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1 Introduction 
 

It is essential that the greenhouse gas (GHG) emission mitigation potentials of infrastructure 

projects are quantified using robust and transparent methods when preparing technically and 

financially sound urban climate change projects for sustainable financing. The analyses allow 

project designers, investors and third parties to understand the additional mitigation impacts 

of the project compared to baseline conditions. The objective of this report is to describe the 

methods used to evaluate the mitigation impacts of several common project types that were 

developed to evaluate the projects supported by the C40 Cities Finance Facility (CFF), which 

include: 

- Bus electrification; 

- Bus rapid transit (BRT) corridors; 

- Cycle infrastructure; 

- Cycle hire schemes; 

- Photovoltaic systems; 

 

1.1 General structure of methods documentation 
When selecting methods for use in the evaluation of CFF project mitigation potential, the 

authors’ initial preference was to use established industry-standard methods including Clean 

Development Mechanism (CDM), Climate Action Reserve (CAR), or Gold Standard. While 

the established methods provide a strong foundation for quantitative evaluation, the authors 

believe that adjustments to each these methods are necessary to improve the accuracy of the 

results and to make the analyses practical in the context of what data is available in city-scale 

projects.  

 

For this reason, each of the following method descriptions consists of a discussion of: A) the 

precedent method and B) the modified method. In each discussion, summaries of each 

approach are provided, and equations and sub-equations and terms are defined in formal 

notation format. Limitations of the precedent methods and modifications made are detailed. 

Finally, when known or foreseeable shortcomings with the modified methods (e.g. over-

simplification, data availability challenges) remain these are described. 

 

1.2 Baseline and project scenarios 
Project mitigation impact estimates are derived by comparing the difference in GHG 

emissions generated in a baseline scenario versus a project scenario. The baseline scenario is 

calculated using parameters that describe the context conditions assuming the planned 

intervention is not implemented. The project scenario is calculated using the same parameters 

but reflects any changes in conditions that the planned intervention will create.  The project 

scenario parameters must likely to change include variables such as project implementation 

assumptions (e.g. a change in mode share, change in # of EV buses, etc.), technology 

performance specifications (e.g. changes in vehicle fuel type and/or efficiency) and other 

context conditions.   

 

1.3 Timeframe 
All project mitigation impact estimates are calculated as tonnes of carbon dioxide equivalent 

per year (t CO2e/year) for individual years during the project evaluation period.  In cases 

where reductions are not equal in each year, for example because effects start slowly and 

increase with increased deployment of technologies, the reduction can be reported for: a) 

each individual year, a) the year in which the full effects of the project are achieved, or c) as 



the average of individual years during a specific period. Furthermore, cumulative mitigation 

impacts can be calculated by summing the individual year impacts during a specific period. 

Cumulative impacts can be disaggregated by project phase, project area or project activities 

as required per project.  

 

2 Electric Bus Methodology 
 

2.1 Precedent method 
 

2.1.1 Formulae used 

 

Method: CDM AMS-III.C.: Emission reductions by electric and hybrid vehicles (v15.0), Active; 

(link) 

 

Common terms: 
BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

fype = fuel type 

btype = bus type 

 

Emissions equations 

 

Baseline scenario emissions: 

 

 

 

Project scenario emissions: 

 

 

 

Equation specific terms: 
EmBL = Total emissions in year y for baseline scenario (tCO

2
e) 

EmPJ = Total emissions in year y for project scenario (tCO
2
e) 

EFvehvtype,y = Emission factor for vehicle category vtype in year y  (tCO
2
e/km) 

NvehBL,vtype,y = Number of operation project passengers per vehicle category vtype in year y, in baseline 

NvehPJ,vtype,y = Number of operation project passengers per vehicle category vtype in year y, in project scenario 

DTvehvtype,y = Annual average distance travelled by vehicle type vtype in year y (km) 

 

Emission factors equations 

 

Emission factor for fossil fuel vehicles: 

 

 

Emission factor for electric vehicles: 

 

 

 

 

 

(2)  𝐸𝑚𝑃𝐽,𝑦 = ∑ 𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝑃𝐽,𝑣𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒

 

(1)  𝐸𝑚𝐵𝐿,𝑦 = ∑ 𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒

 

(3)  𝐸𝐹𝑣𝑒ℎ𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑆𝐹𝐶𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝐶𝑉𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒 × 𝐸𝐹𝑓𝑢𝑒𝑙𝑣𝑡𝑦𝑝𝑒 × 𝐼𝑅𝑡 × 10−6 

(4)  𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = ∑
𝑆𝐸𝐶𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐸𝐹𝑔𝑟𝑖𝑑𝑦 

1 − 𝑇𝐷𝐿𝑦
× 10−3

𝑣𝑡𝑦𝑝𝑒

+ ∑ 𝑆𝐹𝐶𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝐶𝑉𝑣𝑡𝑦𝑝𝑒 × 𝐸𝐹𝑣𝑡𝑦𝑝𝑒 × 10−6

𝑣𝑡𝑦𝑝𝑒

 

https://cdm.unfccc.int/methodologies/DB/AWVYMI7E3FP9BDRQ646203OVPKFPQB


Equation specific terms: 

 

2.1.2 Method description 

 

(1) Emissions in baseline scenario are the average distance travelled by individual buses 

over a year multiplied by the emission factor of buses and number of bus per category 

(2) Emissions in project scenario are following the same logic 

(3) In the baseline situation, the emission factor of buses for fossil fuels is the specific 

consumption for each vehicle type, multiplied by the emission factor of the fuel used 

by that vehicle and the net calorific value of that fuel 

(4) For the project scenario, the emission factor is the sum of:  

a. for electric vehicles, the emission factor is the specific energy consumption 

multiplied by the emission factor of the grid and divided by 1 minus the 

transmission and distribution losses 

b. For fossil fuel vehicles, the emission factor of buses for fossil fuels is the 

specific consumption for each vehicle type, multiplied by the emission factor 

of the fuel used by that vehicle and the net calorific value of that fuel 

2.1.3 Limitations of precedent method: 

The CDM methods is overall sound but presents a number of inconsistencies: 

- Using technology improvement rates in the baseline scenario but not in the policy 

scenario 

- The emission factor in the policy scenario is aggregated across all fuels used 

- Different energy units used 

 

2.2 Modified method 
 

2.2.1 Formulae used 

The modified methodology is in line with the CDM’s, with improvements on the 

aforementioned inconsistencies. 

 

Common terms: 
BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

fype = fuel type 

btype = bus type 

 

Emissions equations 

 

Baseline scenario emissions: 

 

 

 

SFCvtype,y = Specific fuel consumption for vehicle category vtype, in year y (g/km) 
NCVvtype = Net calorific value of fossil fuel consumed by vehicle category vtype (J/g) 

IRt = Technology Improvement factor for baseline vehicle in year t 

EFfuelvtype,y = Emission factor for fuel consumed in vehicle vtype (gCO2/J) 

t = Year counter for the annual improvement 

SECvtype,y = Specific electricity consumption for vehicle category vtype, in year y (kWh/km) 

TDLy = Transmission and distribution losses for year y (%) 

EFgridy = Grid emission factor for year y ( kgCO2e/kWh ) 

(1)  𝐸𝑚𝐵𝐿,𝑦 = ∑ 𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝐵𝐿𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

 



Project scenario emissions: 

 

 

 

Equation specific terms: 
EmBL = Total emissions in year y for baseline scenario (tCO

2
e) 

EmPJ = Total emissions in year y for project scenario (tCO
2
e) 

EFvehvtype,ftype,y = Emission factor for vehicle category vtype, fuel ftype in year y  (tCO
2
e/km) 

NvehBL,vtype,ftype,y = Number of operation project passengers per vehicle category vtype in year y, in baseline 

NvehPJ,vtype,ftype,y = Number of operation project passengers per vehicle category vtype in year y, in project scenario 

DTvehvtype,y = Annual average distance travelled by vehicle type vtype in year y (km) 

 

Energy equations 

 

Baseline scenario energy: 

 

 

Project scenario energy: 

 

 

Equation specific terms: 
EConsBL,vtype,ftype,y = Energy consumption for vehicle category vtype, fuel ftype in year y in baseline (kWh) 

EConsPJ,vtype,ftype,y = Energy consumption for vehicle category vtype, fuel ftype in year y in project scenario (kWh) 

 

Emission factors equations 

 

Emission factor for fossil fuel vehicles: 

 

 

Emission factor for electric vehicles: 

 

 

 

Equation specific terms: 

 

2.2.2 Method description 

This method follows very closely the CDM method.  

 

(1) Emissions in baseline scenario are the average distance travelled by individual buses 

over a year multiplied by the emission factor of buses and number of bus per category 

(2) Emissions in project scenario are following the same logic 

(3) Energy consumption is the specific energy consumption per bus type multiplied by 

the average distance travelled by individual buses over a year and number of buses in 

operations per category 

(4) Energy consumption in project scenario is following the same logic 

EFfuelftype,y = Emission factor for fuel ftype, in year y (tCO2e/kWh) 

EFgridy = Grid emission factor for year y ( tCO2e/kWh ) 

SECvehvtype,ftype,y = Specific energy consumption for vehicle category vtype, fuel ftype, in year y (kWh/km) 

TDLy = Transmission and distribution losses for year y (%) 

(2)  𝐸𝑚𝑃𝐽,𝑦 = ∑ 𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝑃𝐽𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

 

(5)  𝐸𝐹𝑣𝑒ℎ𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑆𝐸𝐶𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑡𝑦𝑝𝑒,𝑦 

(3)   𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑆𝐸𝐶𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

(4)  𝐸𝐶𝑜𝑛𝑃𝐽,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑆𝐸𝐶𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝑃𝐽,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

(6)  𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 =
𝑆𝐸𝐶𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐸𝐹𝑔𝑟𝑖𝑑𝑦 

1 − 𝑇𝐷𝐿𝑦
 



(5) The emission factor of buses for fossil fuels is the specific energy consumption for 

each vehicle type and fuel type, multiplied by the emission factor of that fuel 

(6) For electric vehicles, the emission factor is the specific energy consumption 

multiplied by the emission factor of the grid and divided by 1 minus the 

transmission and distribution losses 

 

2.2.3 Comparison with precedent method 

This methods s largely similar to the CDM method. The only differences are: 

- The emission factors are defined more consistently in the baseline and project 

scenario 

- There is no technology improvement rate taken into consideration. This factor is 

merged with energy efficiency 

 

3 Bus Rapid Transit (BRT) Methodology 
 

3.1 Precedent method 
 

3.1.1 Formulae used 

 

Method: CDM AM0031: Bus rapid transit projects (v6.0), accepted; (link) 

 

Common terms: 
vtype = type of vehicles 

BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

fype = fuel type 

 

Emissions equations: 

 

Baseline scenario emissions: 

 

 

 

Project scenario emissions: 

 

 

 

Equation specific terms: 
EmBL = Total emissions in year y for baseline scenario (tCO

2
e) 

EmPJ = Total emissions in year y for project scenario (tCO
2
e) 

EFppvtype,ftype,y = Emission factor for vehicle category vtype, fuel ftype in year y, per passenger.km (tCO
2
e/pkm) 

Npvtype,ftype,y = Number of operation project passengers per vehicle category vtype in year y 

DTpcvtype,y = Annual average distance travelled by passenger by vehicle type vtype in year y (km) 

EFbusbtype,ftype,y = Emission factor for bus btype in year y, per km (tCO2e/kWh) 

DTbusbtype,y = Total distance travelled by bus btype in year y (km) 

 

 

 

(1) 𝐸𝑚𝐵𝐿,𝑦 = ∑ 𝐸𝐹𝑝𝑝𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑝𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

× 𝐷𝑇𝑝𝑐𝑣𝑡𝑦𝑝𝑒,𝑦 

(2) 𝐸𝑚𝑃𝐽,𝑦 = ∑ 𝐸𝐹𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒𝑦 × 𝐷𝑇𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑦

𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

 

https://cdm.unfccc.int/filestorage/8/2/O/82OUS0RQLJK7WXF56MEHZVIBGDY3P1/EB85_repan04_AM0031_ver06.0.pdf?t=bzB8cHNkZTYyfDBNj9RTVYo3NFBYQlKqgXZk


Leakage emissions: 

 

Total leakage emissions: 

 

 

Bus leakage emissions: 

 

 

Taxi leakage emissions: 

 

 

Equation specific terms: 
LEmy = Total project scenario leakage emissions in year y (tCO

2
e) 

LEmBusy = Total emissions in year y for baseline scenario (tCO
2
e) 

LEmTaxiy = Total emissions in year y for project scenario (tCO
2
e) 

EFbusbtype,y = Emission factor for bus btype, in year y (tCO
2
e/kWh) 

DTbusbtype,y = Annual average distance travelled by bus type btype in year y (km) 

Nbusveh,ftype,y = Number of bus per vehicle category btype in year y 

DTpcvtype,y = Annual average distance travelled by passenger by vehicle type vtype in year y (km) 

EFbusbtype,ftype,y = Emission factor for bus btype in year y, per km (tCO2e/kWh) 

DTbusbtype,y = Average distance travelled by bus btype in year y (km) 

 

Emissions factors 

 

Emission factor per passenger km per vehicle type and fuel: 

 

 

 

Emission factor per km per bus type and fuel: 

 

 

Equation specific terms: 

 

3.1.2 Description: 

Those calculations are detailed as followed: 

(1) Baseline emissions are calculated using the emissions that would have been caused by 

the BRT passengers, had they not changed modes of transportation. 

They are calculated from the mode share of BRT passengers pre-project, average 

distance travelled and emission factor of modes of transportation by passenger-km.  

(2) Project emissions are calculated from the emissions of the buses directly linked to the 

project (i.e. both feeder buses and trunk buses).  

They are calculated from the distance travelled by the buses linked to the project and 

emissions factors of those buses 

(3) Leakage emissions are calculated from three sources: 
- Gas leakage for project vehicles using gas as a fuel 

EFfuelftype,y = Emission factor for vehicle category vtype, for fuel ftype, in year y (tCO2e/kWh) 
SECvehftype,vtype,y = Specific energy consumption for vehicle category vtype, fuel ftype, in year y (kWh/km) 

Occvtype,y = Average occupancy for vehicle veh in year y (km) 
EFfuelftype,y = Emission factor for fuel ftype, in year y (tCO2e/kWh) 
SECbusftype,btype,y = Specific energy consumption for bus category Tbus, by fuel, in year y (kWh/km) 

(6) 𝐸𝐹𝑝𝑝𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 =
𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑣𝑒ℎ𝑓𝑡𝑦𝑝𝑒,𝑣𝑡𝑦𝑝𝑒,𝑦

𝑂𝑐𝑐𝑣𝑡𝑦𝑝𝑒,𝑦
 

(7) 𝐸𝐹𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑏𝑢𝑠𝑓𝑢𝑒𝑙,𝑇𝑏𝑢𝑠,𝑦 

(3) 𝐿𝐸𝑚𝑦 = 𝐿𝐸𝑚𝑇𝑎𝑥𝑖𝑠𝑦  + 𝐿𝐸𝑚𝐵𝑢𝑠𝑦 

(4) 𝐿𝐸𝑚𝐵𝑢𝑠𝑦 = 𝐸𝐹𝐵𝑢𝑠𝑇𝑏𝑢𝑠,𝑦 × 𝐷𝑇𝐵𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑦 × (1 −
𝑂𝑐𝑐%𝑏𝑡𝑦𝑝𝑒,𝑦

𝑂𝑐𝑐%𝑏𝑡𝑦𝑝𝑒,𝑦0

) 

(5) 𝐿𝐸𝑚𝑇𝑎𝑥𝑖𝑠𝑦 = 𝐸𝐹𝑇𝑎𝑥𝑖𝑠𝑦 × 𝐷𝑇𝑇𝑎𝑥𝑖𝑠𝑦 × 𝑁𝑇𝑎𝑥𝑖𝑠𝑦 × (1 −
𝑂𝑐𝑐%𝑡𝑎𝑥𝑖𝑠,𝑦

𝑂𝑐𝑐%𝑡𝑎𝑥𝑖𝑠,𝑦0

) 



- Increase or decrease in congestion 

- Decrease in the load factor of buses and taxis as a result of the project 

The gas leakage would have to be taken into account as upstream fuel emissions if 

those are calculated for other fossil fuels too.  

Increase or decrease in congestion would not be calculated at this stage as this would 

require spatial modelling and traffic models. 

(4) Leakage emissions for buses are calculated based on the emission factor of buses, 

multiplied by the average distance travelled by buses and their number in the project 

scenario. This quantity is then multiplied by 1 minus the ratio of occupancy factors in 

the project and baseline situation. This in principle reflects the fact that the baseline 

emissions from a BRT passenger that was a car passenger are not exactly reflected in 

the baseline passenger-km emission factor as the load factor for cars decreases in the 

project scenario. 

(5) Leakage emissions for taxis follow the same principle. 

(6) Emissions per passenger in the baseline situation per vehicle type and fuel type are the 

emission factor of the fuel multiplied by the specific energy consumption of that 

vehicle, divided by the occupancy factor for that that vehicle type. 

(7) Emissions per bus type and fuel type in the project scenario are the emission factor of 

that fuel, multiplied by the specific energy consumption of the  

 

3.1.3 Limitations of precedent method: 

There is a difference of methodology between the baseline (and leakage) scenario emissions, 

and the project scenario emissions:  

- Baseline emissions are calculated on a passenger centric method, based on emission 

factors per passenger-km; 

- Project emissions are calculated on a vehicle centric method using emission factors 

for vehicle-km. 

- The leakage emissions try to reconcile those two methods 

The difference in methodology can therefore lead to differences in accounting of emissions; a 

reduction in passengers does not necessarily yield a difference in the number of vehicles 

travelling. The leakage emissions are designed to account for that but do so in a non-

transparent way making it hard to understand the physical reality behind it. 

 

Furthermore, the CDM methodology uses data that may not be readily available to the user 

such as occupancy or number of buses and taxis in current or future years. 

 

3.2 Modified method 
 

3.2.1 Formulae used 

 

Common terms: 
vtype = type of vehicles 

BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

fype = fuel type 

btype = bus type 

 



 

 

Emissions equations: 

 

Baseline scenario emissions: 

 

 

 

Project scenario emissions: 

 

 

 

Equation specific terms: 
EmBL = Total emissions in year y for baseline scenario (tCO

2
e) 

EmPJ = Total emissions in year y for project scenario (tCO
2
e) 

EFvehvtype,ftype,y = Emission factor for vehicle category vtype, fuel ftype in year y, per passenger.km (tCO
2
e/pkm) 

Nvehvtype,ftype,y = Number of trips for vehicle category vtype, fuel ftype in year y 

DTvehvtype,y = Annual average distance travelled by vehicle type vtype in year y (km/year/) 

EFbusbtype,ftype,y = Emission factor for bus btype, using fuel ftype in year y (tCO
2
e/kWh) 

Nbusvtype,ftype,y = Number of operation project vehicle in category btype in year y 

DTbusbtype,y = Annual average distance travelled by bus type btype in year y (km) 

 

Energy consumption: 

Baseline scenario energy: 

 

 

Project scenario energy: 

 

 

Equation specific terms: 
SECvehftype,vtype,y = Specific energy consumption for vehicle category vtype, fuel ftype, in year y (kWh/km) 

SECbusftype,btype,y = Specific energy consumption for bus category Tbus, by fuel, in year y (kWh/km) 

EConsBL,vtype,ftype,y = Energy consumption for fuel ftype and vehicle vtype in year y for baseline scenario (kWh) 

EConsPJ,vtype,ftype,y = Energy consumption for fuel ftype and bus btype in year y for project scenario (tCO
2
e) 

 

Emissions factors: 

Baseline emission factor per vehicle type and fuel type: 

 

 

Project scenario emission factor per bus type and fuel type: 

 

 

Equation specific terms: 

 

Number of vehicles in project perimeter: 

For private modes 

 

 

EFfuelftype,y = Emission factor for fuel ftype, in year y (tCO2e/kWh) 

(2)  𝐸𝑚𝑃𝐽,𝑦 = ∑ 𝐸𝐹𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑦

𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

 

(1)  𝐸𝑚𝐵𝐿,𝑦 = ∑ 𝐸𝐹𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦

𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒

 

(5)  𝐸𝐹𝑣𝑒ℎ𝑓𝑡𝑦𝑝𝑒,𝑣𝑡𝑦𝑝𝑒,𝑦 = 𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

(6)  𝐸𝐹𝑏𝑢𝑠𝑃𝐿𝐶,𝑇𝑏𝑢𝑠,𝑦 = 𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

(7)  𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 =
𝑅𝑖𝑑𝑒𝑟𝐵𝑅𝑇𝑦 × 𝑀𝑜𝑑𝑒𝑆ℎ𝑎𝑟𝑒%𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦

𝑂𝑐𝑐𝑣𝑡𝑦𝑝𝑒ℎ,𝑦
 

(4) 𝐸𝐶𝑜𝑛𝑠𝑃𝐽,𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑁𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑏𝑢𝑠𝑓𝑡𝑦𝑝𝑒,𝑏𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑏𝑢𝑠𝑏𝑡𝑦𝑝𝑒,𝑦 

(3) 𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝑆𝐸𝐶𝑣𝑒ℎ𝑓𝑡𝑦𝑝𝑒,𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒,𝑦 



 

 

For buses 

 

 

Equation specific terms: 

 

 

3.2.2 Method description 

 

(1) Baseline emissions are calculated based on the number of trips travelled in the 

baseline scenario for each vehicle type/fuel type pair, multiplied by the average 

distance travelled per trip and the emission factor per km for that vehicle type and fuel 

type 

(2) Project emissions are calculated based on the number of buses in operation, per bus 

type and fuel type in the project scenario, multiplied by the emission factor per km 

associated with that vehicle/fuel type pair and the average distance travelled per year 

for buses 

(3) Baseline energy consumption per vehicle type and fuel type is calculated based on the 

number of trips taken, specific energy consumption per vehicle/fuel pair and distance 

travelled per trip 

(4) Project energy consumption per bus type and fuel type is calculated based on the 

number of buses in operation, specific energy consumption per bus/fuel pair and 

distance travelled per bus per year 

(5) Emission factors for vehicle/fuel pairs is based on the emission per fuel and the 

specific energy consumption of each vehicle/fuel pair 

(6) Bus emission factors follow the same logic 

(7) The number of private vehicle-trips taken off the road is equal to the ridership of the 

BRT multiplied by the baseline mode share for that vehicle type and divided by the 

occupancy factor 

(8) For some public transportation options (buses mainly), the user has the option to enter 

directly the number of buses removed from the streets. 

 

3.2.3 Comparison with precedent method 

This method is based on the number of vehicles that would have travelled had the project not 

existed for the baseline emissions and based on project bus travel for the project emissions. 

Private vehicle travel (including taxis) is calculated based on the number of passengers 

travelling on those modes of transportation and the occupancy rate of those vehicles. 

For public transportation, the calculations rely on user input regarding the amount of (mainly) 

buses that would be taken off the road when the project is enacted. 

The amount of data necessary for the model to function is a bit lower and relatively easier to 

collect compared to the CDM methods. 

 

 

 

Occvtype,y = Average occupancy for vehicle veh in year y (km) 
RiderBRTy = Number people taking the BRT in the project scenario, in year y (passengers per year) 

ModeSharevtype,ftype,y = Baseline mode share for vehicle category vtype for fuel type ftype in year y 

(8)  𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒ℎ,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑢𝑏𝑙𝑖𝑐 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑡𝑎𝑘𝑒𝑛 𝑜𝑓𝑓 𝑡ℎ𝑒 𝑟𝑜𝑎𝑑 



3.2.4 Limitations of modified method 

This method does require some additional data such as: 

- number of buses removed from the public transportation system because of the BRT 

system. This data point could be approximated using the same method as for private 

transportation if unavailable. Some other estimates may be drawn from ridership and 

average occupancy of the BRT buses; 

- Average distance travelled per bus. This data point can be a bit challenging to find for 

a specific project unless detailed fleet data is available. 

4 Cycling Infrastructure and Public Bicycle Scheme Methodology 
 

The methodology for cycle infrastructure and public bicycle scheme (PBS) projects is in 

principle the same. It is based on the emissions that would have been caused, if there had 

been no mode shift induced by the project. Each project is defined by cycle ridership (number 

of trips), average trip distance travelled and the share of passengers who shifted from 

motorised modes of transport. The difference lies in the estimation of these three parameters 

depending on the project. 

 

For a cycle infrastructure project (e.g. cycle lane), cycle ridership could be estimated using 

number of trips (per kilometre) and the length of the new cycle lane. For a PBS project, 

however, cycle ridership would probably be estimated using the size of the bicycle fleet and 

the assumed number of trips per day for each bicycle. Each parameter will largely depend on 

the local context and project parameters. Similarly, average trip distance could be different 

for a PBS, assuming that cyclists would mainly use it for short journeys (e.g. first and last 

mile), compared to a large infrastructure project of multiple kilometres, such as the Quinto 

Centenario Cycle avenue (25km). Lastly, mode shift will also depend on the local context, 

(e.g. initial mode share, economic and social background, average trip length). PBS tend to 

be located in the city centre with lower car usage compared to peri-urban areas, whereas a 

cycle infrastructure project in workplaces or areas of the city that are not well connected 

could lead to a higher mode shift from cars (Gatersleben and Appleton, 2007). 

 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data

/file/606513/cycling-walking-rapid-evidence-assessment.pdf 

 

 

4.1 Precedent Method 
 

4.1.1 Formulae used 

 

Methods: CDM AMS-III.BM.: Lightweight two and three wheeled personal transportation (v 

1.0), active; (link); & CDM Tool18: Baseline emissions for modal shift measures in urban 

passenger transport (v1.0), active (link). 

 

Common terms: 
vtype = type of vehicles 

BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

fype = fuel type 

x = most recent calendar year for which data available 

evtype = electricity-based vehicle category 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/606513/cycling-walking-rapid-evidence-assessment.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/606513/cycling-walking-rapid-evidence-assessment.pdf
https://cdm.unfccc.int/methodologies/DB/TL5P7I2HGUB6O14AZUJC7S341Q34P5
https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-18-v1.pdf


  

 

 

 

Emissions equations:  

Baseline scenario emissions: 

(1) 𝐸𝑀𝐵𝐿,𝑦 = ( ∑ (𝑇𝑒𝑐ℎ𝐼%𝑣𝑡𝑦𝑝𝑒)
𝑡+𝑦−1

𝑣𝑡𝑦𝑝𝑒

× 𝐸𝐹𝑝𝑘𝑚𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑥 × 𝐷𝑇𝑣𝑡𝑦𝑝𝑒 × 𝑃𝑆ℎ𝑖𝑓𝑡%𝑣𝑡𝑦𝑝𝑒) × 𝑃𝑁𝑦

× 10−6 

 

Equation specific terms: 
EMBL,y = Total emissions in year y for baseline scenario (tCO2e) 

TechI%vtype,y = Technology improvement factor for vehicle category vtype per year (ratio) 

EFpkmBL,vtype,x = Emission factor per passenger-kilometre for electricity-based or road-based vehicle       

categories vtype in year x for baseline scenario (g CO2e/pkm) 

DTvtype = Average trip distance travelled by passengers who shifted from electricity-based or road-

based vehicle category vtype (km) 

PShift%vtype = Share of passengers who shifted from electricity-based or road-based vehicle category vtype 

(%)  

PNy = Number of passengers travelled by the project system in year y 

t = Time difference (in years) between the year for which data is available for vehicle category i 

and the year of establishing standardized baseline or start date of CDM project in case the tool 

is used to determine baseline emissions of CDM project 

 

Project scenario emissions: 
(2) 𝐸𝑀𝑃𝐽,𝑦 = 0 

 

Equation specific terms: 
EMPJ,y = Total emissions in year y for project scenario (tCO2e) 

 

 

Emission factor equations: 

 

- For fuel-based transport systems 

 

Baseline emission factor per km of passenger travel per vehicle type: 

(3) 𝐸𝐹𝑝𝑘𝑚𝑣𝑡𝑦𝑝𝑒,𝑥 =
𝐸𝐹𝑘𝑚𝑣𝑡𝑦𝑝𝑒,𝑥

𝑂𝑐𝑐𝑣𝑡𝑦𝑝𝑒,𝑥
 

 

Equation specific terms: 

 
EFpkmvtype,x = Emission factor per passenger-kilometre of vehicle category vtype in year x (g CO2/PKM) 

for fuel-based transport system 

EFkmvtype,x = Emission factor per kilometre of vehicle category vtype in year x (g CO2/PKM) 

Occvtype,x = Average occupancy for vehicle category vtype in year y (passengers) 

 

 

 

 

 

 



- For each road-based vehicle category 

 

Emission factor per km of vehicle travel per vehicle type: 
(4) 𝐸𝐹𝑘𝑚𝑣𝑡𝑦𝑝𝑒,𝑥

= ∑ (𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑓𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑁𝐶𝑉 × 𝐸𝐹𝑓𝑡𝑦𝑝𝑒 + 𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑒𝑡𝑦𝑝𝑒,𝑥 × 𝐸𝐹𝑒𝑡𝑦𝑝𝑒,𝑥)

𝑓𝑡𝑦𝑝𝑒

×
𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦

𝑁𝑣𝑒ℎ𝑣𝑡𝑦𝑝𝑒,𝑦
 

 

Equation specific terms: 

 
EFkmvtype,x = Emission factor per kilometre of vehicle category vtype in year x (g CO2/PKM)  

EConsBL,fvtype,x = Energy consumption of fuel-based vehicle category fvtype in year x in baseline scenario 

(mass or volume units of fuel/km) 

EconsBL,evtype,x = Energy consumption of electricity-based vehicle category evtype in year x in baseline 

scenario (kWh/km) 

NCVvtype = Net calorific value of fuel ftype used in vehicle category vtype (MJ/mass or volume units of 

fuel) 

EFetype,x = Emission factor for electricity etype (g CO2/kWh) 

EFftype = Emission factor for fuel type ftype (g CO2/MJ) 

Nvehvtype,ftype,x = Number of vehicle-kilometres vehicle category vtype using fuel type ftype driven in year x 

(VKM) or number of vehicles in vehicle category vtype using fuel type ftype in year x (units) 

Nvehvtype,x = Number of vehicle-kilometres of category vtype (VKM) driven or number of vehicles of 

category vtype in year x (units) 

 

- For electricity-based transport systems 

 

Project scenario emission factor per km of passenger travel per vehicle type: 

(5) 𝐸𝐹𝑝𝑘𝑚𝑒𝑣𝑡𝑦𝑝𝑒,𝑥 =
𝑇𝐸𝑒𝑣𝑡𝑦𝑝𝑒,𝑥

𝑃𝑁𝑒𝑣𝑡𝑦𝑝𝑒,𝑥 × 𝐷𝑇𝑒𝑣𝑡𝑦𝑝𝑒,𝑥
× 106 

 

Equation specific terms: 

 
EFpkmevtype,x = Emission factor per passenger-kilometre for electricity-based vehicle category evtype in year 

x (g CO2/PKM)  

TEevtype,x = Total emissions from electricity-based vehicle category vtype in year x (t CO2) 

PNevtype,x = Number of passengers travelled by the electricity-based project system in year x (passengers) 

DTevtype,x = Average trip distance travelled by passengers using electricity-based vehicle category evtype 

in year x (km) 

 

4.1.2 Description 

 

Those calculations are detailed as follows: 

 

(1) Baseline emissions are calculated using the emissions that would have been caused by 

the cyclists, if they had not changed modes of transportation. Emissions are calculated 

and aggregated by vehicle type using the share of passengers shifting to the proposed 

project, emission factors per passenger-km for each vehicle type, the average trip 

distance travelled, a technology improvement factor and finally the number of 

passengers. The technology improvement factor accounts for any discrepancies 

between the year the data is available and the project start date.  

(2) Project emissions are assumed to be zero.  



(3) For fuel-based or mixed vehicle categories, the emission factors per passenger-km is 

calculated by dividing the emission factors calculated in equation (4) by the average 

occupancy of each vehicle. 

(4) The emission factors per km are based on net calorific values of fuel ftype, relative 

energy consumption and the ratio of the number of vehicle-kilometres for vehicle 

category vtype using fuel type ftype. 

(5) For solely electricity-based vehicle categories, emission factors per passenger are 

calculated separately and derived from total emissions for the electricity-based 

vehicle divided by the total distance travelled. 

 

5.1.3 Drawbacks of precedent method: 

 

This method treats electricity differently in its calculations of emission factors than other 

fuels, e.g. it is based on total emissions. This leads to the usage of more equations and more 

data inputs, which may be more difficult to communicate, prone to errors and less transparent 

for the user. It is also likely that the user does not have all required data inputs available, e.g. 

technology improvement factor. 

 

Furthermore, its modified methodology aggregates all fuel types per vehicle type which does 

not allow the aggregation of emissions by fuel across different vehicle types. Disaggregating 

by fuel type per vehicle class is also more compatible with other project type calculations. 

 

Lastly, it does not consider leakage emissions which may occur if modal shift is happening 

from buses or other means of transport, but the lower occupancy rate does not translate into a 

reduction of bus services and we cannot expect an as high decrease in vehicle kilometres 

travelled. 

 

4.2 Modified method 
 

5.2.1 Formulae used 

 

Common terms: 
vtype = type of vehicles 

BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

ftype = fuel type 

 

Emissions equations:  

 

Baseline scenario emissions: 

 

 

Equation specific terms: 
EMBL,vtype, type,y = Emissions in year y for baseline scenario for vehicle category vtype by fuel type 

ftype (tCO2e) 

EFpkmBL,vtype,ftype,y = Emission factor per passenger-kilometre for vehicle category vtype by fuel type 

ftype in year y for baseline scenario (tCO2e/pkm) 

DTy = Average trip distance travelled by passengers (km) 

RModeShare%vtype,ftype,y = Ridership mode share for vehicle category vtype by fuel type ftype (%)  

CycRidersy = Cycling ridership in year y 

(1) 𝐸𝑀𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 =  (𝐸𝐹𝑝𝑘𝑚𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐷𝑇 × 𝑅𝑀𝑜𝑑𝑒𝑆ℎ𝑎𝑟𝑒%𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒) × 𝐶𝑦𝑐𝑅𝑖𝑑𝑒𝑟𝑠𝑦 



 

Project scenario emissions: 
(2) 𝐸𝑀𝑃𝐽,𝑦 = 0 

 

Equation specific terms: 
EMPJ,y = Total emissions in year y for project scenario (tCO2e) 

  

 

Energy consumption equation: 

 

Baseline scenario energy: 

 

 

Equation specific terms: 
EConsBLvtype,ftypey = Energy consumption for vehicle category vtype by fuel type ftype in year y for 

baseline scenario (tCO2e) 

FuelEffBL,vtype,ftype,y = Fuel efficiency for vehicle category vtype by fuel type ftype in year y in baseline 

scenario (mass or volume units of fuel type/km) 

DTvtype,y = Average trip distance travelled by passengers (km) 

RModeShare%vtype,ftype,y = Ridership mode share for vehicle category vtype by fuel type ftype in year y (%)  

CycRidersy = Cycling ridership in year y 

 

Emission factor equation: 

 

Baseline scenario emission factor: 

 

 

Equation specific terms: 
EFpkmvtype,ftype,y = Emission factor per passenger-kilometre for vehicle category vtype by fuel type ftype in 

year y (tCO2e/pkm) 

FuelEffBL,vtype, 

ftype,y 

= Fuel efficiency for vehicle category vtype by fuel type ftype in year y in baseline 

scenario (mass or volume units of fuel type/km) 

EFftype,y = Emission factor for fuel type ftype in year y (tCO2/kWh) 

Occvtype,y = Average occupancy for vehicle category vtype in year y (passengers) 

  

 

 

Mode share equation: 

 

 

 

Equation specific terms: 
RModeShare%vtype,ftype,y = Ridership mode share for vehicle category vtype by fuel type ftype in year y (%)  

RModeShare%vtype,y = Ridership mode share by vehicle category vtype in year y (%) 

RVehFuel%vtype,ftype.y = Percentage of fuels used by each ridership vehicle category (%) 

 
  

4.2.2 Description 

 

The modified methodology is based upon the original CDM-methodology. The original 

equations were slightly simplified, and calculations are detailed as follows: 

(3) 𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = (𝐷𝑇 × 𝑅𝑀𝑜𝑑𝑒𝑆ℎ𝑎𝑟𝑒%𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦) × 𝐶𝑦𝑐𝑅𝑖𝑑𝑒𝑟𝑠𝑦 ×  𝐹𝑢𝑒𝑙𝐸𝑓𝑓𝐵𝐿,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

 

(4) 𝐸𝐹𝑝𝑘𝑚𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 = (𝐹𝑢𝑒𝑙𝐸𝑓𝑓𝐵𝐿,𝑓𝑡𝑦𝑝𝑒,𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝐸𝐹𝑓𝑡𝑦𝑝𝑒,𝑦)/𝑂𝑐𝑐𝑣𝑡𝑦𝑝𝑒) 
 

(5) 𝑅𝑀𝑜𝑑𝑒𝑆ℎ𝑎𝑟𝑒%𝑦,𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑥 = 𝑅𝑀𝑜𝑑𝑒𝑆ℎ𝑎𝑟𝑒%𝑣𝑡𝑦𝑝𝑒,𝑦 × 𝑅𝑉𝑒ℎ𝐹𝑢𝑒𝑙%𝑣𝑡𝑦𝑝𝑒,𝑓𝑡𝑦𝑝𝑒,𝑦 

 



(1) Baseline emissions are calculated using the emissions that would have been caused by 

the cyclists, if they had not changed modes of transportation. Emissions are calculated 

by vehicle and fuel type using the share of passengers shifting to the proposed project, 

emission factors per passenger-km for each vehicle type, the average trip distance 

travelled and annual cycling ridership. 

(2) Project emissions are assumed to be zero.  

(3) Energy consumption per vehicle and fuel type is calculated using distance travelled, 

ridership mode share, absolute cycling ridership and fuel efficiency. 

(4) Emission factors per passenger-km are calculated by multiplying fuel emission factors 

and fuel efficiency divided by the average occupancy of each vehicle. 

(5) Ridership mode share is calculated by multiplying the user-input ridership mode share 

times the fuel type percentages for each vehicle type vtype. 

 

4.2.3 Comparison with precedent method 

  

The modified methodology follows the CDM-methodology closely, except that it calculates 

emissions by vehicle type and fuel type, which allows aggregation across vehicle types and 

fuel types. All fuels are converted to kWh in the modified methodology in order to allow easy 

comparison of energy consumption and aggregation between different types of fuels and 

vehicle categories. An energy consumption equation has also been added to allow analysis on 

activity levels. 

 

In terms of secondary equations, it uses simplified emission factor equations that does not treat 

electricity as a different type of fuel used for vehicle category vtype and its calculations are not 

based upon total emissions from each electricity-based vehicle category, which requires less 

data inputs and makes the calculations used more transparent to the user. Instead, the 

methodology proposes to calculate each emission factor per passenger-km for each vehicle 

type using the fuel emission factor (in kWH), fuel efficiency per km as well as the occupancy 

rate.  

 

This also renders the primary emission equation simpler by using average distance travelled, 

ridership mode share, absolute number of ridership and the respective emission factor per 

passenger-km. Mode shift has been replaced with ridership mode share as this makes the user 

input more straight-forward. Ridership mode share is per vehicle and fuel type. 

 

We have removed the technology improvement factor to keep the user input as little as possible. 

The tool requires all numbers entered to be in line with the project year. Any technology 

improvements will be reflected in fuel efficiency changes. 

 

4.2.4 Shortcomings of modified method 

 

The modified methodology does not take into account any leakage emissions either. It also 

does not yet consider the usage of electric bicycles. This may be revisited at a later stage in the 

project.  

 

Using more simplified emission factor equations and requiring less data inputs from the user 

might come at the expense of accuracy of numbers. However, since most projects are unlikely 

to have the detailed data from the original CDM equation available, this methodology is 

preferred. 

 



5 Photovoltaic Systems Methodology 
 

5.1 Precedent method 
 

5.1.1 Formulae used 

 

Methods: CDM AMS-I.F.: Renewable electricity generation for captive use and mini-grid, 

Version 3.0; Active; (link) & CDM AMS-I.D.: Grid connected renewable electricity 

generation, Version 18.0; Active; (link) 

 

Common terms: 
BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

ftype = fuel type 

 

5.1.1 Emissions equations: 

 

Baseline scenario emissions: 

 

 

Project scenario emissions: 

 

 

5.1.2 Method description 

(1) Baseline emissions are the quantity of net electricity displaced as a result of the 

project, multiplied by the emission factor of the electricity displaced 

(2) Project emissions are generally assumed to be 0 

 

5.1.3 Limitations of precedent method 

Although some of the following aspects are mentioned in the CDM they are not fully 

addressed in the equations provided: 

- The specific cases when self-generation and grid electricity are used together 

- Dealing with the different load factors depending on the type of PV system 

 

5.2 Modified method 
 

Common terms: 
BL = baseline scenario 

PJ = project scenario 

y = year of calculations 

ftype = fuel type 

 

5.2.1 Emissions equations: 

 

Baseline scenario emissions: 

 

 

 

 

(1)  𝐸𝑚𝐵𝐿,𝑦 = (𝐸𝐹𝑔𝑟𝑖𝑑𝑦 × (1 − 𝐸𝑆𝑒𝑙𝑓𝐺𝑦) + 𝐸𝑠𝑒𝑙𝑓𝐺𝑦 × ∑
%𝐹𝑢𝑒𝑙𝐺𝑒𝑛𝑓𝑡𝑦𝑝𝑒,𝑦 × 𝐸𝐹𝑓𝑢𝑒𝑙𝑓𝑡𝑦𝑝𝑒,𝑦

𝐺𝑒𝑛𝐸𝑓𝑓𝑓𝑡𝑦𝑝𝑒
𝑓𝑡𝑦𝑝𝑒

)

× 𝐸𝐺𝑒𝑛𝑦 × 𝐿𝑜𝑎𝑑𝐹𝑎𝑐𝑡𝑃𝑉𝑦 

(2)  𝐸𝑚𝑃𝐽,𝑦 = 0 

 

(1)  𝐸𝑚𝐵𝐿,𝑦 = 𝐸𝐹𝑔𝑟𝑖𝑑 × 𝐸𝐺𝑒𝑛𝑦 𝑦
 

https://cdm.unfccc.int/methodologies/DB/9KJWQ1G0WEG6LKHX21MLPS8BQR7242
https://cdm.unfccc.int/methodologies/DB/W3TINZ7KKWCK7L8WTXFQQOFQQH4SBK


 

Project scenario emissions: 

 

 

Equation specific terms: 
EmBL,y = Total emissions in year y for baseline scenario (tCO

2
e/year) 

EmPJ,y = Total emissions in year y for project scenario (tCO
2
e/year) 

EFgridy = Appliance efficiency, per fuel type ftype, for appliance appl in year y (%) 

EGeny = Electricity generated by the project in year y (kWh) 

ESelfGeny = Baseline share of the electricity consumed being self-generated in year y (%) 

EFfuelftype,y = Emission factor by fuel type ftype in year y (tCO
2
e/kWh) 

%FuelGenftype,y = Share of electricity self-generated from fuel ftype in year y 

GenEffftype = Generator efficiency for fuel ftype in year y 

 

Energy equations 

Baseline scenario energy consumption, fossil fuels 

 

 
Baseline scenario energy consumption, electricity 

 

 
Project scenario energy consumption, electricity  

 
Equation specific terms: 
EConsBL,ftype,y = Energy consumption for fuel ftype in year y for baseline scenario (kWh/year) 

EConsPJftype,y = Energy consumption for fuel ftype in year y for project scenario (kWh/year) 

 

Secondary equations 

Project scenario electricity generated 

 

 

Equation specific terms: 
PVUAreay = Useful surface area of solar solar PV installed, in year y (m2) 

SolarIns = Solar insolation (kWh/m2)  

PVEff = Efficiency of the system (%) 

PPerf = Panel performance ratio (%) 

 

5.2.2 Method description 

(1) Baseline emissions are based on the emissions of the electricity replaced by the solar 

panel. 

a. The quantity of electricity replaced is based on the electricity generated by the 

solar panel and a load factor depending on the project specifications (this load 

factor is provided by the CDM) 

b. The emissions of the electricity replaced are separated between grid and self-

generated electricity and were calculated by multiplying the quantity of 

electricity replaced by; 

i. The share of baseline electricity consumed from the grid, multiplied by 

the emission factor for the grid 

(2)   𝐸𝑚𝑃𝐽,𝑦 = 0 

 

(5)   𝐸𝐶𝑜𝑛𝑠𝑃𝐽,𝑓𝑡𝑦𝑝𝑒,𝑦 = 0 

(4)   𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑓𝑡𝑦𝑝𝑒,𝑦 = (1 − 𝐸𝑆𝑒𝑙𝑓𝐺𝑦) × 𝐸𝐺𝑒𝑛𝑦 × 𝐿𝑜𝑎𝑑𝐹𝑎𝑐𝑡𝑃𝑉𝑦 

(3)  𝐸𝐶𝑜𝑛𝑠𝐵𝐿,𝑓𝑡𝑦𝑝𝑒,𝑦 = 𝐸𝐺𝑒𝑛𝑦 × 𝐿𝑜𝑎𝑑𝐹𝑎𝑐𝑡𝑃𝑉 × 𝐸𝑠𝑒𝑙𝑓𝐺𝑦 ×
%𝐹𝑢𝑒𝑙𝐺𝑒𝑛𝑓𝑡𝑦𝑝𝑒,𝑦

𝐺𝑒𝑛𝐸𝑓𝑓𝑓𝑡𝑦𝑝𝑒
 

(6)   𝐸𝐺𝑒𝑛𝑦 = 𝑆𝑜𝑙𝑎𝑟𝐼𝑛𝑠 × 𝑃𝑉𝐸𝑓𝑓 × 𝑃𝑉𝑈𝐴𝑟𝑒𝑎 𝑦 × 𝑃𝑃𝑒𝑟𝑓 𝑦 

 



ii. The of baseline electricity generated, multiplied by the average 

emission factor of the generator types, weighted by the share of each 

generator type within self-generated electricity and divided by 

generator efficiency 

(2) Project emissions are assumed to be zero 

(3) Baseline energy consumption for each specific fossil fuel used for self-generation is 

calculated as the share of electricity consumed that is self-generated multiplied by PV 

system electricity production and load factor, the share of that fuel type within self-

generated electricity, and divided by generator efficiency 

(4) Baseline electricity consumption is calculated as the share of electricity consumed 

that is coming from the grid, PV system electricity production and the system load 

factor 

(5) Energy consumption in the project scenario is estimated to be zero 

(6) Electricity generation by the PV system is calculated as a multiplication of the useful 

area of the PV installed, solar insolation and  

 

5.2.3 Differences with precedent method 

The main difference is the inclusion of self-generation as an electricity source that the PV 

system is replacing. 

 

5.2.4 Limitations of modified method 

The method does not take into account the increase in electricity consumption that may result 

from the installation of PV systems or fuel switching. 
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