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Introduction

This document presents the results of the assessment of the grid emission factor (GEF) for the Armenian power system for 2012. Grid emission factor (amount of CO2 emissions associated with 1 kWh of electricity generated in an electricity grid) can be applied for development of CDM project activities that substitutes grid electricity, i.e. where a project activity supplies electricity to a grid or a project activity that results in savings of electricity that would have been provided by the grid (e.g. demand-side energy efficiency projects). The grid emission factor for 2012 was calculated in accordance with the Version 04.0 of the “Tool to calculate the emission factor for an electricity system” approved by CDM EB 75 (hereafter also the Methodology)
.
In particular, the document presents the following information:
· Explanation of the concept of baseline and its specification under the CDM; 

· Description of the Armenian power system and power plants serving the system in 2012;
· Description of the Methodology and approaches used for calculation of the emission factor;

· Description of data and parameters used in calculation.
· Calculation of the Operating Margin and the Build Margin;

· Calculation of the Combined Margin (grid emission factor) i.e. CO2 emission associated with generation/consumption of 1 kWh of electrical energy that would have occurred in absence of the proposed CDM project activity.
The document is developed within the framework of UNDP-GEF “Enabling Activities for the Preparation of Armenia’s Third National Communication to the UNFCCC” project as per request of the Ministry of Nature Protection of RA (MoNP), serving as Designated National Authority for the CDM in Armenia (DNA). The document is aimed to facilitate development of renewable energy and energy efficiency CDM projects in Armenia via reducing project development costs, as well as costs for validation of CDM project Monitoring Report associated with data collection and baseline calculation.

The document has been made publicly available for all interested local and international parties via posting on the website of the Climate Change Information Center of Armenia at www.nature-ic.am. 
Application of the baseline calculation for CDM projects should be in accordance with the relevant rules and procedures set by the CDM Executive Board as well as with national procedures set by the DNA. 

The grid emission factor
 presented in this document is recommended by the DNA for development of CDM projects in Armenia; however, it is not compulsory for project developers. 
According to the acting CDM procedures, baseline study is a subject to validation by a Designated Operational Entity (DOE). In other words, application of the baseline recommended by the DNA will help project participants to reduce transaction costs associated with baseline development; however, it does not release them from an obligation to validate the baseline once it is used for CDM project activity as a component of the Project Design Document (PDD).
Grid emission factor presented in this study has been calculated by means of MO Excel calculation model developed by the expert team. The model can be used for subsequent annual update of the emission factor.
The model, source data and reference documents used for current assessment are available in MoNP and Climate Change Information Center of Armenia (CCIC).
For further question regarding this document please contact Dr. Diana Harutyunyan, UNDP Climate Change Related Projects Coordinator at: diana@nature.am or Mr. Artem Kharazyan, UNDP Expert at: artemduke@yandex.ru. 
1. Clean Development Mechanism

The Clean Development Mechanism (CDM), defined in Article 12 of the Kyoto Protocol, allows industrialized countries with legally binding greenhouse gas reduction commitments (also referred to Annex I countries to the UNFCCC) to invest in emission-reduction projects in developing countries (non-Annex I parties) as an alternative to more expensive emission reductions in their own countries. Such projects can earn saleable certified emission reduction (CER) credits, each equivalent to one tone of CO2, which can be counted towards meeting the Kyoto targets.

So far, the CDM is the only mechanism under the Protocol promoting partnership between developed and developing countries. The CDM rules, however, do not explicitly exclude projects from being undertaken by partnership between one or more developing countries; these are referred to as ‘unilateral' or ‘South-South' projects. 

The CDM has three stated objectives: 

· To assist Parties not included in Annex I (i.e. developing countries) in achieving sustainable development;

· To contribute to the ultimate objective of the Convention to stabilize greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system; and

· To assist Parties included in Annex I (developed countries) in achieving compliance with their quantified emission limitation and reduction commitments under Article 3 of the Kyoto Protocol.  

2.  CDM Designated National Authority

The Republic of Armenia signed the United Nations Framework Convention on Climate Change (UNFCCC) on June 13, 1992 and ratified it as a non-Annex I country on May 14, 1993. On December 26, 2002, the National Assembly of Armenia ratified the Kyoto Protocol, which made the Armenia the 108th Party to join the Protocol. Thus, Armenia has met one of the main requirements for participation in the CDM. It is important to mention that Armenia, as a non-Annex I country, does not have any quantitative obligations regarding greenhouse gases emissions reduction or limitation.

On September 16, 2003, the Ministry of Foreign Affairs of the Republic of Armenia submitted a notification to the UNFCCC Secretariat on the assignment of the Ministry of Nature Protection (MoNP) of the Republic of Armenia as Designated National Authority for CDM in Armenia. The UNFCCC National Focal Point has been nominated the DNA Contact Person. 

On July 19, 2006, the Government of the Republic of Armenia adopted Decision N-974N on "Implementation of Projects within the framework of the Clean Development Mechanism of the UNFCCC". The document defines key functions of the DNA, particularly, approval of the CDM project activities in Armenia and ensuring availability of information on projects implemented under the CDM. 

More information on the DNA is available at the CCIC website at: www.nature-ic.am. 

3. Concept of the CDM Project Baseline
The baseline for a CDM project activity is the scenario that reasonably represents the anthropogenic emissions by sources of greenhouse gases (GHG) that would occur in the absence of the proposed project activity. A baseline shall cover emissions from all gases, sectors and source categories listed in Annex A (of the Kyoto Protocol) within the project boundary. 
A baseline for a CDM project activity is a hypothetical reference case, representing the volume of greenhouse gases that would have been emitted if the project were not implemented. In such a way, the baseline can be used to determine the volume of additional greenhouse gas emission reduction achieved by a project activity. A baseline shall be deemed to reasonably represent the anthropogenic emissions by sources that would occur in the absence of the proposed project activity if it is derived using either baseline and monitoring methodologies previously approved by the CDM Executive Board (EB) or new methodologies established in accordance with modalities and procedures for establishing a new methodology set by EB.

Application of a baseline and monitoring methodology should be necessary described and justified in the Project Design Document. Thus, calculation of a baseline and evaluation of GHG emission reduction to be achieved by a proposed project are mandatory conditions for development, approval, validation and registration of the CDM project activity. 
For this particular study the “Methodological tool to calculate the emission factor for an electricity system” (Version 04.0) approved by the CDM Executive Board at its 75th session has been applied. More detailed information on the Methodology and its application is given in the Chapter 5 of the report.
4. Power System of Armenia

There is one integrated power supply system in Armenia. The main capacities of power generation in Armenia are nuclear, thermal, large and small hydro power plants as well as small power plants (a biogas plant, a wind power plant and a number of cogeneration units), which provided 28,76%, 41,99%, 22,56%, 6,33% and 0,36% of total electricity generation in 2012.
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Figure 1: Electricity generation structure of the Armenia power system for 2012, Source: (2(
Table below presents information on the installed and available
 capacities and commissioning dates of power plants operating within the Armenian energy system in year 2012.

Table 1: Installed and available capacities and dates of commissioning of existing power plants 
	Plant Type and Name
	Capacity [MW]
	Years of separate aggregates start-up

	
	Installed
	Available
	

	Nuclear Power Plant
	815
	407,5
	1976 – 1980 (1995)

	NPP (Medzamor) 
	815
	407,5*
	1980 (1995)

	Thermal Power Plants
	2411,7
	1738
	1963 – 2011

	Hrazdan TPP
	1110
	850
	1966, 1967, 1969, 1972,1974

	Yerevan TPP
	550
	200
	1963, 1964, 1965

	Combined Cycle Gas Turbine Unit at YTPP
	242
	238
	2010

	Hrazdan TPP Unit N5
	480
	450
	2011

	Hydro Power Plants
	1191,2
	1171,2
	1913 – 2012

	Sevan-Hrazdan cascade of HPPs (IPC**)
	562
	542
	1936 - 1944, 1949 – 1962

	Vorotan cascade of HPPs
	404
	404
	1970, 1977, 1989

	Dzora HPP
	26,5
	26,5
	1932-1933

	Small HPPs
	197,7
	197,7
	1913-2012

	Other Power Plants 
	15,57
	15,57
	2005 – 2010

	Lori-1 Wind Power Plant
	2,64
	2,64
	2005

	Energy Center at Yerevan State Medical University (EC at YSMU) - CHP
	4
	4
	2007

	Lusakert Biogas Plant - CHP
	0,83
	0,83
	2008

	Erfrez OJSC - CHP
	0,1
	0,1
	2009

	ArmRoscogeneration CJSC - CHP
	2
	2
	2009

	Lus Astgh Shugar - CHP
	6
	6
	2010

	TOTAL
	4402,7
	3331,2
	


Source: (1, 2, 6(
Note: 
*) Capacity of Unit N2 of the Armenian NPP re-commissioned in 1995

**) International Energy Corporation
Power transmission and distribution are provided by a high voltage power transmission network operated by High Voltage Electric Networks CJSC and by a distribution network operated by Electric Networks of Armenia CJSC. The overall central dispatching of the power system is carried out by Electro Power System Operator CJSC, whereas the Settlement Centre CJSC is responsible for measuring and accounting of power production and supply by the power plants.
The Armenian power system has also over 1300 MW of power exchange capability with the neighboring countries i.e. Georgia, Islamic Republic of Iran and Turkey as well as with Nagorno Karabakh Republic. Natural gas is supplied to Armenia from the Russian Federation (through the territory of Georgia) and from Islamic Republic of Iran. 
4.1. Nuclear Power Plant

The Armenian Nuclear Power Plant (Medzamor NPP) is the only nuclear power plant in the country. It provides up to 40% of the total electricity generation in Armenia. Two units of the power plant were commissioned in 1976-1980, each comprising VVER - 440/V270 reactor. The total installed capacity of the plant at that time was 815 MW. 
The earthquake of 1988 generated safety concerns and resulted in the power plant shut-down. The second unit of NPP (nominal capacity 407,5 MW) was re-commissioned in 1995 after extensive renovation and seismic safety improvements. The plant works as base load plant working at constant load. Every year NPP stops operation for the period from 1 to 3 months for the maintenance. Nuclear fuel for NPP is imported from Russia. 
The table below provides information on power generation and supply (delivery) by NPP in 2008-2012.
Table 2: Power generation and supply by NPP in 2008-2012
	Metzamor NPP
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	2461,7
	2493,7
	2490,0
	2548,1
	2311,0

	Power supply, mln kWh
	2265,9
	2290,4
	2286,5
	2356,8
	2123,5


Source: (2(
As it is seen from the Table 2 power generation of NPP in 2012 has decreased (by 237,1 mln kWh) in comparison with 2011. This is explained by the stop of the plant for capital repair, improvement of plant security and refueling measures.
4.2. Thermal Power Plants

Thermal power plants provide about 30-35% of the total electricity generation. Currently, all thermal power plants operate on natural gas. 
Hrazdan TPP with an installed capacity of 1110 MW was commissioned in 1966-1973, Yerevan TPP with an installed capacity of 550 MW in 1963-1968 and Vanadzor TPP with an installed capacity of 96 MW in 1964-1976. 
The first two plants underutilize their installed capacities due to poor technical conditions of generation units and equipment, inefficiency and other factors. Since 2011, the non-unit part of Yerevan TPP has been undergoing boiler modification and auxiliary equipment erection for running on coal-water-slurry. In 2011-2012 this plant was not operated; hence no electricity was generated and supplied to the grid within that period. Operation of Vanadzor TPPs was stopped in 1997. 
Two new modern gas-fired thermal power generation capacities have been constructed recently in Armenia, namely: (i) Yerevan Combined Cycle Gas Turbine (CCGT) Unit with installed capacity of 242 MW commissioned in 2010 and (ii) Hrazdan Unit N5 with installed capacity of 480 MW commissioned in 2011. 
Yerevan CCGT based state-of-the-art plant was built with a $247 million loan provided by the Japanese government through the Japan Bank of International Cooperation (JBIC). The long-term loan was disbursed to the Armenian government on concessional terms in 2007. The plant was inaugurated on 22 April 2010. The plant is operated by Yerevan TPP CJSC.
Modernization of the Thermal Power Plant unit Hrazdan-5 to a modern power plant with the installed capacity of 480 MW (Alstom Power gas turbine GT-13E2 with 180 MW installed capacity and a Russian made steam turbine K-300-240 with 300 MW installed capacity) was finalized in 2011.The plant is operated by ArmRosGazprom CJSC.
Table 3 gives overview of generating capacities and dates of commissioning of aggregates of TPPs.
Table 3: Information on generating capacities and dates of commissioning of TPPs
	Power plant
	Separate aggregates start-up
	Capacity, MW
	Quantity and capacity of aggregates q-ty x MW

	Yerevan TPP
	1963 - 1964
	550
	5 x 50

	
	1965 - 1966
	
	2 x 150

	Hrazdan TPP
	1966
	1110
	1 x 50

	
	1967
	
	1 x 50

	
	1969
	
	2 x 100

	
	1972
	
	2 x 200

	
	1974
	
	1 x 200 + 1 x 210

	CCGT Unit  at Yerevan TPP
	2010
	271
	1 x 271 (GT)

	Hrazdan TPP Unit 5
	2011
	480
	1 x 300 (ST)
1 x 180 (GT)


Source: (2, 6(
Total installed capacity of all four TPPs is 2411,7 MW; however, it should be noted that the actual capacities of Yerevan TPP and Hrazdan TPP are lower due to obsolete equipment, changes in operation conditions, decrease in heat consumption, etc. Available capacities of the modern newly constructed Yerevan CCGT TPP and Hrazdan TPP Unit N5 are lower than installed ones because of technical limitations (e.g. atmospheric pressure at plant sites) and other technical reasons (see Table 1). 
Vanadzor TPP has not been operated for more than 15 years and thus it is not included in the Table 3. 
Table 4 provides information on power generation and supply by TPPs in 2008-2012.
Table 4: Power generation and supply by TPPs in 2008-2012
	Hrazdan TPP
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	1495,5
	887,8
	348,4
	628,1
	797,0

	Power supply, mln kWh
	1387,3
	823,9
	320,6
	584,8
	745,5

	Yerevan TPP

	Power generation, mln kWh
	336,4
	240,7
	73,4
	0,0
	0,0

	Power supply, mln kWh
	286,8
	203,7
	61,3
	0,0
	0,0

	CCGT Unit at YTPP
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	-
	-
	991,3
	1685,7
	1641,9

	Power supply, mln kWh
	-
	-
	957,0
	1628,3
	1585,9

	Hrazdan TPP Unit N5

	Power generation, mln kWh
	-
	-
	-
	57,9
	935,1

	Power supply, mln kWh
	-
	-
	-
	52,6
	891,8


Source: (2(
The share of TPPs in total power generation in 2012 reached 42% which is about 10% more than the share in the previous year (31,9%). The major part of power was generated by CCTG Unit at Yerevan TPP (20,4%) and Unit N5 of Hrazdan TPP (11,6%). Hrazdan TPP which is acting as a “balancing” plant that compensates power deficit, generated 168,0 mln kWh more than in 2012 ensuring 9,9% share in total power generation mix
. 
Table below shows natural gas and syngas
 consumption of the above mentioned thermal power plants in 2010-2012.
Table 5: Natural and synthetic gas consumption at the Armenia TPPs in 2009-2011
	TPPs
	Fuel Type
	Fuel Consumption, 1000 m3
	Caloric Value kcal/m3 for 2012

	
	
	2010
	2011
	2012
	

	Yerevan TPP
	Natural Gas (NG)
	38195
	0
	0
	N/A

	
	Syngas (SG)
	6689
	0
	0
	N/A

	Hrazdan TPP
	Natural Gas (NG)
	104271
	184026
	230683,1
	8359,8

	CCGT at YTPP
	Natural Gas (NG)
	217824
	360318
	352586,4
	8141,0

	Hrazdan Unit N5
	Natural Gas (NG)
	
	9205,5
	235400,0
	8382,7


Source: Official letter received from the Public Services Regulatory Commission of RA
4.3. Hydro Power Plants

The hydro power system of the country includes the Sevan-Hrazdan cascade of HPPs with seven plants; the Vorotan cascade of HPPs with three plants as well as 134 small HPPs. Hydro power plants generates approximately 30-35% of total power generated in Armenia. 
The total installed capacity of the HPPs is 1190,2 MW. Table 6 provides information on generating capacities and dates of commissioning of aggregates of HPPs.

Table 6: Information on generating capacities and dates of commissioning of HPPs

	N
	Power plant
	Separate aggregates start-up
	Capacity, MW
	Quantity and capacity of aggregates q-ty x MW

	Sevan-Hrazdan Cascade of Hydro Power Plants (IEC)

	1
	Sevan HPP
	1949
	34,24
	2 x 17 + 1 x 0,32

	2
	Atarbekyan (Hrazdan) HPP
	1959
	81,6
	2 x 40,8

	3
	Gyumush (Argel) HPP
	1953
	224
	4 x 56,0

	4
	Arzni HPP
	1956
	70,5
	2 x 23,52

	
	
	1957
	
	1 x 23,52

	5
	Kanaker HPP
	1936
	102
	1 x 12,5

	
	
	1937
	
	3 x 12,5

	
	
	1940
	
	1 x 25

	
	
	1944
	
	1 x 25

	6
	Yerevan HPP-1
	1962
	44
	2 x 22,0

	7
	Yerevan HPP-3
	1950
	5
	1 x 5

	TOTAL
	 
	562
	 


Table 6: Information on generating capacities and dates of commissioning of HPPs (continuation)
	Vorotan Cascade of Hydro Power Plants (CHPPs)

	8
	Spandaryan HPP
	1989
	76
	2 x 38,0

	9
	Shamb HPP
	1977
	171
	2 x 85,5

	10
	Tatev HPP
	1970
	157,2
	3 x 52,4

	TOTAL
	 
	404
	 

	Dzora Hydro Power Plant

	11
	Dzora HPP
	1932
	26,5
	1 x 8,4

	
	
	1933
	
	2 x 8,4

	Small Hydro Power Plants

	12
	Small HPPs 
	1913 - 2012
	197,7
	134 small HPPs

	TOTAL
	1190,2
	


Source: (1, 2, 6(
Sevan-Hrazdan cascade of HPPs is built on Hrazdan River, taking water from Sevan Lake. 

Sevan-Hrazdan cascade is the most powerful cascade of HPPs in Armenia with the total installed capacity of 562 MW and considerable power generation potential of more than 2 TWh/y. However, nowadays, discharges from the Sevan Lake to Sevan-Hrazdan cascade are limited and strongly depend on irrigation regime, since no water discharge from the lake is allowed for energy purposes. Therefore the power production in Sevan-Hrazdan cascade is tied to irrigation releases from the lake and varied from 500 to 700 mln. kWh annually during the last 5 years (see Table 7).
The owner of the Sevan-Hrazdan cascade is International Energy Corporation (IEC), a Russian company and a subsidiary of Inter RAO UES.
Table 7: Power generation and supply by Sevan-Hrazdan cascade (IEC) in 2008-2012
	IEC
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	576,2
	486,5
	727,1
	650,9
	632,3

	Power supply, mln kWh
	566,9
	478,2
	716,2
	641,7
	621,5


Source: (2(
Vorotan cascade of HPPs is built on Vorotan River and is equipped with water reservoirs which let to vary load of the plants.  Therefore Vorotan cascade power plants are used to follow the hourly demand of the integrated power system. However, the total number of power generated by Vorotan cascade power plants is limited and depends on water flow in Vorotan River. Therefore the load of Vorotan cascade is highest during the spring-summer months and lowest during autumn-winter months. 
Table 8 provides information on electricity generation and supply by Vorotan cascade of HPPs in 2008-2012.

Table 8: Power generation and supply by Vorotan CHPPs in 2008-2012
	Vorotan CHPPs
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	907,6
	1130,6
	1311,4
	1289,1
	1118,8

	Power supply, mln kWh
	899,4
	1122,2
	1302,9
	1281,1
	1111,7


Source: (2(
Dzora Hydropower Plant with total installed capacity of 26,2 MW was built on Debet River in 1932. This was the first large HPP constructed in Armenia and first HPP with pressure tunnel diversion constructed in the former USSR. 

Table 9 provides information on electricity generation and supply by Dzora HPP in 2008-2012.
Table 9: Power generation and supply by Dzora HPPs in 2008-2012
	Dzora HPP
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	77,1
	95,1
	104,0
	91,8
	62,2

	Power supply, mln kWh
	75,5
	93,1
	102,1
	90,0
	60,9


Source: (2(
There are 133 small hydro power plants operated in Armenia as of 31.12.2013. The majority of SHPP were constructed with the last 10 years due to promotional electricity purchase tariff for renewable energy sources set by Public Services Regulatory Commission of RA. The power supplied from small HPP depends on seasonal water flow in the rivers.  
Table 10 provides information on installed capacities of SHPPs and power supplied by SHPPs in 2010-2012.
Table 10: Installed capacities of SHPPs and power supply by SHPPs in 2010-2012
	
	SHPP
	Capacity, kW
	Power supply, 1000 kWh

	
	
	
	2010
	2011
	2012

	1
	Salenergo LLC
	3028
	9448,4
	12813,8
	14247,9

	2
	Gyumri SHPP
	5280
	16380,0
	15760,9
	14492,1

	3
	Energo CJSC (Areni HPP)
	684
	793,0
	420,8
	1277,1

	4
	Kapan-Energy CJSC
	12400
	37874,2
	38550,6
	37463,7

	5
	Hakobjanyani-Galstyani SHPP LLC
	840
	4027,9
	4227,6
	4413,4

	6
	Q-H LLC
	840
	2722,9
	2095,0
	1786,6

	7
	Agarak SHPP
	792
	2764,3
	2574,7
	2329,9

	8
	Armavir Luys CJSC
	2040
	4569,3
	3712,5
	3490,9

	9
	Mushegh SHPP LLC
	442
	2703,9
	2752,1
	2770,5

	10
	Ijevan SHPP
	612
	3434,5
	2996,5
	1710,8

	11
	Hydroenergia LLC (Yerevan)
	750
	3546,6
	3414,2
	2228,7

	12
	Energia LLC (Avan)
	200
	1131,3
	962,9
	1150,9

	13
	Energia LLC (Aparan)
	1648
	14694,1
	15045,6
	15778,8

	14
	Ararat JEG CJSC (Kamenka)
	620
	2009,4
	3491,6
	2933,9

	15
	Hydroenergia LLC (Kotayk)
	1190
	2581,2
	3216,6
	3190,8

	16
	G.Tatevosyan LLC
	47
	236,5
	181,4
	202,3

	17
	Energotekhnika LLC
	320
	1181,6
	1239,4
	1000,9

	18
	Ler - Jur LLC (Atchut 1)
	500
	2170,2
	1597,4
	1443,2

	19
19
	Energatsantsshin OJSC
	1200
	22,8
	182,8
	208,0

	20
	Elegis SHPP LLC (Elegis)
	800
	5144,7
	5420,3
	5725,4

	21
	Zovashen SHPP LLC
	1520
	3788,1
	4067,0
	3339,1

	22
	Atlas Energo LLC
	440
	545,9
	322,5
	0,0

	23
	Elgia LLC
	180
	1153,4
	0,0
	0,0

	24
	Narenergo LLC
	1000
	6362,5
	5924,1
	5723,1

	25
	Bazenk CJSC (Yeghegis SHPP)*
	9950
	30844,7
	20387,1
	26871,9

	26
	Ler - Jur LLC (Atchut 2)
	800
	4059,7
	3650,7
	3609,8

	27
	H-G HPP LLC
	1200
	8388,1
	7639,3
	8881,5

	28
	G.G.V. LLC
	1710
	5546,7
	6511,4
	5340,3

	29
	Akinq CJSC
	1400
	2223,8
	1980,9
	1657,7

	30
	H.A.G. Eryak CJSC
	350
	2345,7
	2710,7
	2624,5

	31
	Zangezur - 95 SHPP
	800
	5338,9
	4507,7
	6481,4

	32
	Benzar Energy LLC
	279
	898,1
	793,0
	945,1

	33
	Loraget SHPP LLC
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514
	2328,7
	1633,0
	2077,7

	34
	Astghik - Hovhannes LLC
	60
	22,1
	119,7
	135,6

	35
	Tirakal LLC
	5200
	15299,6
	12656,3
	7466,0


	
	SHPP
	Capacity, kW
	Power supply, 1000 kWh

	
	
	
	2010
	2011
	2012

	36
	Singl Gor LLC
	621
	2567,6
	2032,1
	1967,4

	37
	Bitlis Men LLC
	2000
	3458,4
	3518,1
	2882,4

	38
	Ler Eks Energia LLC (2)
	224
	1813,5
	1716,7
	1706,2

	39
	Ler - Jur LLC (Chichkhan)
	1000
	2791,9
	3458,4
	2951,3

	40
	RINE LLC
	90
	526,4
	513,3
	528,8

	41
	Elegis SHPP LLC (Hermon)
	1200
	5763,1
	4312,4
	4483,2

	42
	Pargev - Vardan LLC
	280
	1101,0
	1077,1
	1173,4

	43
	Mavr LLC (Chanakhchi)
	1440
	2996,6
	2547,2
	2220,2

	44
	Engels Tumanyan LLC
	60
	282,2
	317,4
	96,5

	45
	Izodrom LLC
	1000
	7539,3
	9857,3
	9770,3

	46
	Tezh SHPP
	2064
	6038,0
	4454,0
	4070,5

	47
	Smbul LLC
	100
	927,6
	944,5
	1023,6

	48
	Ost-El LLC (Haghpat 1)
	320
	0,0
	0,0
	0,0

	49
	Ost-El LLC (Haghpat 2)
	1900
	4493,8
	4297,9
	1749,8

	50
	Firma G.A.K. LLC
	740
	1753,3
	630,8
	806,4

	51
	Ler Eks Energia LLC (4)
	285
	1887,9
	1698,5
	1732,9

	52
	Ararat JEG CJSC (Gnevank 1 and 2)
	1287
	6384,5
	7515,7
	7462,4

	53
	Shaghat LLC
	55
	220,0
	132,6
	216,7

	54
	Hosk LLC
	380
	2268,4
	2397,4
	2185,5

	55
	Ler Eks Energia LLC (6)
	340
	2500,5
	2362,8
	2133,0

	56
	Qurkik Jalal LLC
	420
	648,0
	581,9
	571,5

	57
	Lernapati Kantegh LLC
	549
	1459,7
	1139,1
	637,3

	58
	THS LLC
	5140
	10205,7
	10037,9
	9926,5

	59
	Dzorakar LLC
	1280
	2536,3
	2238,1
	2401,1

	60
	Atlas Energo LLC
	2000
	5480,2
	4529,3
	2943,4

	61
	Gosghek LLC
	364
	1017,7
	994,3
	356,3

	62
	Syunik LLC
	1500
	9296,1
	8038,8
	8875,9

	63
	Hak Hek LLC
	1,530
	4313,2
	3119,7
	4090,5

	64
	Ler Eks Energia LLC (3)
	256
	2061,9
	1945,2
	1835,9

	65
	Sektor Qvant LLC
	493
	3537,8
	4514,6
	4278,1

	66
	A.A.Khachatrayn LLC
	306
	4174,1
	5776,8
	5112,0

	67
	Hermon MAD LLC
	1570
	2636,8
	2179,7
	1909,7

	68
	Ani OJSC
	3900
	4719,3
	6310,2
	8215,7

	69
	Surb Aghbyur LLC
	737
	3731,1
	2915,7
	2382,3

	70
	Arnavar LLC
	1229
	3309,7
	2785,7
	2210,6

	71
	Qarevard LLC
	1640
	6407,1
	6336,1
	4588,5

	72
	Eliza Farm LLC
	725
	3287,2
	3059,7
	2794,0

	73
	Vakuflo LLC
	1260
	3263,0
	2774,8
	2661,1

	74
	Firma G.A.K. LLC (Her-Her 1)
	630
	4760,3
	5542,7
	4357,9

	75
	Sektor Qvant LLC (Dzoragyugh 3)
	274
	4336,2
	5289,9
	4900,1

	76
	Gosh SHPP 
	650
	1653,7
	1604,7
	945,7

	77
	Sanrayz Electric CJSC 
	959
	2093,6
	1636,2
	1526,7

	78
	El-Kas LLC
	2910
	9558,7
	8473,1
	7281,7

	79
	Amberd SHPP (1)
	2280
	5585,0
	5480,9
	4867,1

	80
	VICI GROUP LLC (Hakhunm)
	640
	692,1
	898,6
	776,1

	81
	Loraget Hek LLC (Sisakan-1)
	850
	1987,7
	2639,8
	2236,4

	82
	MINA-MAYA LLC (Eghegnadzor)
	1620
	5357,3
	5182,9
	5207,9

	83
	VG ev Vordiner (Her-Her-1)
	1610
	2903,5
	3073,5
	2962,3


	
	SHPP
	Capacity, kW
	Power supply, 1000 kWh

	
	
	
	2010
	2011
	2012

	84
	Jaghayi Dzor (Goght-1)
	1950
	5589,8
	4709,9
	4659,6

	85
	Jaghayi Dzor (Goght-2)
	2320
	5178,9
	5167,7
	4189,5

	86
	Lusakunq LLC (Ayrq HPP-1)
	360
	132,7
	833,6
	963,7

	87
	Kh & M Ynkerner (Vararakn)
	708
	3062,6
	3617,8
	3824,8

	88
	El-En-Eks LLC (Aghstev-1)
	1400
	2110,1
	7943,8
	9222,2

	89
	Lusakunq LLC (Ayrq HEK-2)
	700
	297,8
	709,2
	1911,8

	90


	Apahov Taniq LLC (Vahagni)
	1000
	3146,8
	7383,4
	6376,7

	91
	Jahuk LLC (Artavan-1)
	2900
	1181,4
	6615,5
	5560,5

	92
	Azatek HEK CJSC (Azatek)
	500
	114,9
	2025,0
	2274,0

	93
	Tigran & Ashkhen LLC (T&A SHPP)
	370
	1041,8
	2008,6
	2077,7

	94
	Energatsntsshin OJSC (Tsav)
	2740
	1934,8
	6600,5
	7471,7

	95
	ERIK SHPP LLC (Erik)
	2460
	1608,3
	6864,2
	4198,6

	96
	Qanar CJSC (Sarnakunq)
	390
	1742,9
	2348,9
	2173,5

	97
	Lusakunk LLC (Avazan SHPP)
	710
	0,0
	709,2
	565,7

	98
	H.A.G. Eryak (Voskepar SHPP)
	150
	0,0
	0,0
	47,6

	99
	ZH ev H LLC (Angeghakot SHPP)
	150
	0,0
	404,8
	518,1

	100
	MKSHG Energia LLC (Martuni SHPP)
	1800
	0,0
	3552,4
	3454,6

	101


	Elbist LLC (Marmashen SHPP)
	2200
	0,0
	4628,3
	4102,4

	102
	Karbi Jrhos HPP
	1000
	0,0
	1700,7
	2227,9

	103
	Masfish LLC (Vardanants SHPP)
	1050
	0,0
	3726,2
	3440,2

	104
	Sirarpi AH LLC
	70
	0,0
	1189,9
	2615,1

	105
	Afamia LLC (Darbas SHPP-2)
	900
	0,0
	277,2
	2336,4

	106
	Firma G.A.K. LLC (Saravan)
	2470
	0,0
	2015,2
	3692,4

	107
	Griar CJSC (Getik-1)
	5600
	0,0
	3945,6
	6882,8

	108
	Jermuk Hidrotekh LLC (Jermuk HPP-2)
	2350
	0,0
	1396,2
	9026,9

	109
	Mina-Maya LLC (Eghegnadzor SHPP-1)
	1060
	0,0
	3308,5
	6316,2

	110
	Khum SHPP
	290
	0,0
	309,1
	1703

	111
	Martsiget-2 SHPP (Argishti-1 LLC)
	5130
	0,0
	135,5
	8141,2

	112
	Sanuk HPP (Smbul LLC)
	38
	0,0
	0,0
	42,0

	113
	Gevorgavan HPP-1
	1260
	0,0
	0,0
	6285,2

	114
	Tashir HPP-1 (Alezi LLC)
	400
	0,0
	0,0
	236,2

	115
	Jotaghbyur-4 (Hov - Khach LLC)
	417
	0,0
	0,0
	1508,5

	116
	Jotaghbyur-5 HPP (Hov - Khach LLC)
	319
	0,0
	0,0
	1160,6

	117
	Qarahunj HPP (Qarahunj HPP LLC)
	1660
	0,0
	0,0
	9203,4

	118
	Tsovak HPP (Armarson - Energy LLC)
	230
	0,0
	0,0
	597,3

	119
	Arjadzor HPP (Arjadzor LLC)
	738
	0,0
	0,0
	821,2

	120
	Jotaghbiur-3 SHPP (Hov-Khach LLC)
	605
	0,0
	0,0
	1977,3

	121
	Pozitron SHPP (Aiuda-Los LLC)
	1630
	0,0
	0,0
	3753,3

	122
	Jotaghbiur-2 SHPP (Hov-Khach LLC)
	573
	0,0
	0,0
	1629,8

	123
	Vahan SHPP (ERIK SHPP LLC) 
	1300
	0,0
	0,0
	759,1

	124
	Vardahovit SHPP (Vardahovit LLC)
	5600
	0,0
	0,0
	4166,5

	125
	Kechut SHPP (Vou Din LLC)
	4250
	0,0
	0,0
	13781,7

	126
	Katnarat SHPP (Vanshain LLC)
	3360
	0,0
	0,0
	562,5

	127
	Pharos SHPP (Laitex LLC)
	2075
	0,0
	0,0
	3418,2

	128
	Jotaghbiur-1 SHPP (Hov-Khach LLC)
	2383
	0,0
	0,0
	1216,2

	129
	Oshenergo SHPP
	547
	0,0
	0,0
	0,0


	
	SHPP
	Capacity, kW
	Power supply, 1000 kWh

	
	
	
	2010
	2011
	2012

	130
	Njdegh SHPP (Sar-Rob LLC)
	1732
	0,0
	0,0
	431,2

	131
	Amberd-2 SHPP (Amberd SHPP LLC)
	6290
	0,0
	0,0
	3449,6

	132
	V.A.L.SHPP (V.A.L.Energo LLC)
	200
	0,0
	0,0
	43,0

	133
	Yeghegis-3 HPP (Syunyats Water LLC)
	1300
	0,0
	0,0
	417,5

	134
	Dzor-Dzor-2 HPP (Energodzor LLC)
	140
	0,0
	0,0
	144,0

	TOTAL
	197670
	400052.6
	441406.6
	508594.1


Source: (1, 2(
* ) installation and operation of the second power generation unit of Yeghegis SHPP with capacity of 3.75 MW and projected annual power generation of 7296 MWh is registered as the CDM project activity (4(;
**) these are the recent 5 capacity additions to the grid as of December 2012;

4.4. Wind Power Plant and CHP Units

Lori-1 Wind Power Plant with installed capacity of 2.64 MW is the very first (and only) wind power plant constricted and operated in Armenia as of 2009. The plant consist of four 660 kW capacity wind turbines located in Pushkin Pass, the Armenia's northern region of Lori. The plant was constricted in 2005 by the Iranian company "Sunir" using grant money provided by Iran. Table 11 provides detailed information on electricity generated and supply of Lori-1 WPP.

Table 11: Power generation and supply by Lori-1 WPP in 2008-2012
	Lori-1 WPP
	2008
	2009
	2010
	2011
	2012

	Power generation, mln kWh
	1,9
	4,25
	4,06
	2,98
	2,146

	Power supply, mln kWh
	1,8
	3,9
	3,7
	2,98
	2,008


Source: (2(
А number of small CHP (combined heat and power) units were constructed and operated recently within the scope of locally and internationally financed projects and initiatives. These units are integrated into the power system and supply electricity to the national grid. Information on capacities, power generation and fuel consumption of the mentioned CHP units is provided in the table below.
Table 12: Installed capacities, power generation and fuel consumption of CHP units in 2012
	Facility
	Fuel type
	Fuel consumption for 2012
	Installed

capacity
	Power Generation

	
	
	
	
	2010
	2011
	2012

	
	
	mln m3
	MW(e)
	mln kWh

	Energy Center at Yerevan State Medical University 
(EC at YSMU)
	Natural gas
	3,139
	4
	24,91
	18,6
	11,95

	ArmRоscogeneration CJSC
	Natural gas
	3,694
	2
	4,36
	4,93
	13,2

	Lusakert Biogas Plant

	Biogas
	-
	0,83
	2,97
	2,6
	2,02

	Erfrez OJSC
	Natural gas
	0,0
	0,1
	0,35
	0,0
	0,0

	Lus Astgh Sugar

	Natural gas
	0,0
	6
	0,5
	0,0
	0,03

	TOTAL
	12,93
	33,09
	26,13
	27,2


Source: (2( and official letter from the Public Services Regulatory Commission of RA 
4.5. Power Exchange Balance
The Armenian transmission network has interconnections with the neighboring countries such as Georgia, Iran, Azerbaijan and Turkey, with the following capacities:

· Armenia-Iran, two 220 kV transmission lines that were built in 1997 and 2003 with 300-450 MW capacity. Plans are to increase the capacity to 600 MW. 

· Armenia-Georgia, one 220 kV transmission line with 250 MW capacity, and two 110 kV transmission lines with a total capacity of 100 MW.  

· Armenia-Azerbaijan, one 330 kV line with 420 MW capacity, which is currently disconnected and not operational.
· Armenia-Turkey, one 220 kV line with 300 MW capacity, which is currently disconnected.
· Armenia-Nagorno Karabakh Republic, one 110 kV line with 40 MW capacity.
Currently, Armenia maintains electricity export and exchange activities with Nagorno Karabakh Republic and Iran. Usually Armenia operates on zero-saldo swap exchange with Iran: it exports electricity during the summer months (April-September), when it has surplus electricity and imports from Iran during the winter months (October-March). Also Iran is currently swapping electricity with Armenia (3 kWh is supplied by Armenia to Iran against 1 cubic meter of natural gas supplied by Iran to Armenia) within the framework of gas to power exchange agreement signed between two countries. In 2012 a positive balance (+1566,7 mln kWh) of intersystem power exchange between Armenia and Iran was registered. 

The country also exports some of its surplus electricity to Nagorno Karabakh Republic. Export of electricity to Georgia (which reached up to 656 mln kWh in 2005) has been reduced since 2006 down to zero in the subsequent years. In 2010-2012 increase of power import from Georgia was registered (89.45, 117.5 and 67,9 mln kWh accordingly).
Table 13 provides information on power exchange balance of the Armenian energy system for 2008-2012.
Table 13: Armenian power export / import balance for 2008-2012
	
	2008
	2009
	2010
	2011
	2012

	Export, mln kWh
	485,8
	464,8
	1149,4
	1529,1
	1688,9

	Import, mln kWh
	343,5
	291,2
	287,2
	204,5
	98,1

	Balance, mln kWh
	142,4
	173,6
	862,2
	1324,6
	1590,8


Source: (2(
Total power generation in 2012 of 8036,2 mln kWh is 8,12% higher that generation in 2011 (7432,7 mln kWh). Increase in generation is explained by growth of electricity consumption in the country, particularly, in industry and residential sectors.

4.6. Energy System Development Strategy

“Energy Sector Development Strategies in the Context of Economic Development in Armenia” adopted by the Government of Armenia in August 2005, revealed that: 
· 38% of Armenian installed capacity has been in operation for more than 30 years;

· The primary equipment at TPPs has reached 200 thousand hours level and does not correspond to international standards in terms of technical, economic and ecologic criteria;

· 70 % of the installed equipment at HPPs has been in operation for more than 30 years, and 50% for more than 40 years.
The document provides information on measures aimed at modernizing and replacing of the generating capacity. In particular, the following capacity additions to the power system are planned before 2016.
· The first gas fired combined cycle unit at Yerevan TPP – 208 MW;
· A gas turbine Unit 5 at Hrazdan TPP – 440 MW;
· Meghri HPP on Araks River – 140 MW;
· Small HPPs – 70 MW;
· Wind power plants – 100 MW.
· Loriberd HPP – 60 MW;

· Small HPPs – 65 MW;

· Wind power plants – 200 MW;

· The second gas fired combined cycle unit at Yerevan TPP – 208 MW;
· The 6th combined cycle unit at Hrazdan TPP – 400 MW.

Commissioning of the first CCGT unit at Yerevan TPP took place in 2010. Gas-fired Unit-5 (steam turbine in combination with a gas turbine) at Hrazdan TPP was commissioned in 2011. 
Some of the provisions of the above mentioned Energy Strategy were revised (updated) in Work Plan of the Ministry of Energy and Natural Resources of the Republic of Armenia based on the Provisions of the National Security Strategy of RA (2007) and in Renewable Energy Roadmap for Armenia (2011).

5. Methodology

As it was mentioned in the chapter 3 of this report for this particular study the Methodological tool to calculate the emission factor for an electricity system (Version 04.0) approved by the CDM Executive Board (EB 75) has been applied. In this chapter explanation of some key provisions of the Methodology relevant to this study is given for information purposes The full text of the Methodology is available on the website of the United Nations Framework Convention on Climate Change (see reference on page 4 of this report)
.
5.1. Scope and Applicability

The methodological tool determines the CO2 emission factor for the displacement of electricity generated by power plants in an electricity system, by calculating the Combined Margin emission factor (CM) of the electricity system. 
The CM is the result of a weighted average of two emission factors pertaining to the electricity system: the “operating margin” (OM) and the “build margin” (BM). The operating margin is the emission factor that refers to the group of existing power plants whose current electricity generation would be affected by the proposed CDM project activity. The build margin is the emission factor that refers to the group of prospective power plants whose construction and future operation would be affected by the proposed CDM project activity. 
This Methodology may be applied to estimate the OM, BM and/or CM when calculating baseline emissions for a project activity that substitutes grid electricity that is where a project activity supplies electricity to a grid or a project activity that results in savings of electricity that would have been provided by the grid (e.g. demand-side energy efficiency projects). 

OM is the emission factor that refers to the group of existing power plants whose current electricity generation would be affected by the proposed CDM project activity.
BM is the emission factor that refers to the group of prospective power plants whose construction and future operation would be affected by the proposed CDM project activity.
The Methodology provides procedures to determine the following parameters:
	Parameter
	Unit
	Description

	EFgrid,CM,y
	tCO2/MWh
	Combined margin CO2 emission factor for electricity system in year y

	EFgrid,BM,y
	tCO2/MWh
	Build margin CO2 emission factor for electricity system in year y

	EFgrid,OM,y
	tCO2/MWh
	Operating margin CO2 emission factor for electricity system in year y


5.2. Baseline Methodology Procedure
The Methodology sets the following six steps for calculation of baseline:

STEP 1. Identify the relevant electricity systems.

STEP 2. Choose whether to include off-grid power plants in the project electricity system (optional).

STEP 3. Select a method to determine the operating margin (OM).

STEP 4. Calculate the operating margin emission factor according to the selected method.

STEP 5. Calculate the build margin (BM) emission factor.

STEP 6. Calculate the combined margin (CM) emissions factor.
Step 1:  Identify the relevant electricity systems 
For determining the electricity emission factors, identify the relevant project electricity system. 

Similarly, identify any connected electricity systems. If a connected electricity system is located partially or totally in Annex I countries, then the emission factor of that connected electricity system should be considered zero. 
For the purpose of this tool, the reference system is the project electricity system. Hence electricity transfers from a connected electricity systems to the project electricity system are defined as electricity imports while electricity transfers from the project electricity system to connected electricity systems are defined as electricity exports. 

For the purpose of determining the build margin emission factor, the spatial extent is limited to the project electricity system, except where recent or likely future additions to the transmission capacity enable significant increases in imported electricity. In such cases, the transmission capacity may be considered a build margin source. 

Electricity exports should not be subtracted from electricity generation data used for calculating and monitoring the electricity emission factors. 

For the purpose of determining the operating margin emission factor, the CO2 emission factor(s) for net electricity imports from a connected electricity system can be determined based on 4 possible options including 0 tons CO2/MWh. 
STEP 2. Choose whether to include off-grid power plants in the project electricity system

Project participants may choose between the following two options to calculate the operating margin and build margin emission factor: 

Option I: Only grid power plants are included in the calculation. 

Option II: Both grid power plants and off-grid power plants are included in the calculation. In the methodology two alternative approaches for Option II are provided to determine the electricity generation by the off-grid power plants and CO2 emission factor. 
STEP 3. Select a method to determine the operating margin (OM)

The calculation of the operating margin emission factor (EFgrid,OM,y) is based on one of the following methods:

(a) Simple OM; or

(b) Simple adjusted OM; or

(c) Dispatch data analysis OM; or

(d) Average OM.

The simple OM method (Option a) can only be used if low-cost/must-run resources constitute less than 50 per cent of total grid generation (excluding electricity generated by off-grid power plants) in: 1) average of the five most recent years, or 2) based on long-term averages for hydroelectricity production. 

For calculation of the Simple adjusted OM, the model proposes to use either of the two following data vintages:
Ex ante option: if the ex ante option is chosen, the emission factor is determined once at the validation stage, thus no monitoring and recalculation of the emissions factor during the crediting period is required. For grid power plants, use a 3-year generation-weighted average, based on the most recent data available at the time of submission of the CDM-PDD to the DOE for validation. 

Ex post option: if the ex post option is chosen, the emission factor is determined for the year in which the project activity displaces grid electricity, requiring the emissions factor to be updated annually during monitoring. If the data required to calculate the emission factor for year y is usually only available later than six months after the end of year y, alternatively the emission factor of the previous year y-1 may be used. If the data is usually only available 18 months after the end of year y, the emission factor of the year proceeding the previous year y-2 may be used. The same data vintage (y, y-1 or y-2) should be used throughout all crediting periods. 

Power plants registered as CDM project activities should be included in the sample group that is used to calculate the operating margin if the criteria for including the power source in the sample group apply. 
Step 4:  Calculate the operating margin emission factor according to the selected method 

The simple adjusted OM emission factor (EFgrid,OM-adj,y) is a variation of the simple OM, where the power plants/units (including imports) are separated in low-cost/must-run power sources (k) and other power sources (m). As under Option A of the simple OM, it is calculated based on the net electricity generation of each power unit and an emission factor for each power unit, as follows: 
[image: image10.emf]
Where:

EFgrid,OM-adj,y -
Simple adjusted operating margin CO2 emission factor in year y (tCO2/MWh)

λy -

Factor expressing the percentage of time when low-cost/must-run power units are on

the margin in year y

EGm,y - 
Net quantity of electricity generated and delivered to the grid by power unit m in year y (MWh)
EGk,y - 

Net quantity of electricity generated and delivered to the grid by power unit k in year y 

(MWh)

EFEL,m,y - 
CO2 emission factor of power unit m in year y (tCO2/MWh)
EFEL,k,y - 
CO2 emission factor of power unit k in year y (tCO2/MWh)

m - 

All grid power units serving the grid in year y except low-cost/must-run power units

k - 

All low-cost/must run grid power units serving the grid in year y

y - 

The relevant year as per the data vintage chosen

EFEL,m,y, EFEL,k,y, EGm,y and EGk,y should be determined using the same procedures as those for the parameters EFEL,m,y and EGm,y in Option A of the simple OM method described in the Methodology.
Emission factors EFEL,m,y  is determined in the following way.

[image: image11.emf]
Where:

EFEL,m,y - 
CO2 emission factor of power unit m in year y (tCO2/MWh)

FCi,m,y - 

Amount of fossil fuel type i consumed by power unit m in year y (mass or volume unit)

NCVi,y - 
Net calorific value (energy content) of fossil fuel type i in year y (GJ/mass or volume unit)

EFCO2,i,y - 
CO2 emission factor of fossil fuel type i in year y (tCO2/GJ)

EGm,y - 
Net quantity of electricity generated and delivered to the grid by power unit m in year y (MWh)

m - 

All power units serving the grid in year y except low-cost/must-run power units

i - 

All fossil fuel types combusted in power unit m in year y

y - 

The relevant year as per the data vintage chosen

The same equation is used for calculation of CO2 emission factor for low-cost/must-run power units (EFELk,y).
Net electricity imports must be considered low-cost/must-run units k.

The parameter λy is defined as follows:

[image: image12.emf]
Lambda ( λy) should be calculated as follows (see figure below):
Step (i) - Plot a load duration curve. Collect chronological load data (typically in MW) for each hour of the year y, and sort the load data from the highest to the lowest MW level. Plot MW against 8760 hours in the year (in descending order).

Step (ii) - Collect power generation data from each power plant/unit. Calculate the total annual generation (in MWh) from low-cost / must-run power plants/units (i.e. Σk EGk,y).
Step (iii) - Fill the load duration curve. Plot a horizontal line across the load duration curve such that the area under the curve (MW times hours) equals the total generation (in MWh) from low-cost/must-run power plants/units (i.e. Σk EGk,y).

Step (iv) - Determine the “Number of hours for which low-cost/must-run sources are on the margin in year y”. First, locate the intersection of the horizontal line plotted in Step (iii) and the load duration curve plotted in Step (i). The number of hours (out of the total of 8760 hours) to the right of the intersection is the number of hours for which low-cost/must-run sources are on the margin. If the lines do not intersect, then one may conclude that low-cost/must-run sources do not appear on the margin and λy is equal to zero.
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Figure 2: Illustration of Lambda calculation for simple adjusted OM method
Step 5:  Calculate the build margin emission factor 

In terms of vintage of data, project participants can choose between one of the following two options: 

Option 1 - for the first crediting period, calculate the build margin emission factor ex ante based on the most recent information available on units already built for sample group m at the time of CDM-PDD submission to the DOE for validation. For the second crediting period, the build margin emission factor should be updated based on the most recent information available on units already built at the time of submission of the request for renewal of the crediting period to the DOE. For the third crediting period, the build margin emission factor calculated for the second crediting period should be used. This option does not require monitoring the emission factor during the crediting period. 

Option 2 - For the first crediting period, the build margin emission factor shall be updated annually, ex post, including those units built up to the year of registration of the project activity or, if information up to the year of registration is not yet available, including those units built up to the latest year for which information is available. For the second crediting period, the build margin emissions factor shall be calculated ex ante, as described in Option 1 above. For the third crediting period, the build margin emission factor calculated for the second crediting period should be used. 

Selection of the options depends on project participants. In case of Option 1 BM emission factor is fixed for the first crediting period and shall not be updated annually, whereas in case of Option 2 BM emission factor shall be updated annually.
Capacity additions from retrofits of power plants should not be included in the calculation of the build margin emission factor. 

The sample group of power units m used to calculate the build margin should be determined as per the following procedure, consistent with the data vintage selected above: 
(a) Identify 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) and determine their annual electricity generation (AEGSET-5-units, in MWh);
(b) Determine the annual electricity generation of the project electricity system, excluding power units registered as CDM project activities (AEGtotal, in MWh). 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 (if 20% falls on part of the generation of a unit, the generation of that unit is fully included in the calculation) (SET≥20%) and determine their annual electricity generation (AEGSET-≥20%, in MWh);
(c) From SET5-units and SET≥20% select the set of power units that comprises the larger annual electricity generation (SETsample); 

Identify the date when the power units in SETsample started to supply electricity to the grid. If none of the power units in SETsample started to supply electricity to the grid more than 10 years ago, then use SETsample to calculate the build margin. Ignore steps (d), (e) and (f).
Otherwise:
(d) Exclude from SETsample the power units which started to supply electricity to the grid more than 10 years ago. Include in that set the power units registered as CDM project activity, starting with power units that started to supply electricity to the grid most recently, until the electricity generation of the new set comprises 20% of the annual electricity generation of the project electricity system (if 20% falls on part of the generation of a unit, the generation of that unit is fully included in the calculation) to the extent is possible. Determine for the resulting set (SETsample-CDM) the annual electricity generation (AEGSET-sample-CDM, in MWh);

If the annual electricity generation of that set is comprises at least 20% of the annual electricity generation of the project electricity system (i.e. AEGSET-sample-CDM ≥ 0.2 × AEGtotal), then use the sample group SETsample-CDM to calculate the build margin. Ignore steps (e) and (f).

Otherwise:

(e) Include in the sample group SETsample-CDM the power units that started to supply electricity to the grid more than 10 years ago until the electricity generation of the new set comprises 20% of the annual electricity generation of the project electricity system (if 20% falls on part of thegeneration of a unit, the generation of that unit is fully included in the calculation);

(f) The sample group of power units m used to calculate the build margin is the resulting set (SETsample-CDM->10yrs).
The build margin emissions factor is the generation-weighted average emission factor (tCO2/MWh) of all power units m during the most recent year y for which power generation data is available, calculated as follows:
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Where:

EFgrid,BM,y - 
Build margin CO2 emission factor in year y (tCO2/MWh)

EGm,y - 
Net quantity of electricity generated and delivered to the grid by power unit m in year y (MWh)

EFEL,m,y - 
CO2 emission factor of power unit m in year y (tCO2/MWh)

m - 

Power units included in the build margin

y - 

Most recent historical year for which power generation data is available

The CO2 emission factor of each power unit m (EFEL,m,y)should be determined as per the guidance in Step 4 section 6.4.1 for the simple OM, using Options A1, A2 or A3, using for y the most recent historical year for which electricity generation data is available, and using for m the power units included in the build margin. 

Step 6:  Calculate the combined margin emissions factor 

The calculation of the combined margin (CM) emission factor (EFgrid,CM,y) is based on one of the following methods:

(a) Weighted average CM; or

(b) Simplified CM.
The weighted average CM method (Option a) should be used as the preferred option. 

The combined margin emissions factor is calculated as follows:

[image: image14.emf]
Where:

EFgrid,BM,y - 
Build margin CO2 emission factor in year y (tCO2/MWh)

EFgrid,OM,y - 
Operating margin CO2 emission factor in year y (tCO2/MWh)

wOM - 

Weighting of operating margin emissions factor (%)

wBM - 

Weighting of build margin emissions factor (%)

The following default values should be used for wOM and wBM:
· Wind and solar power generation project activities: wOM = 0.75 and wBM = 0.25 (owing to their intermittent and non-dispatchable nature) for the first crediting period and for subsequent crediting periods;

· All other projects: wOM = 0.5 and wBM = 0.5 for the first crediting period, and wOM = 0.25 and wBM = 0.75 for the second and third crediting period, 9 unless otherwise specified in the approved methodology which refers to this tool.
6. Data Sources

In accordance with the provisions of the Methodology, calculation of baseline is done based on data from an official source (where available). Information from the following organizations has been used for all relevant calculations:

· Public Services Regulatory Commission of RA (former Energy Commission of Armenia) was established in on April 3, 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. The main functions of the commission are as follows: issues generation operational licenses and construction authorizations, sets maximum tariffs for electricity and gas imports, issues licenses for power market service provision activities, sets tariffs for electrical and thermal energy and gas, etc. 

· “Settlement Center” Close Joint-Stock Company (under the Ministry of Energy and Natural Resources 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. 

Settlement Center runs comprehensive and advanced software which allows both simultaneous estimation of more than 40 parameters of the network and power system and archiving the most important data, including half-hourly generation and own consumption for all power plants serving the Armenian energy system.

This report incorporates information and data on the Armenian energy sector officially obtained from the Settlement Center CJSC (via the Ministry of Energy and Natural Resources of RA) and Public Services Regulatory Commission of RA as well as from other publicly available official sources (reports and websites) referred in this chapter (see tables below) and in the bibliography. Calculation of CO2 emission factors are based on these data. All data as well as reference documents can be obtained from the DNA and furnished to a DOE upon request of the project proponents should the latter use this study for CDM project development.

The Methodology requires that the data used for baseline assessment be presented in a matter that enabled reproducing of the calculation of the build margin and operating margin grid emission factors. For that reason all key data and parameters used for the calculation of the CM GEF are introduced in the tables below.

Measurement procedures and monitoring frequency of each particular data and parameter should be decided as per provisions of the Methodology and corresponding monitoring plan requirements. 
Table 14: Key parameters used for calculation of emission factor
	Data / Parameter:
	FC i,m,y

	Data unit:
	1000 m3 / year

	Description:
	Amount of fossil fuel type i consumed by power plant / unit m in year y

	Source of data: 
	Public Services Regulatory Commission of RA

	Value of data: 
	All data are available at the DNA (see Tables 5 and 12)


	Data / Parameter:
	NCV natural gas, y

	Data unit:
	kcal/m3

	Description:
	Net calorific value (energy content) of natural gas in year y

	Source of data: 
	Public Services Regulatory Commission of RA

	Value of data: 
	All data are available at the DNA (see Tables 5 and 18)


	Data / Parameter:
	NCV syngas, y

	Data unit:
	kcal/m3

	Description:
	Net calorific value (energy content) of syngas in year y

	Source of data: 
	Public Services Regulatory Commission of RA

	Value of data: 
	All data are available at the DNA (relevant only for year 2010: 2401)

	Data / Parameter:
	CF Gcal/TJ

	Data unit:
	unitless

	Description:
	Conversion factor for energy TJ/Gcal 

	Source of data: 
	IPCC, Climate Change 2000: Working Group III: Mitigation

http://www.grida.no/climate/ipcc_tar/wg3/477.htm

	Value of data: 
	4.1868 x 10-3


	Data / Parameter:
	EFCO2,i,y and EFCO2,m,i,y

	Data unit:
	tCO2/TJ

	Description:
	CO2 emission factor of natural gas used in power unit m in year y

	Source of data: 
	Default value of the IPCC 2006 Guidelines

	Value of data: 
	54.3


	Data / Parameter:
	EGm,y and EGk,y

	Data unit:
	MWh

	Description:
	Net electricity generated and delivered to the grid by power plant/unit m or k in year y

	Source of data: 
	Settlement Center CJSC

	Value of data: 
	All data are available at the DNA (see Chapter 4 and 7)


	Data / Parameter:
	Group of power source plants for the OM

	Data unit:
	Name of plants

	Description:
	OM includes all generating power plants serving the power system except for low-cost / must-run power plants / units and imports.

	Source of data: 
	Expert team assumption based on information from the Settlement Center CJSC and definition of low-cost/must-run resources provided in the Methodology (paragraph 10, section g)

	Value of data: 
	All data are available at the DNA (see Chapter 7)


	Data / Parameter:
	Group of power source plants for the BM

	Data unit:
	Name of plants

	Description:
	BM includes either the set of five power units that have been built most recently or the set of power capacity additions in the electricity system that comprise 20% of the system generation (in MWh) and that have been built most recently. The group that comprises the larger annual electricity generation is selected.

	Source of data: 
	Public Service Regulatory Commission of RA, Settlement Center CJSC

	Value of data: 
	All data are available at the DNA (see Chapter 7)


	Data / Parameter:
	EFgrid,OM,y

	Data unit:
	tCO2/MWh

	Description:
	Operating margin (OM) emission factor

	Source of data: 
	Public Service Regulatory Commission of RA, Settlement Center CJSC

	Value of data: 
	All data are available at the DNA (see Chapter 7)


	Data / Parameter:
	EFgrid,BM,y

	Data unit:
	tCO2/MWh

	Description:
	Build margin (BM) emission factor

	Source of data: 
	Calculated value

	Value of data: 
	All data are available at the DNA (see Chapter 7)


	Data / Parameter:
	EFgrid,BM,y

	Data unit:
	tCO2/MWh

	Description:
	Build margin (BM) emission factor

	Source of data: 
	Calculated value

	Value of data: 
	All data are available at the DNA (see Chapter 7)


	Data / Parameter:
	Import of electricity

	Data unit:
	MWh

	Description:
	Electricity transfers from connected electricity systems

	Source of data: 
	Settlement Center CJSC

	Value of data: 
	All data are available at the DNA (see Table 13)


	Data / Parameter:
	Lambda factor

	Description:
	Period of time when low-cost / must run sources are on the margin

	Source of data: 
	Settlement Center CJSC

	Value of data: 
	All data are available at the DNA (see Chapter 7)


7. Baseline Calculation
This chapter represents the results of Simple adjusted Operating Margin, Built Margin and Combined Margin emission factors calculations performed in accordance with the above described methodological approaches based on both ex post and ex ante options.
Calculations have been made by means of MO Excel based model which allows a user to assess grid emission factor under various scenarios of power system development.

Results of Combined Margin calculation presented in this report may be used by project participants for evaluation of GHG mitigation potential of CDM project activities and, thus, can be allied for development of both CDM Project Idea Notes and Project Design Documents. However, these results should not be treated us compulsory. 
Step 1: Identify the relevant electricity systems 

For the purpose of this study the national grid of Armenia is considered as the project electricity system.

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 Methodology 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.
Step 2. Choose whether to include off-grid power plants in the project electricity system

Option I is selected for this study i.e. only grid power plants are included in the calculation.
Step 3. Select a method to determine the operating margin (OM)

According to the definition set in the Methodology (paragraph 10) low-cost/must-run 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. If a fossil fuel plant is dispatched independently of the daily or seasonal load of the grid and if this can be demonstrated based on the publicly available data, it should be considered as a low-cost/must-run.

In accordance with this definition, within the scope of this study, all power plants except for four large thermal power plants (Yerevan TPP, Hrazdan TPP, Hrazdan TPP Unit N5 and CCGT Unit at Yerevan TPP) are selected as low-cost / must-run power plants.
Two aspects worth mentioning with this respect: 
· There is no publicly available information demonstrating that any of the four large fossil fuel plants serving the system is dispatched independently of the daily or seasonal load of the grid. 
From the available reports it is known that about 66% of electricity generated by CCGT unit at Yerevan TPP and about 30% of electricity generated by Hrazdan TPP Unit N5 was exported. In case of availability of clear evidences that this electricity was exported to Iran within the framework of electricity-gas exchange agreement between Armenia and Iran (see Chapter 4.5) it would be logical to assume that these two plants are dispatched partially independently to cover both national power demand and “mandatory” generation of export power (according to the agreement, Armenia must produce and export to Iran electricity in return to the natural gas imported from Iran in proportion of 3 kWh per 1 cubic meter of gas). However, there is no any publicly available information supporting this assumption. 

Hence there are no strong arguments for consideration of any of the above mentioned large thermal power plants as low-cost/must-run resources.
· All small CHP units are included in low-cost/must-run plants list because these plants are not dispatched by the national operator (dispatching unit) but rather operated independently based on power purchase agreements. According to the acting legislation
 national grid is obliged to purchase all power generated by such type of power plants within 5 years after the plants operation date.

Accordingly, all power plants serving the system were classified into 2 groups as it is shown in the table below.
Table 15: Share of low-cost/must-run plants in total power generation in 2008-2012 (mln kWh)
	 
	2008
	2009
	2010
	2011
	2012

	Hrazdan TPP (no low-cost/must run)
	1495,5
	887,8
	348,4
	628,1
	797,0

	Yerevan TPP (no low-cost/must run)
	336,4
	240,7
	73,4
	0,0
	0,0

	CCGT Unit at YTPP (no low-cost/must run)
	0,0
	0,0
	991,3
	1685,7
	1641,9

	Hrazdan TPP Unit N5 (no low-cost/must run)
	0,0
	0,0
	0,0
	57,9
	935,1

	NPP
	2461,7
	2493,7
	2490,0
	2548,1
	2311,0

	Sevan-Hrazdan cascade of HPPs (IPC)
	576,2
	486,5
	727,1
	650,9
	632,3

	Vorotan cascade of HPPs
	907,6
	1130,6
	1311,4
	1289,1
	1118,8

	Dzora HPP
	77,1
	95,1
	104,0
	91,8
	62,2

	Small HPPs, 5 CHPs, WPP and Biogas Plant
	259,7
	337,0
	445,5
	481,2
	537,9

	Total power generation
	6114,2
	5671,4
	6491,2
	7432,7
	8036,2

	Low-cost  and must-run plants
	4282,3
	4542,6
	5078,0
	5061,0
	4662,2

	Share of low-cost/must-run plants, %
	70.04%
	80.10%
	78.23%
	68.1%
	58.0%

	5 year average
	70,89%


Source: (2(
As it is seen from the Table 15 low-cost/must-run resources constitute more than 50% of the total grid generation in average of the five most recent years, hence option (b) - Simple adjusted OM was selected for calculation of the operating margin emission factor. Similar results were achieved for 2010 and 2011 (see reports on GEF calculation of 2010 and 2011 at www.nature-ic.am).
Within the scope of this study Simple adjusted OM emission factor is calculated using both proposed options i.e. ex ante and ex post. 
As it was mentioned in Chapter 6 in case of ex ante approach, the emission factor is determined once at the validation stage, thus no monitoring and recalculation of the emissions factor during the crediting period is required, whereas, in case of ex-post approach the emission factor is determined for the year in which the project activity displaces grid electricity and need to be updated annually.

In this report detailed explanation of Simple adjusted OM emission factor calculated based on ex post approach for 2012 is given. Calculation of Simple adjusted OM emission factor applying ex ante approach is based on the most recent three-year available data for 2010-2012. All data necessary for ex ante calculation are given in this report as well as in similar reports
 for 2010 and 2011 that are available at the website of Climate Change Information Center at: www.nature-ic.am. Hence no detailed explanation of ex ante calculation is needed.
Step 4:  Calculate the operating margin emission factor according to the selected method 

As mentioned above for calculation of the operating margin emission factor option (b) Simple Adjusted OM method was selected because low-cost/must-run resources constitute more than 50% of the total grid generation in Armenia. This is demonstrated in Table 15.
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 electricity generation and supply (delivery) by low-cost/must-run and other plants for the year 2012 is presented in the table below. According to the Methodology, electricity import is also considered in calculation of Simple adjusted OM.
Table 16: Data on electricity generation and supply by low-cost/must-run and other plants in 2012
	POWER PLANT
	Capacity
	Generation
	Delivery
	Type
of fuel

	
	
	
	
	

	
	MW
	mln kWh
	mln kWh
	

	Metzamor NPP
	815,0
	2311,0
	2123,3
	nuclear

	Hrazdan TPP*
	1110,0
	797,0
	745,5
	NG

	Yerevan TPP*
	550,0
	0,0
	0,0
	NG and SG

	CCGT Unit at Yerevan TPP*
	242
	1641,9
	1585,9
	NG

	Hrazdan TPP Unit N5*
	480,0
	935,1
	891,8
	NG

	Sevan-Hrazdan CHPPs (IEC)
	562,0
	632,3
	621,5
	hydro

	Vorotan Cascade of HPPs 
	404,0
	1118,8
	1111,7
	hydro

	Dzora HPP
	26,5
	62,2
	60,9
	hydro

	Lori-1 WPP
	2,64
	2,1
	2,0
	wind

	EC at YSMU – CHP
	4,0
	12,0
	11,8
	NG

	ArmRoscogeneration CJSC – CHP
	2,0
	13,2
	13,19
	NG

	Lusakert Biogas Plant - CHP
	0,83
	2,02
	2,0
	biogas

	Erfrez OJSC - CHP
	0,1
	0,0
	0,0
	NG

	Lus Astgh Sugar - CHP
	6,0
	0,025
	0,022
	NG

	Small HPPs
	197,7
	508,6
	497,3
	hydro

	Total
	4402,7
	8036,23
	7667,4
	

	Import
	
	98,1
	98,1
	

	TOTAL with Import
	4402,7
	8134,3
	7765,5
	

	No low-cost/must-run plants (*)
	2382
	3374
	3223,2
	

	Low-cost/must-run plants + import
	2020,7
	4760,3
	4542,3
	


Source: (2(
In the tables 17 and 18 results of calculation of emission factors for no low-cost/must-run and low-cost/must-run power plants for 2012 are given.
Table 17: Calculation of emission factors for no low-cost/must-run power plants for 2012
	POWER PLANT
	Capacity
	Delivery
	Type of fuel
	FCi,m,y
	NCVi,y
	EFco2,I,y
	Emission factor tCO2/MWh

	
	MW
	MWh
	
	1000nm3
	GJ/1000nm3
	tCO2/GJ
	

	Hrazdan TPP
	1110
	745541,3
	NG
	230683,1
	35,001
	0,0543
	0,59

	Yerevan TPP
	550,0
	0,0
	NG
	0,0
	0,0
	0,0
	0,0

	
	
	
	SG
	0,0
	0,0
	0,0
	

	CCGT at YTPP
	271,7
	1585872,2
	NG
	352586,4
	34,085
	0,0543
	0,41

	Hrazdan Unit-5
	480,0
	891808,3
	NG
	235400,0
	35,097
	0,0543
	0,5

	TOTAL
	2411.7
	3223221,8
	
	
	
	
	


Source: (1 ,2 and 8(
Table 18: Calculation of emission factors for low-cost/must-run power plants for 2012
	POWER PLANT
	Capacity
	Delivery
	Type of fuel
	FCi,m,y
	NCVi,y
	EFco2,I,y
	Emission factor tCO2/MWh

	
	MW
	MWh
	
	1000nm3
	GJ/1000nm3
	tCO2/GJ
	

	Metzamor NPP, Large and Small HPPs, 
Lori-1 WPP
	2008,8
	4417027,9 
	NU, HY,W
	0,0
	0,0
	0,0
	0,0

	EC at YSMU
	4,0
	11896,3
	NG
	3139
	34,2401
	0,0543
	0,49

	ArmRoscogeneration
	2,0
	13191,6
	NG
	3694,2
	34,2401
	0,0543
	0,52

	Erfrez OJSC
	0,1
	0,0
	NG
	0,0
	N/A
	0,0543
	0.,0

	Lus Astgh Sugar
	6,0
	22,57
	NG
	6.322
	34,2401
	0,0543
	22,623

	Lusakert Biogas Plant
	0,83
	2004,2
	BG
	-
	-
	-
	0,04

	TOTAL
	2021,8
	4444142,7
	
	
	
	
	


Source: (1, 2 and 8(
Notes:
1) Since no data on caloric value of the natural gas supplied to EC at YSMU, ArmRoscogeneration and Lus Astgh Sugar in 2012 was provided by PSRC, for the purpose of this study the annual average caloric value of all natural gas imported to Armenia in 2012 was applied for these three CHP units. Annual average caloric value was calculated based on monthly caloric value data provided on the official website of PSRC at http://www.psrc.am/am/?nid=393.   
2) Since no data on natural gas consumption by the CHP unit at Lus Astgh Sugar was provided by PSRC for 2012, for the purpose of this study fuel consumption of this unit was estimated based on default efficiency factor for steam turbine provided in the methodological tool to calculate the emission factor for an electricity system, 
Version 04.0 (Appendix 1, Table 1) and power generation data of the unit. 

3) Emission factor for LBP is zero because power is generated from renewable source (biogas).
Calculation of lambda factor

After calculation of emission factors for all the relevant power plants serving the system it is necessary to calculate lambda factor in accordance with the procedure set by the Methodology based on chronological (hourly) power generation data for each plant/unit. Chronological data required for this calculation was provided by the Settlement Center CJSC as per request of the DNA. 
On the figure below the load duration curve is depicted as well as number of hours during which low-cost/must-run plants are on the margin are identified. 
Figure 3 demonstrates graphical representation of lambda calculation for Simple Adjusted OM method, whereas, Table 19 shows the result of lambda factor calculation for 2010, 2011 and 2012.
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Figure 3: Lambda calculation for Simple Adjusted OM method for 2010, 2011 and 2012
Table 19: Calculation of lambda factor for 2010-2012
	The number of hours for which low-cost/must-run sources are on the margin
	2010
	2011
	2012

	
	1580 hours
	532 hours
	89 hours

	Lambda factor
	1580 / 8760 = 0,1803
	532 / 8760 = 0,061
	89 / 8784 = 0,0101


Table 20 summarizes all key parameters necessary for calculation of Simple adjusted OM emission factor based on ex ante and ex post approached.
Table 20: Data necessary for calculation of Simple adjusted OM emission factor for 2012
	
	
	2010
	2011
	2012

	Net quantity of electricity generated and delivered to the grid by no low-cost/must-run power plants (MWh)
	EGm,y
	1338900
	2265700
	3223221,8

	Net quantity of electricity generated and delivered to the grid by low-cost/must-run power plants (MWh) (including import)
	EGk,y
	4844180
	5044532
	4542239,9

	Emission factor of Hrazdan TPP (tCO2/MWh) 
	EFEL,m,y
	0,61
	0,59
	0,59

	Emission factor for Hrazdan TPP Unit N5 (tCO2/MWh)
	
	N/A
	0,33
	0,50

	Emission factor of Yerevan TPP (tCO2/MWh)
	
	1,26
	0,0
	0,0

	Emission factor of CCGT Unit at Yerevan TPP (tCO2/MWh)
	
	0,43
	0,41
	0,41

	Emission factor of EC at YSMU (tCO2/MWh)
	EFEL,k,y
	0,52
	0,50
	0,49

	Emission factor of ArmRoscogeneration CJSC (tCO2/MWh)
	
	0,73
	0,56
	0,52

	Emission factor of Erfrez OJSC (tCO2/MWh)
	
	0,54
	0,0
	0,0

	Emission factor of Lus Astgh Sugar LLC (tCO2/MWh)
	
	22,91
	0,0
	22,62

	Lambda factor for 2011
	
	0,1803
	0,061
	0,0101

	Simple adjusted OM emission factor (ex-post) (tCO2/MWh)*
	EFgrid,OM-adj,y
	0,41858
	0,42882
	0,47285


Note: *) results are taken from the reports on GEF calculation for 2010 and 2011
Based on the above data and assumptions, the following values of Simple adjusted Operating Margin emission factor for 2012 were obtained: 
for ex post option – 0,47285 tCO2/year and 

for ex ante option – 0,44008 tCO2/year
. 
Step 5:  Calculate the build margin emission factor 

Following the procedure for selection of power units m used to calculate the build margin described in the Methodology, 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 21 information on installed capacities and cumulative share of power generation of these plants is given for 2012.
Table 21: 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 2012
	N
	POWER PLANT
	First year in service
	Power generation in 2012, MWh
	Cumulative share, %

	1
	Njdegh SHPP
	2012
	431,2
	0,005

	2
	Amberd-2 SHPP
	2012
	3449,6
	0,047

	3
	V.A.L.SHPP
	2012
	43,0
	0,0475

	4
	Yeghegis-3 HPP
	2012
	417,5
	0,0526

	5
	Dzor-Dzor-2 HPP
	2012
	144,0
	0,0543

	TOTAL
	4485,3
	0,06


Source: (2(
As it is seen form the Table 21 the total power generation of the plants is 4485,3 MWh which comprises about 0,06% 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);
The following power units are registered as CDM project activities in Armenia:

1. Lusakert Biogas Plant - electricity generation in 2012 of 2017 MWh;

2. Second power generation unit of Yeghegis SHPP with installed capacity of 3.75 MW and projected annual electricity generation of 7296 MWh. Since no actual data on generation of electricity by the second unit of the SHPP is available for 2012, the projected data is used for calculation.
In such a way, AEGtotal = 8036233,8 – (2017 + 7296) = 8026920,8 MWh
Following the requirement of the Methodology, 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%) includes the following 56 plants:

· 53 recently commissioned SHPPs which started to supply electricity to the grid from 2010;
· CHP unit at Lus Astgh Shugar commissioned in 2010;

· CCGT Unit at YTPP commissioned in 2010;
· Hrazdan TPP Unit N5 commissioned in 2011.

In the Table 22 information on annual electricity generation as well as share of electricity generation of the plants included in SET≥20%  is given. 

Table 22: 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 the system generation (SET≥20% )
	POWER PLANT
	First year in service
	Fuel
	Power generation in 2012, MWh
	Share of AEGtotal (%)

	Hrazdan TPP Unit N5
	2011
	NG
	935094,9
	11,65

	53 small HPPs 
	2010-2012
	HY
	173750,2
	2,16

	CHP unit at Lus Astgh Shugar
	2010
	NG
	25,64
	0,0003

	CCGT Unit at YTPP
	2010
	NG
	1641866,6
	20,45

	TOTAL
	
	
	2750711,7
	34,26


Source: (1, 2(
Addition of electricity generated by the Yerevan CCGT Unit (20,45%) to the cumulative share of the rest plants (13,81%) results in achieving 20% threshold set in the Methodology.

As it is seen from the tables 21 and 22 above the group of power units included in SET≥20% comprises the larger annual electricity generation (2750711,7 MWh) than power plants included in SET5-units (4485,3 MWh).
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 table 22 is used for calculation of the Build Margin. 
In the Tables 23 emission factors for plants included in Build Margin are given for 2012.

Table 23: Emission factors for plants included in Build Margin for 2012
	POWER PLANT
	Emission factor tCO2/MWh

	Hrazdan TPP Unit N5
	0,50

	30 small HPPs commissioned in 2010-2011 
	0

	CHP unit at Lus Astgh Shugar
	22,62

	CCGT Unit at YTPP
	0,41


Based on the above mentioned data the Build Margin emission factor for 2012 was estimated as 0,41606 tCO2/year.
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 2012.
	EX POST

	Simple Adjusted Operating Margin for 2012
	0,47285 tCO2/MWh

	Build Margin for 2012
	0,41606 tCO2/MWh

	CM FOR WIND AND SOLAR PROJECTS FOR 2012
	0,45865 tCO2/MWh

	CM FOR ALL OTHER PROJECTS FOR 2012
	0,44445 tCO2/MWh


As the result of the performed calculations the following CM emission factors have been received for ex ante approach for 2012.

	EX ANTE

	Simple Adjusted Operating Margin for 2012 (ex ante)
	0,44008 tCO2/MWh

	Build Margin for 2012
	0,41606 tCO2/MWh

	CM FOR WIND AND SOLAR PROJECTS FOR 2012 (ex ante)
	0,43408 tCO2/MWh

	CM FOR ALL OTHER PROJECTS FOR 2012 (ex ante)
	0,42807 tCO2/MWh
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Biogas
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Build Margin 
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Climate Change Information Center
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Combined Cycle Gas Turbine

CDM



Clean Development Mechanism

CER



Certified Emission Reduction
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Closed Joint Stock Company
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Combined Margin
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Designated National Authority

DOE



Designated Operational Entity
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Energy Center at Yerevan State Medical University 

GEF



Global Environment Facility
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Greenhouse Gases
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Hydropower
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International Energy Corporation
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Natural Gas
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Nuclear Power Plant
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Microsoft Office
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Ministry of Nature Protection of Republic of Armenia
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Operating Margin

SHPP



Small Scale Hydro Power Plant
SG



Syngas (Synthetic Gas)
TPP



Thermal Power Plant

UNFCCC


United Nations Framework Convention on Climate Change 
WP



Wind Power

WPP



Wind Power Plant
YTPP



Yerevan Thermal Power Plant
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� � HYPERLINK "http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v4.0.pdf" �http://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-07-v4.0.pdf� 


� The emission factor is calculated based on the most recent data on the Armenian power system available for 2012. It can be applied until publication of the updated emission factor calculated based on data for 2013. 


� The actual available capacities of the plants are lower than the installed (nominal) capacities because of decommissioning of some old units as well as because of other technical reasons and limitations.


� This is explained by low power generation by HPPs in 2012. 


� Syngas was produced by Nairit Plant CJSC during production of acetylene and supplied to Yerevan TPP till 2010.


� Lusakert Biogas Plant has been constructed and operated under the Clean Development Mechanism. The plant generates electrical and thermal energy and runs on biogas produced from the anaerobic digestion of poultry manure in animal waste digestion facility. More information on the project is available on the Climate Change Information Center website at: � HYPERLINK "http://www.nature-ic.am" ��www.nature-ic.am�. 


� New backpressure power turbine was commissioned at Lus Astgh Sugar LLC in 2010. The turbine serves mainly for heat generation.


� Activities of CDM project developers shall be fully consistent with all provisions of the Methodology. 


� No information on delineation of the project electricity system and connected electricity system has been published by the host country DNA. According to the acting legislation, the proposed renewable power generation project (capacity) will be connected to the Armenian national power grid operated by the Electric Networks of Armenia” CJSC (ENA). This national electricity grid is the unique transmission and distribution line, to which all power plants serving the energy system of Armenia are physically connected. 


� Decree of the Government of RA N509-N (dated on April 13, 2006) on Heating System Rehabilitation Pioneer Projects based on CHP Plants.


� Reports on Calculation of Grid Emission Factor for the Electricity System of the Republic of Armenia for the year 2010 and 2011.





� Simple adjusted OM emission factor calculated based on a 3-year generation-weighted average, based on the most recent data available in 2012.
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