercial
trucks every five years. They collected information on physical characteristics (including
purchase date, weight, number of axles, type of engine) and operational characteristics
(including type of use, base of operation, gas mileage, annual and lifetime miles driven, weeks
operated, commodities hauled by type).11 Unfortunately, the VIUS was discontinued after
2002, posing a challenge in updating the vehicle fleet data for emissions estimations.
The VIUS questionnaire is available online at
http://www.census.gov/svsd/www/vius/questionnaires.html.
Continuity of these surveys is important for updating vehicle fleet data, among others.
Unfortunately, very few developing Asian countries conduct and/or update these surveys. For
more information on travel survey methods, please visit: http://www.travelsurveymanual.org/

2. Vehicle Registration
Vehicle registration data is generally available in Asia. It is an easily accessible source for
vehicle population information. Statistics departments are one of the major sources of vehicle
registration data, usually providing free and online data. Vehicle registration statistics
reported in statistical yearbooks are typically disaggregated into type of vehicle, type of
ownership, type of registration. Vehicle weight and fuel used are also included for some
countries.

11

US Census Bureau, [undated]. Vehicle Inventory and Use Survey (discontinued after 2002). Retrieved online:
http://www.census.gov/econ/overview/se0501.html
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Other information collected during vehicle registration, such as vehicle make, manufacture
year, model, gross vehicle weight, purpose of use, cylinder capacity, seating capacity, is
usually not publicly available and may be requested from Transport Ministries and Research
Institutions, sometimes, for a fee.
While vehicle registration data are fairly available, there are several data quality issues
including,
• Irregular updating – In Sri Lanka, for instance, vehicle registration is only conducted once
(for new vehicles). The Department of Motor Traffic does not require annual registration of
vehicles. As such, reported vehicle population is the cumulative new vehicle registration
statistics.
• Inability to reflect and purge vehicles no longer fit to operate (because of age, etc.) and
scrapped vehicles – In Thailand, when in-use vehicle population was estimated using the
Department of Land Transport’s unpublished data sets, it was found that in-use vehicle
numbers were about half the cumulative vehicle registration figures usually published.12
• Inability to take into account vehicles registered in city/district/zone but is plying in other
cities and vice versa

3. Vehicle Production, Sales and Imports
Vehicle production, sales and import statistics may be used to counter-check/ proper
accounting of vehicle population data. Aside from Statistics departments, typical sources of
this data include Industry and Trade ministries, industry associations (such as Automobile
Manufacturers Associations), Customs departments, individual car manufacturers. In Asia,
publicly available data is usually disaggregated by manufacturer, type of vehicle, type of
make, type of fuel, engine capacity, type of model and use. However, level of data
disaggregation of publicly available data differs greatly per country. Request for more
detailed production, sales and import data may require fees.

4. Vehicle mortality equation
With limited availability of vehicle inventory and use survey, household travel surveys and
national travel surveys for developing Asian countries, the vehicle mortality equation may be
used to estimate in-use vehicle population.
Using this equation, the in-use vehicle population at the end of any year is equal to the
vehicle population at the beginning of that year, less those vehicles removed from active
service plus vehicles added to the active fleet.13 The proportion of surviving vehicles of age
“X” (defined as 1-mortality) usually follows a bell-shaped curve (retirements will start slowly,
12

Pollution Control Department (PCD). (2004). Developing Integrated Emission Strategies for Existing Land Transport: DIESEL Program, Status
Report.” Retrieved onlne: http://infofile.pcd.go.th/air/DIESEL_Progress_Mar04.pdf?CFID=2164014&CFTOKEN=87314328
13
CTF/TFC.3/8. (2009). Clean Technology Fund Results Measurement System. Retrieved online:
http://siteresources.worldbank.org/INTCC/Resources/CTFresultsmeasurement.pdf
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accelerate to some modal retirement age and decelerate thereafter until they are all gone).
These bell-shaped functions are used to simulate the retirement of vehicles. The Winfrey S3
survival curve is often used because it has been directly tested against empirical evidence on
asset retirements and its parameters allow for various degrees of skewness and peakedness.
Further information on the Winfrey mortality functions is available in OECD, 1998. Second
Meeting of the Canberra Group on Capital Stock Statistics. Statistics Directorate: National
Accounts Division. Retrieved online: http://www.oecd.org/dataoecd/57/33/2662425.pdf
Segment Y Automotive Intelligence Pvt. Ltd provides vehicle parc data for Asia, taking into
consideration vehicle scrappage, age, among others.
(b) Periodicity of Data Collection
Data is usually available on an annual basis.
(c) Disaggregation
Disaggregation depends on data availability. At a minimum, this parameter will be
disaggregated into
• By vehicle type
• By vehicle type and type of fuel used
• By technology type (Pre-Euro, Euro I, Euro II, Euro III, Euro IV, Euro V)
Table 9: Vehicle types adopted for the guidelines14
Two-wheeler (2W)
A two-wheeled motor vehicle not exceeding 400 kg of unladen weight. This category includes
vehicles with a cylinder capacity of 50 cc or above.

Photo 1: Two-wheelers in Colombo (2011)

Photo 2: Two-wheelers in Ho Chi Minh (2011)

Three-wheeler (3W)
A three-wheeled motor vehicle. This category includes vehicles designed by manufacturers
and two-wheelers fitted with extended chassis to increase passenger capacity.

14

Center for Clean Air Policy (CCAP) and Cambridge Systematics. (2010). Data and Capacity Needs for Transportation NAMAs, Report 1: Data
Availability. Washington, DC. Retrieved online: http://www.ccap.org/docs/resources/925/CCAP_Transport_NAMA_Data_Availability.pdf
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Photo 3: Tricycles in Philippines

Photo 4: Auto rickshaws in Hyderabad (2009)

Photo 5:Tuk-tuk in Bangkok (2010)

Photo 6: Auto rickshaws in Quetta (2010)

Passenger car
A motor vehicle, other than a moped or a
motorcycle, intended for the carriage of
passengers and designed to seat no more
than nine persons (including the driver). This
category includes passenger cars, vans
designed and used primarily for passenger
transport, taxis, hire cars, ambulances, and
motor homes.

Photo 7: Taxi in Beijing (2010)

Multi-utility vehicle (MUV)
A vehicle designed to carry passengers or goods unladen weight (ULW) + 450 kg (six
passengers x 75 kg).

Photo 8: Jeepney in the Philippines

Photo 9: Angkot in Padang (2010)
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Photo 10: Mini- bus

Photo 11: Passenger FX (shuttle service) in
Philippines

Bus
A motor vehicle designed to carry up to 60 passengers. Buses may be constructed with areas
for standing passengers, to allow frequent passenger movement, or they may be designed to
allow the carriage of standing passengers in the gangway.

Photo 12: Buses in Xiamen (2009)

Photo 13: Bus in Colombo (2011)

Light commercial vehicle (LCV)
A vehicle with a gross vehicle weight of not
more than 3,500 kg that is designed,
exclusively or primarily, to carry goods. This
category includes vans designed for and
used primarily for the transport of goods,
pick-ups, and small trucks.
Photo 14: LCV

Heavy commercial vehicle (HCV)
(i.e., trucks)
A vehicle with a gross vehicle weight above
3,500 kg that is designed, exclusively or
primarily, to carry goods.

Photo 15: HCV
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Photo Credits:
Photo 1, 2, 4, 6, 7, 12 and 13: CAI-Asia.
Photo 3: http://motorcycle-74.blogspot.com/2011/05/philippines-sidecar-taxis.html
Photo 5: http://www.freemages.co.uk/browse/photo-1448-tuk-tuk.html
Photo 8: http://asiabizz.com/6067/philippines-ltfrb-approves-1-peso-jeepney-fare-hike/
Photo 9: http://www.lifeaftercubes.com/2010/11/16/padang-indonesias-ridiculous-bus-system/
Photo 10: http://www.lagosusedcars.com/node/7
Photo 11: http://trifter.com/asia-pacific/philippines/21-tips-on-surviving-an-fx-taxi-ride-in-the-philippines/
Photo 14: http://eideard.wordpress.com/2009/08/30/general-motors-continues-to-expand-in-china/
Photo 15: http://chandigarhcity.olx.in/medium-heavy-commercial-vehicles-trucks-buses-iid-74030830

Source: Adapted from ITF, Eurostat and Economic Commission for Europe, 2009. “Illustrated
Glossary for Transport Statistics, 4th Edition” and Automotive Research Association of India (ARIA),
2007. “Emission factor development for Indian vehicles” as part of the ambient air quality
monitoring and emission sources apportionment studies, air quality monitoring project-Indian clean
air programme (ICAP).

(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• U.S. Census Bureau. (2002). Vehicle Inventory and Use Survey. Retrieved online:
http://www.census.gov/svsd/www/tiusview.html
• US DOT – Federal Highway Administration. (2009). National Household Travel Survey
(NHTS). Retrieved online: http://nhts.ornl.gov/introduction.shtml
• Transportation Research Board, Travel Survey Methods Committee. (n.d.). Travel
Survey Methods. Retrieved online: http://www.travelsurveymanual.org/
• Vehicle mortality equation: Clean Technology Fund (CTF)/ Trust Fund Committee
(TFC).3/8. (2009). Clean Technology Fund Results Measurement System. Retrieved
online:
http://siteresources.worldbank.org/INTCC/Resources/CTFresultsmeasurement.pdf
• Organisation for Economic Co-operation and Development (OECD). (1998). Second
Meeting of the Canberra Group on Capital Stock Statistics.” Statistics Directorate:
National Accounts Division. OECD, Paris. Retrieved online:
http://www.oecd.org/dataoecd/57/33/2662425.pdf
• OECD. (1997). Mortality and Survival Functions. Capital Stock Conference, Agenda
Item V. Retrieved online: http://www.oecd.org/dataoecd/8/62/2666812.pdf
• Segment Y Automotive Intelligence Pvt. Ltd. (various dates). Vehicle Parc System
(VPS). Retrieved online: http://www.segmenty.com/parc.html
• CCAP. (2010). Data & Capacity Needs for Transportation NAMAs, Report 1: Data
Availability. The Center for Clean Air Policy in collaboration with Cambridge
Systematics, Inc., Washington, D.C.
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Average Vehicle Kilometer Travelled (VKT)
Brief Definition

Unit of Measurement:

Annual vehicle kilometers travelled is defined as the total distance
travelled by motor vehicles in a defined location within a year. This is
calculated by multiplying daily VKT with a daily-to-annual conversion
factor for each year.
VKT per year

METHODOLOGY
For more information, please visit: http://www.issrc.org/ive/
(a) Data Sources
1. Estimated from Average Trip Length and Average Number of Trips
A common method used to estimate average VKT is by multiplying the average trip length by
the average number of trips.
Average Trip Length is the average distance travelled during a trip, i.e., one-way between an
origin and destination. It is often represented in kilometers. Average trip length is generally
estimated as the ratio of total passenger-kilometers to the total number of trips and by using
origin destination (O-D) surveys.
Average Number of Trips by motorized transport modes refer to the average daily one-way
trips between an origin and destination.
In cases where no local studies are available, default values (provided in Annex B) may be
used.
2. Surveys
Origin and Destination (O-D) surveys are a prerequisite in determining the travel patterns
and average trip length, which is used to estimate VKT. The O-D survey can be carried out
through ‘road side interview method’, where about 20-25% of the vehicle users are
interviewed to find out their travel details. It asks questions about each trip that is made on a
specific day – such as where the trip begins and ends, the purpose of the trip, the time of day,
frequency and the transport mode involved.15 It may include questions about the person
making the trip, such as age, sex, income, and others.
In Asia, O-D surveys are conducted as part of city traffic, transit and mobility plans or
feasibility plans for new transport infrastructure investments. Data sources are transport
ministries and departments, consultants and private sector engaged by Government and
research institutes.

15

Garber, N., and Hoel, L.. (2009). Traffic and Highway Engineering, 4th Edition. Cengage Learning: USA.
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Another method used to estimate VKT is the Number Plate survey, where the vehicle
registration number and time is noted at major entry and exit points of the designated areas
or a major corridor. These numbers are then compared to determine the trip length the
movement patters of vehicles.
In the US, the Federal Highway Administration regularly releases Highway Statistics which
contains vehicle miles of travel (VMT) data on a national and by state level, among others.
The FHWA estimates national VMT using State-reported Highway Performance and
Monitoring System (HPMS) data, including data from permanent automatic traffic recorders
(ATR). The HPMS includes annual average daily traffic (AADT)16 by road segment. AADTs are
multiplied by the length of each road segment to get the daily VMT. When this is summed up
for all road segments and days of the year, the annual VMT is derived.17
In developing Asian countries, surveys such as O-D and number plate surveys are not
conducted regularly, only on an ad hoc basis by transport ministries and research institutions.
The scope of available data is very much limited by project specifications. It is typical to
acquire annual VKT data for only a couple of years – depending on when national/local
projects were implemented.
Further guidance in developing, conducting and analysing surveys are available here:
a. UNECE, 2007. Handbook on Road Traffic Statistics: Methodology and Experience.
Retrieved online:
http://live.unece.org/fileadmin/DAM/trans/doc/2007/wp6/handbook_final.pdf
b. BTS, 2005. BTS Statistical Standards Manual. Retrieved online:
www.bts.gov/programs/statistical_policy_and_research/bts_statistical_standards_man
ual/index.html
c. US DOT, 2003. Guide to Good Statistical Practice in the Transportation Field.
Retrieved online:
www.bts.gov/publications/guide_to_good_statistical_practice_in_the_transportation_fi
eld
3. Average Odometer Readings
Apart from origin and destination survey, odometer readings are another possible source for
vehicle kilometer travelled data. If regularly monitored, odometer readings can provide
records of accumulated distances travelled by vehicles. The general formula to estimate
annual vehicle travelled using odometer readings is provided below:18
 = 

∑



−
∆

∆





×  × 

16

Average Annual Daily Traffic (AADT) is defined as the average of 24 hour counts collected every day in the year.
US Department of Transportation, Federal Highway Administration. (n.d.) Traffic Volume Trends. Policy Information, Travel Monitoring.
Retrieved online: http://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm
18
Azevedo, C. and Cardoso, J. (2009). Estimation of Annual Traffic Volumes: A Model For Portugal. Retrieved online:
http://www.ectri.org/YRS09/Papiers/Session1/Azevedo_C_Cardoso_J_Session1_Traffic(1).pdf
17
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Where:
VKTi – Annual traffic volume for the vehicle category i (vkm).
RnT – First odometer reading for the vehicle n in the category i (km).
RnT+∆T – Second odometer reading for the vehicle n in the category i (km).
∆T – Number of days between the first and the second odometer readings (days).
N – Number of inspected vehicles in the category i.
F – Total number of vehicles of the category i in the national vehicle fleet.
Y – Number of days in a year
Aside from limited availability, another major constraint in using odometer readings in
developing Asian countries is tampering of odometers to reduce the number of kilometers on
the clock. This leads to underestimation of the yearly distance travelled. Other limitations
with using odometer readings include different procedures for reading odometers (leading to
incomparability between countries) and inability to cover geographical information (leading to
inaccuracy when attributing odometer readings to a specific city/location).
Further information is available in UNECE, 2007. Handbook on Road Traffic Statistics:
Methodology and Experience. Retrieved online:
http://live.unece.org/fileadmin/DAM/trans/doc/2007/wp6/handbook_final.pdf

4. Other methods
Lents, J., et al. (undated) proposed a number of methods to provide a rough estimation of the
total VKT, including:
1. Conduct vehicle counts on a group of representative streets and extrapolate the data
to the entire region of interest.
2. Determine percentage of certain vehicle types on the street and determine the
amount of driving that those vehicles carry out, and then estimate the total VKT.
3. Determine typical daily driving of different vehicle types, the numbers of each of those
vehicle types that operate on the streets each day, and then multiply the two and add
the results.
4. Use aerial or satellite photography to count vehicles on different roadways and then
extrapolate to the entire area of interest.
These methods may be used when estimating VKT at small scales (i.e., specific road segment,
city, district and provincial level).
Further guidance on how to implement these estimation methods are provided in: Lents, J.,
Walsh, M., He, K., Davis, N., Osses, M., Tolvett, S., and Liu, H., [undated]. Handbook of Air
Quality Management. Chapter 6.2 Estimating Emissions from On-Road Mobile Sources:
Determination of Total Driving in a Region. Retrieved online: http://www.aqbook.org/
(b) Periodicity of Data Collection
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Depending on data availability and scope of traffic monitoring, this can be reported at a
monthly basis (as in the US). In Asia, this is usually available as on an annual basis.
(c) Disaggregation
Disaggregation depends on data availability. At a minimum, this parameter will be
disaggregated into
• (1) By vehicle type and (2) By vehicle type and type of fuel used
(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• Sobey, E. (2006). A Field Guide to Roadside Technology. Chicago Review Press, Inc.:
Illinois.
• Clean Air Asia. (2010). Default Values for Transport Emissions Evaluation Model for
Projects (TEEMP) Models for GEF Project Application. Retrieved online:
http://cleanairinitiative.org/portal/TEEMP
• Garber, N., and Hoel, L. (2009). Traffic and Highway Engineering, 4th Edition. Cengage
Learning: USA.
• Lents, J., Walsh, M., He, K., Davis, N., Osses, M., Tolvett, S., and Liu, H. (n.d.).
Handbook of Air Quality Management.” Chapter 6.2 Estimating Emissions from OnRoad Mobile Sources: Determination of Total Driving in a Region. Retrieved online:
http://www.aqbook.org/
• US DOT, Federal Highway Administration. (n.d.). Traffic Volume Trends. Policy
Information, Travel Monitoring. Retrieved online:
http://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm
• —. (2011). Highway Statistics 2009. Retrieved online:
www.fhwa.dot.gov/policyinformation/statistics/2009/
• —, 2011. Traffic Monitoring Guide. Retrieved online:
www.fhwa.dot.gov/ohim/tmguide/
• Department for Transport (DfT). (n.d.). How National Traffic Estimates Are Made.
Retrieved online: http://www.dft.gov.uk/matrix/Estimates.aspx
• The City of Calgary, Transportation Planning. (2010). Vehicle Kilometers Travelled in
Calgary: Proposed Methodology. Retrieved online: http://www.calgary.ca/docgallery/
bu/trans_planning/data/vehicle_km_travelled_calgary.pdf
• CCAP. (2010). Data & Capacity Needs for Transportation NAMAs, Report 1: Data
Availability. The Center for Clean Air Policy in collaboration with Cambridge
Systematics, Inc., Washington, D.C.
• Azevedo, C. and Cardoso, J. (2009). Estimation of Annual Traffic Volumes: A Model
For Portugal. Retrieved online:
http://www.ectri.org/YRS09/Papiers/Session1/Azevedo_C_Cardoso_J_Session1_Traffic
(1).pdf
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•

UNECE. (2007). Handbook on Road Traffic Statistics: Methodology and Experience.
Retrieved online:
http://live.unece.org/fileadmin/DAM/trans/doc/2007/wp6/handbook_final.pdf
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Average Speed
Brief Definition
Unit of Measurement:

Average or mean travel speed of all vehicles at a specified location.
Kilometers per hour

METHODOLOGY
(a) Data Sources
1. Speed Surveys
Average travel speed data is collected through speed surveys. This may be conducted at
random, representative sites to provide an estimate of the speed profile for an area. Vehicle
speeds measurement may be done manually by a surveyor. Traffic counters are also used to
calculate vehicle speeds. Counters records the duration between the moment a vehicle’s front
tires depress the hose and the moment that its rear tires depress it.19 Laser speed guns, which
uses infrared laser light to measure vehicle speed, can also be used. Speed surveys can be
conducted using handheld GPS equipment, using a technology beyond the traditional floating
car methodology,20 which is still used in many developing cities.21
Unfortunately, speed surveys are not conducted regularly in developing Asian countries, only
on an ad hoc basis by transport ministries and research institutions. Local police may also be a
potential source of speed data as speed monitoring is within the jurisdiction of the police for
some countries.
A sample survey form for Travel Speed and Time Survey is available in the Comprehensive
Mobility Plans (CMPs): Preparation Toolkit at the
Retrieved online: http://sti-india-uttoolkit.adb.org/mod1/se4/001.html

2. Speed flow equations
Average speed of different traffic modes can also be derived using speed flow equations for
particular roads using volume/capacity (V/C) ratio and saturation limits. The V/C ratio refers to
the maximum ratio of the volume of traffic versus road capacity. A ratio of 1 means that the
road has reached its rated capacity. The V/C ratio can go as high as 2.5, but this means that
the traffic congestion is extremely high.

19

Sobey, E. (2006). A Field Guide to Roadside Technology. Chicago Review Press, Inc.: Illinois.
Floating car runs is a source for point-to-point travel time. In this method, one or more vehicles are driven around the length of the facility
several times during the analytical period where the mean travel time is computed. Source: US Department of Transportation, Federal
Highway Administration. (2004). Traffic Analysis Toolbox. Retrieved online: http://ops.fhwa.dot.gov/trafficanalysistools/tat_vol3/sect2.htm
21
Center for Clean Air Policy (CCAP). (2010). Data & Capacity Needs for Transportation NAMAs, Report 1: Data Availability. The Center for Clean
Air Policy in collaboration with Cambridge Systematics, Inc., Washington, D.C.
20
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For further guidance, read Clean Air Asia, 2010. Default Values for Transport Emissions
Evaluation Model for Projects (TEEMP) Models for GEF Project Application. Retrieved onlinef:
http://cleanairinitiative.org/portal/TEEMP
(b) Periodicity of Data Collection
Depending on data availability and scope monitoring, this can be collected by the time of day.
Several developed countries report speed survey reports per annum.
(c) Disaggregation
Disaggregation depends on data availability. At a minimum, this parameter will be
disaggregated into
• (1) By vehicle type and (2) By vehicle type and type of fuel used
(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• Sobey, E. (2006). A Field Guide to Roadside Technology. Chicago Review Press, Inc.:
Illinois.
• US DOT, Federal Highway Administration. (n.d.). Traffic Volume Trends. Policy
Information, Travel Monitoring. Retrieved online:
http://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm
• US DOT, Federal Highway Administration. (2011). Traffic Monitoring Guide. Retrieved
online: www.fhwa.dot.gov/ohim/tmguide/
• —. (2004). Traffic Analysis Toolbox. Retrieved online:
http://ops.fhwa.dot.gov/trafficanalysistools/tat_vol3/
• CCAP. (2010). Data & Capacity Needs for Transportation NAMAs, Report 1: Data
Availability. The Center for Clean Air Policy in collaboration with Cambridge
Systematics, Inc., Washington, D.C.
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Emission Factors

Brief Definition

Unit of Measurement:

An emission factor is a representative value that relates the quantity of a
pollutant released to the atmosphere with an activity associated with the
release of that pollutant. These factors are usually expressed as the
weight of pollutant divided by a unit weight, volume, distance, or
duration of the activity emitting the pollutant.
Source: US EPA, 2009.
g/km

METHODOLOGY
(a) Data Sources
Emission factors are generally derived from dynamometer-based drive cycle tests to simulate
typical driving conditions and traffic speeds. They are generally represented in grams per
kilometer travelled or one of its derivatives. Fleet-based emission factors often used in sector
calculations depend on "driving behaviour" (how do we drive), “fleet characteristics” (what
vehicles we drive), "infrastructure” and geographical conditions (where we drive). It is to be
noted that "no two vehicles will have the same emission factor profile, even if they are
nominally identical models, produced on the same day on the same production line.”22
A simplified description on emission factor development using the EMFAC7G emission model
used by the California Air Resources Board (CARB) is provided below:23
Emission factor is calculated as the summation of products of the model year emission factors
(EF ) and the corresponding travel fractions by model year ( ) (CARB, 1996):
= $



 × 

The model year emission factor (EF ) is the product of the basic emission rate ( ) and
various correction factors (CFs) as shown in the following equation (California Air Resources
Board, 1996):
 = 

× ! × "! × ! × !! × # !

Where BER denotes the base emission rate and the remaining variables are correction factors
with respect to temperature (TCF), speed (SCF) or soak, fuel (FCF), cycle (CCF), and high
emitter (HECF).

22

Pollution Control Department (PCD). (2008). DIESEL – Developing Integrated Emission Strategies for Existing Land Transport Program.
Retrieved online: http://cleanairinitiative.org/portal/system/files/articles-72628_Ch4.pdf
23
Lin, J. (2000). A Markov Process Approach to Driving Cycle Development.
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Base emission rates for emission factors development are typically generated by measuring
emission concentrations for pollutants of concern, from a representative and statisticallysignificant sample of vehicles (considering age groups, engine types, vehicle types and fuels
used), under conditions which closely replicate or correlate with actual in-use driving.
Emission measurements are usually undertaken by ‘driving’ each vehicle through a
standardized test cycle (driving cycles) on a “rolling road” (or “chassis”) dynamometer.
Exhaust gas and particulate concentrations, fuel consumption and volumetric flow rates will be
measured continuously. Vehicle speed is recorded on the same time base as emission
measurements in order to allow pollutant emission rates to be linked with vehicle speed and
distance travelled.

Figure 9. Exhaust Emissions Test Procedure24
In the “Default Values for TEEMP Models for GEF Project Application” Report, several studies
in Asia were collated to provide an initial set of default values for the Asian fleet – See Table
15 in Annex B.
(b) Periodicity of Data Collection
—
(c) Disaggregation
This parameter will be disaggregated by vehicle type, fuel used and technology type
(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• Clean Air Asia. (2010). Default Values for Transport Emissions Evaluation Model for
Projects (TEEMP) Models for GEF Project Application. Retrieved online:
http://cleanairinitiative.org/portal/TEEMP
• Panya Warapetcharayut and Ittipol Paw-armart. (n.d.). Emission Factor Development in
Thailand. Automotive Air Pollution Section, Air Quality and Noise Management
Bureau, Pollution Control Department, Bangkok, Thailand.

24

Panya Warapetcharayut and Ittipol Paw-armart, [undated]. Emission Factor Development in Thailand. Automotive Air Pollution Section, Air
Quality and Noise Management Bureau, Pollution Control Department, Bangkok, Thailand.
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Lin, J. (2000). A Markov Process Approach to Driving Cycle Development.
Automobile Research Association of India (ARAI) and Central Pollution Control Board
(CPCB), India. (2007). Draft report on Emission Factor development for Indian Vehicles.
Retrieved online: http://www.cpcb.nic.in/DRAFTREPORT-on-efdiv.pdf
Pollution Control Board (PCD), Thailand. (2008). DIESEL - Developing Integrated
Emission Strategies for Existing Land Transport Project. Retrieved online:
http://www.pcd.go.th/info_serv/en_air_diesel.html
—. (n.d.). Academic manuscript: Preparation of technical guidelines for estimating
emission load from motor vehicles in Indonesia
Biona, J.B.M., Culaba, A.B., and Purvis, M.R.I. (2007). Energy use and emissions of two
stroke-powered tricycles in Metro Manila. Transportation Research Part D: Transport
and Environment: Volume 12: 7, pp. 488-497.
Nguyen Thi Kim Oanh and Mai Thi Thuy Phuong. (2008). Emission Inventory for
Motorcycles in Hanoi using the International Vehicle Emission Model. Retrieved online:
http://hqweb.unep.org/transport/pcfv/PDF/pathumbai_mai_thi.pdf
Schipper, L., Cordeiro, M., Liska, R., Le Anh, T., Orn, H., and Ng, W. (2008). Measuring
the Invisible: Quantifying Emissions Reductions from Transport Solutions, Hanoi Case
Study. Embarq. Retrieved online: http://pdf.wri.org/measuringtheinvisible_hanoi508c_eng.pdf
Cherry, C., et al. (2009). Electric Bikes in the People’s Republic of China: Impact on the
Environment and Prospects for Growth. Mandaluyong City, Philippines: Asian
Development
Bank.
Retrieved
online:
http://www.cleanairinitiative.org/portal/node/1092
“Strategies for Promotion of Energy Efficient and Cleaner Technologies in the Urban
Transportation System in Selected Asian Countries.” Swedish International
Development Cooperation Agency (Sida) and Asian Institute of Technology (AIT),
under the project “Asian Regional Research Programme on Energy, Environment and
Climate” (ARRPEEC-III).
University of Malaya. (2005). Final Report: Energy Use in the Transportation Sector of
Malaysia. Report prepared under the Malaysian - Danish Environmental Cooperation
Program and Renewable Energy and Efficiency Component.
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Average Fuel Efficiency
Brief Definition
Unit of Measurement:

This is expressed as vehicle kilometers travelled per liter of fuel.
Km/L

METHODOLOGY
(a) Data Sources
Typical sources of fuel efficiency data is from studies deriving emission factors for different
vehicle types. Another possible source for fuel efficiency data is through interviews or surveys
of fleet operators. In Asia, fuel efficiency measurements are typically done on an ad hoc basis
by transport ministries, research institutions and universities. In cases where no local values
are available, average fuel efficiency data from countries with relatively similar transport
systems may be used for initial estimation.
(b) Periodicity of Data Collection
—
(c) Disaggregation
This parameter is disaggregated by vehicle type and vehicle-fuel type.
(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• Biona, J.B.M., Culaba, A.B., and Purvis, M.R.I. (2007). Energy use and emissions of two
stroke-powered tricycles in Metro Manila. Transportation Research Part D: Transport
and Environment: Volume 12: 7, pp. 488-497.
• PCD, Thailand. (2008). DIESEL - Developing Integrated Emission Strategies for Existing
Land
Transport
Project.
Retrieved
online:
http://www.pcd.go.th/info_serv/en_air_diesel.html
• US Environmental Protection Agency (US EPA). (2007). SmartWay Fuel Efficiency Test
Protocol for Medium and Heavy Duty Vehicles. Working Draft. Retrieved online:
http://www.epa.gov/smartwaytransport/transport/documents/tech/420p07003.pdf
• Chaudhari, M.K.. (2010). Fuel Economy Measurements – Indian Perspective. ARAI.
Presented at the National Media Workshop for Journalists on Fuel Efficiency Issues,
Hyderabad, 12 August 2010. Retrieved online: http://cmsindia.org/MK.pdf
• Transport and Traffic Planners, Inc. (2010). A Strategic Approach to Climate Change in
the Philippines: An Assessment of Low-Carbon Interventions in the Transport and
Power Sectors. Final Report. Retrieved online: http://siteresources.worldbank.org/INT
PHILIPPINES/Resources/PH_Low_Carbon_Transport_and_Power.pdf

53

%Blend of Bio-fuels in fuels used for road transportation
Brief Definition
Unit of Measurement:

Percentage of bio-fuels blended/mixed in gasoline or diesel for road
transportation. Widely-used liquid biofuels for transportation are ethanol
and biodiesel.
Percent, %

METHODOLOGY
(a) Data Sources
1. National bio-fuel mandates and targets
Percent bio-fuels blend in gasoline or diesel for road transportation are usually specified in
national mandates, targets and plans. A summary of national bio-fuel mandates and targets
for selected Asian countries are provided below (Table 10).
Table 10: Summary of National Bio-fuels Mandates and Targets in Selected Countries
Country
Brunei
Darussalam
China

Ethanol

Biodiesel

X

X

Increase production to 3 million
tons/year by 2010 and to 10 million
tons/year by 2020

Increase production to 300,000
tons/year in 2010 and 2 million
tons/year in 2020

X

X

Hong Kong
SAR, P.R. China
Indonesia

2% biofuels in the energy mix by 2010; 3% by 2015; 5% by 2025

Japan

500 million liters by 2010

X

Korea

X

B3 by 2012

X

B5 mandated in 2008. Government
suspended implementation due to
the palm oil supply and price
considerations

Philippines

E5 by 2009; E10 by 2011

B1 since May 2007; B2 in 2009

Singapore

X

X

3% ethanol in gasoline mandate
planned for 2011 and compulsory
goal of 2% biodiesel in diesel fuel
plannedto be available nationwide
by 2010

X

Thailand

X

B2 since February 2008; B5 in
2011; B10 in 2012

Vietnam

500 million liters by 2020

50 million liters by 2020

Malaysia

Taipei,China
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Source: Asia-Pacific Economic Cooperation (APEC) and Winrock International, 2010.
"Sustainable Biofuel Development Policies, Programs, and Practices in APEC Economies” and
APEC, 2008. “The Future of Liquid Bio-fuels for APEC Economies.” Energy Working Group.
(b) Periodicity of Data Collection
—
(c) Disaggregation
—
(d) For which indicators is this parameter needed
This input parameter will be used for all emissions indicators for transport, except for road
transport fuel consumption.
(e) References
• Asia-Pacific Economic Cooperation (APEC) and Winrock International. (2010).
Sustainable Biofuel Development Policies, Programs, and Practices in APEC
Economies. Winrock International. Retrieved online:
http://www.biofuels.apec.org/pdfs/ewg_2010_sustainable_biofuels.pdf
• APEC. (2008). The Future of Liquid Bio-fuels for APEC Economies. Energy Working
Group. Retrieved online:
http://www.biofuels.apec.org/pdfs/ewg_2008_liquid_biofuels.pdf
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Average Occupancy
Brief Definition

Unit of Measurement:

Average vehicle occupancy is calculated as person-kilometers per
vehicle –kilometers or simply as the number of people travelling divided
by the number of vehicles. Higher the occupancy rates, the lesser the
emissions per person trips.
Persons-kilometers per vehicle kilometers

METHODOLOGY
(a) Data Sources
Vehicle Occupancy Data Collection Methods
Traditional methodologies in determining average vehicle occupancy include the roadside
windshield observation method and the carousal observational methods. Other methods
which may be used in collecting vehicle occupancy data include photographic surveillance,
mail-out or telephone surveys, and accident database extraction methods. The US
Department of Transportation Federal Highway Administration’s 1997 report on “Improved
Vehicle Occupancy Data Collection Methods” provides more information on these methods,
including guidance in selecting appropriate method to be used based on study requirements.
Read the full report here: http://www.fhwa.dot.gov/ohim/veh-occ.pdf.
In developing Asian countries, vehicle occupancy data is typically collected on an ad hoc basis
by transport ministries, consultants/private sector engaged by government and research
institutions. A challenge in vehicle occupancy collection is that there are several and varying
vehicle types in Asia.25 This includes informal vehicle types which seat more than the capacity
of the vehicle. As such, an on-board survey may be considered to assess vehicle occupancy.
In cases where no local studies are available, default values (provided in Annex B) may be
used.
(b) Periodicity of Data Collection
Average vehicle occupancy estimates may be collected on a per-hour, day, month or annual
basis.
(c) Disaggregation
This parameter is disaggregated by vehicle type.
(d) For which indicators is this parameter needed
This input parameter will be used for the following indicators:
• Road transport CO2 emissions per passenger km
• Road transport PM emissions per passenger km
• Road transport NOx emissions per passenger km
25

Center for Clean Air Policy (CCAP), 2010. “Data & Capacity Needs for Transportation NAMAs, Report 1: Data Availability.” The Center for Clean
Air Policy in collaboration with Cambridge Systematics, Inc., Washington, D.C.

56

(e) References
• Clean Air Asia. (2010). Default Values for Transport Emissions Evaluation Model for
Projects (TEEMP) Models for GEF Project Application. Retrieved online:
http://cleanairinitiative.org/portal/TEEMP
• US DOT. Federal Highway Administration. (1997). Final Report Improved Vehicle
Occupancy Data Collection Methods. Retrieved online:
http://www.fhwa.dot.gov/ohim/veh-occ.pdf.
• CCAP. (2010). Data & Capacity Needs for Transportation NAMAs, Report 1: Data
Availability. The Center for Clean Air Policy in collaboration with Cambridge
Systematics, Inc., Washington, D.C.
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Average Vehicle Loading
Brief Definition
Unit of Measurement:

Average loading is calculated by dividing annual freight transport
performance (ton-km) by the corresponding laden distance travelled
(vehicle-km).
Tons

METHODOLOGY
(a) Data Sources
1.

Surveys

Road freight information is typically collected through surveys such as the Axle Load survey.
Axle load surveys are carried out for individual trucks to determine the load they are carrying.
It is a simple method where all the axles of the truck are moved over a weighing pad and then
the loading is determined as an equivalent standard axle. This survey is usually carried out
while planning for a road projects to determine the pavement composition.
Load data can also be collected from toll operators and road concessionaires if additional toll
is charged for overloading. Another possible data source on vehicle loads are the weigh
bridges located on highways. However, researchers need to physically visit the place to collect
the data.
Rizet (2008) classified three approaches in collection and analysis of road freight data:26
• Vehicle approach – data collected on a per-vehicle and per trip basis. Data collected
is a good basis for a bottom-up approach and is useful in undertaking a detailed
assessment of measures to improve vehicle performance. One limitation in using this
method, as discussed by Rizet (2008), is that it does not incorporate transport chains
or shippers.
•

Shipper and transport chain approach – provides an overview of shippers’ transport
operations and examines inter-relationships between transport configuration, modal
changes and logistics structures.27 An example of this approach is the US Commodity
Flow Surveys (CFS). The CFS is a shipper-based surveys and provides data on
movement of goods in the US, including information on commodities shipped, their
value, weight, and mode of transportation, as well as the origin and destination of
shipments of commodities.28 It is conducted every five years as a partnership between
the Bureau of Transportation Statistics and the US Census Bureau. A limitation in

26

Rizet, C. (2008). 3 Approaches of Freight Transport Energy Analysis. Presentation at the IEA Workshop on ‘New Energy Indicators for
Transport: the Way Forward’ Paris, January 2008. Retrieved online: http://www.iea.org/work/2008/transport_indicators/Rizet.pdf
27
McKinnon, A. and Leonardi, J. (2008). The Collection of Long Distance Road Freight Data in Europe. Resource Paper for workshop: B6: The
Acquisition of Long Distance Freight Data at the 8th International Conference on Survey Methods in Transport, Annecy, France, 25-31 May
2008.
28
US Census Bureau and Bureau of Transportation Statistics. (n.d.). Commodity Flow Surveys. Retrieved online:
http://www.bts.gov/help/commodity_flow_survey.html and http://www.census.gov/econ/cfs/.
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conducting these surveys is the high cost to conduct the survey and the work involved
setting up the database.
•

Supply chain approach – which traces movement of particular products through a
supply chain from the producer to the final consumer, and monitors the amount of
transport generated, energy consumed and emissions released.29

As with other activity data, this is only collected on an ad hoc basis by transport ministries,
consultants/private sector engaged by government and research institutions.
Further guidance in developing, conducting and analysing surveys are available here:
a. BTS, 2005. BTS Statistical Standards Manual. Retrieved online:
www.bts.gov/programs/statistical_policy_and_research/bts_statistical_standards_man
ual/index.html
b. US DOT, 2003. Guide to Good Statistical Practice in the Transportation Field.
Retrieved online:
www.bts.gov/publications/guide_to_good_statistical_practice_in_the_transportation_fi
eld
(b) Periodicity of Data Collection
—
(c) Disaggregation
This parameter is disaggregated by vehicle type and vehicle-fuel type.
(d) For which indicators is this parameter needed
This input parameter will be used for the following indicators:
• Road transport CO2 emissions per freight ton-km
• Road transport PM emissions per freight ton-km
• Road transport NOx emissions per freight ton-km
•
(e) References
• Rizet, C. (2008). 3 Approaches of Freight Transport Energy Analysis. Presentation at the
IEA Workshop on ‘New Energy Indicators for Transport: the Way Forward’ Paris, January
2008. Retrieved online: http://www.iea.org/work/2008/transport_indicators/Rizet.pdf
• McKinnon, A. and Leonardi, J. (2008). The Collection of Long Distance Road Freight Data
in Europe. Resource Paper for workshop: B6: The Acquisition of Long Distance Freight
Data at the 8th International Conference on Survey Methods in Transport, Annecy, France,
25-31 May 2008.

29

McKinnon, A. and Leonardi, J., 2008. “The Collection of Long Distance Road Freight Data in Europe.” Resource Paper for workshop: B6: The
Acquisition of Long Distance Freight Data at the 8th International Conference on Survey Methods in Transport, Annecy, France, 25-31 May
2008.
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•

•

•

US Census Bureau and BTS. (n.d.). Commodity Flow Surveys. Retrieved online:
http://www.bts.gov/help/commodity_flow_survey.html and
http://www.census.gov/econ/cfs/.
BTS. (2005). BTS Statistical Standards Manual. Retrieved online:
www.bts.gov/programs/statistical_policy_and_research/bts_statistical_standards_man
ual/index.html
US DOT. (2003). Guide to Good Statistical Practice in the Transportation Field.
Retrieved online:
www.bts.gov/publications/guide_to_good_statistical_practice_in_the_transportation_fi
eld
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3.11

AP and GHG Emissions Indicators for Road Transport

T1 – TOTAL CARBON DIOXIDE (CO2) EMISSIONS FROM ROAD TRANSPORT
Indicator Code

T1

Brief Definition

Road transport emissions of Carbon dioxide (CO2).

Unit of Measurement:

Million metric tons of CO2

(b) Related Indicators
POLICY RELEVANCE
Depending on data availability, this
This indicator can be used to measure the
indicator can be disaggregated by vehicle
trends of CO2 emissions from road transport
type, vehicle-fuel type, passenger km and
and aid in evaluating the effectiveness policies
freight ton-km. This indicator is also
and measures.
frequently assessed on the per capita or per
GDP basis.
METHODOLOGY
(c) Limitations of the Indicator
(a) Measurement Methods
The reliability of this indicator is heavily
In this work, the total CO2 emissions from the
influenced by the quality and availability of
road transport sector was estimated using the
the input parameters used for its
Activity-Structure-Intensity-Fuel
(ASIF)
calculation. Existing data challenges in Asia,
approach (adapted from Schipper and Marie
especially for activity data, must be taken
1999; Schipper, Gorham, and Marie, 2000). In
into consideration when using this indicator.
this approach, road transport emissions are
Users of this indicator must clearly specify
dependent on the level of transport activity (A);
their assumptions, especially for the input
the road transport mode structure (S); the fuel
parameters used. Another limitation is that
intensity (I); and the carbon content of the fuel
this indicator only provides total amount of
or emission factor (F).
emissions without describing neither the
intensity of various modes or the efficiency
G =A * S * I * F
of the system.
Where:
ORGANIZATION/S ALSO USING THIS
G = CO2 emissions
INDICATOR
A = Activity (total transport activity in
passenger kilometers or ton freight kilometers) • Global
o International Energy Agency
S = Structure (travel shares of each road
o International Transport Forum
transport mode)
• Regional
I = Intensity (fuel intensity of each road
o Europe: European Environment Agency
transport mode in liters)
•
National
F = Fuel (carbon content of fuels or emission
o National Greenhouse Gas Inventory for
factor in grams of carbon or pollutant per
liter of fuel consumed)
the National Communication on Climate
Change to UNFCCC.

61

T2 – ROAD TRANSPORT CO2 EMISSIONS PER GDP
Indicator Code

T2

Brief Definition

The average amount of CO2 emitted from road transport per unit of
income (Gross Domestic Product) generated by a country’s economy.
(Adapted from IEA)

Unit of Measurement:

Kilograms CO2 per US dollar at constant 2000 prices

POLICY RELEVANCE
This indicator provides a measure of the
carbon intensity of the economy in the road
transport sector. Relatively high values for this
indicator suggest a potential for decoupling
CO2 emissions in road transport sector from
economic growth. This also allows a common
benchmark for comparing national and
historical emissions (ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of total
CO2 emissions from road transport to
economic output.
T2 =

T1
GDP

x

Where:
T1 = Total CO2 emissions from road
transport
T2 = Road transport CO2 emissions per
GDP
GDP = Gross Domestic Product –
measured in US dollars at constant 2000
prices

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and air pollution (PM and NOx)
emissions.
(c) Limitations of the Indicator
Road transport emissions are frequently
assessed against socio-economic indicators,
such as GDP and population. This indicator
does not provide intensity of each mode but of
the entire system. It is useful as countries, such
as India and PR China, are suggesting that they
would reduce the intensity of CO2 emissions.
However, it must be noted that these
indicators only provide an indication of the
CO2 emissions performance of the road
transport sector of the country and must not
be deemed as complete assessments (IEA,
2010).

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Global
• International Energy Agency
• International Transport Forum
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory
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T3 – ROAD TRANSPORT CO2 EMISSIONS PER CAPITA
Indicator Code

T3

Brief Definition

Total amount of CO2 emitted from road transport, on average, for each
person in a country. (Adapted from IEA)

Unit of Measurement:

Metric tons CO2 per capita

POLICY RELEVANCE
This indicator measures the road transport CO2
emissions on a per capita basis and reflects the
patterns in road transport CO2 emissions and
carbon intensity of a society. This also allows a
common benchmark for comparing national
and historical emissions (ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of total
CO2 emissions from road transport to
population.
T3 =

T1
x
Population

Where:
T1 = Total CO2 emissions from road
transport
T3 = Road transport CO2 emissions per
capita

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and air pollution (PM and NOx)
emissions.
(c) Limitations of the Indicator
Road transport emissions are frequently
assessed against socio-economic indicators,
such as GDP and population. However, it must
be noted that these indicators only provide an
indication of the CO2 emissions performance
of the road transport sector of the country and
must not be deemed as complete assessments
(IEA, 2010).
ORGANIZATION/S ALSO USING THIS
INDICATOR
 Global
• International Energy Agency
• International Transport Forum
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory
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T4 – ROAD TRANSPORT CO2 EMISSIONS PER PASSENGER KM
Indicator Code

T4

Brief Definition

CO2 emissions per transport unit (passenger-km) by road transport
(Adapted from EEA TERM).

Unit of Measurement:

Grams CO2 per passenger-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and CO2 emissions.
Since specific CO2 emissions are expressed per
transport unit, occupancy rates have a
considerable effect on specific emissions
produced from passenger transport. Reduction
of specific emissions can be achieved by
increasing occupancy rates and load factors
and/or by decreasing the emissions per
vehicle-km. This indicator provides a measure
of the CO2 emissions of passenger transport
for road (EEA, 2011).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing the
passenger transport divided by passenger-km
travelled (PKM).
(1) PKM = Σ[(Ave VKTa * VPa) * AOa]
(2) T4 =

T1
PKM

x

(b) Related Indicators
This indicator is linked to air pollution (PM and
NOx) emissions from road transport per
transport unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for passenger-km are rarely available
from Asian countries. Another challenge in
vehicle occupancy statistics in developing
countries is that there are many vehicle types,
including informal vehicle types that seat more
than the capacity of the vehicle. Derived values
are to be treated as estimates.
ORGANIZATION/S ALSO USING THIS
INDICATOR
 Global
• International Energy Agency
• International Transport Forum
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

Where:
PKM = Passenger kilometers travelled
Ave VKTa = Average vehicle kilometer travelled
by type of passenger vehicle
VPa = Vehicle population by type of passenger
vehicle
T1 = Total CO2 emissions from road transport
T4 = Road transport CO2 emissions per passenger
km
AOa = average vehicle occupancy by type of
passenger vehicle
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T5 – ROAD TRANSPORT CO2 EMISSIONS PER FREIGHT TON-KM
Indicator Code

T5

Brief Definition

CO2 emissions per transport unit (ton-km) by road transport (Adapted
from EEA TERM).

Unit of Measurement:

Grams CO2 per ton-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and CO2 emissions.
Since specific CO2 emissions are expressed per
transport unit, load factors have a considerable
effect on specific emissions produced from
freight transport. Reduction of specific
emissions can be achieved by increasing
occupancy rates and load factors and/or by
decreasing the emissions per vehicle-km. This
indicator provides a measure of the CO2
emissions of freight transport for road (EEA,
2011).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing the total
CO2 emissions from freight transport by tonkm.

(b) Related Indicators
This indicator is linked to air pollution (PM and
NOx) emissions from road transport per
transport unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for freight ton-km are rarely available
from Asian countries. Derived values are to be
treated as estimates.
ORGANIZATION/S ALSO USING THIS
INDICATOR
 Global
• International Energy Agency
• International Transport Forum
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

(1) TKM = Σ[(Ave VKTa * VPaf) * LFaf]
(2) T4 =

T1
TKM

x

Where:
TKM = Total freight ton-km
Ave VKT = Average vehicle kilometer travelled
VPaf = Vehicle population by type of freight
vehicle
T1 = Total CO2 emissions from road transport
T5 = Road transport CO2 emissions per ton-km
LFaf = load factor by type of freight vehicle
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T6 – ROAD TRANSPORT CO2 EMISSIONS PER VEHICLE TYPE
Indicator Code

T6

Brief Definition

Road transport CO2 emissions disaggregated into vehicle types.

Unit of Measurement:

Million metric tons of CO2

POLICY RELEVANCE
This indicator measures road transport CO2
emissions per vehicle type. This can provide
guidance to policymakers and decision makers
in focusing emissions management policies and
measures on vehicle types estimated to
generate the most emissions.
METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the ASIF
approach defined in T1-Total CO2 emissions
from road transport guideline.
(b) Related Indicators
This indicator can be aggregated to estimate
T1- Total CO2 emissions from road transport.
Depending on availability of data, this can be
disaggregated to T7-Road transport CO2
emissions per vehicle-fuel type

(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used. This indicator does not include efficiency
(economy or movement).
ORGANIZATION/S ALSO USING THIS
INDICATOR
 Global
• International Energy Agency
• International Transport Forum
 Regional
• Europe: European Environment Agency
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T7 – ROAD TRANSPORT CO2 EMISSIONS PER VEHICLE-FUEL TYPE
Indicator Code

T7

Brief Definition

Road transport CO2 emissions disaggregated into vehicle-fuel types.

Unit of Measurement:

Million metric tons of CO2

POLICY RELEVANCE
This indicator measures road transport CO2
emissions per vehicle-fuel type. This can
provide guidance to policymakers and decision
makers in focusing emissions management
policies and measures on vehicle as well as
vehicle-fuel types estimated to generate the
most emissions.

•

Regional - Europe: European
Environment Agency

METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the ASIF
approach defined in T1-Total CO2 emissions
from road transport guideline.
(b) Related Indicators
This indicator can be aggregated to estimate
T1- Total CO2 emissions from road transport
and T6-Road transport CO2 emissions per
vehicle type.
(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global
o International Energy Agency
o International Transport Forum
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T8 – TOTAL PM EMISSIONS FROM ROAD TRANSPORT
Indicator Code

T8

Brief Definition

Road transport PM emissions arising from fuel use in road vehicles.

Unit of Measurement:

Thousand metric tons PM

POLICY RELEVANCE
The road transport sector is a major
contributor of air pollution emissions. This
indicator can be used to measure the trends of
PM emissions from road transport and aid in
evaluating the effectiveness policies and
measures.
METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the
methodologies defined in T1-Total CO2
emissions from road transport guideline,
except that CO2 emission factors are
substituted with air pollutant emission factors.
(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by vehicle type, vehiclefuel type, passenger km and freight ton-km.
This indicator is also frequently assessed on
the per capita or per GDP basis.
•
•
•
•
•
•

(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National governments also
report this indicator as part of their
emissions inventories.

Road transport PM emissions per GDP
Road transport PM emissions per capita
Road transport PM emissions per
passenger km
Road transport PM emissions per freight
ton-km
Road transport PM emissions per vehicle
type
Road transport PM emissions per vehiclefuel type
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T9 – ROAD TRANSPORT PM EMISSIONS PER GDP
Indicator Code

T9

Brief Definition

The average amount of PM emitted from road transport per unit of
income (Gross Domestic Product) generated by a country’s economy.
(Adapted from IEA)

Unit of
Measurement:

Grams PM per US dollar at constant 2000 prices

POLICY RELEVANCE
This indicator provides a measure of the
emission intensity of the economy in the road
transport sector. Relatively high values for this
indicator suggest a potential for decoupling
PM emissions in road transport sector from
economic growth. This also allows a common
benchmark for comparing national and
historical emissions (ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of total
PM emissions from road transport to economic
output.
T9 =

T8
GDP

x

Where:
T8 = Total PM emissions from road transport
(refer to T8 Guideline for its measurement
method)
T9 = Road transport PM emissions per GDP
GDP = Gross Domestic Product – measured in US
dollars at constant 2000 prices

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and emissions indicators.
(c) Limitations of the Indicator
Road transport emissions are frequently
assessed against socio-economic indicators,
such as GDP and population. However, it must
be noted that these indicators only provide an
indication of the emissions performance of the
road transport sector of the country and must
not be deemed as complete assessments (IEA,
2010).

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National governments also
report this indicator as part of their
emissions inventories.
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T10 – ROAD TRANSPORT PM EMISSIONS PER CAPITA
Indicator Code

T10

Brief Definition

Total amount of PM emitted from road transport, on average, for each
person in a country. (Adapted from IEA)

Unit of Measurement:

Kilograms PM per capita

POLICY RELEVANCE
This indicator measures the road transport PM
emissions on a per capita basis and reflects the
patterns in road transport PM emissions and
emission intensity of a society. This also allows
a common benchmark for comparing national
and historical emissions (ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of total
PM emissions from road transport to
population.
T10 =

T8
Population

x

Where:
T8 = Total PM emissions from road transport
(refer to T8 Guideline for its measurement
method)
T10 = Road transport PM emissions per capita

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and emissions indicators.
(c) Limitations of the Indicator
Road transport emissions are frequently
assessed against socio-economic indicators,
such as GDP and population. However, it must
be noted that these indicators only provide an
indication of the PM emissions performance of
the road transport sector of the country and
must not be deemed as complete assessments
(IEA, 2010).

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional
• Europe: European Environment Agency
 National
• National Greenhouse Gas Inventory for
the National Communication on
Climate Change to UNFCCC.
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T11 – ROAD TRANSPORT PM EMISSIONS PER PASSENGER KM
Indicator Code

T11

Brief Definition

PM emissions per transport unit (passenger-km) by road transport
(Adapted from EEA TERM).

Unit of Measurement:

Grams PM per passenger-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and PM emissions.
Since specific PM emissions are expressed per
transport unit, occupancy rates have a
considerable effect on specific emissions
produced from passenger transport. Reduction
of specific emissions can be achieved by
increasing occupancy rates and load factors
and/or by decreasing the emissions per
vehicle-km. This indicator provides a measure
of the PM emissions of passenger transport for
road (EEA, 2011).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing the
passenger transport divided by passenger-km
travelled (PKM).

(b) Related Indicators
This indicator is linked to NOx and CO2
emissions from road transport per transport
unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for passenger-km are rarely available
from Asian countries. Another challenge in
vehicle occupancy statistics in developing
countries is that there are many vehicle types,
including informal vehicle types that seat more
than the capacity of the vehicle. Derived values
are to be treated as estimates.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

(1) PKM = Σ[(Ave VKTa * VPa) * AOa]
(2) T11 =

T8
PKM

x

Where:
PKM = Passenger kilometers travelled
Ave VKTa = Average vehicle kilometer travelled
by type of passenger vehicle
VPa = Vehicle population by type of passenger
vehicle
T8 = Total PM emissions from road transport
T11 = Road transport PM emissions per passenger
km
AOa = average vehicle occupancy by type of
passenger vehicle
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T12 – ROAD TRANSPORT PM EMISSIONS PER FREIGHT TON-KM
Indicator Code

T12

Brief Definition

PM emissions per transport unit (ton-km) by road transport (Adapted
from EEA TERM).

Unit of Measurement:

Grams PM per ton-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and PM emissions.
Since specific PM emissions are expressed per
transport unit, load factors have a considerable
effect on specific emissions produced from
freight transport. Reduction of specific
emissions can be achieved by increasing
occupancy rates and load factors and/or by
decreasing the emissions per vehicle-km. This
indicator provides a measure of the PM
emissions of freight transport for road (EEA,
2011).

This indicator is linked to CO2 and NOx
emissions from road transport per
transport unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for freight ton-km are rarely
available from Asian countries. Derived
values are to be treated as estimates.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing
freight transport by ton-km.
(1) TKM = Σ[(Ave VKTaf * VPaf) * LFaf]
(2) T12 =

T8
TKM

x

Where:
TKM = Freight ton-km
Ave VKTaf = Average vehicle kilometer travelled
by type of freight vehicle
VPaf = Vehicle population by type of freight
vehicle
T8 = Total PM emissions from road transport
T12 = Road transport PM emissions per ton-km
LFaf = Load factor by type of freight vehicle

(b) Related Indicators
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T13 – ROAD TRANSPORT PM EMISSIONS PER VEHICLE TYPE
Indicator Code

T13

Brief Definition

Road transport PM emissions disaggregated into vehicle types.

Unit of Measurement:

Thousand metric tons of PM

POLICY RELEVANCE
This indicator measures road transport PM
emissions per vehicle type. This can provide
guidance to policymakers and decision makers
in focusing emissions management policies and
measures on vehicle types estimated to
generate the most emissions.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency

METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the ASIF
approach defined in T1-Total CO2 emissions
from road transport guideline, except that CO2
emission factors are substituted with PM
emission factors.
(b) Related Indicators
This indicator can be aggregated to estimate
T8- Total PM emissions from road transport.
Depending on availability of data, this can be
disaggregated to T14-Road transport PM
emissions per vehicle-fuel type.
(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data, must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.
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T14 – ROAD TRANSPORT PM EMISSIONS PER VEHICLE-FUEL TYPE
Indicator Code

T14

Brief Definition

Road transport PM emissions disaggregated into vehicle-fuel types.

Unit of
Measurement:

Thousand metric tons of PM

POLICY RELEVANCE
This indicator measures road transport PM
emissions per vehicle-fuel type. This can
provide guidance to policymakers and decision
makers in focusing emissions management
policies and measures on vehicle as well as
vehicle-fuel types estimated to generate the
most emissions.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency

METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the ASIF
approach defined in T1-Total CO2 emissions
from road transport guideline, except that CO2
emission factors are substituted with PM
emission factors.
(b) Related Indicators
This indicator can be aggregated to estimate
T8- Total PM emissions from road transport
and T13-Road transport PM emissions per
vehicle type.
(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data, must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.
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T15 – TOTAL NOx EMISSIONS FROM ROAD TRANSPORT
Indicator Code

T15

Brief Definition

Road transport NOx emissions arising from fuel use in road vehicles.

Unit of Measurement:

Thousand metric tons NOx

POLICY RELEVANCE
The road transport sector is a major
contributor of air pollution emissions. This
indicator can be used to measure the trends of
NOx emissions from road transport and aid in
evaluating the effectiveness policies and
measures.
METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the
methodologies defined in T1-Total CO2
emissions from road transport guideline,
except that CO2 emission factors are
substituted with air pollutant emission factors.
(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by vehicle type, vehiclefuel type, passenger km and freight ton-km.
This indicator is also frequently assessed on
the per capita or per GDP basis.
• Road transport NOx emissions per GDP
• Road transport NOx emissions per capita
• Road transport NOx emissions per
passenger km
• Road transport NOx emissions per freight
ton-km
• Road transport NOx emissions per vehicle
type
• Road transport NOx emissions per vehiclefuel type

(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National governments also
report this indicator as part of their
emissions inventories.
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T16 – ROAD TRANSPORT NOx EMISSIONS PER GDP
Indicator Code

T16

Brief Definition

The average amount of NOx emitted from road transport per unit of
income (Gross Domestic Product) generated by a country’s economy.
(Adapted from IEA)

Unit of
Measurement:

Grams NOx per US dollar at constant 2000 prices

POLICY RELEVANCE
This indicator provides a measure of the
emission intensity of the economy in the road
transport sector. Relatively high values for this
indicator suggest a potential for decoupling
NOx emissions in road transport sector from
economic growth. This also allows a common
benchmark for comparing national and
historical emissions (ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of
total NOx emissions from road transport to
economic output.
T16 =

T15
GDP

x

Where:
T15 = Total NOx emissions from road transport
(refer to T15 Guideline for its measurement
method)
T16 = Road transport NOx emissions per GDP
GDP = Gross Domestic Product – measured in US
dollars at constant 2000 prices

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and emissions indicators.
(c) Limitations of the Indicator
Road transport emissions are frequently
assessed
against
socio-economic
indicators, such as GDP and population.
However, it must be noted that these
indicators only provide an indication of the
emissions performance of the road
transport sector of the country and must
not be deemed as complete assessments
(IEA, 2010).

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National governments also
report this indicator as part of their
emissions inventories.
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T17 – ROAD TRANSPORT NOx EMISSIONS PER CAPITA
Indicator Code

T17

Brief Definition

Total amount of NOx emitted from road transport, on average, for each
person in a country. (Adapted from IEA)

Unit of
Measurement:

Kilograms NOx per capita

POLICY RELEVANCE
This indicator measures the road transport
NOx emissions on a per capita basis and
reflects the patterns in road transport NOx
emissions and emission intensity of a society.
This also allows a common benchmark for
comparing national and historical emissions
(ITF, 2010).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated as the ratio of total
PM emissions from road transport to
population.
T17 =

T15
Population

x

Where:
T15 = Total PM emissions from road transport
(refer to T8 Guideline for its measurement
method)
T17 = Road transport PM emissions per capita

(c) Limitations of the Indicator
Road transport emissions are frequently
assessed
against
socio-economic
indicators, such as GDP and population.
However, it must be noted that these
indicators only provide an indication of the
NOx emissions performance of the road
transport sector of the country and must
not be deemed as complete assessments
(IEA, 2010).

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional
• Europe: European Environment Agency
 National
• National Greenhouse Gas Inventory for
the National Communication on
Climate Change to UNFCCC.

(b) Related Indicators
This indicator is linked to indicators for fuel
consumption and emissions indicators.
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T18 – ROAD TRANSPORT NOx EMISSIONS PER PASSENGER KM
Indicator Code

T18

Brief Definition

NOx emissions per transport unit (passenger-km) by road transport
(Adapted from EEA TERM).

Unit of
Measurement:

Grams NOx per passenger-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and NOx emissions.
Since specific NOx emissions are expressed per
transport unit, occupancy rates have a
considerable effect on specific emissions
produced from passenger transport. Reduction
of specific emissions can be achieved by
increasing occupancy rates and load factors
and/or by decreasing the emissions per
vehicle-km. This indicator provides a measure
of the NOx emissions of passenger transport
for road (EEA, 2011).
METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing the total
NOx emissions from road transport by
passenger-km travelled.

(b) Related Indicators
This indicator is linked to PM and CO2
emissions from road transport per transport
unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for passenger-km are rarely available
from Asian countries. Another challenge in
vehicle occupancy statistics in developing
countries is that there are many vehicle types,
including informal vehicle types that seat more
than the capacity of the vehicle. Derived values
are to be treated as estimates.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

(1) PKM = Σ[(Ave VKTa * VPa) * AOa]
(2) T18 =

T15
PKM

x

Where:
PKM = Passenger kilometers travelled
Ave VKT = Average vehicle kilometer travelled by
type of passenger vehicle
VPa = Vehicle population by type of passenger
vehicle
T15 = Total NOx emissions from road transport
T18 = Road transport NOx emissions per
passenger km
AOa = average vehicle occupancy by type of
passenger vehicle
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T19 – ROAD TRANSPORT NOx EMISSIONS PER FREIGHT TON-KM
Indicator Code

T19

Brief Definition

NOx emissions per transport unit (ton-km) by road transport (Adapted
from EEA TERM).

Unit of Measurement:

Grams NOx per ton-kilometer

POLICY RELEVANCE
Energy efficiency improvements in road
transport can result in considerable reduction
in energy consumption and NOx emissions.
Since specific NOx emissions are expressed per
transport unit, load factors have a considerable
effect on specific emissions produced from
freight transport. Reduction of specific
emissions can be achieved by increasing
occupancy rates and load factors and/or by
decreasing the emissions per vehicle-km. This
indicator provides a measure of the PM
emissions of freight transport for road (EEA,
2011).

This indicator is linked to CO2 and PM
emissions from road transport per transport
unit (passenger-km or ton-km).
(c) Limitations of the Indicator
Statistics for freight ton-km are rarely available
from Asian countries. Derived values are to be
treated as estimates.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency
 National - National Greenhouse Gas
Inventory

METHODOLOGY
(a) Measurement Methods
This indicator is calculated by dividing the total
NOx emissions from road transport by ton-km.
(1) TKM = Σ[(Ave VKTaf * VPaf) * LFaf]
(2) T19 =

T15
TKM

x

Where:
TKM = Freight ton-km
Ave VKT = Average vehicle kilometer travelled by
type of freight vehicle
VPaf = Vehicle population by type of freight
vehicle
T15 = Total NOx emissions from road transport
T19 = Road transport NOx emissions per ton-km
LFaf = load factors by type of freight vehicle

(b) Related Indicators
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T20 – ROAD TRANSPORT NOx EMISSIONS PER VEHICLE TYPE
Indicator Code

T20

Brief Definition

Road transport NOx emissions disaggregated into vehicle types.

Unit of
Measurement:

Thousand metric tons of NOx

POLICY RELEVANCE
This indicator measures road transport NOx
emissions per vehicle type. This can provide
guidance to policymakers and decision makers
in focusing emissions management policies and
measures on vehicle types estimated to
generate the most emissions.

ORGANIZATION/S ALSO USING THIS
INDICATOR
 Regional - Europe: European Environment
Agency

METHODOLOGY
(a) Measurement Methods
This indicator is calculated using the ASIF
approach defined in T1-Total CO2 emissions
from road transport guideline, except that CO2
emission factors are substituted with NOx
emission factors.
(b) Related Indicators
This indicator can be aggregated to estimate
T15- Total NOx emissions from road transport.
Depending on availability of data, this can be
disaggregated to T121-Road transport NOx
emissions per vehicle-fuel type.
(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data must be taken into consideration
when using this indicator. Users of this
indicator must take note of the assumptions
taken, especially for the input parameters
used.
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T21 – ROAD TRANSPORT NOx EMISSIONS PER VEHICLE-FUEL TYPE
Indicator Code

T21

Brief Definition

Road transport NOx emissions disaggregated into vehicle-fuel types.

Unit of
Measurement:

Thousand metric tons of NOx

POLICY RELEVANCE
This indicator measures road transport NOx
emissions per vehicle-fuel type. This can
provide guidance to policymakers and decision
makers in focusing emissions management
policies and measures on vehicle as well as
vehicle-fuel types estimated to generate the
most emissions.

(c) Limitations of the Indicator
The reliability of this indicator is heavily
influenced by the quality and availability of the
input parameters used for its calculation.
Existing data challenges in Asia especially for
activity data, must be taken into consideration
when using this indicator. Users of this indicator
must take note of the assumptions taken,
especially for the input parameters used.

METHODOLOGY
ORGANIZATION/S ALSO USING THIS
(a) Measurement Methods
This indicator is calculated using the ASIF INDICATOR
approach defined in T1-Total CO2 emissions  Regional - Europe: European Environment
from road transport guideline, except that CO2
Agency
emission factors are substituted with NOx
emission factors.
(b) Related Indicators
This indicator can be aggregated to estimate
T15- Total NOx emissions from road transport
and T20-Road transport NOx emissions per
vehicle type.
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4.

Guidelines for Generation, Interpretation, and
Analysis of AP and GHG Emissions Indicators for
Electricity

This chapter presents the methodology used in the estimation of emissions indicators from
electricity. This includes total emissions and emissions intensity expressed as by per capita, per
GDP, and per kilowatt-hour (kWh). It also provides information on the input parameters including
electricity generation and consumption.
The data sources and data availability for input parameters used to derive the emissions indicators
are also discussed. Data considerations, definitions, and assumptions per country are found in the
section on input parameters.
The approach used allows the estimation of the impact of changing aspects of the electricity
system that affect CO2 emissions, whether it be source type and fuel efficiency. It can provide
insights on how the implementation of different policy measures can affect the emissions from
electricity.

4.1

Methodology

Estimating total emission from electricity is usually achieved by the top-down approach (based on
fuel consumption). The IPCC has provided guidance on the estimation of emissions from
stationary combustion: the 2006 IPCC Guidelines for National GHG Inventories.
In this work, air pollutant (PM and SO2) and CO2 emissions from the electricity sector were
estimated with guidance from the 2009 US EPA Emission Factors & AP-42 compilation of Air
Pollutant and Emission Factors, 2010 Global Atmospheric Pollution Forum Air Pollutant Emissions
Inventory Manual (for the estimation of PM and SO2), and 2006 IPCC Guidelines for National GHG
Inventories – Chapter 2 Stationary Combustion (for the estimation of CO2).
Tier 2 or country-specific values were used whenever possible based on the availability of data per
country. Emissions were calculated on the basis of their fuel; other factors such as abatement
technology were not taken into account for PM and SO2 emission estimation and seldom
accounted for in SO2 emission estimation due to the lack of data.
In this approach, the emissions in the electricity sector were calculated for both electricity
generation and electricity consumption. Emissions from electricity consumption are considered to
be indirectly attributable to the selected end-use sector. Its purpose is to show which sector
consumes more electricity relative to others and, consequently, to account for more emissions.
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Box 3. IPCC Guidance on estimating emissions from electricity generation
Top-down Approach: Tier 1 or 2 Approach as specified in Chap 2, Vol 2 of 2006 IPCC
Guidelines for National GHG Inventories
The definition for emissions from electricity generation was based on the sector split for
stationary combustion:
Electricity generation (1A1ai) comprises emissions from all fuel use for electricity
generation from main activity producers except those from combined heat and
power plants.
Total CO2 emissions from electricity can be calculated based on the aggregate amount of fuel
combusted for electricity generation and the type of fuel combusted and its carbon content. This
calculates CO2 emissions by multiplying estimated fuel sold with a CO2 emission factor.
Emissions from electricity consumption by end-use sector were also estimated. These emissions
are considered to be indirectly attributable to electricity consumption. Its purpose is to show
which sector consumes more electricity relative to others and consequently account for more
emissions.
All similar approach was taken for the calculation of PM and SO2 emissions by taking into account
the particulate matter and sulfur contents.
%&' = $ %( ∗ #

(

( 

Equation 1: Emissions from electricity
generation
Where
Ggen = Total emissions from electricity generation
j = fuel type (limited to fossil fuels – coal, oil, natural gas)
EGj = Electricity generation by fuel type j
HRj = Heat rate by fuel type (fuel efficiency)
EFj = Emission factor by fossil fuel type
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Equation 2: Emissions from electricity
consumption
Where
Gcon = Total emissions from electricity consumption (net
consumption after losses)
k = sector (residential, industrial, commercial, transport and
others)
ECk = Electricity consumption by end-use sector
Ggen = Total CO2 emissions from electricity generation
EGtotal = Total electricity generation (fossil and non-fossil)
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Figure 10. Flowchart to estimate emissions from Electricity
Figure 9 above illustrates the calculation flowchart that was used to estimate emissions from
electricity.

*By fuel type (applicable to fossil fueled fire plants only)
Notes:
Emissions measured was CO2 = Carbon dioxide, PM = Particulate matter, and SO2 = Sulfur dioxide
GDP = Gross domestic product
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The input parameters used to derive emission indicators were selected based on a data mapping
exercise. Table 11 below provides an overview of data availability of input parameters for each
country.
Table 11: Overview of data availability of input parameters for each country
DATA REQUIREMENTS FOR ESTIMATING
EMISSIONS FROM THE ELECTRICITY BANIND INO LAO MALNEPPAKPHI PRC SIN SRI THAVIE
SECTOR
GDP (Constant)
Total Population
General
Population Access to
electricity
Total
Total
Coal
Oil
Natural gas
Electricity Geothermal
generation power
Hydropower
by source
Electricity
type
Biomass/Agrofuels
Supply
Wind power
Solar power
Other source/s
Coal
Heat rate Oil
Natural gas
Total
Total
Residential sector
Electricity
Commercial sector
Electricity
consumption
Consumption
Industrial sector
by end-use
Transport sector
sector
Other sector/s
Coal
Carbon
Oil
emission
Carbon
factor
Natural gas
Dioxide
Emission
Coal
Combustion
Factor
Oil
efficiency
Natural gas
Coal
Calorific
Oil
Particulate
value
Natural gas
Matter
Emission
Coal
PM
Factor
combustion Oil
factor
Natural gas
GDP
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Sulfur
Dioxide
Emission
Factor

Sulfur
content
(fuel)
Sulfur
retention
(ash)
SO2
abatement
efficiency

Coal
Oil
Coal
Oil
Coal
Oil

Net calorific Coal
value
Oil
Legend:
Available (Data available for all years)
Limited (Data available for at least one year)
No data
Default value for Asian fleet
Not applicable
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The data mapping exercise highlighted the data challenges to estimating electricity emissions.
The main challenges and approaches taken to overcome these are summarized in the table below.
Table 12: General Data Assumptions and Approach
Access to electricity. Only a few countries report annual electricity access data but complete
2000 and 2009 data are available through the IEA.
Electricity Supply. Electricity generation data included only refers to reported on-grid power
generation and does not involve activities using generators or batteries. Disaggregated data for
electricity generation at the national level is generally available for different source types;
however source types may be defined differently per country. Total electricity generally s also
generally collected and available at the national level. Disaggregation by source type is variable.
Some countries lump various fuel sources into general categories such as “thermal energy” or
“renewable energy”; this makes it difficult to estimate emissions by fuel type. The data for
electricity trade is generally reported.
Imported electricity, exported electricity, own-use consumption, and losses are not included in
the calculation of electricity generation-related indicators; however they were collected when
available. Because of the lack of own-use data, reported electricity generation data was
considered to be the net amount generated.
Heat rate. Heat rate determines the efficiency of energy produced on a per kWh basis. Heat
rate data is usually disaggregated on the basis of fuel type (coal, oil, and natural gas). This
however is seldom reported on an annual basis. For ease of calculation and the lack of
comparative annual data, an average heat rate value was used for the entire calculation period
of 2000-2009.
Electricity consumption. Electricity consumption data included only refers to the sum of the
reported electricity consumption of the identified end-use sectors. Disaggregated data for
electricity consumption at the national level is generally available for different end-use sector
types; however end-use sector types may be defined differently per country. Total electricity
consumption is also generally collected and available at the national level. Disaggregation by
end-use sector is variable. Residential, commercial, and industrial sectors are fairly available, but
transport data is very limited.
Emission factors. Data used to calculate emission factors i.e., carbon emission factor,
combustion efficiency, etc relied on international default values. Very few data values for
calorific values, sulfur content, and SO2 abatement efficiency and other pollution measures were
found. This data gap was the reason for the non-reporting of PM and SO2 emissions as this
could result in the over-estimation of air pollutant emissions.
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Each country employed different assumptions and methods in data collection. This is most evident
in the disaggregation of electricity generation by source type and electricity consumption by enduse sector. These assumptions are stated in for each country below.
Table 13. Per Country Data Assumptions and Approach
Bangladesh

•

•

•
•

India

•

•
•
•

Indonesia

•
•
•
•

Electricity generation from oil, natural gas, and hydropower. Geothermal
power, combustible renewables, wind power, and solar power are not
applicable.
Electricity consumption from other sectors includes public administration and
defense, education, health and social services, community, social and personal
services.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Bangladesh Power Development Board Annual
Reports 2008-2010; Md. Alam Hossain Modal, Wulf Boie, Manfred Denich.
(2010). Future Demand Scenarios of Bangladesh Power Sector; Bangladesh
Power Sector Data Book 2006; and World Bank Development Indicators.
Electricity generation is from fossil fuels and hydropower. Geothermal power
is not applicable. Combustible renewables, wind power, and solar power are
assumed equal for a rough disaggregated estimate. Other sources include
independent power producers and nuclear energy.
Electricity consumption from other sectors includes agriculture, public water
works, sewage pumping, and non-specified.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Central Electricity Agency Electricity Yearbook
2011; Economic Survey 2010-2011; Energy Statistical Yearbooks 2006-201;
Sewa Bhawan; & R.K. Puram. Ministry of Power (2008). CO2 Baseline Database
for the Indian Power Sector User Guide Version 4.0 October 2008; The
Energy Data Directory Yearbook 2010; World Bank; World Bank Development
Indicators
Electricity generation is from fossil fuels, geothermal, and hydropower. Other
renewable energy sources are still being explored.
Electricity consumption from other sector is from public services.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Badan Pengkajian Dan Penerapan Teknolog
Annual Reports 2006-2011; Statistical Yearbook of Indonesia 2003-2010;
Kementerian Energi Dan Sumber Daya; and World Bank Development
Indicators.
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Lao PDR

•
•

Electricity generation is exclusively from hydropower.
Data is sourced from the Ministry of Energy and Mines – Department Of
Electricity and World Bank Development Indicators.

Malaysia

•

Electricity generation is from fossil fuels and hydropower. Geothermal and
wind power are not applicable. Combustible renewables (as biooil) and solar
power are considered to be equal for a rough disaggregation.
Electricity consumption from other sectors includes public lighting, mining,
agriculture, and miscellaneous.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Malaysia Energy Information Hub Online
Database; and World Bank Development Indicators.

•
•
•

Nepal

•
•

•
•

Pakistan

•
•
•
•

Philippines

•

•

•

Electricity generation is exclusively from oil and hydropower.
Electricity consumption from other sectors includes water supply & irrigation,
non-commercial, street light, temporary supply, temple, community sales and
exported supply.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Nepal Electricity Authority; Central Bureau of
Statistics Statistical Yearbook 2009; National Energy Agency (2007-2010),
National Energy Agency Annual Reports 2007-2010; and World Bank
Development Indicators.
Electricity generation is from fossil fuels and hydropower. The other source is
nuclear energy.
Electricity consumption from other sectors includes agriculture, street lights,
and government use.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Pakistan Economic Survey 2010-2011; National
Electric Power Regulatory Authority State of Industry; Water and Power
Development Authority Power Statistics 2010; and World Bank Development
Indicators.
Electricity generation is from fossil fuels, geothermal, and hydropower.
Combustible renewables, wind power, and solar power are assumed equal for
a rough disaggregation.
Electricity consumption from other sectors includes public services,
agriculture, and non-specified electricity usage. Limited data was found for
transport.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
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PR China

•

Data was sourced from the National Energy Plan Statistics 2004; Power
Statistics 1983-2011; LRTA Electricity consumption for 2007-2011; and World
Bank Development Indicators.

•

Electricity generation is from fossil fuels and hydropower. Geothermal,
combustible renewables, wind power, and solar power are assumed to be
equal for a rough disaggregation. The other source is from nuclear energy.
Electricity consumption from other sectors includes agriculture, forestry,
animal husbandry, fishery, water conservancy, and non-specified areas.
Limited electricity consumption data was found for the commercial sector,
transport sector, and own-use consumption.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the National Electric Power Industry Statistics Express
2005-2011; China Energy Group Databook 7.0.; China Statistic Yearbooks;
and the World Bank Development Indicators.

•

•
•

Singapore

•

•
•

Sri Lanka

•

•
•
•

Thailand

•

•

Electricity generation is from oil and natural gas. Coal, geothermal,
hydropower, combustible renewables, wind power, and solar power are not
applicable.
Electricity consumption from commercial and transport sectors have no data.
Data was sourced from the Singstat Historical Electricity Consumption 19862010, Fuel mix for electricity generation 2001-2010, and Miscellaneous;
Energy Market Authority Annual Report 2004-2010; KEMA Limited Singapore
and Energy Market Authority. (2008). Review of the LRMC costs of CCGT
electricity generation in Singapore to establish the technical parameters for
setting the Vesting Price for the period 1 January 2009 to 31 December 201.
100106665 Document 7 – Version 1.2.; World Bank Development Indicators
Electricity is generated from oil, hydropower, combustible renewables, wind
power, and solar power. Solar power is entirely from solar photovoltaic offgrid systems.
Electricity consumption from other sectors includes street lighting and
religious places.
SO2 abatement efficiency is assumed to be zero due to the lack of data
available.
Data was sourced from the Ceylon Electricity Board Statistical Digests 20012010; Sri Lanka Energy Balance 2007; and the World Bank Development
Indicators.
Electricity generation is from fossil fuels, geothermal, hydropower.
Combustible renewables are not applicable. Wind and solar polar are
assumed equal for a rough disaggregation. Other sources are from small
power producers and independent power producers.
Electricity consumption from other sources include free of charge, agriculture,
and temporary customers.
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Vietnam

•

Data was sourced from the Department of Alternative Energy Development
and Efficiency Electric Power Annual Reports 2004-2010; Energy Statistics of
Thailand 2010;
EPPO Online Statistical Database; and World Bank
Development Indicators.

•

Electricity generation is from fossil fuels and hydropower. Geothermal,
combustible renewables, wind power, and solar power are not applicable.
Electricity consumption from other sectors includes agriculture and
management.
Data was sourced from Statistical Yearbook of Vietnam 2010; Tran Minh
Tuyen; & Axel Michealowa. Hamburg Institute of International Economics.
(2004). HWWA Discussion Paper Construction for Vietnam National Electricity
Grid; Vietnam Electricity Corporate Profile 2009-2010. UNFCCC. Project 6919
Song Bung 4 hydropower project; and World Bank Development Indicators.

•
•
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4.2

Input Parameters for Indicators for Electricity Sector
Table 14: List of Energy Input Parameters According to Availability and Importance
5.

Focus Area

General

Electricity
Supply

Heat rate

Electricity
consumption

Carbon
dioxide
emission
factor
Particulate
matter
emission
factor
Sulfur dioxide
emission
factor

Input Parameters

Importance*

Availability**

GDP
Population
• Urban Population
• Population with access to electricity
Total electricity generation
Electricity generation by source type
• Coal
• Oil
• Natural gas
• Geothermal energy
• Hydropower
• Combustible renewables
• Wind power
• Solar power
• Others source/s
Electricity imports and exports
Non-revenue electricity: Own-use
consumption and losses
Heat rate
Total electricity consumption
Electricity consumption by end-use
sector
• Industry
• Commercial
• Residential
• Transport
• Other sector/s
Carbon emission factor

2
2
2
2
1
1
1
1
1
1
1
2
2
2
2
2

1
1
1
3
1
1
1
1
1
1
1
2
2
2
2
2

2

2

1
1

3
1

1

1

1
1
1
1
1
2

1
1
1
2
1
3

Combustion efficiency

2

3

Calorific value

2

3

PM combustion factor

2

3

Sulfur content
Sulfur retention
SO2 abatement efficiency
Net calorific value

2
2
2
2

3
3
3
3

93

94

97

100

101

103

105

Notes:
*Indicates level of importance for deriving indicators: 1 = High, 2 = Medium, 3 = High
**Indicates level of data availability: 1 = High, 2 = Medium, 3 = High

92

General

Brief Definition

General input parameters are needed to measure per GDP and per
capita energy indicators.
(a) Gross Domestic Product – GDP is the monetary value of all the
finished goods and services produced within the country in a given
amount of time. GDP (Constant 2000 US$). Constant price estimates
are obtained by expressing values in terms of a base period. The year
used for this study is 2000. This eliminates the effect of inflation on
the United States dollar value.
(b) Total population – total number of persons inhabiting the country

Unit of Measurement:

GDP (Constant 2000 US$) and number of persons

METHODOLOGY
(a) Data Sources
Primary data is generated from the national statistical offices and economic agencies. They can
also be found in international organizations such as the ADB, IEA, and WB. Data is largely
available except for population with access to electricity which is generally more unavailable.
Recommended data collection method would be to request information from the relevant
Ministries and/or Departments with a mandate for statistics and/or economic development. Only
a few countries report annual electricity access data but complete 2000 and 2009 data are
available through the IEA.
(b) Periodicity of Data Collection
Data is available on an annual basis.
(c) Disaggregation
Total population is disaggregated into two groups.
• Urban population – total number of persons inhabiting urban areas in a country
• Population with access to electricity – total number of persons with access to electricity in
a country
(d) For which indicators is this parameter needed
E05 - CO2 emissions per GDP (from electricity consumption)
E06 - CO2 emissions per capita (from electricity consumption)
E11 - PM emissions per GDP (from electricity consumption)
E12 - PM emissions per capita (from electricity consumption)
E17 - SO2 emissions per GDP (from electricity consumption)
E18 - SO2 emissions per capita (from electricity consumption)
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Electricity Supply
Electricity is a form of energy derived from various types of energy. The
supply is the total amount of electricity available in the grid.

Brief Definition

Unit of Measurement:

It is composed of five components:
(a) Electricity generation is the process of generating electricity from
other forms of energy. Electricity is generated by different fuel
source and energy types, which include coal, oil, natural gas,
geothermal power, hydropower, combustible renewables, wind
power, solar power, and other source types.
(b) Imported electricity is electricity bought from other countries.
(c) Exported electricity is electricity sold to other countries.
(d) Own-use consumption refers to electricity used to power own
generation operations.
(e) Losses found in distribution and transmission refers to the loss of
electricity from electric power lines and consumers’ connection.
This parameter indicates the magnitude of electricity generated and
reflects fuel consumption and consequently air pollutant and GHG
emissions. It also indicates the level of demand dictated by economic
activity in the country.
MegaWatt-hour (MWh)
Percent (%) [for Own-use consumption and losses only]

METHODOLOGY
(a) Data Sources
Primary data is generated from power plants which are then reported to Ministries and/or
Departments with a mandate for energy. They can also be found in international organizations
such as the ADB, IEA, WB, and other agencies such as the US EIA. Data may vary on definition of
the source types. Aggregated information is available in most year-end statistical yearbooks and
online databases. Disaggregated information however is less available. Recommended data
collection method would be to request information i.e. energy balances from the relevant
Ministries and/or Departments with a mandate for energy and electricity including the definitions
per source type. Data may also available in the annual reports of the electricity authorities and
companies.
(b) Periodicity of Data Collection
Data is available on a monthly and annual basis.
(c) Disaggregation
All definitions are directly quoted from the IEA unless otherwise stated.
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FOSSIL FUELS includes:
• Coal: refers to a variety of solid, combustible, sedimentary, organic rocks that are
composed mainly of carbon and varying amounts of other components such as hydrogen,
oxygen, sulphur and moisture.
• Oil: includes crude oil, condensates, natural gas liquids, refinery feedstocks and additives,
other hydrocarbons, and petroleum products.
• Natural Gas: comprises gases, occurring in underground deposits, whether liquefied or
gaseous, consisting mainly of methane.
RENEWABLE ENERGY includes:
• Geothermal energy: Energy available as heat emitted from within the earth’s crust, usually
in the form of hot water or steam. It is exploited at suitable sites for electricity generation
after transformation, or directly as heat for district heating, agriculture, etc.
• Hydropower: Potential and kinetic energy of water converted into electricity in
hydroelectric plants. It includes large as well as small hydro, regardless of the size of the
plants.
• Solar energy: Solar radiation exploited for hot water production and electricity generation.
Does not account for passive solar energy for direct heating, cooling and lighting of
dwellings or other.
• Wind energy: Kinetic energy of wind exploited for electricity generation in wind turbines.
• Combustible renewables:
o Solid biomass: Covers organic, non-fossil material of biological origin which may be
used as fuel for heat production or electricity generation.
o Wood, Wood Waste, Other Solid Waste: Covers purpose-grown energy crops
(poplar, willow etc.), a multitude of woody materials generated by an industrial
process (wood/paper industry in particular) or provided directly by forestry and
agriculture (firewood, wood chips, bark, sawdust, shavings, chips, black liquor etc.)
as well as wastes such as straw, rice husks, nut shells, poultry litter, crushed grape
dregs etc.
o Charcoal: Covers the solid residue of the destructive distillation and pyrolysis of
wood and other vegetal material.
o Biogas: Gases composed principally of methane and carbon dioxide produced by
anaerobic digestion of biomass and combusted to produce heat and/or power.
o Liquid biofuels: Bio-based liquid fuel from biomass transformation, mainly used in
transportation applications.
OTHER - Other source types vary per country. This includes different sources of energy that may
have not been clearly identified and/or disaggregated. This includes nuclear energy.
(e) For which indicators is this parameter needed
E01 - Total CO2 emissions (from electricity generation)
E02 - CO2 emissions by source type (from electricity generation)
E03 - CO2 emissions per kWh (from electricity generation)
E07 - Total PM emissions (from electricity generation)
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E08 - PM emissions by source type (from electricity generation)
E09 - PM emissions per kWh (from electricity generation)
E13 - Total SO2 emissions (from electricity generation)
E14 - SO2 emissions by source type (from electricity generation)
E15 - SO2 emissions per kWh (from electricity generation)
(e) References
• Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
• International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
• International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df

96

Heat Rate
Brief Definition

Heat rate determines the efficiency of energy produced on a per
kiloWatt-hour basis.

Unit of Measurement:

British Thermal Units per kiloWatt-hour (BTU/MWh)

METHODOLOGY
(a) Data Sources
Each fossil fuel-burning power plant differs in heat rate. Unfortunately, these are not monitored
and/or not publically accessible. Fuel consumption data through energy balances is generally
more available can be used to calculate the heat rate along with heating value and electricity
generated by source type.
It can be calculated with equation below:
!56(
= #( ∗ 4
8
%76(
Equation 3: Calculation of Heat Rate
#

(

Where
HRj = Heat rate by fuel type
j = fuel type (limited to fossil fuels – coal, oil, natural gas)
HVj = Heating value by fuel type (BTU/lb [for solid fuels], BTU/gal [for liquid fuels], and BTU/SCF [for gaseous fuels)
Conj = Fuel consumption by fuel type (lb [for solid fuels], gal [for liquid fuels], and SCF [for gaseous fuels)
Genj = Electricity generation by fuel type
Default heating values were taken from the 2009 US EPA AP 42, Fifth Edition. Compilation of Air Pollutant Emission
Factors.

Recommended data collection method would be to request heat rate data and/or fuel
consumption data from the relevant Ministries and/or Departments with a mandate for energy
and electricity. Data may also available in the annual reports of the electricity authorities and
companies. Additionally, heat rate data can also be sourced from individual clean development
mechanism (CDM) assessments and consultant reports in fuel efficiency.
(d) Periodicity of Data Collection
Data is available on an annual basis.
(e) Disaggregation
All definitions are directly quoted from the IEA unless otherwise stated.
FOSSIL FUELS includes:
• Coal: refers to a variety of solid, combustible, sedimentary, organic rocks that are
composed mainly of carbon and varying amounts of other components such as hydrogen,
oxygen, sulphur and moisture.
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•
•

Oil: includes crude oil, condensates, natural gas liquids, refinery feedstocks and additives,
other hydrocarbons, and petroleum products.
Natural Gas: comprises gases, occurring in underground deposits, whether liquefied or
gaseous, consisting mainly of methane.

(f) For which indicators is this parameter needed
E01 - Total CO2 emissions (from electricity generation)
E02 - CO2 emissions by source type (from electricity generation)
E03 - CO2 emissions per kWh (from electricity generation)
E07 - Total PM emissions (from electricity generation)
E08 - PM emissions by source type (from electricity generation)
E09 - PM emissions per kWh (from electricity generation)
E13 - Total SO2 emissions (from electricity generation)
E14 - SO2 emissions by source type (from electricity generation)
E15 - SO2 emissions per kWh (from electricity generation)
(f) References
• Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
• International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
• International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df
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Electricity Consumption
Electricity consumption is the total amount of electricity consumed in the
grid.

Brief Definition

Electricity consumption by end-use sector is the utilization of electricity
to meet the needs of the end-use sectors. Consumption data are often
broken down into the following main end-use sectors: residential,
commercial, industrial, transport, and other sectors.
This parameter indicates the magnitude of electricity consumed which
also indicates the extent of indirect fuel consumption and consequently
air pollutant and GHG emissions.

Unit of Measurement:

MegaWatt-hour (MWh)

METHODOLOGY
(a) Data Sources
Primary data is generated from power plants which are then reported to Ministries and/or
Departments with a mandate for energy. They can also be found in international organizations
such as the ADB, IEA, WB, and other agencies such as the US EIA. Data may vary on definition of
the end-use sector types. Aggregated information is available in most year-end statistical
yearbooks and online databases. Disaggregated information however is less available.
Recommended data collection method would be to request information from the relevant
Ministries and/or Departments with a mandate for energy and electricity including the definitions
per sector type. Data may also available in the annual reports of the electricity authorities and
companies.
(b) Periodicity of Data Collection
Data is available on a monthly and annual basis.
(c) Disaggregation
All definitions are directly quoted from the US EIA unless otherwise stated.
END-USE SECTORS INCLUDE:
• Residential sector: consists of living quarters for private households.
• Commercial sector: consists of service-providing facilities and equipment of businesses and
governments.
• Industrial sector: consists of all facilities and equipment used for producing, processing, or
assembling goods.
• Transport sector: consists of all vehicles whose primary purpose is transporting people and/or
goods from one physical location to another.
• Other sectors: Vary per country. This commonly includes agriculture, public lighting and water
works, non-commercial use, and religious use.
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(g) For which indicators is this parameter needed
E04 - CO2 emissions by end-use sector (from electricity consumption)
E05 - CO2 emissions per GDP (from electricity consumption)
E06 - CO2 emissions per capita (from electricity consumption)
E10 - PM emissions by end-use sector (from electricity consumption)
E11 - PM emissions per GDP (from electricity consumption)
E12 - PM emissions per capita (from electricity consumption)
E16 - SO2 emissions by end-use sector (from electricity consumption)
E17 - SO2 emissions per GDP (from electricity consumption)
E18 - SO2 emissions per capita (from electricity consumption)
(e) References
• Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
• International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
• International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df
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Carbon dioxide (CO2) emission factor

Brief Definition

Unit of Measurement:

An emissions factor is the average emission rate of the pollutant relative
to energy intensity. Emission factors for coal, oil, and natural gas were
calculated for CO2. CO2 is measured as the principal greenhouse gas in
relation with coal, oil, and natural gas. Other sources of electricity
generation such as hydropower, geothermal, and other renewable
energy such as solar, wind, and combustible renewables are considered
to have zero emissions. Emissions from nuclear power was not
considered.
Metric ton per megaWatt-hour (ton/MWh)

METHODOLOGY
(a) Data Sources
Recommended data collection method would be to request locally available data from Ministries
and/or Departments with a mandate for energy, while default values are found in international
organizations
Related input parameters
• Carbon emission factor – Average emission rate of carbon relative to unit of fuel-burned.
Default carbon emission factors were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

•

Combustion efficiency – Measure of efficiency of combustion. High levels are beneficial since
they minimize fuel consumption and consequently minimize unwanted emissions.
Default combustion efficiency values were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

(b) Periodicity of Data Collection
Emission factors should be calculated annually for each country.
(c) Disaggregation
Emission factors for coal, oil, and natural gas were calculated. The weighted average was used for
the calculation of total emissions from electricity generation and consumption.
(d) For which indicators is this parameter needed
E01 - Total CO2 emissions (from electricity generation)
E02 - CO2 emissions by source type (from electricity generation)
E03 - CO2 emissions per kWh (from electricity generation)
E04 - CO2 emissions by end-use sector (from electricity consumption)
E05 - CO2 emissions per GDP (from electricity consumption)
E06 - CO2 emissions per capita (from electricity consumption)
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(e) References
•

•

•

•

•

•

•
•

European Environment Agency. 2004. Energy and Environment Indicators. Prepared by
Peter Taylor and Aphrodite Mourelatou for the Indicators for Sustainable Energy
Development (ISED) presented in the United Nations Headquarters, New York.
Eurostat. 2008. Energy, transport and environment indicators. Eurostat, Luxembourg.
Retrieved online: http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-DK-09001/EN/KS-DK-09-001-EN.PDF
Global Atmospheric Pollution Forum. 2010. The Global Atmospheric Pollution Forum Air
Pollutant Emissions Inventory Manual. Retrieved online: http://seiinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.pdf
Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df
REDD Methodological Module. 2010. Estimation of emissions from fossil fuel combustion.
Retrieved online: http://www.americancarbonregistry.org/carbon-accounting/E-FFC.pdf
US Environmental Protection Agency. 2009. AP 42, Fifth Edition. Compilation of Air
Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources. Appendix A.
Retrieved online: http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
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Particulate matter (PM) emission factor

Brief Definition

Unit of Measurement:

An emissions factor is the average emission rate of the pollutant relative
to energy intensity. Emission factors for coal, oil, and natural gas were
calculated for PM. As a criteria air pollutant, PM is measured in relation
to coal, oil, and natural gas. Other sources of electricity generation such
as hydropower, geothermal, and other renewable energy such as solar,
wind, and combustible renewables are considered to have zero
emissions. Emissions from nuclear power was not considered.
Metric ton per megawatt-hour (ton/MWh)

METHODOLOGY
(a) Data Sources
Recommended data collection method would be to request locally available data from Ministries
and/or Departments with a mandate for energy, while default values are found in international
organizations
Needed input parameters
• Calorific value - Measure of the amount of calories (thermal units) contained in one unit of a
substance and released during combustion.
Default calorific values were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

•

Particulate matter combustion factor - Average emission rate of particulate matter relative to
unit of fuel-burned.
Default particulate matter combustion factors were taken from the 2010 Global Atmospheric Pollution Forum Air Pollutant
Emissions Inventory Manual.

(c) Periodicity of Data Collection
Emission factors should be calculated annually for each country.
(d) Disaggregation
Emission factors for coal, oil, and natural gas were calculated. The weighted average was used for
the calculation of total emissions from electricity generation and consumption.
(e) For which indicators is this parameter needed
E07 - Total PM emissions (E07) (from electricity generation)
E08 - PM emissions by source type (from electricity generation)
E09 - PM emissions per kWh (from electricity generation)
E10 - PM emissions by end-use sector (from electricity consumption)
E11 - PM emissions per GDP (from electricity consumption)
E12 - PM emissions per capita (from electricity consumption)

103

(e) References
• European Environment Agency. 2004. Energy and Environment Indicators. Prepared by
Peter Taylor and Aphrodite Mourelatou for the Indicators for Sustainable Energy
Development (ISED) presented in the United Nations Headquarters, New York.
• Eurostat. 2008. Energy, transport and environment indicators. Eurostat, Luxembourg.
Retrieved online: http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-DK-09001/EN/KS-DK-09-001-EN.PDF
• Global Atmospheric Pollution Forum. 2010. The Global Atmospheric Pollution Forum Air
Pollutant Emissions Inventory Manual. Retrieved online: http://seiinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.pdf
• Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
• International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
• International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df
• REDD Methodological Module. 2010. Estimation of emissions from fossil fuel combustion.
Retrieved online: http://www.americancarbonregistry.org/carbon-accounting/E-FFC.pdf
• US Environmental Protection Agency. 2009. AP 42, Fifth Edition. Compilation of Air
Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources. Appendix A.
Retrieved online: http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
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Sulfur dioxide (SO2) emission factor

Brief Definition

Unit of Measurement:

An emissions factor is the average emission rate of the pollutant relative
to energy intensity. Emission factors for coal and oil were calculated for
SO2. As a criteria air pollutant, SO2 is measured in relation to coal and oil.
SO2 Emissions from natural gas are found to be negligible, and are thus
not included. Other sources of electricity generation such as
hydropower, geothermal, and other renewable energy such as solar,
wind, and combustible renewables are considered to have zero
emissions. Emissions from nuclear power was not considered.
Metric ton per megawatt-hour (ton/MWh)

(a) Data Sources and Collection Methods
Recommended data collection method would be to request locally available data from Ministries
and/or Departments with a mandate for energy, while default values are found in international
organizations
Needed input parameters
• Sulfur content – Measure of sulfur content per unit of fuel. High levels are considered to be
detrimental because of the higher incidence of the formation of sulfur oxides and particulates
liberated to the atmosphere during combustion.
Default sulfur content values were taken from the 2009 US EPA AP 42, Fifth Edition. Compilation of Air Pollutant Emission
Factors.

•

Sulfur retention – Measure of sulfur retained in ash. High amounts are considered beneficial
because of the reduction in sulfur oxides liberated to the atmosphere.
Default sulfur retention values were taken from the 2010 Global Atmospheric Pollution Forum Air Pollutant Emissions
Inventory Manual.

•

Sulfur dioxide abatement efficiency – Measure of the efficiency of pollution abatement
technologies.

•

Net calorific value – Measure of calorific value excluding the latent heat of water formed
during combustion.
Net calorific values were taken from were taken from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

(b) Periodicity of Data Collection
Emission factors should be calculated annually for each country.
(c) Disaggregation
Emission factors for coal, oil, and natural gas were calculated. The weighted average was used for
the calculation of total emissions from electricity generation and consumption.
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(d) For which indicators is this needed for calculation
E13 - Total SO2 emissions (from electricity generation)
E14 - SO2 emissions by source type (from electricity generation)
E15 - SO2 emissions per kWh (from electricity generation)
E16 - SO2 emissions by end-use sector (from electricity consumption)
E17 - SO2 emissions per GDP (from electricity consumption)
E18 - SO2 emissions per capita (from electricity consumption)
(e) References
• European Environment Agency. 2004. Energy and Environment Indicators. Prepared by
Peter Taylor and Aphrodite Mourelatou for the Indicators for Sustainable Energy
Development (ISED) presented in the United Nations Headquarters, New York.
• Eurostat. 2008. Energy, transport and environment indicators. Eurostat, Luxembourg.
Retrieved online: http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-DK-09001/EN/KS-DK-09-001-EN.PDF
• Global Atmospheric Pollution Forum. 2010. The Global Atmospheric Pollution Forum Air
Pollutant Emissions Inventory Manual. Retrieved online: http://seiinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.pdf
• Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories
Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T., and Tanabe K. (eds). IGES,
Japan. Retrieved online: http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
• International Atomic Energy Agency, 2005. Energy indicators for sustainable development:
guidelines and methodologies. IAEA, Vienna. Retrieved online: http://wwwpub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
• International Energy Agency and Organisation for Economic Co-Operation and
Development. 2004. Energy Statistics Manual. IEA and OECD, France. Retrieved online:
http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/NRG-2004/EN/NRG-2004EN.PDFinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.p
df
• REDD Methodological Module. 2010. Estimation of emissions from fossil fuel combustion.
Retrieved online: http://www.americancarbonregistry.org/carbon-accounting/E-FFC.pdf
• US Environmental Protection Agency. 2009. AP 42, Fifth Edition. Compilation of Air
Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources. Appendix A.
Retrieved online: http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
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5.1

AP and GHG Emissions Indicators for Electricity

E01 – TOTAL CARBON DIOXIDE (CO2) EMISSIONS (FROM ELECTRICITY GENERATION)
Indicator Code

E01

Brief Definition

This indicator measures the total CO2 emitted in the country from
electricity generation is disaggregated by source type. This indicator is
also assessed on a per kWh basis.

Unit of Measurement:

Million metric tons of CO2 (million tons CO2)

POLICY RELEVANCE
This indicator can be used to measure the
trends of CO2 emissions from electricity
generation and aid in evaluating the
effectiveness policies and measures.
METHODOLOGY
(a) Measurement Methods
When possible, CO2 emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, Direct CO2
emissions are calculated from the sum of the
product of electricity generation (in megaWatthours [MWh]) and CO2 emission factors
according to the source type (limited to coal,
oil, and natural gases).

E-TotalCO = Σa[EGa • EF-CO2a]
2

Where:
E-TotalCO = Total CO2 emissions (from
electricity generation)
EGa = Electricity generation (MWh)
EF-CO2a = CO2 emission factors according
to source type (tons/MWh)
a = source type (coal, oil, and natural gas)
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated further by source type.
This indicator is also assessed on the per kWh
basis.
• E02 - CO2 emissions by source type
• E03 - CO2 emissions per kWh
(c) Limitations of Indicator
This indicator shows the quantity of CO2
emissions generated from reported and ongrid electricity produced. Data is usually found
at the national level but in some instances may
be unavailable. Electricity generated in one
country may also be exported to other
countries so it may not exactly represent the
emissions relevant to local electricity demand.
Due to the lack of data, own-use consumption
was not taken into account.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global
o International Energy Agency
o United Nations Framework Convention
on Climate Change
o The World Bank
• Regional
o Asia: Asian Development Bank
o Europe: European Environment Agency
• National - National Greenhouse Gas
Inventory

107

E02 – CO2 EMISSIONS BY SOURCE TYPE (FROM ELECTRICITY GENERATION)
Indicator Code

E02

Brief Definition

This indicator measures CO2 emitted in the country from electricity
generation using specific source types, categorized as: coal, oil, and
natural gas.

Unit of Measurement:

Million metric tons of CO2 (million tons CO2)

POLICY RELEVANCE
This indicator measures the total CO2 emitted
in the country from electricity generation using
specific source types. It shows the implication
of the mix of fuel sources used to generate
electricity. High levels indicate a dependence
on fuels that are more carbon-intensive than
others.
METHODOLOGY
(a) Measurement Methods
When possible, CO2 emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, fuel-specific CO2
emissions are calculated from the product of
electricity generated in MWh and CO2
emission factors according to the source type
(coal, oil, and natural gas).

E-STCO = EGa • EF-CO2a
2

Where:
E-STCO = CO2 emissions per source type
EGa = Electricity generation (MWh)
EF-CO2a = CO2 emission factors according
to source type (tons/MWh)
a = source type (coal, oil, and natural gas)
2

(b) Related Indicators:
Depending on data availability, this indicator
can be disaggregated by source type.
• E02a - CO2 emissions from coal
• E02b - CO2 emissions from oil
• E02c - CO2 emissions from natural gas
(c) Limitations of Indicator
This indicator shows the quantity of CO2
emissions generated from reported and ongrid electricity produced. Data is usually found
at the national level but in some instances may
be unavailable.
Other sources of electricity generation such as
hydropower, geothermal, and other renewable
energy such as solar, wind, and combustible
renewables are considered to have zero
emissions with emissions from nuclear power
not considered.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global
o International Energy Agency
o United Nations Framework Convention
on Climate Change
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E03 – CO2 EMISSIONS PER KWH (FROM ELECTRICITY GENERATION)
Indicator Code

E03

Brief Definition

This indicator measures the rate of CO2 emissions per unit of electricity
generated in the country. In some cases, this is referred to as the
carbon intensity of electricity generation. This is also disaggregated by
source type: coal, oil, and natural gas.

Unit of Measurement:

Kilograms of CO2 per kiloWatt-hour (kgCO2/kWh)

POLICY RELEVANCE
This indicator measures the total CO2
emitted in the country from electricity
generation using different source types. The
indicator makes it easier to differentiate
reductions that result from carbon efficiency
gains (from using less carbon-intensive fuels)
than reductions that result from decreases in
the level of electricity generation.
METHODOLOGY
(a) Measurement Methods
When possible, CO2 emissions should be
measured directly at the source of electricity
generation. However, in the absence of or in
the incompleteness of such data, CO2
emissions are calculated from electricity
output (from electricity generation) data.
CO2 emissions per kWh is estimated from
the sum of the product of electricity
generation (MWh) and CO2 emission factors
according to the source divided by total
electricity output.

E-kWhCO = Σa[EGa • EF-CO2a]/ Σ[EGb]

Where:
E-kWhCO = CO2 emissions per kWh
(CO2/kWh)
EGa = Electricity generation (MWh)
EF-CO2a = CO2 emission factors
according to source type (tons/MWh)
a = source type (coal, oil, and natural
gas)
EGb = total electricity generated (kWh)
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by source type.
• E03a - CO2 emissions per coal-powered
electricity
• E03b - CO2 emissions per oil-powered
electricity
• E03c - CO2 emissions per natural gaspowered electricity
(c) Limitations of Indicator
This indicator shows the quantity of CO2
emissions released per kWh of domestically
generated electricity. This does not take into
account carbon content of imported
electricity.

2

ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global - International Energy Agency
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E04 – CO2 EMISSIONS BY END-USE SECTOR (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E04

Brief Definition

This indicator measures CO2 emissions indirectly attributable to electricity
use by different sectors in the country, categorized as: residential,
commercial, industrial, transport, and other sectors.

Unit of Measurement:

Million metric tons of CO2 (million tons CO2)

POLICY RELEVANCE
This indicator measures the total CO2
emissions indirectly attributable to electricity
consumption by different end-users. It is able
to show which sector consumes more
electricity relative to others and consequently
account for more emissions.
METHODOLOGY
(a) Measurement Methods
CO2 emissions relevant to end users are
calculated from the product of electricity
consumption by end-use sector and E03 – CO2
emissions per kWh (weighted average).

E-ESCO = ECc • EF-CO2aw
2

Where:
E-ESCO = CO2 emissions by end-use sector
ECc = Electricity consumption (MWh)
EF-CO2aw = CO2 emission factor weighted
average according to source type
(tons/MWh)
aw = source type (coal, oil, and natural gas)
c = end-use sector
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by end-use sector.
• E03a - CO2 emissions from residential
sector
• E03b - CO2 emissions from commercial
sector
• E03c - CO2 emissions from industrial sector
• E03d - CO2 emissions from transport
sector
• E03e - CO2 emissions from other sectors
(c) Limitations of Indicator
This indicator shows the quantity of CO2
emissions indirectly attributed to electricity use
by specific sectors. In electricity grids, it is not
possible to identify which specific fuel source
contributed to electricity used by specific
sectors, thus CO2 emission factor is a weighted
value from the contribution of different fuel
sources. Consumption data are based on
meter/consumer
categorization
from
distribution companies.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global - International Energy Agency
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E04 – CO2 EMISSIONS PER GDP (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E04
This indicator also known as CO2 intensity refers to the CO2 emissions
indirectly attributable to electricity use by different sectors per unit of
economic output (GDP).

Brief Definition

GDP used is GDP (Constant 2000 US$). Constant price estimates are
obtained by expressing values in terms of a base period. The year used
for this study is 2000. This eliminates the effect of inflation on the United
States dollar value.

Unit of Measurement:

Kilograms of CO2 per United States Dollar (kgCO2/USD)

POLICY RELEVANCE
This indicator measures the total CO2
emissions indirectly attributable to electricity
use by different sectors in the country per unit
of economic output. CO2 intensity changes
year by year reflecting the end-use efficiency,
share of economic output which relies on
electricity, the carbon content of sources used
for electricity generation, as well as the income
levels and behavior of consumers.
The indicator makes it easier to differentiate
reductions that result from carbon efficiency
gains than reductions that result from
decreases in the economic activity.
METHODOLOGY
(a) Measurement Methods
CO2 emissions linked with economic output
can be calculated from total CO2 emissions
from electricity consumption divided by GDP
at constant prices.

E-GDPCO = Σ[E04]/GDP

Where:
E-GDPCO = CO2 emissions per GDP
GDP = GDP constant 2000 (US$)
2

(b) Related Indicators
—
(c) Limitations of Indicator
This indicator shows the quantity of CO2
emissions indirectly attributable to electricity
consumption only. Data is usually found at the
country level. Data depends heavily on
economic factors.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global
o International Energy Agency
o United Nations Framework Convention
on Climate Change
o World Bank
• Regional
o Asia: Asian Development Bank
o Europe: European Environment Agency

2
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E05 – CO2 EMISSIONS PER CAPITA (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E05

Brief Definition

This indicator measures CO2 emissions indirectly attributable to electricity
consumption per capita based on population type, categorized as: total
population, urban population, and population with access to electricity.

Unit of Measurement:

Metric tons of CO2 per capita (tCO2/capita)

POLICY RELEVANCE
This indicator measures the total CO2
emissions indirectly attributable to electricity
consumption per person. The indicator makes
it easier to differentiate reductions that result
from carbon efficiency gains than reductions
that result from decreases in the level of
population.
METHODOLOGY
(a) Measurement Methods
CO2 emissions per capita are calculated from
total
CO2
emission
from
electricity
consumption divided by respective population
type (urban population and population with
access to electricity).

E-CCO = Σ[E04]/capitad
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by population.
• E05a - CO2 emissions per capita - urban
population
• E05b - CO2 emissions per capita population with access to electricity
(c) Limitations of Indicator
Access to electricity is not available in most
countries.
As an average, the indicator may not give a
good picture of the average consumer.
ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global
o United Nations Framework Convention
on Climate Change

Where:
E-CCO = CO2 emissions per capita
capitad = Capita according to population
type (persons)
d = population type (total, urban, with
access to electricity)
2
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E07 – TOTAL PARTICULATE MATTER (PM) EMISSIONS (FROM ELECTRICITY GENERATION)
Indicator Code

E07

Brief Definition

This indicator measures the total PM emitted in the country from
electricity generation is disaggregated by source type. This indicator is
also assessed on a per kWh basis.

Unit of Measurement:

Thousand metric tons of PM (thousand tons PM)

POLICY RELEVANCE
This indicator can be used to measure the
trends of PM emissions from electricity
generation and aid in evaluating the
effectiveness policies and measures.
METHODOLOGY
(a) Measurement Methods
When possible, PM emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, Direct PM
emissions are calculated from the sum of the
product of electricity generation (MWh) and
PM emission factors according to the source
type (limited coal, oil, and natural gas).

E-TotalPM = Σa[EGa • EF-PMa]

Where:
E-TotalPM = Total PM emissions (from
electricity generation)
EGa = Electricity generation (MWh)
EF-PMa = PM emission factors according to
source type (tons/MWh)
a = source type (coal, oil, and natural gas)

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated further by source type.
This indicator is also assessed on the per kWh
basis.
• E08 - PM emissions by source type
• E09 - PM emissions per kWh
(c) Limitations of Indicator
This indicator shows the quantity of PM
emissions generated from reported and ongrid electricity produced. Data is usually found
at the national level but in some instances may
be unavailable. Electricity generated in one
country may also be exported to other
countries so it may not exactly represent the
emissions relevant to local electricity demand.
Due to the lack of data, own-use consumption
was not taken into account.
PM emissions are abated by technologies such
as filters. Information on the usage of these
technologies including abatement efficiency is
not readily available.
ORGANIZATIONS/S ALSO USING THIS
INDICATOR
• National - Some national governments
track emissions from electricity generation
i.e. the United States and several European
countries. This is seldom done for Asian
countries except China and Japan.
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E08 – PM EMISSIONS BY SOURCE TYPE (FROM ELECTRICITY GENERATION)
Indicator Code

E08

Brief Definition

This indicator measures PM emitted in the country from electricity
generation using specific source types, categorized as: coal, oil, and
natural gas.

Unit of Measurement:

Thousand metric tons of PM (thousand tons PM)

POLICY RELEVANCE
This indicator measures the total PM emitted
in the country from electricity generation
using specific source types. It shows the
implication of the mix of fuel sources used to
generate electricity. High levels indicate
dependence on fuels that generate
particulate matter than others.
METHODOLOGY
(a) Measurement Methods
When possible, PM emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, fuel-specific
PM emissions are calculated from the
product of electricity generated in MWh and
PM emission factors according to the source
type (coal, oil, and natural gas).

E-STPM = EGa • EF-PMa

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by source type.
• E08a - PM emissions from coal
• E08b - PM emissions from oil
• E08c - PM emissions from natural gas
(c) Limitations of Indicator
This indicator shows the quantity of PM
emissions generated from reported and ongrid electricity produced. Data is usually
found at the national level but in some
instances may be unavailable.
Other sources of electricity generation such
as hydropower, geothermal, and other
renewable energy such as solar, wind, and
combustible renewables are considered to
have zero emissions with emissions from
nuclear power not considered.
ORGANIZATIONS/S ALSO USING THIS
INDICATOR
—

Where:
E-STPM = PM emissions per source type
EGa = Electricity generation (MWh)
EF-PMa = PM emission factors according
to source type (tons/MWh)
a = source type (coal, oil, and natural
gas)
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E09 – PM EMISSIONS PER KWH (FROM ELECTRICITY GENERATION)
Indicator Code

E09

Brief Definition

This indicator measures the rate of PM emissions per unit of electricity
generated in the country. This is also disaggregated by source type: coal,
oil, and natural gas.

Unit of Measurement:

Grams of PM per kiloWatt-hour (gPM/kWh)

POLICY RELEVANCE
This indicator measures the total PM emitted
in the country from electricity generation
using different source types. The indicator
makes it easier to differentiate reductions
that result from cleaner fuels (having less
particulate content) than reductions that
result from decreases in the level of
electricity generation. It reflects the amount
of emissions per unit of electricity generated.
METHODOLOGY
(a) Measurement Methods
When possible, PM emissions should be
measured directly at the source of electricity
generation. However, in the absence of or in
the incompleteness of such data, PM
emissions are calculated from electricity
output (from electricity generation) data. PM
emissions per kWh is estimated from the
sum of the product of electricity generation
(MWh) and PM emission factors according to
the source type divided by total electricity
output.

E-kWhPM = Σa[EGa • EF-PM a]/ Σ[EGb]

Where:
E-kWhPM = PM emissions per kWh
(PM/kWh)
EGa = Electricity generation (MWh)
EF-PMa = PM emission factors according
to source type (tons/MWh)
a = source type (coal, oil, and natural
gas)
EGb = total electricity generated (kWh)
(b) Related Indicators
(a) E09a - PM emissions per coalpowered electricity
(b) E09b - PM emissions per oil-powered
electricity
(c) E09c - PM emissions per natural gaspowered electricity
(c) Limitations of Indicator
This indicator shows the quantity of PM
emissions released per kWh of domestically
generated electricity. This does not take into
account particulate content of imported
electricity.
ORGANIZATIONS/S ALSO USING THIS
INDICATOR
—
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E10 – PM EMISSIONS BY END-USE SECTOR (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E10

Brief Definition

This indicator measures PM emissions due to consumption of electricity by
different end-use sectors, categorized as: residential, commercial,
industrial, transport, and other sectors.

Unit of Measurement:

Thousand metric tons of PM (thousand tons PM)

POLICY RELEVANCE
This indicator measures the total PM emissions
indirectly
attributable
to
electricity
consumption by different end-users. It is able
to show which sector consumes more
electricity relative to others and consequently
account for more emissions.
METHODOLOGY
(a) Measurement Methods
PM emissions relevant to end users are
calculated from the product of electricity
consumption by end-use sector and E09 – PM
emissions per kWh (weighted average).

E-ESPM = ECc • EF-PMaw

•
•

E10d - PM emissions from transport sector
E10e - PM emissions from other sectors

(c) Limitations of Indicator
This indicator shows the quantity of PM
emissions indirectly attributed to electricity use
by specific sectors. In electricity grids, it is not
possible to identify which specific fuel source
contributed to electricity used by specific
sectors, thus PM emission factor is a weighted
value from the contribution of different fuel
sources. Consumption data are based on
meter/consumer
categorization
from
distribution companies.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

Where:
E-ESPM = PM emissions by end-use sector
ECc = Electricity consumption (MWh)
EF-PMaw = PM emission factor weighted
according to source type (tons/MWh)
aw = source type (coal, oil, and natural gas)
c = end-use sector
(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by end-use sector.
• E10a - PM emissions from residential
sector
• E10b - PM emissions from commercial
sector
• E10c - PM emissions from industrial sector
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E11 – PM EMISSIONS PER GDP (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E11
This indicator measures PM emissions indirectly attributable to electricity
use by different sectors per unit of economic output (GDP).

Brief Definition

GDP used is GDP (Constant 2000 US$). Constant price estimates are
obtained by expressing values in terms of a base period. The year used
for this study is 2000. This eliminates the effect of inflation on the United
States dollar value.

Unit of Measurement:

Grams of PM per United States Dollar (gPM/USD)

POLICY RELEVANCE
This indicator measures the total PM emissions
indirectly attributable to electricity use by
different sectors in the country per unit of
economic output. PM intensity changes year by
year reflecting the end-use efficiency, share of
economic output which relies on electricity, the
particulate content of sources used for
electricity generation, as well as the income
levels and behavior of consumers.
The indicator makes it easier to differentiate
reductions that result from having cleaner fuels
(having less particulate content) than
reductions that result from decreases in the
economic activity.

(b) Related Indicators
—
(c) Limitations of Indicator
This indicator shows the quantity of PM
emissions indirectly attributable to electricity
consumption only. Data is usually found at the
country level. Data depends heavily on
economic factors.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

METHODOLOGY
(a) Measurement Methods
PM emissions linked with economic output can
be calculated from total PM emissions from
electricity consumption divided by GDP at
constant prices.

E-GDPPM = Σ[E10]/GDP

Where:
E-GDPPM = PM emissions per GDP
GDP = GDP constant 2000 (US$)
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E12 – PM EMISSIONS PER CAPITA (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E12

Brief Definition

This indicator measures PM emissions indirectly attributable to electricity
consumption per capita based on population type, categorized as: total
population, urban population, and population with access to electricity.

Unit of Measurement:

Kilograms of PM per capita (kgPM/capita)

POLICY RELEVANCE
This indicator measures the total PM emissions
indirectly
attributable
to
electricity
consumption per person. The indicator makes
it easier to differentiate reductions that result
from clean fuels (less particulate content) than
reductions that result from decreases in the
level of population.
METHODOLOGY
(a) Measurement Methods
PM emissions per capita are calculated from
total
PM
emissions
from
electricity
consumption divided by respective population
type (urban population and population with
access to electricity).

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by population.
• E12a - PM emissions per capita - urban
population
• E12b – PM emissions per capita population with access to electricity
(c) Limitations of Indicator
Access to electricity is not available in most
countries.
As an average, the indicator may not give a
good picture of the average consumer.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

E-CPM = Σ[E10]/capitad

Where:
E-CPM = PM emissions per capita
capitad = capita according to population
type (persons)
d = population type (total, urban, with
access to electricity)
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E13 – TOTAL SULFUR DIOXIDE (SO2) EMISSIONS (FROM ELECTRICITY GENERATION)
Indicator Code

E13

Brief Definition

This indicator measures the total SO2 emitted in the country from
electricity generation is disaggregated by source type. This indicator is
also assessed on a per kWh basis.

Unit of Measurement:

Thousand metric tons of SO2 (thousand tons SO2)

POLICY RELEVANCE
This indicator can be used to measure the
trends of SO2 emissions from electricity
generation and aid in evaluating the
effectiveness policies and measures.
METHODOLOGY
(a) Measurement Methods
When possible, SO2 emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, Direct SO2
emissions are calculated from the sum of the
product of electricity generation (MWh) and
SO2 emission factors according to the source
type (limited to coal, oil, and natural gas).

E-TotalSO = Σa[EGa • EF-SO2a]
2

Where:
E-TotalSO = Total SO2 emissions (from
electricity generation)
EGa = Electricity generation (MWh)
EF-SO2a = SO2 emission factors according
to source type (tons/MWh)
a = source type (coal and oil)

This indicator is also assessed on the per kWh
basis.
• E14 - SO2 emissions by source type
• E15 - SO2 emissions per kWh
(c) Limitations of Indicator
This indicator shows the quantity of SO2
emissions generated from reported and ongrid electricity produced. Data is usually found
at the national level but in some instances may
be unavailable. Electricity generated in one
country may also be exported to other
countries so it may not exactly represent the
emissions relevant to local electricity demand.
Due to the lack of data, own-use consumption
was not taken into account.
SO2 emissions are abated by technologies such
as fuel gas desulfurization technologies.
Information on the usage of these
technologies including abatement efficiency is
not readily available.

2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated further by source type.

ORGANIZATION/S ALSO USING THIS
INDICATOR
• Global - International Energy Agency
• National - Some national governments
track emissions from electricity generation
i.e. the United States and several European
countries. This is seldom done for Asian
countries except China and Japan.
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E14 – SO2 EMISSIONS BY SOURCE TYPE (FROM ELECTRICITY GENERATION)
Indicator Code

E14

Brief Definition

This indicator measures SO2 emitted in the country from electricity
generation using specific source types, categorized as: coal and oil.

Unit of Measurement:

Thousand metric tons of SO2 (thousand tons SO2)

POLICY RELEVANCE
This indicator measures the total SO2 emitted
in the country from electricity generation using
specific source types. It shows the implication
of the mix of fuel sources used to generate
electricity. High levels indicate a dependence
on fuels that generation more SO2 than others.
METHODOLOGY
(a) Measurement Methods
When possible, SO2 emissions should be
measured directly at the source of electricity
generation. However, in the absence or
incompleteness of such data, fuel-specific SO2
emissions are calculated from the product of
electricity generated in MWh and SO2 emission
factors according to the source type.

E-STSO = EGa • EF-SO2a
2

Where:
E-STSO = SO2 emissions per source type
EGa = Electricity generation (MWh)
EF-SO2a = SO2 emission factors according
to source type (tons/MWh)
a = source type (coal and oil)

(b) Related Indicators:
Depending on data availability, this indicator
can be disaggregated by source type.
• E14a - SO2 emissions from coal
• E14b - SO2 emissions from oil
(c) Limitations of Indicator
This indicator shows the quantity of SO2
emissions generated from reported and ongrid electricity produced. Data is usually found
at the national level but in some instances may
be unavailable.
Other sources of electricity generation such as
hydropower, geothermal, and other renewable
energy such as solar, wind, and combustible
renewables are considered to have zero
emissions with emissions from nuclear power
not considered.
ORGANIZATIONS/S ALSO USING THIS
INDICATOR
• Global - International Energy Agency

2
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E15 – SO2 EMISSIONS PER KWH (FROM ELECTRICITY GENERATION)
Indicator Code

E15

Brief Definition

This indicator measures the rate of SO2 emissions per unit of electricity
generated in the country. This is also disaggregated by source type: coal,
oil, and natural gas.

Unit of Measurement:

Grams of SO2 per kiloWatt-hour (gSO2/kWh)

POLICY RELEVANCE
This indicator measures the total SO2
emitted in the country from electricity
generation using different source types. The
indicator makes it easier to differentiate
reductions that result from cleaner fuels (less
sulfur content) than reductions that result
from decreases in the level of electricity
generation.
METHODOLOGY
(a) Measurement Methods
When possible, SO2 emissions should be
measured directly at the source of electricity
generation. However, in the incompleteness
or absence of such data, SO2 emissions are
calculated from electricity output (from
electricity generation) data. SO2 emissions
per kWh is estimated from the sum of the
product of electricity generation (MWh) and
SO2 emission factors according to the source
type divided by total electricity output.

(b) Related Indicators
(a) E15a – SO2 emissions per coalpowered electricity
(b) E15b - SO2 emissions per oil-powered
electricity
(c) E15c - SO2 emissions per natural gaspowered electricity
(d) Limitations of Indicator
This indicator shows the quantity of SO2
emissions released per kWh of domestically
generated electricity. This does not take into
account sulfur content of imported
electricity.
ORGANIZATIONS/S ALSO USING THIS
INDICATOR
—

E-kWhSO = Σa[EGa • EF-SO2a]/ Σ[EGb]
2

Where:
E-kWhSO = SO2 emissions per kWh
(SO2/kWh)
EGa = Electricity generation (MWh)
EF-SO2a = SO2 emission factors according
to source type (tons/MWh)
a = source type (coal, oil)
EGb = total electricity generated (kWh)
2
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E16 – SO2 EMISSIONS BY END-USE SECTOR (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E16

Brief Definition

This indicator measures SO2 emissions indirectly attributable to electricity
use by different sectors in the country, categorized as: residential,
commercial, industrial, transport, and other sectors.

Unit of Measurement:

Thousand metric tons of SO2 (thousand tons SO2)

POLICY RELEVANCE
This indicator measures the total SO2 emitted
in the country from electricity consumption by
different end-users. It is able to show which
sector consumes more electricity relative to
others and consequently account for more
emissions.
METHODOLOGY
(a) Measurement Methods
SO2 emissions relevant to end users are
calculated from the product of electricity
consumption by end-use sector and E15 – SO2
emissions per kWh (weighted average).

E-ESSO = ECc • EF-SO2aw
2

•
•

E16d - SO2 emissions from transport sector
E16e - SO2 emissions from other sectors

(c) Limitations of Indicator
This indicator shows the quantity of SO2
emissions indirectly attributed to electricity use
by specific sectors. In electricity grids, it is not
possible to identify which specific fuel source
contributed to electricity used by specific
sectors, thus SO2 emission factor is a weighted
value from the contribution of different fuel
sources. Consumption data are based on
meter/consumer
categorization
from
distribution companies.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

Where:
E-ESSO = SO2 emissions by end-use sector
ECc = Electricity consumption (MWh)
EF-SO2aw = SO2 emission factor weighted
average according to source type
(tons/MWh)
aw = source type (coal and oil)
c = end-use sector
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by end-use sector.
• E16a - SO2 emissions from residential
sector
• E16b - SO2 emissions from commercial
sector
• E16c - SO2 emissions from industrial sector
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E17 – SO2 EMISSIONS PER GDP (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E17
This indicator also known as SO2 intensity refers to the SO2 emissions
indirectly attributable to electricity use by different sectors per unit of
economic output (GDP).

Brief Definition

GDP used is GDP (Constant 2000 US$). Constant price estimates are
obtained by expressing values in terms of a base period. The year used
for this study is 2000. This eliminates the effect of inflation on the United
States dollar value.

Unit of Measurement:

Kilograms of SO2 per United States Dollar (kg SO2/USD)

POLICY RELEVANCE
This indicator measures the total SO2 emitted
in the country from electricity consumption per
unit of economic output. Sulfur intensity
changes year by year reflecting the end-use
efficiency, share of economic output which
relies on electricity, the sulfur content of
sources used for electricity generation, as well
as the income levels and behavior of
consumers.
The indicator makes it easier to differentiate
reductions that result from cleaner fuels (less
sulfur content) than reductions that result from
decreases in the economic activity.

(b) Related Indicators
—
(c) Limitations of Indicator
This indicator shows the quantity of SO2
emissions indirectly attributable to electricity
consumption only. Data is usually found at the
country level. Data depends heavily on
economic factors.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

METHODOLOGY
(a) Measurement Methods
SO2 emissions linked with economic output can
be calculated from total SO2 emissions from
electricity consumption divided by GDP at
constant prices.

E-GDPSO = Σ[E16]/GDP
2

Where:
E-GDPSO = SO2 emissions per GDP
GDP = GDP constant 2000 (US$)
2
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E18 – SO2 EMISSIONS PER CAPITA (FROM ELECTRICITY CONSUMPTION)
Indicator Code

E18

Brief Definition

This indicator measures SO2 emissions indirectly attributable to electricity
consumption per capita based on population type, categorized as: total
population, urban population, and population with access to electricity.

Unit of Measurement:

Metric tons SO2 per capita (tSO2/capita)

POLICY RELEVANCE
This indicator measures the total SO2
emissions indirectly attributable to electricity
consumption per person. The indicator makes
it easier to differentiate reductions that result
from cleaner fuels (less particulate content)
than reductions that result from decreases in
the level of population.
METHODOLOGY

(c) Limitations of Indicator
Access to electricity is not available in most
countries.
As an average, the indicator may not give a
good picture of the average consumer.
ORGANIZATIONS/S
INDICATOR
—

ALSO

USING

THIS

(a) Measurement Methods
SO2 emissions per capita are calculated from
total
SO2
emissions
from
electricity
consumption divided by respective population
type (total, urban population, access to
electricity).

E-CSO = Σ[E16]/capitad
2

Where:
E-CCO = SO2 emissions per capita
capitad = capita according to population
type (persons)
d = population type (total, urban, with
access to electricity)
2

(b) Related Indicators
Depending on data availability, this indicator
can be disaggregated by population.
• E17a - SO2 emissions per capita - urban
population
• E17b - SO2 emissions per capita population with access to electricity
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6.

Annexes

Annex A Some Indicator Initiatives of International Organizations
1. Organisations for Economic Co-operation and Development (OECD) core set of indicators
and sectoral indicators
a. Environmental Indicators: A preliminary set (1991)
b. OECD Core Set of Indicators for Environmental Performance Reviews: A Synthesis
Report by the Group on the State of the Environment (1993)
c. Indicators for the Integration of Environmental Concerns into Energy Policies. (1993
and 2001)
d. Indicators for the Integration of Environmental Concerns into Transport Policies. (1993
and 1999)
e. Towards sustainable household consumption patterns - Indicators to measure
progress. (1999)
f. Towards sustainable development - Indicators to measure progress-ROME
CONFERENCE. (2000)
g. Environmental Indicators: OECD Core Set. (1994)
h. Towards sustainable development - Environmental Indicators. (1998)
i. Environmental Indicators - Towards sustainable development. (2001)
j. Key Environmental Indicators. (2001)
k. OECD Environmental Performance Reviews.
2. United Nations Department of Economic and Social Affairs Division for Sustainable
Development (UN-SD) Indicators for sustainable development
a. Indicators of Sustainable Development: Guidelines and Methodologies, 3rd Ed. (2007)
3. CO2 and energy indicators by the International Energy Agency (IEA)
a. Towards a More Energy Efficient Future: Applying indicators to enhance energy policy.
(2009)
b. Energy Efficiency Indicators for Public Electricity Production from Fossil Fuels. (2008)
c. Energy Indicators For Sustainable Development: Guidelines and Methodologies. (2005)
d. Energy Indicators and Sustainable Development. (2001)
e. IEA Energy Indicators- Understanding the Energy-Emissions Link. (2000)
f. IEA Energy Indicators- Analysing Emissions on the Road from Kyoto. (2000)
4. International Transport Forum (ITF)
a. Reducing transport greenhouse gas emissions: Trends and Data. (2010)
5. European Environment Agency (EEA)’s Transport and Environment Reporting Mechanism
(TERM)
a. Towards a TERM for the EU, Part 1: TERM concept and process (1999).
b. Towards a TERM for the EU, Part 2: Some Preliminary Indicator Sheets (1999).
c. TERM 2002 - Paving the way for EU enlargement - Indicators of transport and
environment integration. (2002)
d. Climate for a transport change. TERM 2007: indicators tracking transport and
environment in the European Union. (2007)
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e. Transport at a crossroads. TERM 2008: indicators tracking transport and environment
in the European Union. (2008)
f. Towards a resource-efficient transport system — TERM 2009: Indicators tracking
transport and environment in the European Union. (2009)
6. Global City Indicators Facility (GCIF)
7. Work on health indicators by the World Health Organization (WHO)
a. World Health Statistics 2010: Indicator Compendium. (2010)
b. Environmental Health Indicators: Development of a methodology for the WHO
European Region. (2000)
8. Environmentally Sustainable Cities in Association of South East Asian Nations (ASEAN):
key indicators for clean air, clean water and clean land
9. United National Economic Commission for Europe (UNECE)’s Environmental indicators
and reporting in Eastern Europe, the Caucasus and Central Asia
a. Environmental Monitoring: guidelines for the application of environmental
indicators in Eastern Europe, Caucasus and central Asia. (2007)
b. Guidelines for the preparation of indicator-based environmental assessment
reports. (2007)
10. World Bank
a. World development indicators 2002
11. Asian Development Bank (ADB)
a. Development Indicators Reference Manual: Concepts and Definitions. (2004)
b. Key Indicators Report. For Developing Asian and Pacific Countries. (1999-2010)
12. Victoria Transport Policy Institute’s sustainable transportation indicators
a. Well Measured: Developing Indicators for Sustainable and Livable Transport
Planning. (2011)
b. Sustainable Transportation Indicators: A Recommended Research Program For
Developing Sustainable Transportation Indicators and Data. (2008)
c. Sustainable Transportation Indicator Data Quality and Availability. (2009)
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Annex B Default Values for Transport Input Parameters
Based on TEEMP: http://cleanairinitiative.org/portal/TEEMP

DEFAULT VALUES FOR TEEMP MODELS for GEF PROJECT APPLICATION
Total Trips
The total trips by motorized and non-motorized transport modes refer to cumulative daily oneway trips between an origin and destination. Based on the economic growth, city planning and
transport network, the total number of trip varies among zones, cities and regions. In case the
user does not have any indication of total number trips in the study area,30 per capita trip rates
can be multiplied by the population data from the zone/city/region to estimate the total number
of trips. Per capita trip rate values are available from the International Association of Public
Transport’s Mobility in Cities Database (UITP-MCD)31. This would allow the user to compute
emissions at sketch level.
Table 15: Per Capita Trip Rate Default Values (in Number of Trips)
Region
Latin America
Africa
India
China
Other Asia

Per Capita Trip
Rate
1.71
1.60
1.13
2.58
2.21

Source
UITP-MCD
UITP-MCD
MOUD
GEF
UITP-MCD

Trip Mode Share
The trip mode share indicates the distribution of the trips in the study area with different modes
of transport. The trip mode share is one of the indicators for measuring sustainable transport.
Trip mode share is an integral parameter for calculating emissions from any urban transport
project as it helps in converting person trips to vehicular trips when combined with average
occupancy. If trip mode share data is not available, the following default values (expressed in %)
are proposed based on literature survey from different countries:
Table 16: Default Trip Mode Share (%)

India
China
Latin America
Africa

30
31

Description
Average of 30 cities,
Ministry of Urban
Development
GEF and other sources
(Average of 16 cities)
UITP-MCD
World Bank (average of
14 cities)

Walk

Cycle

Two wheeler

Car

IPT

Bus

Metro

31

11

21

16

5

16

-

32

26

6

11

5

19

1

25
37

36
4

12

40
12

8

27

-

Can refer to zone, city, region.
See http://www.uitp.org/publications/Mobility-in-Cities-Database.cfm
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Average Trip Length
It is the average distance travelled during a trip i.e. one way between an origin and destination.
This is generally estimated as the ratio of total passenger- kilometers to the total number of trips
and by using origin and destination (O-D) surveys and often represented in km. The size,
structure, economic growth, density and transport system has implications on the average trip
length of the study area. The data on average trip length allows the analyst to link the trip
characteristics with vehicle emission factors to determine emissions. The following default values
can be used for sketch analysis in case the average trip length data is not available.
Table 17: Default Values for Average Trip Length (kilometers)
Walk

Cycle

Two
wheeler

Car

IPT

Bus

Metro

Asia

1.1

3.5

6.7

9.9

7.3

10.5

10.0

Africa
Latin
America

-

-

-

12.39

13.1

13.1

various - GEF,
UITP-MCD, others
UITP-MCD

-

-

-

13.79

11.8

11.8

UITP-MCD

Source

Average Occupancy
The average occupancy is calculated as person-kilometers per vehicle –kilometers or simply as the
number of people traveling divided by the number of vehicles. Higher the occupancy rates, the
lesser the emissions per person trips. Average occupancy can be easy calculated using field
occupancy surveys. In case no data is available, following default values can be used:
Table 18: Average Occupancy
Region
Asia
Latin
America
Africa

UITP-MCD and
others
UITP-MCD and
others
UITP-MCD

Walk

Cycle

Two
wheeler

Car

Public
transport

IPT

1.00

1.01

1.26

2.38

41.34

1.92

2

2

26.47
36.3

Emission Factors
Emission factors are generally derived from dynamometer-based drive cycle tests to simulate
typical driving conditions and traffic speeds. They are generally represented in grams per
kilometer travelled or one of its derivatives. Fleet-based emission factors often used in sector
calculations depend on "driving behavior" (how do we drive), “fleet characteristics” (what vehicles
we drive), "infrastructure” and geographical conditions (where we drive). It is to be noted that
"no two vehicles will have the same emission factor profile, even if they are nominally identical
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models, produced on the same day on the same production line.”32 However, in order to simplify
the calculations, the analyst needs to tailor the emission factors to fit "best possible local
conditions and the fleet". These “tailoring” are often done using local studies on various models.
In other words, by using an on-road mobile source emissions model like the International Vehicle
Emissions (IVE) Model with local data on vehicle technology distributions, power-based driving
factors, vehicle soak distributions, and meteorological factors, one can tailor the model to suit the
local conditions. This would give the best accuracy for computing emission factors. For example,
IVE Model has over base emission rates for over 1300 vehicles33 to capture the different fleet
characteristics and thus allow better representation.
In case, the data is not available for the analyst to use models such as IVE, one can use national
averages, local averages or use fuel consumption data reported via surveys etc. It is to be noted
that the approved CDM baseline methodology AM0031 “Baseline Methodology for Bus Rapid
Transit Projects”34 suggests the following alternatives:
“Two methodological alternatives are proposed for the fuel consumption data (in
order of preference): Alternative 1: Measurement of fuel consumption data using a
representative sample for the respective category and fuel type. Factors such as
the specific urban driving conditions (drive-cycle, average speed etc), vehicle
maintenance and geographical conditions (altitude, road gradients etc) are thus
included. The sample must be large enough to be representative … and
Alternative 2: Use of fixed values based on the national or international literature.
The literature data can either be based on measurements of similar vehicles in
comparable surroundings (e.g. from comparable cities of other countries) or may
include identifying the vehicle age and technology of average vehicles circulating
in the project region and then matching this with the most appropriate IPCC
values. The most important proxy to identify vehicle technologies is the average
age of vehicles used in the area of influence of the project….”
In the present TEEMP models, a detailed set of emission factors based on IVE has not been
suggested due to the time and data availability.35 Instead as an alternative option, it is
recommended that analyst use city-specific studies and national/city surveys to generate the
emission factors for the TEEMP models. In order to capture the impact of speed, following
default index values have been proposed taking insights from COPERT and other studies.36 Many
studies have suggested that vehicle travelling near 50 kmph have best efficiency. Thus 50kmph
was kept as the basis to compute the effect on efficiency and calibrate the emission factor.

32

DIESEL study- PCD Bangkok, http://www.cleanairnet.org/caiasia/1412/article-48845.html
Different combinations of vehicle types, fuel, weight, air/fuel control, exhaust emission controls and age.
34
See http://cdm.unfccc.int/UserManagement/FileStorage/CDMWF_AM_IK6BL2878HZ4NHV86V65CBJ2Y1ZBDI
35
Corrective factors need to applied to the base emission rates in order to adjust them to local conditions.
36
Copert-3, CORINAIR, green transport, diesel, updated road user cost study of India and trl emission factors for
2009 for department of transportation, UK.
33
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Table 19: Speed and Emission factors Index (assuming 0 at 50 kmph)37
CO2

PM

NOx

SPEED

2W

3W

Cars

LCV

Bus

HCV

Car

LGV

Bus

HGV

Car

LGV

Bus

HGV

15

-70

-70

-61

-69

-61

-61

-43

-30

-21

-60

-43

-35

-56

-44

20

-43

-43

-34

-38

-51

-51

-26

-18

-16

-55

-32

-23

-46

-36

25

-26

-26

-20

-22

-39

-39

-18

-10

-12

-45

-23

-14

-37

-28

30

-21

-21

-12

-18

-23

-23

-11

-4

-9

-35

-16

-8

-29

-22

35

-7

-7

-5

-6

-15

-15

-6

-1

-7

-25

-10

-3

-21

-15

40

-4

-4

-3

-3

-9

-9

-3

1

-4

-16

-5

-1

-14

-10

45

-1

-1

0

0

-3

-3

-1

1

-2

-7

-2

0

-7

-4

50

0

0

0

0

0

0

0

0

0

0

0

0

0

0

55

0

0

-1

-1

2

2

0

-2

2

6

1

-2

6

6

60

-2

-2

-3

-4

5

5

-1

-4

3

10

1

-4

13

9

65

-4

-4

-6

-7

5

5

-3

-8

3

12

1

-7

13

9

70

-8

-8

-9

-12

6

6

-6

-11

3

12

-1

-11

13

9

75

-12

-12

-13

-16

0

0

-9

-15

1

12

-3

-15

10

7

80

-18

-18

-18

-23

-4

-4

-13

-19

-1

10

-5

-19

7

4

85

-23

-23

-24

-29

-7

-7

-17

-23

-5

7

-9

-24

4

1

90

-30

-30

-30

-37

-12

-12

-22

-28

-8

4

-12

-28

1

-2

95

-37

-37

-36

-45

-16

-16

-27

-32

-8

-14

-16

-33

100

-37

-37

-36

-45

-16

-16

-32

-36

-8

-16

-20

-38

The TEEMP model allows users to quantify the air pollutants PM and NOx using the emission
factors. The analyst is encouraged to look for national level emission factors for local projects. As
a first approximation, several studies in Asia were collated to capture a set of default vales for
Asian fleet.

37

% decrease in fuel efficiency assuming fuel efficiency at 50kmph as 0, - value is indicative
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Table 20: Fuel Consumption and Emission Factors for Different Vehicles in Asia
Vehicle distribution

MCtwo

P

MCthree

P

P

PC

D

P

LCV

D

BUS

HCV

D

D

Fuel
Consumption
L/100KM
1.8
1.8

7.

8
8
8

CO2
(kg/L)
2.416
2.416
2.416
2.416
2.416
2.416
2.416
2.416
2.416

PM
(g/Km)
0.057
0.015
0.03
0.045
0.015
0.03
0.008
0.000
0.000

NOx
g/Km
0.050
0.540
0.34
0.200
0.530
0.4
0.950
0.200
0.090

8

2.416

0.000

0.080

12.5

8
7
7
7

2.416
2.582
2.582
2.582

0.004
0.145
0.060
0.015

0.518
0.450
0.490
0.280

12.5
14.3
14.3
14.3

7

2.582

0.050

0.250

14.3

7
10
10
10

2.582
2.416
2.416
2.416

0.087
0.008
0.000
0.000

0.359
0.950
0.200
0.090

14.3
10.0
10.0
10.0

10

2.416

0.000

0.080

10.0

10
8
8

2.416
2.582
2.582

0.004
0.655
0.475

0.518
1.710
1.600

10.0
12.5
12.5

241.6
241.6
206.56
206.56

Euro II
Euro III and
Above

8

2.582

0.100

0.820

12.5

206.56

8

2.582

0.050

0.250

12.5

NO data
Pre Euro
Euro I
Euro II
Euro III and
Above
NO data
Pre Euro
Euro I

8
28
28
28

2.582
2.582
2.582
2.582

0.3675
1.213
0.610
0.150

1.151
6.240
6.660
6.240

12.5
3.6
3.6
3.6

28

2.582

0.100

5.930

3.6

28
30
30

2.582
2.582
2.582

0.6715
1.294
0.601

6.178
6.450
7.620

3.6
3.3
3.3

722.96
722.96
774.6
774.6

30

2.582

0.366

6.450

3.3

774.6

30

2.582

0.100

5.860

3.3

30

2.582

0.7768

6.332

3.3

Two Stroke
Four Stroke
NO data
Two Stroke
Four Stroke
NO data
Pre Euro
Euro I
Euro 2
Euro 3 and
Above
NO data
Pre Euro
Euro I
Euro 2
Euro 3 and
Above
NO data
Pre Euro
Euro I
Euro 2
Euro 3 and
Above
NO data
Pre Euro
Euro I

Euro II
Euro III and
Above
NO data

3.5
3.5

KMPL

12.5
12.5
12.5

CO2
g/VKM
24.170
24.820
24.56
62.410
73.800
69.24
193.28
193.28
193.28
193.28
193.28
180.74
180.74
180.74
180.74
180.74
241.6
241.6
241.6

206.56
206.56
722.96
722.96
722.96

774.6
774.6

For the references of the above emission factors please see the footnote below.38
38

References for emission factors:
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Construction Emissions
Emissions quantification from transport projects should ideally consider construction emissions.
The quantum of construction emissions varies depending upon the quantity and type of
construction materials used and the methodology adopted. In absence of any data, in order to
have ballpark estimates, default values have been proposed for per km construction based on
materials used (cement, steel and bitumen).

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Draft report on “Emission Factor development for Indian Vehicles “, Automobile Research Association of India and Central Pollution
Control Board, India
Developing Integrated Emission Strategies for Existing Land Transport (Diesel) Project- Pollution Control Board, Thailand
“Academic manuscript: Preparation of technical guidelines for estimating emission load from motor vehicles in Indonesia”
Energy use and emissions of two stroke-powered tricycles in Metro Manila, J.B.M. Biona et al.
Emission Inventory for Motorcycles in Hanoi using the International Vehicle Emission Model Dr. Nguyen Thi Kim Oanh, Mai Thi Thuy
Phuong
Measuring the Invisible, Quantifying Emissions Reductions from Transport Solutions, Hanoi Case Study, Embarq
Electric Bikes in the People’s Republic of China: Impact on the Environment and Prospects for Growth – Chris Cherry et al.
Strategies for Promotion of Energy Efficient and Cleaner Technologies in the Urban Transport System in Selected Asian Countries
Energy Use in the Transportation Sector Of Malaysia, Malaysian - Danish Environmental Cooperation Programme
Transport in China: Energy Consumption and Emissions of Different Transport Modes - ifeu – Institute for Energy and Environmental
Research Heidelberg
A Strategic Approach To Climate Change In The Philippines: An Assessment Of Low-Carbon Interventions In The Transport And Power
Sectors
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Table 21: Construction Emission Factors
1 km of
infrastructure

Description

tons of CO2

BRTS

Considering only
the quantity of
steel, cement and
asphalt.

1900

Bikeways

Considering only
the quantity of
steel, cement and
asphalt.

20

MRTS

2 lines for 80%
elevated and 20%
underground

15600

Railways

Considering only
the quantity of
steel and concrete
for single track

875

Roads

Considering only
the quantity of
steel, cement and
asphalt for a four
lane road

2100

Source
Assuming material quantity - Cement -737.8
tons/km, Asphalt - 403.5 tons/km and Steel 143.2 tons/km. A multiplier of 1.75 has been
proposed for actual construction works based
on Kwangho Park, et. al. (2003). Estimates
from Mexico BRTS (Lee at al.) and
Transmilenio (monitoring report) have
indicated 3475 and 1390 tons.
Assuming material quantity - Cement -15.5
tons/km, Asphalt - 40 tons/km and Steel - 1
tons/km for constructing 1km of 2.5 m wide
bikeway
Bangalore metro calculations using quantity of
materials used - steel and cement. Research
from japan as summarized in TEEMP model
indicates a range between 7119 to 19487 tons
of CO2
Assuming a track requires 570 tons of
concrete and 117 tons of steel, 350 tons of
CO2 is generated during material production.
Scotland Transport depatment recommends
500 tons of CO2 per track based on material
production.A multiplier of 1.75 has been
proposed for actual construction works based
on Kwangho Park, et. al. (2003) for Road
works
An analysis based on the quantity of
construction materials used – cement, steel
and bitumen indicates that the approximate
emissions of a two lane to four lane improved
highway is approximate 1100 tons/km. When
all the quantities are considered including the
emissions generated by machinery, the
emissions range from 2100 to 2400 tons/km
for high-speed roads (four-lanes) based on
traffic, topography and type of improvements
suggested.
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Mode shift from different modes to a bike share program
The development of bike sharing scheme would attract new riders from different modes. Actual
surveys can determine the extent of transition from different modes. In case the analyst does not
have any insights on the magnitude of transition, the following default values derived from the
evaluation of different bike sharing schemes are proposed. The majority of the riders using bike
sharing schemes come from public transport modes. The analysis of 51 schemes in Europe by the
“Optimising Bike Sharing in European Cities” study indicates that nearly 25% and 9.3% of trips
have been shifted from walking and cycling. 39
Table 22: Mode Shifts towards Bike Sharing Schemes Around the World
Mode
shift from
(%)
Pedestrian
Bus

Hangzhou

Shanghai

Beijing

Paris

Barcelona

Lyon

London

Default
Values

16
51

26
40

23
48

20
65

26
51

37
50

21
34

22
46

Taxi

4

4

3

5

Car

4

4

5

4

5

3

14

8

4

6

7

10

2

23

E-Bike/
Motorcycle

Private
8
Bicycle
Others/
13
No Trip
Source: Various studies

39

8

4
4
10

7

6

4
10

10

http://www.obisproject.com
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Annex C Default Values for Energy Input Parameters
Table 23: Heating Value by Fuel Type
Fuel
Value
Unit
TYPICAL PARAMETERS OF VARIOUS FUELS
HEATING VALUE
Solid fuels
Bituminous Coal
13,000
BTU/lb
Anthracite Coal
12,300
BTU/lb
Lignite (@ 35% moisture)
7,200
BTU/lb
Wood (@ 40% moisture)
5,200
BTU/lb
Bagasse (@ 50% moisture)
4,000
BTU/lb
Bark (@ 50% moisture)
4,500
BTU/lb
Coke, Byproduct
13,300
BTU/lb
Liquid fuels
Residual Oil
150,000
BTU/gal
Distillate Oil
140,000
BTU/gal
Diesel
137,000
BTU/gal
Gasoline
130,000
BTU/gal
Kerosene
135,000
BTU/gal
Liquid Petroleum Gas
94,000
BTU/gal
Gaseous fuels
Natural Gas
1,050
BTU/SCF
Coke Oven Gas
590
BTU/SCF
Blast Furnace Gas
100
BTU/SCF
Reference:
US EPA. 2009. AP 42, Fifth Edition. Compilation of Air Pollutant Emission Factors,
Volume 1: Stationary Point and Area Sources. Appendix A. Retrieved online:
http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
Remarks:
(a) N = negligible
Reference:
US EPA. 2009. AP 42, Fifth Edition. Compilation of Air Pollutant Emission Factors,
Volume 1: Stationary Point and Area Sources. Appendix A. Retrieved online:
http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
Remarks:
(a) N = negligible
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Table 24: Carbon Emission Factor by Fuel Type
Fuel
Value
LIQUID FOSSIL
Primary fuels
Crude oil
20.0
Orimulsion
22.0
Natural Gas Liquids
17.2
Secondary fuels/products
Gasoline
18.9
Jet Kerosene
19.5
Other Kerosene
20.0
Shale Oil
20.2
Gas/Diesel Oil
20.2
Residual Fuel Oil
21.1
LPG
17.2
Ethane
16.8
Naphtha (a)
20.0
Bitumen
22.0
Lubricants (a)
20.0
Petroleum Coke
27.5
Refinery Feedstocks (a)
20.0
Refinery Gas (b)
18.2
Other Oil (a)
20.0
SOLID FOSSIL
Primary fuels
Anthracite
26.8
Coking Coal
25.8
Other Bituminous Coal
25.8
Sub-bituminous Coal
26.2
Lignite
27.6
Oil Shale
29.1
Peat
28.9
Secondary Fuels/Products
BKB & Patent Fuel (a)
25.8
Coke Oven / Gas Coke
29.5
Coke Oven Gas (b)
13.0
Blast Furnace Gas (b)
66.0
GASEOUS FOSSIL
Natural Gas (Dry)
15.3

Unit

tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr

tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr
tC/yr

Reference:
IPCC. 1996. Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories Workbook. Retrieved online:
http://www.ipcc-nggip.iges.or.jp/public/gl/guidelin/ch1wb1.pdf
Remarks:
(a) This value is a default value until a fuel specific CEF is determined. For Gas combustible renewables , the CEF
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is based on the assumption that 50% of the carbon in the combustible renewables is converted to methane and
50% is emitted as CO2. The CO2 emissions from biogas should not be included in national inventories. If biogas is
released and not combusted 50% of the carbon content should be included as methane [sic].
(b) For use in the sectoral calculations.

Table 25: Percent of Carbon Oxidized
Fuel
Value
PERCENT OF CARBON OXIDISED
Coal (a)
98
Oil and Oil products
99
Gas (b)
99.5
Peat for electricity generation
99

Unit
%
%
%
%

Reference:
IPCC. 1996. Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories
Workbook. Retrieved online: http://www.ipccnggip.iges.or.jp/public/gl/guidelin/ch1wb1.pdf
Remarks:
(a) This figure is a global average but varies for different types of coal, and can be as
low as 0.91.
(b) The fraction for peat used in households may be much lower.

Table 26: Calorific Value by Fuel Type
Fuel
Value
Default Net Caloric Value (NCV) (TJ/Gg)
Crude Oil
42.3
Orimulsion
27.5
Natural Gas Liquids
44.2
Motor Gasoline
44.3
Aviation Gasoline
44.3
Jet Gasoline
44.3
Jet Kerosene
44.1
Other Kerosene
43.8
Gas/Diesel Oil
43.0
bio-gasoline/bio-diesel
27.0
other liquid biofuels
27.4
Anthracite
29.7
Coking coals
28.2
Other bituminous
24.1

Unit
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt
TJ/Gg = TJ/kt

Reference:
IEA. 2005. Energy Statistics Manual. Retrieved online:
http://www.iea.org/stats/docs/statistics_manual.pdf
IPCC. 2006. 2006 IPCC Guidelines for National Greenhouse Gas Inventories - Energy. Retrieved
online: http://www.ipccnggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf
REDD Methodological Module. 2010. Estimation of emissions from fossil fuel combustion.
Retrieved online: http://www.americancarbonregistry.org/carbon-accounting/E-FFC.pdf
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Table 27: Particulate Matter Combustion Emission Factor
Fuel

Value

Other Bitimunous Coal & Anthracite
Sub-Bituminous Coal
Lignite
Natural Gas
Gas/Diesel Oil
Heavy Fuel Oil
Petroleum coke

COAL
1.23 x A (b)
1.23 x A (b)
1.03 x A (c)
GAS
0.122 (d)
OIL
0.333 (e)
0.9 (f)
1.23 x A (g)

Unit
kg/ton-fuel
kg/ton-fuel
kg/ton-fuel
kg/ton-fuel
kg/ton-fuel
kg/ton-fuel
kg/ton-fuel

Reference:
GAPF. 2010. The Global Atmospheric Pollution Forum Air Pollutant Emissions Inventory Manual. Retrieved online:
http://sei-international.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.pdf
Remarks:
(a) Combustion in the energy industries - public electricity and heat production
(b) Mean AP-42 value for pulverised coal-fire boilers A = Ash content (see Table P4 Ash Content)
(c) i.e. sub-bituminous coal/Lignite A = Ash content
(d) AP-42
(e) AP-42 uncontrolled emission factor for filterable plus condensable PM for utility boilers firing No. 2 grade
distillate oil (diesel)
(f) AP-42 uncontrolled emission factor for utility boilers firing No 5 grade residual fuel oil
(g) Assume = emission factor for Other Bitimunous Coal & Anthracite

Table 28: Ash Content by Fuel Type
Fuel
Value
Unit
TYPICAL PARAMETERS OF VARIOUS FUELS (ASH % [by weight])
Solid fuels
Bituminous Coal
20-Apr
%
Anthracite Coal
7.0-16.0
%
Lignite (@ 35% moisture)
6.2
%
Wood (@ 40% moisture)
1--3
%
Bagasse (@ 50% moisture)
1--2
%
Bark (@ 50% moisture)
1--3 (a)
%
Coke, Byproduct
0.5-5.0
%
Liquid fuels
Residual Oil
0.05-0.1
%
Distillate Oil
N (b)
%
Diesel
N (b)
%
Gasoline
N (b)
%
Kerosene
N (b)
%
Liquid Petroleum Gas
N (b)
%
Gaseous fuels
Natural Gas
N (b)
%
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Fuel
Coke Oven Gas
Blast Furnace Gas

Value
0.5-2.0
N (b)

Unit
%
%

Reference:
US EPA. 2009. AP 42, Fifth Edition. Compilation of Air Pollutant Emission Factors, Volume
1: Stationary Point and Area Sources. Appendix A. Retrieved online:
http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
Remarks:
(a) Ash content may be considerably higher when sand, dirt, etc.,
are present.
(b) N = negligible

Table 29: Sulfur Content by Fuel Type
Fuel
Value
TYPICAL PARAMETERS OF VARIOUS FUELS
SULFUR % (by weight)
Solid fuels
Bituminous Coal
0.6-5.4
Anthracite Coal
0.5-1.0
Lignite (@ 35% moisture)
0.7
Wood (@ 40% moisture)
N (a)
Bagasse (@ 50% moisture)
N (a)
Bark (@ 50% moisture)
N (a)
Coke, Byproduct
0.5-1.0
Liquid fuels
Residual Oil
0.5-4.0
Distillate Oil
0.2-1.0
Diesel
0.4
Gasoline
0.03-0.04
Kerosene
0.02-0.05
Liquid Petroleum Gas
N (a)
Gaseous fuels
Natural Gas
N (a)
Coke Oven Gas
0.5-2.0
Blast Furnace Gas
N (a)

Unit

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

Reference:
US EPA. 2009. AP 42, Fifth Edition. Compilation of Air Pollutant Emission Factors, Volume 1:
Stationary Point and Area Sources. Appendix A. Retrieved online:
http://www.epa.gov/ttn/chief/ap42/appendix/appa.pdf
Remarks:
(a) N = negligible
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Table 30: Sulfur Retention by Fuel Type
Fuel
Value
HARD COAL (a)
Power generation and Industry sectors
5
Transport and Other Sectors (b)
22.5
BROWN COAL (c)
All sectors
22.5
SOLID COMBUSTIBLE RENEWABLES
All sectors
Negligible
LIQUID AND GASEOUS FUELS
All sectors
0

Unit
%
%
%
%
%

Reference:
GAPF. 2010. The Global Atmospheric Pollution Forum Air Pollutant Emissions Inventory
Manual. Retrieved online: http://seiinternational.org/rapidc/gapforum/html/reports/Forum_emissions_manual_v1_7.pdf
Remarks:
(a) i.e. coking coal, other bituminous coal and anthracite
(b) i.e. Commercial/Institutional, Residential and Agriculture/ Forestry/Fishing
(c) i.e. sub-bituminous coal/Lignite

140

Table 31: Net Calorific Value by Fuel Type
Fuel
Value
Unit
SELECTED NET CALORIFIC VALUES
Refined Petroleum Products
Gasoline
44.80
TJ/kt
Jet Kerosene
44.59
TJ/kt
Other Kerosene
44.75
TJ/kt
Shale Oil
36.00
TJ/kt
Gas/Diesel Oil
43.33
TJ/kt
Residual Fuel Oil
40.19
TJ/kt
LPG
47.31
TJ/kt
Ethane
47.49
TJ/kt
Naphtha
45.01
TJ/kt
Bitumen
40.19
TJ/kt
Lubricants
40.19
TJ/kt
Petroleum Coke
31.00
TJ/kt
Refinery Feedstocks
44.80
TJ/kt
Refinery Gas
48.15
TJ/kt
Other Oil Products
40.19
TJ/kt
Other Products
Coal Oils and Tars (Coking
TJ/kt
Coals)
28.00
Oil Shale
9.40
TJ/kt
Orimulsion
27.50
TJ/kt
Reference:
IPCC. 1996. Revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories Workbook. Retrieved online: http://www.ipccnggip.iges.or.jp/public/gl/guidelin/ch1wb1.pdf
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Annex C Related Information for General Input Parameters
A. Statistics Offices:
Bureau of Statistics: http://www.bbs.gov.bd/
Bangladesh
Ministry of Statistics and Programme Implementation: http://mospi.nic.in/
India
Badan Pusat Statistik: http://www.bps.go.id/
Indonesia
Lao Statistics Bureau: http://www.nsc.gov.la/
Lao PDR
Department of Statistics: http://www.statistics.gov.my
Malaysia
Central Bureau of Statistics: http://www.cbs.gov.np/
Nepal
Statistics Division: http://www.statpak.gov.pk/
Pakistan
National Statistics Office: http://www.census.gov.ph/
Philippines
National Statistics Bureau: http://www.stats.gov.cn/english/index.htm
PR China
Department of Statistics: http://www.singstat.gov.sg/
Singapore
Department of Census and Statistics: http://www.statistics.gov.lk/
Sri Lanka
National Statistics Office: http://web.nso.go.th/
Thailand
General Statistics Office: http://www.gso.gov.vn/
Vietnam
B. Air Pollution and Climate International Conventions and Agreements
Acid Deposition Monitoring
EANET provides information useful for decision-making at
Network in East Asia for East
various levels with the aim of preventing or reducing adverse
Asia (EANET)
impacts on the environment, and promoting cooperation
among countries. It currently has 13 member countries.

ASEAN Agreement on
Transboundary Haze Pollution
for South East Asia

Gothenburg Protocol

Kyoto Protocol to the United
National Framework Convention
on Climate Change (UNFCCC)

http://www.eanet.cc/
The agreement was adopted in January 2002 and entered into
force in November 2003. It promotes the mitigation of
transboundary haze pollution through concerted national
efforts and international cooperation, and has conducted
simulation exercises, implementation of the ASEAN Peatland
Management Strategy (APMS), use of zero burning and
controlled-burning practices, and other similar activities.
http://haze.asean.org/
The protocol was adopted in November 1999 and entered into
force in May 2005. The protocol is a multi-pollutant protocol
designed to reduce acidification, euthrophication and groundlevel ozone by setting emission ceilings for sulfur, NOx, VOCs
and ammonia which were to be met in 2010.
http://www.unece.org/env/lrtap/multi_h1.html
The protocol was adopted in December 1997 and entered into
force on February 2005, sets binding targets for 37
industrialized countries and the European community for
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(adopted in December 1997 and
entered into force on 16
February 2005)
Malé Declaration for South Asia

North-East Asian Subregional
Programme for Environmental
Cooperation for North-East Asia
(NEASPEC)

United Nations Economic
Commission for Europe have
agreed on the Convention on
Long-range Transboundary Air
Pollution (CLRTAP)

WHO Air Quality Guidelines

reducing GHG emissions. The first commitment period of the
Kyoto Protocol is set to end in 2012.
http://unfccc.int/kyoto_protocol/items/2830.php
The declaration stated the need for countries to carry forward,
or initiate, studies and programmes on air pollution in each
country of South Asia. It was adopted during the Seventh
meeting of the Governing Council of the South Asia
Cooperative Environment Programme (SACEP) in April 1998 in
Malé, the Republic of Maldives.
http://www.rrcap.unep.org/male/
NEASPEC was launched in 1993 as a comprehensive
intergovernmental cooperation mechanism comprising all six
Northeast Asian countries, namely, China, Democratic People’s
Republic of Korea (DPRK), Japan, Mongolia, Republic of Korea
(ROK) and the Russian Federation in order to jointly address
environmental challenges in this subregion.
http://www.neaspec.org/
The CLRTAP entered into force in 1993 and has been extended
by eight specific protocols. It was the first international legallybinding instrument to deal with problems of air pollution on a
broad regional basis. The Convention now has 51 members,
and has identified the United Nations Economic Commission
for Europe (UNECE) as its secretariat.
http://www.unece.org/env/lrtap/
WHO air quality guidelines exist for particulate matter,
nitrogen dioxide, and sulfur dioxide. As criteria pollutants,
many countries have also established their own air quality
standards.
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Annex D Related Information for Transport
A. Transport Ministries, Research Institutions, and Related Agencies
ASEAN
From Japan Automobile Manufacturers Association, Inc. (JAMA):
http://www.jama-english.jp/index.html
Bangladesh
Ministry of Communications: http://www.moc.gov.bd/
India
Ministry of Road Transport and Highways: http://morth.nic.in/
Society of Indian Automobile Manufacturers: http://www.siam.org/
Indonesia
Department of Transportation: http://www.dephub.go.id/
Gabungan Industri Kendaraan Bermotor Indonesia - Gaikindo (Association of
Indonesian Automotive Industries): http://www.gaikindo.or.id/index.php
Asosiasi Industri Sepeda Motor Indonesia - AISI (Indonesian Motorcycles Industry
Association): http://www.aisi.or.id/
Malaysia
Ministry of Transport: http://www.mot.gov.my/
Nepal
Ministry of Labor and Transport Management: http://www.moltm.gov.np/
Pakistan
National Transport Research Centre: http://www.ntrc.gov.pk/
Ministry of Communication: http://www.communication.gov.pk/
Pakistan Automotive Manufacturers Association: http://www.pama.org.pk/
Philippines
Department of Transportation and Communication: http://www.dotc.gov.ph/
National Center for Transportation Studies: http://ncts.upd.edu.ph/main/
Car Manufacturers Association of the Philippines: http://www.campiauto.org/
PR China
Ministry of Transportation: http://www.moc.gov.cn/
China Association of Automobile Manufacturers: http://www.caam.org.cn/
China Academy of Transportation Sciences
China Urban Sustainable Transport Research Center:
http://www.urbansustrans.cn/index_e.asp
Singapore
Ministry of Transport: http://app.mot.gov.sg/Default.aspx
Sri Lanka
Ministry of Transport: http://www.transport.gov.lk/
Thailand
Ministry of Transport: http://vigportal.mot.go.th/portal/site/PortalMOT/
Vietnam
Ministry of Transport: http://www.mt.gov.vn/
Transport Development and Strategy Institute: http://www.tdsi.gov.vn/
Vietnam Automobile Manufacturers Association: http://www.vama.org.vn/
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C. Transport International Conventions and Agreements
Fifth Regional
Outlined the Bangkok 2020 Declaration which expressed the intent to
Environmentallyvoluntarily develop and realize integrated and sustainable transport
Sustainable Transport
policy options, programmes, and projects to achieve 20 Sustainable
[EST] Forum, 23-25
Transport Goals by 2020 in the Asian Region. A list of performance
Aug 2010 in Bangkok,
indicators was provided which may be adopted by participating
Thailand
countries.
(23 participating
countries)
http://www.uncrd.or.jp/env/5th-regional-est-forum/index.htm
Brunei Action Plan
One of the strategic goals for land transport is: LTG-7 - establish a
2011-2015 (ASEAN
sustainable, energy efficient and environment friendly transport system.
Strategic Transport
Plan 2011-2015)
http://www.aseansec.org/documents/BAP%202011-2015.pdf
ASEAN-Japan Action
The plan (for implementation from 2010 to 2014) will serve as a basic
Plan on Environmental framework for ASEAN Member States and Japan to implement
Improvement in
environment measures in the transport sector in a systematic and
Transport Sector (AJstrategic manner to realize low-carbon and low-pollution transport
APEIT)
systems for achieving sustainable social and economic development.

Ministerial Conference
on Global Environment
and Energy in
Transport (MEET), 1416 Jan 2009 in Tokyo,
Japan
(21 participating
countries)
Kyoto Protocol to the
United National
Framework Convention
on Climate Change
(UNFCCC)

http://www.jica.go.jp/english/our_work/types_of_assistance/tech/accep
tance/training/about/pdf/transportation2012.pdf
Adoption of the ministerial declaration which emphasized the shared
global long-term vision for realizing low-carbon and low-pollution
transport systems.
http://www.mlit.go.jp/kokusai/MEET/index_en.html

The protocol was adopted in December 1997 and entered into force on
February 2005, sets binding targets for 37 industrialized countries and
the European community for reducing GHG emissions. The first
commitment period of the Kyoto Protocol is set to end in 2012.
http://unfccc.int/kyoto_protocol/items/2830.php
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D. Transport International Targets/Recommended Standards
To date, there is no international agreement on specific emission reduction targets for the
transport sector. There are a number of countries which set CO2 emission reduction targets in the
transport sector as part of their national targets but not including PM and NOx. This includes
transport-specific GHG reduction targets set by Japan40 and the Netherlands41 and the proposed
EU mandatory targets for non emissions trading system sectors which de facto include a large
transport component (ITF, 2010). Nonetheless, there are several local, national, regional policies,
strategies and declarations for aimed at reducing emissions from transport sector. PR China and
India have announced their commitments for total emission reduction with GDP (NDRC, 2011).
E. Transport References and Suggested Reading
• ASEAN, 2010. “Brunei Action Plan (BAP): 2011-2015 (ASEAN Strategic Transport Plan:
2011-2015).” ASEAN Secretariat, Jakarta.
• Bangkok 2020 Declaration: Sustainable Transport Goals for 2010-2020. (outlined during
the Fifth Regional EST Forum in 23-25 August 2010) Retrieved online:
http://www.uncrd.or.jp/env/5th-regional-est-forum/doc/bangkok_declaration.pdf Regional
EST Forum: http://www.uncrd.or.jp/env/5th-regional-est-forum/index.htm
• EEA TERM. Energy efficiency and specific CO2 emissions (TERM 027) - Assessment
published Jan 2011. Retrieved online: http://www.eea.europa.eu/data-andmaps/indicators/energy-efficiency-and-specific-co2-emissions/energy-efficiency-andspecific-co2-3
• http://www.internationaltransportforum.org/Pub/pdf/10GHGTrends.pdf
• IEA, 2010. “CO2 Emissions from Fuel Combustion: Highlights.”OECD/IEA. Retrieved
online: http://www.iea.org/co2highlights/co2highlights.pdf
• International Transport Forum, 2010. “Reducing Transport Greenhouse Gas EmissionsL
Trends and Data.” OECD. Retrieved online:
http://www.internationaltransportforum.org/Pub/pdf/10GHGTrends.pdf
• IPCC, 2000. “Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories.” Retrieved online: http://www.ipccnggip.iges.or.jp/public/gp/english/
• IPCC, 2006. “2006 IPCC Guidelines for National Greenhouse Gas Inventories.” Prepared
by the National Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L.,
Miwa K., Ngara T., and Tanabe K. (eds). IGES, Japan. Retrieved online: http://www.ipccnggip.iges.or.jp/public/2006gl/index.html
• Kyoto Protocol to the UNFCCC: http://unfccc.int/kyoto_protocol/items/2830.php
• Ministerial Declaration on Global Environment and Energy in Transport, 2009.
http://www.mlit.go.jp/kokusai/MEET/documents/Ministerial_Declaration.pdf Ministerial
Conference on Global Environment and Energy in Transport (MEET):
http://www.mlit.go.jp/kokusai/MEET/index_en.html

40

Absolute target of 250 Mt CO2 from transport in 2010 from a baseline of 260 Mt in 2002 (compare to 217 Mt in 1990) which represents 24
Mt below the 2010 “business-as-usual” projection. (ITF, 2010).
41
Transport GHG emissions to be cut by 13-17 Mt below the 2020 “business-as-usual projection”. (ITF, 2010).
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•

•

•

Schipper, L. and Marie-Lilliu, C., 1999. “Carbon Emissions from Transport in IEA Countries:
Recent Lessons and Long-Term Challenges.” Swedish Board for Communications and
Transportation Research, Stockholm.
Schipper, L., Fabian, H., and Leather, J., 2009. “Transport and Carbon Dioxide Emissions:
Forecasts, Options Analysis, and Evaluation.” ADB Sustainable Development Working
Paper Series No. 9. ADB, Philippines. Retrieved online:
http://www.adb.org/documents/papers/adb-working-paper-series/ADB-WP09-TransportCO2-Emissions.pdf
Schipper, L., Marie-Lilliu, C., and Gorham, R., 2000. “Flexing the link between transport
and greenhouse gases: a path for the World Bank.” International Energy Agency, Paris.
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Annex E Related Information for Energy
A. Energy Ministries, Research Institutions, and Related Agencies/Companies
Ministry of Power, Energy, and Mineral Resources:
Bangladesh
http://www.powerdivision.gov.bd/
Power Division: http://www.powercell.gov.bd/
Ministry of Power: http://www.powermin.nic.in/
India
Central Electricity Regulatory Commission: http://cercind.gov.in/
Ministry of Energy and Mineral Resources: www.esdm.go.id/
Indonesia
Ministry of Energy and Mines-Department of Electricity:
Lao PDR
http://www.laoenergy.gov.la/
Ministry of Energy, Green technology, and Water: http://www.kettha.gov.my/
Malaysia
Malaysia Energy Information Hub: http://meih.st.gov.my/
Ministry of Energy: http://www.moen.gov.np/
Nepal
Ministry of Water and Power: http://www.mowp.gov.pk/
Pakistan
Department of Energy: http://doe.gov.ph/
Philippines
National Energy Administration: http://nyj.ndrc.gov.cn/
PR China
Energy Market Authority: http://www.ema.gov.sg/
Singapore
Ministry of Power & Energy: http://power.lk/
Sri Lanka
Ceylon Electricity Board: http://www.ceb.lk/
Ministry of Energy: http://www.energy.go.th
Thailand
Energy Policy and Planning Office: http://www.eppo.go.th/
Department of Alternative Energy Development and Efficiency:
http://www.dede.go.th/
Ministry of Industry and Trade: http:// www.moit.gov.vn
Vietnam
VietNam Electricity: http://www.evn.com.vn/
B. Energy International Conventions and Agreements
ASEAN Plan of Ratified in 2009, ASEAN seeks to secure clean, sustainable energy supply for
Action of
south east Asia.
Energy Co• Energy mix by 2015: Collective target of 15% of total installed power
operation
capacity from renewable energy sources
2010-2015
• Energy efficiency by 2015: Regional target to improve energy intensity by
8%

Cebu
Declaration on
East Asian
Energy
Security 2007

http://cil.nus.edu.sg/rp/pdf/2010%20ASEAN%20Plan%20of%20Action%20o
n%20Energy%20Cooperation%20(APAEC)%202010-2015-pdf.pdf
Ratified in 2007, ASEAN and Australia, People’s Republic of China, India,
Republic of Korea, and New Zealand pledged to strengthen renewable energy
development and lessen dependence on fossil fuels.
http://cil.nus.edu.sg/rp/pdf/2007%20Cebu%20Declaration%20on%20East%20As
ian%20Energy%20Security-pdf.pdf
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South Asia
Regional
Initiative for
Energy

Launched in 2000 to promote energy security, the program aims to build
institution capacity, promote private sector and civil society participation in
energy policy, and create and strengthen regional forum, networks, and
associations.

http://www.sari-energy.org/
C. Energy International Targets/Recommended Standards
Energy Efficiency Goals
Bangladesh
• No goal, several on-going projects with various donors
India

•

National Mission for Enhanced Energy Efficiency – Perform, Achieve, and
Trade system for large energy intensive industries and facilities

Indonesia

•

National Energy Conservation Master Plan 2005 – Decrease energy intensity
by around 1% per year on average until 2025

Lao PDR

•

No action plan but set target to reduce final consumption by 10% in all
sectors

Malaysia

•

National Energy Efficiency & Conservation Masters Plan (under development)
– Reduce final energy consumption by 10% in all sectors from 2011-2030

Nepal
Pakistan

•
•

No goal, several on-going projects with various donors
Pakistan National Energy Policy – power cuts to reduce energy consumption

Philippines

•

PR China

•

National Energy Efficiency & Conservation Program – Achieve energy
savings equivalent to 10% of the annual final energy demand outlook from
2009-2030
Reducing energy intensity by 20% by 2010

Singapore

• Reduce energy intensity by 20% by 2020 and 30% in 2030 from 2005 level
National Energy Policy and Strategies 2006
• Reduce the total technical and commercial losses of the transmission and
distribution network from 14.6% (by 2009), 14.0% (by 2012), 13.0% (by 2016),
and 12.0% (by 2020)
• Achieve energy savings of 4.3% (by 2012), 6.4% (by 2016), and 8.7% (by
2020) from a potential consumption level through energy conservation
• 20-Year Roadmap on Energy Efficiency – Reduce energy intensity by 25%
from 2010 to 2030

Sri Lanka

Thailand
Vietnam

•

National Energy Efficiency Program – Reduce energy consumption by 5% to
8% in 2010-2015

References:
•
GENI. 2008. Bangladesh gov't approves first renewable energy policy. Retrieved online:
http://www.geni.org/globalenergy/library/technical-articles/generation/general-renewable-energy/xinhua/bangladeshgov't-approves-first-renewable-energy-policy/index.shtml
•
IEA. 2012. Energy Technology Perspectives 2012: Pathways to a Clean Energy System. Table 17.1.1. ASEAN energy
efficiency goals. Page 3
•
India.gov.in. National Mission on Enhanced Energy Efficiency. Retrieved online:
http://india.gov.in/allimpfrms/alldocs/15659.pdf
•
Sri Lanka Energy Profile. Retrieved online: http://www.reegle.info/countries/sri-lanka-energy-profile/LK?gclid=CMCZLbVjLMCFYtV4godv2QA9Q
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Renewable Energy Goals
Bangladesh
• Energy mix: 5% (by 2015) and 10% (by 2020) of energy demand from
renewable sources
India
• Energy mix by 2020: 20% of total energy supply will come from renewable
sources
• Jawaharlal Nehru National Solar Mission - 20,000 MW of grid connected
solar power by 2022
Indonesia
• Energy mix by 2025: 5% biofuels, 5% geothermal, 2.6% hydropower, 0.03%
wind, 0.74% combustible renewables
Lao PDR
• Hydro projects for domestic use and export
Malaysia

•
•

Energy supply by 2030: 1340 MW combustible renewables , 410 MW biogas,
490 MW mini-hydro, 854 MW solar, 390 MW municipal solid waste
5% shift from diesel to biofuels in road transport

Nepal

•

Energy mix by 2020: 10% of total energy supply from renewable sources

Pakistan

•

Energy mix by 2015: 10% (2700 MW) of total energy supply from renewable
sources

Philippines

•

Energy supply by 2030: 1500 MW geothermal, 2100 MW hydro, 950 MW
wind, 71 MW solar PV, 102 MW combustible renewables
15% shift from diesel and 20% shift from gasoline to biofuels in road
transport

•

Singapore

•
•
•
•

Reducing carbon intensity by 40 percent by 2020 from 2005 levels
Energy mix by 2015: 11.4% of energy from non-fossil fuels
Energy mix by 2020: 15% of energy demand from renewable energy
Energy mix to include 5% solar PV

Sri Lanka

•

Energy mix: 4.1% (by 2007), 8.5% (by 2012), 10% (by 2016), and 20% (by
2020) from renewable sources

Thailand

•
•

Energy supply: 6329 MV of renewable energy
12.2% shift from fossil fuels to biofuels in road transport

Vietnam

•

Energy supply by 2030: 2100 MW wind, 2400 MW small hydro, 400 MW
combustible renewables

PR China

References:
•
CDKN. 2012. Parliamentarians brining renewable energy to India. Retrieved online:
http://cdkn.org/2012/07/parliamentarians-bringing-renewable-energy-to-india/
•
IEA. 2012. Energy Technology Perspectives 2012: Pathways to a Clean Energy System. Table 17.1.2. ASEAN Renewable
energy, biofuels and nuclear goals. Page 3.
•
Johnson, Ian and Bradsher, Keith. September 16, 2010. China’s Rise Complicates Goal of Using Less Energy. Retrieved
online: http://www.nytimes.com/2010/09/17/business/energy-environment/17energy.html
•
Pakistan Today. 2012. Alternate energy goals met, nearly. Retrieved online:
http://www.pakistantoday.com.pk/2012/09/03/city/islamabad/alternate-energy-goals-met-nearly/
•
Reve. 2012. Bangladesh to produce 500 MW from Solar Power. Retrieved online:
http://www.evwind.es/2011/03/16/bangladesh-to-produce-500-mw-from-solar-power/10796/
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