The calculation of the emission factor for Mongolia’s national electricity grid
Step 1: Identify the relevant electricity systems
Mongolia has five connected electricity systems (Figure 1):
1. Central Energy System (CES, 836 MW capacity)
2. Western Energy System (WES, 12 MW capacity)
3. Eastern Energy System (EES, 38.25 MW capacity)
4. Altai-Uliastai Energy System (AUES, 38 MW capacity)
5. Southern (Gobi) Energy system (SES, 24 MW capacity)
[image: ]
Figure 1. Mongolia’s electricity systems
Source: Ministry of Energy, Mongolia (2015)
The CES system covers the central part of the country and includes five thermal power plants (CHP2, CHP3, CHP4, Darkhan, and Erdenet CHP) and one wind farm (Salkhit Wind Farm). It also imports electricity from Russia by 220 kV overhead transmission lines, under the condition that it exports back to Russia during off-peak time. However, due to the huge price difference between the price of electricity imports during peak time (145 MNT) and that of electricity exports during off-peak time (46 MNT), the incentive for exporting electricity is very low and hence we assume that no electricity is exported back to Russia. 
The WES system has one hydro power plant (Durgun HPP) and imports electricity from the CES system and Russia by 110 kV transmission lines. The western region within the WES system also imports electricity from China through 35 kV transmission lines. However, since imports from China are only locally transmitted in the western area and are not connected to the WES system, imports from China are not included in this calculation. 
The AUES consists of on-grid and off-grid power plants. On-grid power plants include one hydropower plant (Taishir HPP) and several diesel power plants such as Uliastai, Tosontsengel, Esunbulag, and smaller diesel power plants. Off-grid power plants , which are  several hydropower plants (Bogdiin, Guulin, Galuutai, Khungui, and Tosontsengel) and one solar PV plant, are excluded from this calculation. The AUES is connected to both the CES system and the WES system by 110 kV and 35 kV transmission lines, respectively.
The EES has one thermal power plant (Dornod CHP) and receives supply from the CES system through 110 kV overhead transmission lines. In a similar way, the eastern region within the ESS imports electricity from China through 35 kV transmission lines and is not connected to the EES system. Hence, imports from China are not included in this calculation. 
Finally, the SES system covers the Gobi region of the country and includes two thermal power plants (Dalanzadgad and Ukhaakhudag) and is connected with the CES system through 110 KV transmission lines. Moreover, the Oyu Tolgoi region within the SES system imports electricity from China through 220 kV transmission lines as well. However, the Oyu Tolgoi region is not connected with the SES system and imports from China are not included. 
In general, Mongolia’s national electricity grid includes all the power plants (excluding off-grid power plants) in the five electricity systems (CES-WES-AUES-EES-SES) as well as electricity imports from Russia. For the purpose of determining the OM emission factor, the CO2 emission factor for electricity imports from Russia was determined as 0 tCO2/MWh.
Step 2: Choose whether to include off-grid power plants in the project electricity system (optional)
This calculation includes only grid-connected power plants (option I). Off-grid power plants are not included. 
Step 3: Select a method to determine the operating margin (OM)
The simple OM method was applied, as the requirement that the LCMR share should account for less than 50 per cent of total grid generation (excluding electricity generated by off-grid power plants) in average of the five most recent years is met. The LCMR share was calculated in accordance with Equation (1) and the average LCMR share in the period of 2011 to 2015 was around 9%. 
	                                                                 Equation (1)
Moreover, the ex ante option was chosen and hence data vintages of three most recent years (2013, 2014, and 2015) were used to calculate a 3-year generation-weighted average. 
Step 4: Calculate the OM emission factor according to the simple OM method
Since average efficiency and electricity generation of each plant is available, Option A was chosen. The simple OM emission factor is calculated based on the net electricity generation of each power unit and an emission factor for each power unit, as follows: 
	                                                                              Equation (2)
Where:
 = Simple operating margin CO2 emission factor in year y (tCO2/MWh)
                   = Net quantity of electricity generated and delivered to the grid by power unit m in year y (MWh)
                = CO2 emission factor of power unit m in year y (tCO2/Mwh)
m                            = All power units serving the grid in year y except low-cost/must-run power units
y                            = Relevant year as per the data vintage chosen
Determination of 
 The determination of  was calculated by using option A2 according to Equation 3. Although main fuel consumption data was available, main fuel consumption includes fuel consumption for heat generation and hence is not suitable to be used for this calculation.  Therefore,  was determined based on the CO2 emission factor of the fuel type used and the efficiency of the power unit, as follows:  
                                                                                                       Equation (3)
               = CO2 emission factor of power unit m (tCO2/MWh)
                = CO2 emission factor of coal and diesel in year y (tCO2/GJ); IPCC default values at the lower limit of the uncertainty at a 95 per cent confidence interval were used.
              = Average net energy conversion efficiency of power unit m in year y. 
The 3-year (2013, 2014, 2015) generation-weighted average simple OM is 0.884 CO2/MWh. 
Step 5: Calculate the build margin (BM) emission factor
a) The 5 most recent power units (excluding CDM) are CHP4, ERDENET CHP, Dalanzadgad CHP, Tosontsengel Diesel, , and Ukhaa Khudag CHP. The net electricity generation of these five power units in 2015 was 251,179 MWh. 
b) The set of units that comprise 20 per cent of total electricity is the same as the 5 most recent units. Since SET5-units is the same as SET≥20 per cent, SET5-units is identified as SETsample. 
c) To exclude the plants that are older than 10 years, three plants (CHP4, Erdenet CHP, and Dalanzadgad) were excluded from SETsample.; and three CDM projects (Salkhit Wind, Taishir HPP, and Durgun HPP) were included instead. The resulting set (SETsample-CDM) did not comprise 20% of AEGtotal.
d) To reach 20% of AEGtotal, the older plants are included in SETsample-CDM. It was until CHP4 was included that annual electricity comprised more than 20% of AEGtotal. Therefore, the resulting set (SETsample-CDM>10 yrs) included three CDM projects and 5 most recent power units. 
The generation-weighted average BM of the set in 2015 was calculated as follows:

                                                                     Equation (4)
where:	
EFgrid,BM,y	Build margin CO2 emission factor in 2015 (tCO2/MWh)
EGm,y 	Net quantity of electricity generated and delivered to the grid by power plant m in year 2015 (MWh)
EFEL,m,y	CO2 emission factor of power plant m in year 2015 (tCO2/GJ), calculated based on Options A1, A2 or A3
m		Power plants included in the build margin
y=2015	Most recent historical year for which power generation is available
Therefore, the generation-weighted average BM of the set in 2015 is 0.833 CO2/MWh. It should be noted that since two plants (Uliastai and Diesel at Soums) do not have commission date, an analysis of uncertainty was conducted (appendix I). The uncertainty analysis indicates that inclusion or exclusion of these two plants will not influence the final result of OM emission factor and will not generate any marginal differences, as net electricity generation from both plants was negligibly small.  
Step 6: Calculate the combined margin (CM) emission factor

Since both OM and BM data are available, weighted average CM method was used, as follows 	       Equation (5)
EFgrid,BM,y = Build Margin emission factor in year y (tCO2/MWh)
EFgrid,OM,y = Operating margin emission factor in year y (tCO2/MWh)
wOM = Weighting of operating margin emissions factor (%)
wBM = Weighting of build margin emissions factor (%)

	 
	Solar and wind projects (for all crediting periods)
	All other projects for the first crediting period
	All other projects for the second and third crediting period

	EFgrid, OM (tCO2/MWh)
	0.884
	0.884
	0.884

	WOM (%)
	0.75
	0.5
	0.25

	EFgrid, BM (tCO2/MWh)
	0.833
	0.833
	0.833

	WBM (%)
	0.25
	0.5
	0.75

	EFgrid,  CM (tCO2/MWh)
	0.871
	0.859
	0.846


Based on 2013-2015 data, the following values of the combined margin emission factor of the main grid can be applied:
0.871 tCO2/MWh for solar and wind projects for all crediting periods;
0.859 tCO2/MWh for all other projects for the first crediting period;
0.846 tCO2/MWh for all other projects for the second and third crediting period. 



Appendix 1 Uncertainty of the BM
Since two plants (Uliastai and Diesel at Soums) do not have commissioned date, we assumed that these two plants were commissioned later than 1987 and should be included in the set of 5 most recent plants. 
[bookmark: _GoBack]Our analysis indicates that inclusion or exclusion of these two plants will not influence the final result of OM emission factor and will not generate any marginal differences, as net electricity generation from both plants was negligibly small. Therefore, we concluded that OM in 2015 is 0.833 CO2/MWh. 
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