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[bookmark: _Toc54023123]Steps of grid emission factor calculation
The grid emission factors for the electricity system of the Republic of Armenia (Armenia) for 2017-2019 has been calculated in line with provisions and recommendations provided in the version 07.0 of the Methodological tool “Tool to calculate the emission factor for an electricity system” (Tool) and based on information and data obtained by DNA from public sources and respective state authorities of Armenia, particularly, the Settlement Center[footnoteRef:1] of the Ministry of Territorial Administration and Infrastructures of the Republic of Armenia and the Public Services Regulatory Commission of the Republic of Armenia[footnoteRef:2]. [1:  “Settlement Center” Close Joint-Stock Company (under the Ministry of Territorial Administration and Infrastructures of RA) is the state-owned company, which executes registration and measuring of power generation and supply through the country, based on commercial meters indicators, as well as carries out relevant financial calculations (accounting) and analysis necessary for the settlement of accounts between power generating companies and electricity purchaser – “Armenian Electric Network of Armenia” CJSC. ]  [2:  Public Services Regulatory Commission of RA (former Energy Commission of Armenia) was established in on 03.04.1997 by the Order of the President of the Republic of Armenia to implement regulatory and tariff policy in the energy sector of the country. Along with the major energy sector related functions to issues construction and power generation licenses, setting tariffs for electricity and gas imports, as well as end-user for electrical and thermal energy and gas, granting licenses for power market service provision activities, the Commission publishes information main indicators of the power and gas system, as well as on the power plants serving the Armenian energy system. More information on the Commission can be found here: www.psrc.am ] 

[bookmark: _Toc54023124]Step 1: Identify the relevant electricity systems
The updated methodology proposes the following three options for delineating the project electricity system: (i) A delineation of the project electricity system and connected electricity systems published by the DNA or the group of the DNAs of the host country; (ii) A delineation of the project electricity system defined by the dispatch area of the dispatch centre responsible for scheduling and dispatching electricity generated by the project activity; (iii) A delineation of the project electricity system defined by more than one independent dispatch areas, e.g. multi-national power pools. 
The second option, i.e. a delineation of the project electricity system defined by the dispatch area of the dispatch centre responsible for scheduling and dispatching electricity generated by the project activity, has been chosen for the purpose of identification of the relevant electricity system. The national dispatch center of Armenia (“Electro Power System Operator” CJSC under the Ministry of Territorial Administration and Infrastructures of RA) is the only company in the energy system of the Republic of Armenia, which has been licensed to carry out the exclusive right to execute power system operation (including generation, import, export and distribution) within the territory of the Republic of Armenia[footnoteRef:3]. As the dispatch area of the national dispatch centre responsible for scheduling and dispatching electricity generated by the project activity covers the whole national power distribution grid of Armenia, the Armenian power system is identified as the project electricity system for the purpose of grid emission factor calculation. [3:  Website of EPSO CJSC at: www.energyoperator.am ] 

The Armenian power system maintains power exchange with the national electricity grid of Iran and Georgia. In such a way, Iranian and Georgian national grids are considered as the connected electricity systems. For the purpose of determining the operating margin emission factor the Tool proposes four options to determine the CO2 emission factor(s) for net electricity imports from a connected electricity system. Within the scopes of this study option (a) i.e. 0 tones CO2 per MWh is selected.
In the line with the recommendation of the Tool, electricity export to Armenia is included into the electricity generation data used for calculating the electricity emission factor. 
[bookmark: _Toc54023125]Step 2: Choose whether to include off‐grid power plants in the project electricity system
Option I of the Tool i.e. “Only grid power plants are included in the calculation” is selected; hence, off-grid power plants are not included in the project electricity system.
[bookmark: _Toc54023126]Step 3: Select a method to determine the operating margin (OM)
According to the definition used in the Tool, low-cost/must-run (LCMR) resources are defined as power plants with low marginal generation costs or dispatched independently of the daily or seasonal load of the grid. They include hydro, geothermal, wind, low-cost biomass, nuclear and solar generation. 
In accordance with this definition, within the scope of this study, all power plants except for the below mentioned four large thermal power plants are selected as low-cost / must-run power plants.
Non LCMR power plants:
· Yerevan Thermal Power Plant, 
· Hrazdan Thermal Power Plant, 
· Hrazdan Thermal Power Plant Unit N5 
· Combined Cycle Gas Turbine (CCGT) Unit at Thermal Power Plant.
Based on the information provided by the Settlement Center, during the period of 2017-2019, LCMR resources constituted more than 50% of the total grid generation in average of the five most recent years (see table below). 
Annual power generation (in mln kWh/a) of non LCMR power plants and their share in the total annual power generation of the system
	 
	2015
	2016
	2017
	2018
	2019

	Hrazdan TPP (no low-cost/must run)
	546.8
	441.4
	316.9
	314.0
	500.7

	Yerevan TPP (no low-cost/must run)
	0
	0
	0
	0
	0

	CCGT Unit at YTPP (no low-cost/must run)
	1594.6
	1427.3
	1543.6
	1431.1
	1593.0

	Hrazdan TPP Unit N5 (no low-cost/must run)
	638.4
	694.8
	992.6
	1615.0
	944.5

	Low-cost  and must-run plants
	2779.8
	2563.5
	2853.1
	3360.1
	3038.2

	Total power generation by the system
	7798.2
	7315.2
	7762.9
	7776.9
	7632.3

	Share of non LCMR plants
	35.65%
	35.04%
	36.75%
	43.21%
	39.81%

	Share of LCMR plants
	64.35%
	64.96%
	63.25%
	56.79%
	60.19%


Additionally, based on the available information on hourly load data provided by the Settlement Center, it was identified that average load by LCMR resources is higher than average lowest annual system load (LASL) over the three years (see Load duration curves for 2017-2019 below).

	2017
	2018
	2019
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Hence, following the procedure for application of operational margin methods provided in the Tool, “Simple adjusted OM” was selected for calculation of the operating margin emission factor.
[bookmark: _Toc54023127]Step 4: Calculate the operating margin emission factor according to the selected method
In order to evaluate Operational Margin, net quantity of electricity (mln kWh) generated and delivered to the grid by all power units serving the system need to be identified as well as CO2 emission factor (tCO2/MWh) of power units operated on fossil fuels need to be calculated.
Information on net generation of electricity by all power plants (both LCMR and no LCMR) the Armenia power system in 2017-2019 is presented in the table below. According to the Tool, electricity import is also considered in calculation of Simple adjusted OM.
Annual power generation by LCMR and non LCMR power plants in 2017-2019
	POWER PLANT
	Delivered electricity (mln kWh)
	Type of fuel

	
	2017
	2018
	2019
	

	No LCMR power plants (sources)

	Hrazdan Thermal Power Plant
	295.355
	291.019
	466.708
	natural gas

	Yerevan Thermal Power Plant
	0
	0
	0
	natural gas

	CCGT Unit at Yerevan TPP
	1493.063
	1384.052
	1541.145
	natural gas

	Unit 5 of Hrazdan Thermal Power Plant
	954.516
	1549.142
	905.196
	natural gas

	Total for no LCMR
	2742.934
	3224.213
	2913.049
	

	LCMR power plants (sources)

	Armenian Nuclear Power Plant
	2411.385
	1898.085
	2028.996
	nuclear

	Sevan-Hrazdan HPPs (IEC)
	456.930
	401.816
	413.458
	hydro

	ContourGlobal Hydro Cascade
	934.558
	896.004
	983.644
	hydro

	Yerevan Medical Institute TPP (CHP)
	7.025
	5.187
	7.045
	natural gas

	ArmRoscogeneration CJSC (CHP)
	11.236
	9.431
	0.941
	natural gas

	Small Hydro Power Plants
	842.930
	981.707
	934.824
	hydro

	Small Wind Power Plants
	2.03
	1.829
	3.204
	wind

	Small Solar Power Plants
	0.386
	4.878
	13.146
	solar

	Import
	319.480
	147.580
	161.360
	

	Total for LCRM + Import
	4985.96
	4346.517
	4546.618
	

	TOTAL system + Import 
	7728.894
	7570.73
	7459.667
	


In the table below results of calculation of emission factors for non LCMR power plants for 2017-2019 is presented.
Emission factors of non LCMR power plants in 2017-2019
	Power Plant
	Year
	Fuel
consumption
FCi,m,y
	Net calorific
value
of fuel NCVi,y
	Emission
factor
EFco2,i,y
	Emission
factor

	
	
	1000 nm3
	GJ/1000 nm3
	tCO2/GJ
	tCO2/MWh

	Hrazdan Thermal Power Plant
	2017
	91144
	35.01
	0.054
	0.59

	
	2018
	92185
	34.769
	0.054
	0.6

	
	2019
	143186
	34.881
	0.054
	0.58

	CCGT Unit at Yerevan TPP
	2017
	315180
	35.395
	0.054
	0.41

	
	2018
	298538
	34.369
	0.054
	0.4

	
	2019
	322749
	34.809
	0.054
	0.4

	Unit 5 of Hrazdan Thermal Power Plant
	2017
	226113
	35.54
	0.054
	0.45

	
	2018
	372980
	34.537
	0.054
	0.45

	
	2019
	222851
	35.022
	0.054
	0.47


In the table below results of calculation of emission factors for LCMR power plants for 2017-2019 is presented.
Emission factors of LCMR power plants in 2017-2019
	Power Plant
	Year
	Fuel
consumption
FCi,m,y
	Net calorific
value
of fuel NCVi,y
	Emission
factor
EFco2,i,y
	Emission
factor

	
	
	1000 nm3
	GJ/1000 nm3
	tCO2/GJ
	tCO2/MWh

	Armenian NPP,
Large and Small HPPs, Solar and Wind PPs
	2017
	0
	0
	0
	0

	
	2018
	0
	0
	0
	0

	
	2019
	0
	0
	0
	0

	Yerevan Medical Institute TPP (CHP)
	2017
	2177
	34.887
	0.054
	0.59

	
	2018
	1665
	34.416
	0.054
	0.6

	
	2019
	1934
	34.638
	0.054
	0.52

	ArmRoscogeneration CJSC (CHP)
	2017
	2913
	35.205
	0.054
	0.5

	
	2018
	2560
	34.621
	0.054
	0.51

	
	2019
	1013
	34.662
	0.054
	2.02



Calculation of lambda factor is performed in accordance with the procedure set by the Tool and based on chronological (hourly) power generation data for each plant/unit provided by the Settlement Center. In the table below results of calculation of lambda factor and respective Simple adjusted OM for2017-2019 are presented.
	The number of hours for which LCMR sources are on the margin (hours)
	2017
	2018
	2019

	
	74
	2
	6

	Lambda factor
	λ = 0.0084475
	λ = 0.00022831
	λ = 0.00068493

	Simple adjusted OM emission
factor (tCO2/MWh)
	0.4384987
	0.44242296
	0.44688599



[bookmark: _Toc54023128]Step 5: Calculate the build margin emission factor
Following the procedure for selection of power units used to calculate the build margin described in the Tool, the set of five power units, excluding power units registered as CDM project activities, that started to supply electricity to the grid most recently (SET5-units) has been identified along with their annual electricity generation (AEGSET-5-units, in MWh).
In the table below information on installed capacities and cumulative share of power generation of these plants is given for 2017-2019.
The set of five power units (excluding power units registered as CDM project activities) that started to supply electricity to the grid most recently (SET5-units) for 2017-2019
	Year
	N
	Power Plant
	First year in service
	Power generation in 2017, MWh
	Cumulative
share, %

	2017
	1
	Amberd-3 SHPP (Amberd HEK LLC)
	2017
	11717.0
	0.148%

	
	2
	Arevek SPP (UMG LLC)
	2017
	143.0
	0.150%

	
	3
	Green Energy SPP (EAG LLC)
	2017
	102.0
	0.151%

	
	4
	Arats Solar SPP (Arats LLC)
	2017
	1.0
	0.151%

	
	5
	Talin-1 SPP (Solar Production LLC)
	2017
	145.0
	0.153%

	
	Total for 2017
	12108
	0.153%

	Year
	N
	Power Plant
	First year in service
	Power generation in 2018, MWh
	Cumulative
share, %

	2018
	1
	Artanish-1 SPP (Sol Energy LLC)
	2018
	84.0
	0.001%

	
	2
	Artanish-2 SPP (GH Energy LLC)
	2018
	102.0
	0.002%

	
	3
	Grand Solar SPP 
(International Masis Tabak CJSC)
	2018
	515.0
	0.009%

	
	4
	Astghaberd SPP (Telia Mining LLC)
	2018
	1827.0
	0.033%

	
	5
	Zod Wind WPP (Zod Wind LLC)
	2018
	287.0
	0.036%

	
	Total for 2018
	2815
	0.036%

	Year
	N
	Power Plant
	First year in service
	Power generation in 2019, MWh
	Cumulative
share, %

	2019
	1
	Aparan SHPP (Nigava LLC)
	2019
	2739.0
	0.036%

	
	2
	Arsan-1 SPP (ITC LLC)
	2019
	164.0
	0.038%

	
	3
	Arsan-2 SPP (Rep Car LLC)
	2019
	168.0
	0.040%

	
	4
	Kaputjur SHPP (Arev ev Jur LLC)
	2019
	2286.0
	0.070%

	
	5
	Arevadzor SPP (Arevadzor PHPP LLC)
	2019
	211.0
	0.073%

	
	Total for 2019
	5568
	0.073%



As it is seen from the above table the total power generation of the 5 recently commissioned power plants (SET5units) is much lower than 20% of total power generation of the system. 
The next step requires determining the annual electricity generation of the project electricity system, excluding power units registered as CDM project activities (AEGtotal, in MWh), and to identify the set of power units, excluding power units registered as CDM project activities, that started to supply electricity to the grid most recently and that comprise 20% of AEGtotal (SET≥20%) and determine their annual electricity generation (AEGSET-≥20%, in MWh).
In the table below information on annual electricity generation as well as share of electricity generation of the plants included in SET≥20% is given.
The set of power units (excluding power units registered as CDM project activities) that started to supply electricity to grid most recently and that comprise 20% of the system generation (SET≥20%)
	Year
	Power Plant
	First year in service
	Power generation in 2017, MWh
	Share of
AEGtotal (%)

	2017
	114 Small Hydro, Solar and Wind PPs
	2010-2017
	465863.0
	6.00%

	
	Hrazdan TPP Unit N5
	2011
	992649
	12.79%

	
	Yerevan Heat and Power Plant CJSC
	2010
	1543598
	19.88%

	
	Total for 2017
	3002110
	38.67%

	2018
	Small Hydro, Solar and Wind PPs
	2010-2018
	464423.0
	5.97%

	
	Hrazdan TPP Unit N5
	2011
	1614999
	20.77%

	
	Total for 2018
	2079422
	26.74%

	2019
	131 Small Hydro, Solar and Wind PPs
	2010-2019
	562687.0
	7.24%

	
	Hrazdan TPP Unit N5
	2011
	944527
	12.15%

	
	Yerevan Heat and Power Plant CJSC
	2010
	1593009
	20.48%

	
	Total for 2019
	3100223
	39.86%



As it is seen from the above two tables the group of power units included in SET≥20% comprises the larger annual electricity generation than power plants included in SET5-units in 2017-2019 period. Since all power units included in the selected group (SET≥20%) started to supply electricity to the grid no more than 10 years ago, the set of power plants in the latter table is used for calculation of the Build Margin.
In the below table emission factors for plants included in Build Margin as well as Build Margin emission factor for the system 2017-2019 are given.
Results of calculation of Build Margin emission factors for 2017-2019
	Year
	Power Plant
	Emission factor of power plants included in BM (tCO2/MWh)
	Build Margin emission
factor (tCO2/MWh)

	2017
	114 Small Hydro, Solar and Wind PPs
	0
	0.3579

	
	Hrazdan TPP Unit N5
	0.45
	

	
	Yerevan Heat and Power Plant CJSC
	0.41
	

	2018
	Small Hydro, Solar and Wind PPs
	0
	0.3470

	
	Hrazdan TPP Unit N5
	0.47
	

	2019
	131 Small Hydro, Solar and Wind PPs
	0
	0.3441

	
	Hrazdan TPP Unit N5
	0.47
	

	
	Yerevan Heat and Power Plant CJSC
	0.40
	


[bookmark: _Toc54023129]Step 6: Calculate the combined margin emissions factor 
For the purpose of this study the weighted average Combined Margin (CM) method (Option a) has been used as the preferred option.
As the result of the performed calculations the following CM emission factors have been received for ex post approach for 2017-2019.
Calculation of Combined Margin emission factors for 2017-2019 (Ex-Post)
	Year
	EX POST (tCO2/MWh)

	2017
	Simple Adjusted Operating Margin
	0.4384

	
	Build Margin
	0.3579

	
	Combined Margin for wind and solar
	0.4183

	
	Combined Margin for all other projects
	0.3982

	

	2018
	Simple Adjusted Operating Margin
	0.4424

	
	Build Margin
	0.3470

	
	Combined Margin for wind and solar
	0.4185

	
	Combined Margin for all other projects
	0.3947

	

	2019
	Simple Adjusted Operating Margin
	0.4468

	
	Build Margin
	0.3441

	
	Combined Margin for wind and solar
	0.4211

	
	Combined Margin for all other projects
	0.3955



[bookmark: _Toc54023130]Combined Margin for 2019 Ex-Ante
As the result of the performed calculations the following CM emission factors have been received for ex ante approach for 2019.
Calculation of Combined Margin emission factor 2019 (Ex-Ante)
	Year
	EX ANTE (tCO2/MWh)

	2019
	Simple Adjusted Operating Margin
	0.4426

	
	Build Margin
	0.3441

	
	Combined Margin for wind and solar
	0.4179

	
	Combined Margin for all other projects (1st Crediting Period)
	0.3933

	
	Combined Margin for all other projects (2nd and 3rd  Crediting Period)
	0.3687






[bookmark: _Toc54023131]Annex I: Combine Margin Emission Factor for 2017 (ex‐post)
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[bookmark: _Toc54023132]Annex II: Load duration curve for 2017
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Annex III: Combined Margin Emission Factor for 2018 (ex‐post)
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[bookmark: _Toc54023134]Annex IV: Load duration curve for 2018
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Annex V: Combined Margin Emission Factor for 2019 (ex‐post)
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[bookmark: _Toc54023136]Annex VI: Load duration curve for 2019
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Annex VII: Combined Margin Emission Factor for 2019 (ex-ante)
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