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Task 3: Stationary energy

Table Steps

1a Find activity data and 
convert to TJ

• Copy ktoe value from NEB 2017 Table 29 to workbook (columns C,E and G)
• Convert ktoe values to TJ by multiplying ktoe by 41.868 (columns: D,F and H)

1b
Identify scaling factor 
and scale data to city 
boundary

• Copy activity data in TJ from 1a (column: C)
• Identify suitable scaling factor for I.1, I.2 and I.3 : population or GDP (column: D)
• Copy national population and GDP values from BUR3 Table 1.15 (column: E)
• Record city population and GDP values (use Kuala Lumpur as default) (column: F)
• Determine ratio by dividing city value by national value (column: G)
• Multiple activity data by ratio to scale national data to city boundary (column: H)

1c Find emission factors 
and convert to tGHG/TJ

• Copy emission factors per fuel type from BUR3 Table A2 (columns: C,E and G)
• Convert tC/TJ to tCO2/TJ by multiplying by 44/12 (column: D)
• Convert kgCH4/TJ and kgN2O/TJ to tGHG/TJ by dividing by 1000 (columns: F and H)
• For electricity: convert tCO2/MWh to tCO2/TJ by dividing by 0.0036 (column: D)

1d Estimate GHG 
emissions

• Multiply activity data (from 1b) by emission factor (1c) (columns: C,D and F)
• Apply GWP factors to CH4 and N2O (columns: E and G)
• Sum all CO2, CH4 and N2O emissions (column: H)



Clarifications
Language

• Gasoline = petrol
• Coal & coke = sub-bituminous coal
• Commercial & Industrial >> Commercial & 

Institutional

Emission factors

• Natural gas (manufacturing / construction)       
= 1 kgCH4/TJ

• Natural gas (residential / commercial)             
= 5 kgCH4/TJ

• For the purpose of the exercise, use the EF 
for manufacturing as industrial use of natural 
gas >> residential and commercial use of 
natural gas

• To convert from tCO2/MWh to tCO2/TJ 
(electricity EF) divide by 0.0036 



Sub-sector Scope 1 Scope 2 Scope 3

I.1 Residential buildings

I.2 Commercial and institutional buildings and facilities

I.3 Manufacturing industries and construction

I.4 Energy industries

I.4.4 Energy generation supplied to the grid

I.5 Agriculture, forestry, and fishing activities 

I.6 Non-specified sources

I.7 Fugitive emissions from coal

I.8 Fugitive emissions from oil and natural gas systems

Table 3: GPC table
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Table 3: GPC table

Source: C40



Sub-sector Scope 1 Scope 2 Scope 3

I.1 Residential buildings NE

I.2 Commercial and institutional buildings and facilities NE

I.3 Manufacturing industries and construction NE

I.4 Energy industries NE

I.4.4 Energy generation supplied to the grid

I.5 Agriculture, forestry, and fishing activities NE

I.6 Non-specified sources NE

I.7 Fugitive emissions from coal NE

I.8 Fugitive emissions from oil and natural gas systems NE

Not estimated (BASIC+ & Other Scope 3)



Sub-sector Scope 1 Scope 2 Scope 3

I.1 Residential buildings NE

I.2 Commercial and institutional buildings and facilities NE

I.3 Manufacturing industries and construction NE

I.4 Energy industries NO NO NE

I.4.4 Energy generation supplied to the grid NO

I.5 Agriculture, forestry, and fishing activities NO NO NE

I.6 Non-specified sources NO NO NE

I.7 Fugitive emissions from coal NO NE

I.8 Fugitive emissions from oil and natural gas systems NO NE

Assume not occurring (I.4 - I.8)



Sub-sector Scope 1 Scope 2 Scope 3

I.1 Residential buildings NE

I.2 Commercial and institutional buildings and facilities NE

I.3 Manufacturing industries and construction NE

I.4 Energy industries NO NO NE

I.4.4 Energy generation supplied to the grid NO

I.5 Agriculture, forestry, and fishing activities NO NO NE

I.6 Non-specified sources NO NO NE

I.7 Fugitive emissions from coal NO NE

I.8 Fugitive emissions from oil and natural gas systems NO NE

From Workbook: Module C Table 1d



GPC Data Where from? Action Lead

Residential buildings

Commercial buildings 
and facilities

Institutional buildings 
and facilities

Manufacturing /  
construction

Energy generation 
supplied to the grid
Fugitive emissions 
from oil and gas

Table 4: Action plan
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Cities shall report all GHG emissions from combustion of fuels in 
transportation occurring within the city boundary in scope 1, and 
GHG emissions from grid-supplied electricity used for 
transportation within the city boundary for transportation in scope 2

BASIC

BASIC+

05

Requirements

Cities shall report all BASIC sources and scope 3 GHG emissions 
associated with transboundary transportation

Territorial



City

CityRegional transit (typically buses and trains) with an
intermediate stop (or multiple stops) within the city

Trips that originate in the city and terminate outside
the city

05

Four types of transboundary trips

Trips that originate outside the city and terminate in 
the city

Trips that pass through the city, with both origin and
destination outside the city

City

City



Scope 1 Scope 2 Scope 3

Emissions from transportation 
occurring in the city

Emissions from grid-supplied
electricity used in the city for 
transportation

Emissions from the portion of 
transboundary journeys occurring
outside the city, and transmission 
and distribution losses from grid-
supplied energy from electric vehicle 
use

Scope 1 includes all GHG emissions
from the transport of people and freight
occurring within the city boundary.

Scope 2 includes all GHG emissions
from the generation of grid-supplied
electricity used for electric-powered
vehicles. 
The amount of electricity used should
be assessed at the point of 
consumption within the city boundary.

This includes the out-of-city portion of 
all transboundary GHG emissions from
trips that either originate or terminate
within the city boundaries. 
This may include the out-of-city portion
of on-road transit that burns fuel, or any
out-of-city stops for an electric railway.

Categorising emissions



Sub-sector Definition

II.1 On-road All emissions from energy use by electric and fuel powered cars, taxis, buses, 
trucks, motorcycles,  etc.

II.2 Railways
All emissions from energy use by including trams, urban railway subway systems, 
regional (inter-city) commuter rail transport, national rail system, and international
rail systems, etc

II.3 Waterborne navigation All emissions from energy use by sightseeing ferries, domestic inter-city vehicles, 
or international water–borne vehicles

II.4 Aviation All emissions from energy use by helicopters, domestic inter-city flights, and
international flights, etc.

II.5 Off-road All emissions from energy use by ground support at transportation hubs, forklifts, 
snowmobiles, etc.

Sub-sectors



Transportation sub-sectors Scope 1 Scope 2 Scope 3

On-road II.1.1 II.1.2 II.1.3

Railways II.2.1 II.2.2 II.1.3

Waterborne navigation II.3.1 II.3.2 II.3.3

Aviation II.4.1 I.4.2 II.4.3

Off-road II.5.1 II.5.2 II.5.3

Transportation overview (GPC)



Common Reporting Framework
CRF inventory requirements are fully aligned 
with the GPC. Minor differences:

Transportation
On-road and Railways should be disaggregated 
by fleet type: 

• Municipal transport
• Public transport
• Private transport
• Commercial transport



Activity Sub-sector

Diesel-powered freight train

Rowing boat

Electric bicycle

Helicopter

Tractor

Rubbish truck

Car ferry

Bus rapid transit (BRT) running on diesel

Exercise: Transportation
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Activity Sub-sector

Diesel-powered freight train II.2.1

Rowing boat -

Electric bicycle II.1.2

Helicopter II.4.1 or II.4.2

Tractor II.5.1

Rubbish truck II.1.1 or II.1.2

Car ferry II.3.1

Bus rapid transit (BRT) running on diesel II.1.1

Exercise: Transportation



Sub-sector Petrol / 
Gasoline Diesel CNG Bio-

diesel Ethanol Jet fuel Electricity

II.1 On-road Cars, taxis, 
rickshaws a a a Cars, rickshaws Cars, 

motorcycles

II.2 Railways a a

II.3 Waterborne navigation a a a

II.4 Aviation a

II.5 Off-road ? ? ? ? ? ?

Data needs
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Emission sources in the transportation sector 
are mobile by nature, apportioning these 
emissions by scope can therefore be 
challenging, and often requires looking into the 
available data for more information

City transit – via road, rail, water or air – can 
either be:
• wholly contained within the city boundary 

(scope 1 and scope 2) or
• will cross city boundaries (scope 3). In this 

case, trips may originate or terminate in the 
city or simply pass through

Apportioning transportation emissions



II.1 On-road
This category includes vehicles such as buses, 
cars, trucks, motorcycles, on-road waste 
collection and transportation vehicles (e.g. 
compactor trucks), etc. 

Most vehicles burn liquid (e.g. petrol / diesel) or 
gaseous fuel (e.g. LPG) in internal combustion 
engines. The combustion of these fuels 
produces CO2, CH4, and N2O, often referred to 
collectively as tailpipe emissions. 

Increasingly, electric or hybrid vehicles can also 
be charged at stations within or outside the city. 

The methodology chosen for calculating on-road 
transportation emissions from fuel combustion 
will impact how scope 1 and scope 3 emissions 
are allocated for transboundary journeys. 

To accommodate for differences in data 
availability, the GPC outlines four 
methodologies for apportioning emissions:

Geographic

Residential activity

Induced activity

Fuel sales



Scope 2 emissions should be calculated based 
on consumption at charging stations in the city 
boundary, regardless of the trip destination. 

Charging stations might be at homes or 
workplaces that are already included in the 
Stationary Energy sector. 

Cities should ensure that energy used for 
electric vehicle charging is separate from, and 
not double counted with, energy used in these 
other Stationary Energy sub-sectors.

II.1 On-road
Do electric vehicles make up a 

meaningful proportion of all cars 
on the road in your city?

Is the energy for vehicle charging 
already included in the Stationary 

energy sector? 

Use notation 
key “NO”

Yes No

No Yes

Use notation 
key “IE”

Source activity data and emission factor(s)



Transportation methodologies



Fuel sales



Induced activity



Geographic



Resident activity



Methodology Advantages Disadvantages

Fuel sales

• More consistent with national
inventory practices

• Less costly and time-consuming
• Do not require high level of technical 

capacity
• Well suited to aggregation with other 

city’s data

• Does not capture all on-road travel

• Does not provide information on 
modal share or vehicle type

• Does not allow for allocating
emissions by scope

Vehicle kilometers 
travelled (VKT) 
and model-based

Induced activity
• Can produce detailed and more

useful data for transportation 
planning

• Integrates better with existing city
transport models and planning
processes

• More expensive, time consuming, 
and less comparable between cities 
due to variation in models used

Geographic

Resident activity

Transportation methodologies



Methodology Allocation Scope 1 Scope 2 Scope 3

Fuel sales Not applicable unless 
additional steps taken

All emissions from fuel sold 
within the boundary

Any electric 
charging 
station in the 
city boundary

Not applicable unless fuel 
sales allocated to scope 1 
and 3 by specified method

City-induced activity 
(e.g. US demand 
models)

Origin-Destination

In-boundary trips and in-
boundary portion of 50% of  
transboundary trips (pass 
through trips excluded)

Out-of-boundary portion of
50% of transboundary trip

In-boundary trips and
in-boundary portion of all 
departing trans-boundary 
trips (pass-through trips 
excluded)

Out-of-boundary portion of 
all departing transboundary
trips

Geographic / Territorial 
(e.g. European 
demand models)

Not applicable
All traffic occurring within 
city boundaries, regardless 
of origin or destination

Not applicable unless
additional steps taken

Resident activity Options
Either resident activity is all 
scope 1, or use origin-
destination

N/A or origin-destination 
used

Transportation methodologies



Description Methodology

Transport activities only by those who live in 
the city Fuel sales

All traffic occurring within the city boundary City-induced

Volume of fuel purchased within the city Geographic

All trips within the city and half of the trips that 
either start or end in the city Resident

Exercise: Transportation methodologies
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Description Methodology

Transport activities only by those who live in 
the city Fuel sales

All traffic occurring within the city boundary City-induced

Volume of fuel purchased within the city Geographic

All trips within the city and half of the trips that 
either start or end in the city Resident

Exercise: Transportation methodologies



Accounting and reporting principle Preferred transportation methodology

Relevance

Completeness

Consistency

Transparency

Accuracy

City

Exercise: Transportation methodologies



Prioritisation of activity data and reported 
emissions to the activities and priorities in the 
city

Relevance

2

3

4

5

Completeness

Consistency

Transparency

Accuracy

1
Ensuring all sectors and sources are included, 
or explained if not

Ensuring consistency in approach, 
boundaries, data sources, assumptions and 
methodologies, with the GPC, and within and 
between years

Clear documentation and disclosure of data 
sources, assumptions and methodologies

Ensuring integrity of data, assumptions, and 
calculations, so results are neither under- or 
over-stated



Accounting and reporting principle Preferred transportation methodology

Relevance

Completeness

Consistency

Transparency

Accuracy

City

Exercise: Transportation methodologies

Prioritisation of activity data and reported 
emissions to the activities and priorities 
in the city

Ensuring all sectors and sources are 
included, or explained if not

Ensuring consistency in approach, 
boundaries, data sources, assumptions 
and methodologies
Clear documentation and disclosure of 
data sources, assumptions and 
methodologies

Ensuring integrity of data, assumptions, 
and calculations, so results are neither 
under- or over-stated



Accounting and reporting principle Preferred transportation methodology

Relevance

Completeness

Consistency

Transparency

Accuracy

City

Transportation methodologies



II.2 Railway
Railways can be used to transport people and 
goods, and are powered by a locomotive, which 
typically uses energy through combustion of 
diesel fuels or electricity (known as electric 
traction)*

Each can be further classified as passenger or 
freight

* Railways can also use natural gas or coal, or include CNG or 
biofuels 

Railway type Example

Urban train / subway Rapid KL

Regional commuter rail Ekspres Rail Link

National rail ETS

International rail KTM West Coast Line 

Source: Wikipedia



II.2 Railway
Scope 1 emissions include emissions from 
direct combustion of fossil fuels incurred during 
the length of railway transit within the city 
boundary for railway lines that have stops in the 
city boundary. 

All electricity charged for railway vehicle travel 
within the city boundary shall be accounted for 
under scope 2 emissions.

Cities should obtain fuel consumption data by 
fuel types and application (e.g., transit system, 
freight, etc.) for the distance covered within the 
city boundary (scope 1 and 2) and the lines’ 
extension outside the city (scope 3). 

Cities may either include or omit emissions from 
pass-through rail trips that do not stop in the city 
boundary.

Steps

Identify all types of rail travel in the city: urban, regional / 
commuter, national and international

Allocate these as either inboundary or transboundary

For inboundary rail travel, allocate all emissions to scope 1 or 2

For transboundary rail travel, decide how you will apportion 
these to your city: % stops, % passengers, % GDP, % freight

Next, source activity data (e.g. fuel used, distance travelled) 
and emission factors



II.2 Railway

Activity data

• Fuel use (litres of diesel; kWh of electricity)
• Distance travelled (passenger km; tonne km)

Adjustment (for transboundary journeys)

• e.g. 50%
• Scaling factor

Emission factor

• kgCO2e/litre; kgCO2e/kWh
• kgCO2e/passenger-km; kgCO2e/tonne-km

Source activity data and emission factor(s)

Contact railway companies

Local, state, or national statistics or transportation agencies

Estimate distance travelled using schedule information and 
fuel economy data

Scale regional / national data down using population or GDP 
per capita

Activity 
data Adjustment Emission 

factor GHG* * =



Biennial Update Report #3

Source: BUR3



Railway: scaling transboundary travel

Buenos Aires
% of stops

Sydney
% GDP

Melbourne
% distance travelled



• 7 lines (with different railway 
branches)

• 815 km line extension 
• 305 stations 
• 1,000 million passenger per year
• Serves metropolitan area

Calculation:
• Obtain total energy consumption 

in kWh
• Determine # of inboundary stops
• Allocate energy use according to 

% of inboundary stops

Buenos Aires train network

Source: Wikipedia



• 8 lines
• 178 stations
• 248 million trips per year
• Operator: Sydney trains
• Serves metropolitan area

Calculation:
• Obtain total energy consumption 

in kWh
• Obtain GDP of city and 

metropolitan area
• Allocate energy use according to 

% GDP

Sydney trains

Source: Transport Sydney Trains



• 25 routes
• 1763 stops
• 173 million trips per year
• Operator: Yarra trams
• Serves metropolitan area

Calculation:
• Obtain total energy consumption 

in kWh
• Determine total distance travelled 

in city and metropolitan area
• Allocate energy use according to 

% distance travelled

Melbourne tramway network

Source: https://www.researchgate.net/figure/Melbourne-tram-network_fig1_320142602



II.3 Waterborne navigation
Water transportation includes:

• Ships, ferries, and other boats operating 
within the city boundary (scope 1) 

• Any grid-supplied energy that marine-vessels 
purchase and consume, typically at docks, 
ports or harbours (scope 2)

• Marine-vessels whose journeys begin or end 
at ports within the city’s boundary but travel to 
destinations outside of the city (scope 3)

Is there any open water in your 
city (lakes, rivers, sea)?

Are there any journeys that begin 
and end within the city boundary?

Use notation 
key “NO”

Yes No

Yes No

Use notation 
key “NO”

Source activity data and emission factor(s)



While water transportation can be a significant 
source of emissions globally, most emissions 
occur during oceanic journeys outside of the 
boundaries of a port city.

IPCC Guidelines allow for exclusion of 
international waterborne navigation and air 
travel, but these journeys and their associated 
emissions can be useful for a city to understand 
the full impact of the transit connecting through 
the city. 

In this case, scope 3 covers emissions from 
departing transboundary trips powered by direct 
fuel combustion, apportioned to cover those 
departing trips that are attributable to the city. 

II.3 Waterborne navigation
Does your city want to report 

scope 3 emissions from aviation?

Identify which airport(s) 
your city uses (passenger 

and freight)

Use notation 
key “NE”

Yes No

Source activity data and 
emission factor(s)

Estimate the proportion of 
passengers at each airport 

traveling from your city

Use survey or estimate 
based on proxy (e.g.

population / GDP)



II.3 Waterborne navigation

Source: Wikipedia

Source activity data and emission factor(s)

Obtain fuel sales estimates of fuel loaded onto marine vessels 
from port / marine authorities and/or shipping companies

Local, state, or national statistics or transportation agencies

Use ferry schedules to calculate distances travelled and use
use fuel economy figures for boats to estimate fuel use

Scale national level data down using appropriate scaling
factors - National marine navigation data may be found through
national maritime (marine) administration agencies.

Activity data

• Fuel use (litres of diesel)
• Distance travelled (km) (route length * number of 

trips)

Adjustment (for transboundary journeys)

• e.g. 50%
• Scaling factor

Emission factor

• kgCO2e/litre 
• kgCO2e/km

Activity 
data Adjustment Emission 

factor GHG* * =



Biennial Update Report #3

Source: BUR3



II.4 Aviation

Source: Wikipedia

Air travel includes emissions from airborne trips 
occurring within the geographic boundary (e.g. 
helicopters, scope 1) and emissions from flights 
departing airports that serve the city (scope 3). 

A significant amount of emissions associated 
with air travel occur outside the city boundary. 
Airports located within a city typically service the 
greater region in which the city exists. These 
complexities make it challenging to properly 
account for, and attribute, aviation emissions. 

Cities should also disaggregate data between 
local (scope 1), domestic and international 
flights, and where possible passenger and 
freight flights. 

.

Flight classification Flight type

Local Passenger

National (domestic)
Passenger / Freight

International



Scope 1 includes emissions from the direct 
combustion of fuel for all aviation trips that 
depart and land within the city boundary (e.g. 
local helicopter, light aircraft, sightseeing and 
training flights). 

Scope 2 includes any grid-supplied energy 
consumed by aircraft charging at airports. Any 
grid-supplied energy consumed at airport 
facilities should be included in I.2.2.

II.4 Aviation
Are there any airports / heliports 

within the city boundary?

Are there any flights that depart 
and land within the city boundary?

Use notation 
key “NO”

Yes No

Yes No

Use notation 
key “NO”

Source activity data and emission factor(s)



II.4 Aviation
Does your city want to report 

scope 3 emissions from aviation?

Identify which airport(s) 
serve your city (passenger 

and freight)

Use notation 
key “NE”

Yes No

Source activity data and 
emission factor(s)

Estimate the proportion of 
passengers at each airport 

traveling from your city

Use survey or estimate 
based on proxy (e.g.

population / GDP)

Scope 3 includes emissions from departing
flights at airports that serve the city, whether the 
airport is located within the geographic boundary 
or outside of it. 

The city may report just the emissions from 
departing flights that are attributable to the city 
by estimating the proportion of passengers 
traveling from the city. This is in line with the 
origin and destination model described with the 
induced activity method.



II.4 Aviation

Source: Wikipedia

Source activity data and emission factor(s)

Contact heliports / airports for fuel use data

Contact local helicopter companies / airlines for fuel use data

Local, state, or national statistics or transportation agencies

Estimate using schedule information and fuel economy data

Scale national data down using population or GDP per capita

Activity data

• Fuel use (tonnes or litres of jet fuel)
• Distance travelled (km; passenger km; tonne km)

Adjustment (for domestic and international trips)

• Survey to determine % of trips attributable to city
• Scaling factor

Emission factor

• kgCO2e/tonne; kgCO2e/litre
• kgCO2e/km
• kgCO2e/passenger-km; kgCO2e/tonne-km

Activity 
data Adjustment Emission 

factor GHG* * =



II.4 Aviation

Source: https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2019

Example: Emission factors for air travel (UK)

.



Comprehensive top-down activity data on off-road vehicles are 
often unavailable, and alternative methods are typically 
necessary to estimate emissions within this category:

• Assume off-road activities are negligible and use notation 
key “NO” for scope 1 and scope 3 (use “NE” for scope 3)

• If using fuel sales approach, assume off-road activities are 
included in II.1 and use notation key “IE”

• Conduct a survey and scale up for the city

• Use national – or regional – off-road modelling software

• Scale national off-road mobile fuel consumption down 
according to population share

II.5 Off-road
Off-road vehicles are those designed or adapted 
for travel on unpaved terrain. This category 
typically includes all-terrain vehicles, 
landscaping and construction equipment, 
tractors, bulldozers, amphibious vehicles, 
snowmobiles and other off-road recreational 
vehicles. For the purposes of the GPC, only 
scope 1 and scope 2 emissions are included.

Cities should only report under the off-road 
transportation sub-sector emissions from off-
road transportation activities within 
transportation facility premises such as airports, 
harbours, bus terminals, and train stations. 

Other off-road transportation activities within 
industrial premises and construction sites, 
farms, forests and military premises, are 
reported under Stationary Energy.



Type of off-road activities Reporting guidance

Off-road vehicle and mobile machinery within industrial
premises and construction sites

Report as a Stationary Energy source under manufacturing 
industries and construction sub-sector or energy industries
subsector as appropriate

Off-road vehicle and mobile machinery within agriculture
farms, forests, and aquaculture farms

Report as a Stationary Energy source under agriculture, 
forestry, and fishing activities sub-sector

Off-road vehicle and mobile machinery within the
transportation facility premises such as airports, harbours, 
bus terminals, and train stations

Report as a Transportation source under off-road
transportation sub-sector

Off-road vehicle and mobile machinery within military 
premises

Report as a Stationary Energy source under unidentified
activities sub-sector

II.5 Off-road
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Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical

HW = 
home 
work



Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical



Workbook: Task #1



Sub-sector Sources of GHG emissions

II.1 On-road

II.2 Railways

II.3 Waterborne navigation

II.4 Aviation

II.5 Off-road

Table 1: GHG emission sources



Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical



Workbook: Task #2



Sub-sector Petrol / 
Gasoline Diesel CNG Bio-

diesel Ethanol Jet fuel Electricity

II.1 On-road

II.2 Railways

II.3 Waterborne navigation

II.4 Aviation

II.5 Off-road

Table 2: Fuel types



Scope 1 Scope 2

Aviation gasoline Jet gasoline Electricity

Biodiesels Jet kerosene

Biogasoline Kerosene

Compressed Natural 
Gas (CNG)

Liquefied Natural Gas 
(LNG)

Diesel oil Liquefied Petroleum 
Gas (LPG)

E85 Methanol

Electricity Motor gasoline (petrol)

Ethanol Other biogas

Hydrogen Other Liquid BioFuels

Gas oil Residual fuel oil

Checklist: Fuel types



Sub-sector Sources of GHG emissions

II.1 On-road

II.2 Railways

II.3 Waterborne navigation

II.4 Aviation

II.5 Off-road

Table 1 & Table 2

Sub-sector Petrol / 
Gasoline Diesel CNG Bio-diesel Ethanol Jet fuel Electricity

II.1 On-road

II.2 Railways

II.3 Waterborne navigation

II.4 Aviation

II.5 Off-road



Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical



Calculations: On-road transportation
If your city has (access to) a good transportation 
model, use that to estimate emissions from for 
on-road transportation

Otherwise, the Fuel sales methodology is 
recommended

Assumption: 

• All fuel sold in the city is used in the city           
( = scope 1 emissions)

If local fuel sales data is not available, use a 
proxy city or scale regional or national data

Scaling factor

What makes a good scaling factor for scaling 
down national fuel sales data?

• Population
• GDP
• New vehicle sales
• # of garages
• Vehicle registrations



IPCC Emission
Factor 

Database

Materials: Task 3

BUR3 
Table 1.15 & 

Table A2

CDM 2017 
Table 11

NEB 2017 
Table 29



Identify fuel types  

Calculations: On-road transportation

Identify fuel sales data

If national data, identify suitable scaling factor

Estimate GHG emissions

Scale data to city boundary

Identify emission factors

National Energy Balance 2017: 
• Diesel
• Gasoline
• LPG
• Biodiesel

• Vehicle registrations (Malaysia Automotive 
Association)

• Population (BUR3)
• GDP (BUR3)
• Vehicle registrations per 100 population

Third Biennial Update Report 



National Energy Balance 2017

Source: NEB 2017

Source: NEB 2017

Assumption: all
fuel used for on-
road transportation

(will need to correct 
for railways and
other modes)



Biennial Update Report #3: Table 1.15

Source: Malaysia Third Biennial Update Report to the UNFCCC

Population

GDP 
(in million RM)

Transportation



Malaysia Automotive Association (MAA)

Source: https://paultan.org/2017/10/03/vehicle-registrations-in-malaysia-hit-28-2-million-units/untitled-numbers/

Vehicle registration data up to June 30, 2017



Biennial Update Report #3: Table A2

Source: Malaysia Third Biennial Update Report to the UNFCCC

Emission 
factors for 
fossil fuels 
(note CH4 and 
N2O not yet 
converted to 
CO2e)



GHG emissions from biodiesel depend on the 
‘blend’ used, or percentage of biogenic fuel:

• 100% biogenic = 0 CO2 to account for the 
CO2 absorbed by fast-growing bioenergy 
sources during their growth. Trace amounts of 
CH4 and N2O will occur.

• B10 = 10% palm oil, 90% diesel

• B20 = 20% palm oil, 80% diesel

To estimate fossil fuel GHG emissions, adjust 
the emission factor according to the blend used

Biodiesel
The data reported in NEB 2017 for biodiesel 
consists of 100% biogenic fuel. 

Emission factors for biodiesel difficult to find so 
use IPCC factors as default

• 70800 kgCO2(b)/TJ
• 3 kg CH4/TJ
• 0.6 N2O/TJ



IPCC Emission Factor Dababase

Source: https://www.ipcc-nggip.iges.or.jp/EFDB/ef_detail.php



Workbook: Tasks #3 & 4



Fuel type ktoe Convert to TJ Scaling factor Scaling ratio City TJ

Diesel NEB 2017 * 41.868

=city / 
national

=national TJ * 
scaling factor

Petrol NEB 2017 * 41.868
=national TJ * 
scaling factor

LGP Natural gas NEB 2017 * 41.868
=national TJ * 
scaling factor

Biodiesel NEB 2017 * 41.868
=national TJ * 
scaling factor

On-road transportation: Activity data

Units

ktoe = kilo tonne of oil equivalent
TJ = terajoules

Unit conversion

ktoe > TJ: multiply by 41.868



Fuel type CO2 (tC/TJ) Convert to
tCO2e/TJ CH4 (kg/TJ) Convert to

tCH4/TJ N2O (kg/TJ) Convert to
tN2O/TJ

Diesel BUR3 * 44/12 BUR3 / 1000 BUR3 / 1000

Petrol BUR3 * 44/12 BUR3 / 1000 BUR3 / 1000

LGP Natural gas BUR3 * 44/12 BUR3 / 1000 BUR3 / 1000

Biodiesel Not occurring IPCC / 1000 IPCC / 1000

On-road transportation: Emission factor

Units

tC = tonnes of carbon

Unit conversion

tC > tCO2: multiple by molecular weight ratio (44/12)
kg > t: divide by 1,000



Fuel type
CO2 CH4 N2O Total

tCO2e tCH4 tCO2e tN2O tCO2e tCO2e

Diesel =AD*EF =AD*EF * 25 =AD*EF *298

Petrol =AD*EF =AD*EF * 25 =AD*EF *298

LGP =AD*EF =AD*EF * 25 =AD*EF *298

Biodiesel =AD*EF =AD*EF * 25 =AD*EF *298

On-road transportation: GHG emissions

4th Assessment Report GWP values

CO2 = 1
CH4 = 25
N2O = 298



On-road transportation: Electric vehicles

Source: BUR3

Notation key?



Calculations: Railways
Methodology

• City-induced

Fuels

• Electricity
• Diesel

Assumptions

• Scope 1: For now, assume all diesel trains 
serve transboundary journeys (ie scope 3)

• Scope 2: For now, assume no inboundary
freight transport

• Scope 3: Use notation key “NE”

Identify fuel types (electricity)  

Determine fuel consumption (kWh) 
or (passenger) kilometers travelled

If national/regional data, 
identify suitable scaling factor

Estimate GHG emissions

Scale data to city boundary

Identify emission factors



Calculations: Railways
Multiple railway networks in Malaysia, and 
varies by region:

• KTM West Coast Line
• KTM East Coast line
• Light rapid transit (LRT)
• Mass rapid transit (MRT)
• Monorails
• Airport rail links
• Funicular (cable car)

Activity data:

• Electricity consumed (kWh)
• # of passengers
• # of journeys
• # of passenger kilometres (p-km)

Scaling data:

• Population
• GDP
• Ratio of # of stops / stations (# of stops in 

your city / total # of stops)
• Ratio of length of railway tracks in your city 

(length in your city / total length)

Sourcing data:

• Land Public Transport Agency (APAD)
• Ministry of Transport
• Transportation companies



Materials: Task 3

BUR3 
Table 1.15

CDM 2017 
Table 11

Sustainable 
Cities & 
Society

Why NEB 
2017?

UK Government GHG 
conversion factors



Calculations: Railways
1. Source activity data. BUR3 (Table 1.15) 
provides annual ridership data for urban rail 
network in Greater Kuala Lumpur / Klang Valley

2. Adjust to city boundary using suitable scaling 
factor

3. Convert # of journeys to distance travelled 
(passenger kilometres) assuming average 
journey length of 9.8km

4. Convert distance travelled to electricity used 
in kWh assuming 0.126kWh / pkm

5. Estimate GHG emissions using emission 
factor for grid-electricity of 0.585 tCO2 / MWh

Source: BUR3



Calculations: Railways
1. Source activity data. BUR3 (Table 1.15) 
provides annual ridership data for urban rail 
network in Greater Kuala Lumpur / Klang Valley

2. Adjust to city boundary using suitable scaling 
factor

3. Convert # of journeys to distance travelled 
(passenger kilometres) assuming average 
journey length of 9.8km

4. Convert distance travelled to electricity used 
in kWh assuming 0.126kWh / pkm

5. Estimate GHG emissions using emission 
factor for grid-electricity of 0.585 tCO2 / MWh

Source: BUR3

7.5m in 
Greater KL 
/ Klang 
Valley



Calculations: Railways
1. Source activity data. BUR3 (Table 1.15) 
provides annual ridership data for urban rail 
network in Greater Kuala Lumpur / Klang Valley

2. Adjust to city boundary using suitable scaling 
factor

3. Convert # of journeys to distance travelled 
(passenger kilometres) assuming average 
journey length of 9.8km

4. Convert distance travelled to electricity used 
in kWh assuming 0.126kWh / pkm

5. Estimate GHG emissions using emission 
factor for grid-electricity of 0.585 tCO2 / MWh

Source: http://collections.unu.edu/eserv/UNU:6749/jamal_2.pdf

* 9.8 = ((10.5*5)+(7.9*2)) / 7



Calculations: Railways
1. Source activity data. BUR3 (Table 1.15) 
provides annual ridership data for urban rail 
network in Greater Kuala Lumpur / Klang Valley

2. Adjust to city boundary using suitable scaling 
factor

3. Convert # of journeys to distance travelled 
(passenger kilometres) assuming average 
journey length of 9.8km

4. Convert distance travelled to electricity used 
in kWh assuming 0.126kWh / pkm

5. Estimate GHG emissions using emission 
factor for grid-electricity of 0.585 tCO2 / MWh

Source: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/904215/2019-ghg-conversion-factors-methodology-v01-02.pdf

UK Government GHG conversion factors for 
company reporting



Calculations: Railways
1. Source activity data. BUR3 (Table 1.15) 
provides annual ridership data for urban rail 
network in Greater Kuala Lumpur / Klang Valley

2. Adjust to city boundary using suitable scaling 
factor

3. Convert # of journeys to distance travelled 
(passenger kilometres) assuming average 
journey length of 9.8km

4. Convert distance travelled to electricity used 
in kWh assuming 0.126kWh / pkm

5. Estimate GHG emissions using emission 
factor for grid-electricity of 0.585 tCO2 / MWh

Source: https://www.greentechmalaysia.my/wp-content/uploads/2019/
12/2017-CDM-Electricity-Baseline-Final-Report-Publication-Version.pdf



Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical



Workbook: Task #5



Sub-sector Scope 1 Scope 2 Scope 3

II.1 On-road

II.2 Railways

II.3 Waterborne navigation

II.4 Aviation

II.5 Off-road

Table 3: GPC table

Record your data in Table 3, clearly 
documenting methodologies and data 
sources used. Where no GHG 
emissions occur or are deemed 
insignificant, use “NO”. For scope 3 
sources, use “NE”. 



Task

1

Identify all sources of GHG emissions from energy use in transportation :
• What activities (modes) are taking place? Consider both passenger and freight travel
• Where are the emissions occurring? In boundary vs out of boundary.
List them in Table 1

20m

2 Determine what types of fuel are being used. Complete Table 2

3 Use the fuel sales methodology to estimate scope 1 emissions from on-road transportation 15m

4 Use the induced activity methodology to estimate scope 2 emissions from railways 15m

5
Record your data in Table 3, clearly documenting methodologies and data sources used. For 
now, assume no scope 1 emissions from waterborne navigation and aviation. Where no GHG 
emissions occur or are deemed insignificant, use “NO”. For scope 3 sources, use “NE”. 

HW

6
Consolidate the above information into Table 4 and identify what activity data and emission 
factors you will need to estimate GHG emissions for Transportation, including different 
subsectors (GPC) and journey types (CRF), and where you will source this from

HW

Practical



Workbook: Task #6



GPC Data Where from? Action Lead

On-road

Railways

Waterborne navigation

Aviation

Off-road

Table 4: Action plan

Consolidate all information into Table 4 and identify what activity 
data and emission factors you will need to estimate GHG 

emissions, and where you will source this from



Module D: Transportation

03
SUMMARY
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Transportation 
methodologies Practical



Mercury
It’s the smallest and 

innermost planet 

H. Using the 
inventory

G. CIRIS

F. IPPU & AFOLU

E. Waste

A. Inventory 
boundary

B. Calculating
emissions

C. Stationary
energy

D. Transportation



Next time: Waste

The end


