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FOREWORD

In 1993, the Republic of Armenia ratified the UN Framework Convention on
Climate Change. In order to realize the main provisions of the Convention, the UNDP/GEF
project “Armenia- Country study on climate change” is being implemented in the country.

Within the framework of the implementation of Phase I of the Project, Armenia’s
first national communication was prepared, which was presented in 1998 in Buenos Aires
at the 4™ Conference of the Parties to the UN Framework Convention on Climate Change.

The first national communication incorporates results of activities in Phase I of the
Project: the national cadastre of greenhouse gases, projection of greenhouse gas emissions
until 2010, impacts of global climate change on Armenia’s climate and possible impacts of
these changes on country's economy, ecosystems and population's health. The Commu-
nication also incorporates materials on information provision, systematic observations and
climatic system in Armenia and a number of studies pertaining to the latter.

The objective of Phase II of the Project is to ensure the continuation of activities
and further development and strengthening of national capacities for solving climate
change related problems.

This Communication incorporates the results of activities in Phase II of the Project.
The main focus has been on identification and assessment of technological needs for
reducing greenhouse gas emissions and eradicating the consequences of expected changes
in climate, as well as creation and consolidation of conditions for transfer of these
technologies. It must be noted that although Armenia, as a non-Annex I party to the
Convention, does not have quantitative commitments for reducing greenhouse gas
emissions, nevertheless the transfer of modern technologies for reducing emissions and
their introduction will make a significant contribution to the sustainable development of
the country and is fully in line with Armenia’s interests. This is particularly true with
regard to projects to be implemented by clean development mechanisms within the
framework of Kyoto protocol. Considering the multi-sectoral nature of the issue, particular
attention was paid to inter-agency cooperation and establishment of an information data
base on technological needs and technologies.

Leading experts in fields of energy, industry, transportation, forestry and
agriculture, health, climatology, etc. participated in activities of the Phase II of the Project
and preparation of the communication.

Activities conducted within the framework of Phase II of the Project have
contributed to the development of institutional, organizational and human resources
capacities.

A proposal for establishing a structure contributing to the transfer and introduction
of advanced, as well as innovative, technologies for solving climate change problems has
been developed. The proposal was presented and discussed in a seminar held in Vienna
Climate Change Meetings on 28-31 October 2003 by the Climate Technology Initiative
organization formed within the framework of climate change convention processes.

Project Coordinator A. Gabrielyan
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INTRODUCTION

During the first phase of the project “Armenia: Country Study on Climate Change”
the first National Communication of the Republic of Armenia on climate change was
prepared and presented at the Fourth Conference of the Parties to the UN Framework
Convention on Climate Change held in Buenos Aires in 1998.

The first national communication incorporates the main results of activities in the
first phase of the project: the national cadastre of greenhouse gases prepared based on the
inventory of sources and absorbents of greenhouse gases with 1990 as the baseline year,
strategy and projections of greenhouse gas emissions until 2010, preliminary assessment of
the vulnerability of individual components of the environment, population, economic
sectors affected by climate and measures for their adaptation to possible climate changes,
as well as information on systematic observations and studies of Armenia’s climatic
system.

The objective of the second phase of the project is capacity building in Armenia for
solution to climate change problems in the following main directions:

e to determine the priority technological needs of Armenia’s economic sectors in
the areas of reduction of greenhouse gas emissions, development of proposals
for key technologies and assessment of possibilities for their practical
application, development and assessment of specific technological projects;

e to develop proposals for adaptation measures and technologies for mitigation of
the consequences of climate change for the environment and Armenia’s
economic sectors;

e to determine the technological needs for the development of the monitoring
system and strengthening of the national monitoring network for participation
in the Global System of Climate Monitoring (GSCM);

This report incorporated the results of activities in the second phase of the project.
In the first chapter the main economic sectors are analyzed from the viewpoint of
greenhouse gas emissions, technological needs and technologies for reduction of GHG
emissions, as well as technological needs for increasing the absorption of carbon oxide by
the forestry sector are identified. A fair amount of attention is paid to the assessment of the
potential and use of alternative sources of energy.

The second chapter presents the results of vulnerability assessments for water
resources, agriculture, environment and population’s health, as well as the technological
needs and adaptation technologies for mitigation of climate change impacts in the
mentioned areas.

The third chapter incorporates information on the activities of the national hydro-
meteorological service and conditions of the monitoring network, the analysis of the trends
of climatic anomalies and assessment of their impact on the economy. Priority needs for
strengthening the environmental observation and monitoring networks and wider
participation in the GSCM are identified.

The last chapters discuss the conditions for technology transfer to the country
(investment environment, financial market, legal framework, etc.), and present the results
of activities for development and strengthening of national capacity (organizational,

9
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informational, human) for assessment of technological needs and transfer of technologies,
as well as activities for increasing public and stakeholder awareness and interagency
coordination in climate change related issues.

Background information on the Republic of Armenia. Armenia is situated in
southern Trans-Caucasus, at the border of Caucasus and Asia Minor and occupies a small
area of the vast Armenian highland. It borders Georgia and Azerbaijan from the north and
the east, and Turkey and Iran from the west and south-east.

It covers an area of 29800 sq km. The capital city is Yerevan.

Armenia is a typical mountainous country. Around 90 percent of its territory has
altitudes of more than 1000 m above sea level, including 40 percent at altitudes of 2000 m
and higher. Because of its highly fragmented terrain, almost half of the territory is not
suitable for settlements and economic activity.

Armenia is characterized by distinctly underlined vertical distribution of six main
types of climate, from arid sub-tropical to high mountainous, and the corresponding
temperature contrasts. In low altitude areas the average air temperature in June-August
reaches 24-26 °C, while in high mountainous zone it does not exceed 10 °C. In January, the
temperature, depending on the altitude and specifics of the terrain, varies between 1 °C and
-13 °C. The absolute maximum and minimum temperatures in Armenia are +41 °C and -42
°C.

Armenia’s population is 3.8 million (3.0 million according to the preliminary
results of the 2001 census), with 67 percent urban and 33 percent rural population.

Sectoral structure of industry (2000): energy 30.4 percent, food industry 36.6
percent, mining 5.4 percent, metallurgy 5.5 percent, chemical 3.3 percent, metal processing
and machinery 2.2 percent, construction material 2.4 percent, jewelry production 5.6
percent, light industry 1.2 percent.

Farming is mainly based on irrigation. Structure of agriculture (2000): crops
farming 64.7 percent, livestock production 33.3 percent.

After the rapid economic decline in 1991-1993, a stable economic growth was
recorded in Armenia with average annual GDP growth rate of 5.4 percent for 1994-2000.

GDP composition (2000): industrial production 22.1 percent, agricultural
production 23.1 percent, services 35.2 percent.

The GDP per capita in 2000 (calculated for population at 3.8 million) was
US$503.6, and taking into account the purchasing power US$2545.

10
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CHAPTER 1.

‘ TECHNOLOGICAL NEEDS IN ARMENIA’S ECONOMIC

SECTORS FOR REDUCTION OF GREENHOUSE GAS
| EMISSIONS

Technological modernization, energy savings and increasing efficiency in the use
of energy resources based on the application of new, ecologically clean technologies, are
important preconditions for the sustainable development of the country.

The use of technologies contributing to the reduction in greenhouse gas emissions
and mitigation of the negative impacts of climate change in economic sectors affected by
the climate has a significant role in ensuring the mentioned preconditions.

National technological needs relating to the reduction in GHG emissions are
determined based on the following:

e identification of the main sectors of economy, which are sources of GHG

emissions;

e assessments of technologies used and technical conditions of equipment;

e assessment of the potential for reduction in GHG emissions through meeting

technological needs.

1.1. Main greenhouse gas emitting sectors of Armenian economy
and analysis of changes in emissions for the period 1990-2000

The priority sectors of Armenian economy, where urgent measures for reducing
GHG emissions are necessary, are determined based on their ranking with regard to the
volume of emissions. It must be noted that ecological problems and technological need of
various sectors are closely intertwined. Changes in the situation in one sector have a
significant impact on the others. Such links are evident between, for example, energy and
industrial production sectors. Nevertheless, in this document sectors are classified in
accordance with the requirements of the Convention and IPCC Guidelines.

The technological needs of the priority economic sectors are based on the national
GHG cadastre, prepared by using emission inventory data from 1990 constituting a part of
the First National Communication and also emission data projected for the period ending
in 2000.

Emissions of greenhouse gases in economic sectors. Cadastre and projected GHG
emissions are determined, in accordance with IPCC guidelines, by five main categories of
sources (“Energy”, “Production processes”, “Agriculture”, Changes in land use and
forestry"”, "Wastes"), encompassing 11 types of activities (sectors) characteristic to
Armenia. Emissions are evaluation for three gases with direct greenhouse effects: carbon
dioxide, methane and nitrous oxide.

The comparative indicators of GHG emissions by sources and economic sectors for
1990-2000 are presented in Table 1.1.

11
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Table 1.1. Greenhouse gas emissions by economic sectors

Source category and sector of GHG 1990 (cadastre) 2000 (evaluation)
economy Gg CO; eq.* % Gg CO; eq.* %
GHG emissions - total 25249.72 100 5719.98 100.00
Energy sources total 23062.15 91.29 4699.36 82.16
a. Fuel burning 21382.78 84.64 3904.86 68.27
f:::;yy - production and transmission of | oo | 1133087 | 44.88 167250 | 29.24
Production CO, 2138.28 8.47 332.19 5.81
Municipal services CO, 3848.90 15.24 1071.50 18.73
Transportation CO; 3635.07 14.40 757.07 13.24
Other CO, 427.66 1.65 71.60 1.25
b. Fuel leaks 1679.37 6.65 794.50 13.89
gas-transportation system CH, 1679.37 6.65 794.50 13.89
Production processes 630.30 2.49 109.00 1.91
Cement production CO, 630.30 2.49 109.00 1.91
Agriculture 1031.77 4.08 503.38 8.80
;;ﬁfg;’;j’x’:s‘;f and livestock CH, 982.17 3.88 490.98 8.58
Agricultural land N,O 49.60 1.76 12.40 0.22
Wastes 535.50 2.12 408.24 7.14
Disposal of solid waste CH,4 497.70 1.97 378.00 6.61
Industrial and domestic sewerage CH,4 37.80 0.15 30.24 0.53

" For calculation of CO, eq. emissions the following values of potential global warming are used:
CO,-1,CH,;-21,N,0-310 (IPCC, 1995).

As presented in the table, GHG emissions in 2000 were 77.4 percent less than in
1990. This sharp reduction is the result of the deep economic decline and energy crisis in
1991-94. The largest reduction in emissions at 81 percent took place in sectors under
“Energy" category, including the production of electricity and heat with 85.3 percent,
industrial production with 84.5 percent, transportation with 79.2 percent, municipal sector

with 72 percent.

The dynamics of GDP and GHG emissions for 1990-2000 is presented in Figure
1.1. After the sharp economic decline, economic growth was recorded starting in 1994, and
GHG emissions have been stabilized at a fairly low level. Similar trends are recorded in the
dynamics of energy production and CO, emissions in the energy sector (Figure 1.2).

12
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Figure 1. 1. Dynamics of GDP and greenhouse gas emissions in Armenia, 1990-2000

0 50 100 w0 0 200 250 300 350
1990 ‘ ‘ ‘ ‘ ‘ 21.4i 340} |
1991 | 204 326
1992 | 88] 163
1993 | 62] 138] O Energy
1994 | 33]___80] OEmissions
1995 | 38] 8]
1996 | i 92)
1997 | 39 e8]
1998 | 2] 89
1999 | 38] __86)
2000 | 39] %3]
0 5 10 miliontco, 15 20 25

Figure 1. 2 Dynamics of energy production and CO, emissions in Armenia’s energy sector,

1990-2000

Currently, as a result of technological processes related to fuel burning, there are
82 percent of GHG emissions in the category of "Energy" and 68 percent general GHG

emissions. As a result of the poor technical conditions of the gas supply system the

total

share of methane emissions has increased significantly (13.9 percent). With regard to fuel
burning, the main source of GHG emissions is electricity production (thermal power
plants), municipal sector and transportation. They constitute around 90 percent of all
emissions related to fuel burning. The main source of GHG emissions in the category of
"Agriculture" is the intestine fermentation of livestock; cement production in the category

of "Production processes"; solid waste disposal in the category of “Wastes”.

13
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The analysis of the distribution of greenhouse gas emissions in 2000 (Table 1.1)
allowed for the identification of priority sectors of Armenia’s economy, where there is a
need for priority introduction of technologies contributing to their reduction (Figure 1.3).

%

Energy production and transmission

29.2]

Housing-municipal sector

18.7 |

Gas transportaion system

13.9

Transportation

13.2]

Agriculture | 8.8 I

Municipal waste | 7.1 I

Figure 1.3 Distribution of greenhouse gas emissions by sectors of Armenia’s economy,

2000

The main greenhouse gas in Armenia is carbon dioxide. In 2000, the share of
carbon dioxide in the total GHG emissions amounted to 68.2 percent, methane 29.8

percent, nitrous oxide 2 percent.

Potential for emission reduction. The main indicator for the effectiveness of
energy use is the energy utilization of GDP and, correspondingly, GHG emissions per unit
of GDP (Figure 1.4). The mentioned indicators are somewhat higher in Armenia compared
to developed countries, which indicates the significant potential for energy savings and

reduction of GHG emissions.

5 1906'
7072|
c 2981 [12000
22794 001990
742
B
2137|
1162
A
1321

Figure 1.4 Per unit indicators of energy consumption and greenhouse gas emissions in

Armenia, for 1990 and 2000

A — energy consumption of GDP, t oil eq./million US$
B- energy consumption per capita, kg oil eq./person

C- emissions of CO,, per unit of GDP, kg/thousand US$

D- emissions of CO,q per capita kg/person

Main measures for energy saving and reduction of GHG emissions are:
e modernization of energy production facilities;

14
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reduction of energy losses during transmission and distribution;
introduction of a distributional energy supply system;

introduction of energy consumption metering devices;

energy supply at individual consumer level;

exploitation of new hydro-resources and non-traditional sources of energy.

Armenia has a large potential for energy saving, which should be regarded as an
internal source of energy.

Sectors of economy included in the “Energy” category have the largest potential
for energy saving and reduction of GHG emissions (electricity and heat production,
heating of housing and municipal sectors, transportation). The technical potential of GHG
reduction (excluding the potential of renewable sources) resulting from the implementation
of the above-mentioned energy saving measures in 2000-2020 is evaluated at 22 million
ton CO; eq.

Currently, with the support of the USAID, the Advanced Engineering association is
implementing a wide-scale program on energy efficiency, energy consumption regulation
and renewable energy sources in Armenia, the results of which, together with other
measures, will contribute to the use of advanced technologies and realization of the GHG
emissions reduction potential. The process of establishing private energy supply companies
(ESCO) has also started in the country, which will also contribute to energy saving.

1.2. Determining technological needs of Armenia’s economic
sectors

Armenia’s economy on the whole and also the technologies used in the country are
characterized by high energy consumption, which is significantly higher than the similar
indicators in developed countries. This situation is the result of the low energy efficiency
in energy and industrial sectors due to the worn-out production facilities and limited use of
energy saving technologies, as well as the absence of the necessary recording and control
of the use of energy carriers. One of the main constraints in introducing energy efficient
technologies is inadequate funds and difficulties in obtaining credits.

The use of renewable sources of energy continues to be very limited, despite their
existing significant potential; biogas from agricultural and municipal wastes is not
exploited.

Large changes took place throughout the last decade in the forestry sector, which is
the main absorbent of carbon dioxide in Armenia. Mass cuttings for heating purposes in
the last ten years resulted in a significant reduction in forest areas and their potential for
sequestration.

Assessment of the energy saving potential revealed the technological needs and
directions of actions for increasing energy efficiency and reducing GHG emissions in the
priority economic sectors of Armenia.

1.2.1. Electricity production

Electricity is produced in Armenia in thermal power plants (TPP), hydroelectric-
power plants (HPP) and the nuclear power plant (NPP).

The main indicators of power plants are presented in Table 1.2.
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Table 1.2. Main indicators of power plants in Armenia

Title of ]l)E(iZicg-n Cap;::[y Elecl‘?rlilceirt's,y pmduc‘:ilglelat, Star(t) fdate

Pt wwh, | Gealh 1990GWh2000 t}lgggandz(gggl operation

Thermal power plants total 1746 1588 8500 2692 3700 612 1963-1974
Hrazdan TPP 1100 560 6000 2278 950 72 1966-1974
Yerevan TPP 550 622 2232 414 2000 540 1963-1968
Vanadzor TPP' 96 406 268 0 750 0 1965-1968
t}(l)"ty:l“’ele“ric powerplants 1046 - 1870 | 1260.3 | - - 1913-1989
Sevan-Hrazdan HPP 550 - 585 372.6 - - 1936-1950
Vorotan HPP 400 - 1103 780.7 - - 1970-1989
Small HPPs 56 - 82 107 - - 1913-2000
Nuclear power plant® 815 - 0 2005.4 - - 1976-1980
Total 3567 1588 10370 | 5957.7 | 3700 499 1913-2000

" is not operational since 1996.
?including the non-operational energy block 1. The NPP did not operate in 1989-95.

Due to reduced demand and sharp increase in fuel prices, electricity production in
Armenia reduced by 43 percent compared to 1990 (71 percent compared to 1987). In 2000,
the total energy produced amounted to 5957.6 GWh, including 2692 GWh in TPPs (45.2
percent), 2005.4 GWh in NPP (33.7 percent), 1260.3 GWh in HPPs (21.2 percent).

Energy consumption in 2000 amounted to 3565.67 GWh, including 1234.14 by the
population (35.17 percent), 689.45 by industry (19.5 percent), 474.4 by agriculture (13.31
percent), 323.44 for water supply (9.1 percent), 101.13 by budgetary organizations (5.4
percent) and 522.65 for other purposes (17.52 percent).

Thermal power plants The largest share of the design capacity for electricity
production in Armenia belongs to thermal power plants (49 percent). Compared to 1990,
electricity production in TPPs has reduced by 68 percent and heat production by 77
percent. Design capacities of TPPs are used by less than 33 percent.

The fuel used in TPPs is imported natural gas. In 2000, fuel consumption amounted
to 1023 thousand ton equivalent fuel. As a result of the sharp drop in heat load, electricity
in TPPs is mainly produced in condensation regime. Fuel consumption amounts to 380 g
eq. fuel/kWh, CO; emissions coefficient is 623 g/kWh, efficiency of power output in plants
is 32.3 percent, the general energy efficiency of power supply from TPP (taking into
account losses during transmission and distribution) is 26.5 percent.

Consumption of electrical energy by power plant itself is 7.87 percent.

Currently, electricity production in TPPs accounts for 43 percent of carbon dioxide
emissions in the category of "Energy” and around 30 percent of total greenhouse gas
emissions.

Armenian nuclear power plant (ANPP). There are two energy blocks in the plant
with nuclear reactors of type VVER-440 with a total capacity of 815 MW (28.2 percent of
the total electricity production capacity in Armenia). In 1989, after Spitak earthquake,
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operation of ANPP was halted for safety reasons, although the plant itself was not
damaged. In 1995, in order to overcome the deep energy crisis, the second energy block of
the plant with 408 MW capacity was re-operated. Currently, 33 percent of the total
electricity in the country is produced by ANPP.

According to EU recommendations, the ANPP should close down in 2004,
although it has resources for 15 years of operation and its safety is ensured at a fairly high
level. Closure of the plant will reduce the level of energy security in the country from 51
percent at present to 21 percent in 2005 and 11 percent in 2006, and the energy
independence will reduce from 20 percent to 9 percent.

As it is known, nuclear plants do not have GHG emissions, however they are
associated with serious problems of operation safety and radioactive wastes. Liquid
radioactive wastes are accumulated in large volumes and their processing, mainly
vaporization, is a highly energy consuming process and does not solve the problem
entirely. The closure of the nuclear power plant would not solve the problems of
radioactive wastes either. Consequently, the use of effective innovative technologies in the
utilization of these wastes is an urgent issue, and application of these technologies will
allow for the revision of the future prospects of nuclear energy in Armenia.

Hydro-electric power plants. Presently, the only sources of energy for industrial
purposes in Armenia are hydro-resources, and half of their economic potential is already
being utilized (1500-1600 GWh). The share of HPPs is 28.2 percent of the total capacity of
electricity production in Armenia. In the period of energy crisis and halt in operations of
the nuclear power plant, HPPs accounted for up to 64 percent of the total electricity
production in the country.

Hydro-energy development plans envisage the full utilization of Armenia’s hydro-
potential amounting to 3200-3500 GWh. According to “Small HPP scheme of Armenia”, it
is planned to construct 325 small HPPs with a total capacity of 270 MW and production of
833 GWh electricity, which is equivalent to annual saving of around 286 thousand t eq.
fuel and reduction of carbon dioxide emissions of 470 thousand t by substituting TPP
which operates on natural gas. Trough the planned priority projects for the next 15-20
years large, medium sized and small HPPs with a total capacity of 300 MW and electricity
production of 1234 GWh will be built. Implementation of these projects will result in
annual saving of fossil fuel of 422 thousand t eq. fuel and reduction of carbon dioxide
emissions by 692 thousand t.

Utilization of hydro-electric resources becomes an important factor in the light of
compensation for the capacity of the nuclear power plant in case of its closure, as well as
reduction of carbon dioxide emissions.

Wind energy is a renewable source of energy with real possibilities of application
in Armenia. Currently, there are some activities under way for organizing the construction
of two wind-electric power plants (WPS) with 40 MW capacity and design electricity
production capacity of around 120 GWh (annul saving of fossil fuel by 35 thousand t eq.
fuel, CO, emissions reduction by 57 thousand t).

Transmission and distribution of electricity Electricity is transmitted by high
voltage air transmission lines with 220 kV (1323 km) and 110 kV (3169 km). The grid has
14 substations of 220 kV and 119 substations of 110 kV. High voltage grid of Armenia
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was designed as a component of the Trans-Caucasus energy system with inter-system links
in all neighboring countries and its transmission capacity is adequate for large loads.

The distribution grid encompasses the entire territory of the country and includes
cable and air transmission lines: 35 kV (2747 km), 6 (10) kV (10967 km) and 0.4 kV
(20082 km), 278 substations 35 kV and 10625 substations 10 (6)/0.4 kV. 4 distribution
grids are under operation under the management of “Power distribution grids of Armenia”
private company.

As a result of the poor technical conditions of power grid facilities, significant
losses of energy take place during transmission and distribution, reducing the overall
energy efficiency of power grids. The current energy losses in the grid amount to 18
percent, including high voltage- 6 percent, distribution (technological)- 12 percent. The
reconstruction of power grid facilities, given the current electricity production processes in
TPP, will allow for a saving of 58 thousand t eq. fuel and reduction of CO, emissions by 95
thousand t annually.

“Distributed generating” can play a huge role in saving electrical energy. This is s
unified system for optimal management of electricity provision and consumption,
including centralized and non-centralized (local) distribution stations. This is a
computerized grid of the entire power system, including also alternative sources (wind,
photoelectric, biogas), which regulates electrical energy at peak loads and during smaller
loads by connecting and disconnecting electric power system depending on demand.

Technical condition of electric power system is characterized by the highly worn-
out main equipment throughout the system - production (with the exception of NPP),
transmission, as well as distribution. In thermal power plants, 35 percent of design
capacities are being used for more than 30 years and have used up their technical
resources, which causes over-consumption of fuel and the corresponding increase in CO;
emissions. The operation period of the design capacities of hydro-electric plants is more
than 30 years, including 50 percent more than 40 years and 14 percent more than 50 years.
Electric power grid facilities are highly worn-out, do not have modern protection,
communication and regulation systems and have significance losses of energy in the grid.

Technological needs. Starting in 1994, with assistance from international
organizations, seven projects for development of electrical energy sector were developed in
Armenia with end dates of 2010, 2015 and 2020. Together with advantages, which will be
used, the mentioned projects did not take into account a number of conditions and factors:
lack of funds, energy security and independence conditions, impact of capital investments
on tariffs, etc. The document "Basic provisions for the sustainable development of energy
sector in Armenia" has been prepared, which determines the directions for state energy
sector policy and forms the basis for the development of the strategy and long-term
development of energy sector. Ensuring an adequate level of energy security and
independence for the country is the main priority for state energy sector policy.
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The main provisions for sustainable development of energy sector in Armenia
include: (1) develop strategy for diversification of production capacities (hydro-energy,
thermal energy, nuclear energy), energy carriers (natural gas, diesel fuel, nuclear fuel,
energy interconnection between systems), supply methods for energy carriers
(transportation of gas in two directions, railroad and road transportation of oil products);
(2) create potential for own renewable and fuel-energy resources; (3) take measures for
energy saving, in cases considered as national energy resources.

According to “Basic provisions" the long-term investment and energy program will
focus on resolving the following issues: (1) hydro-energy — modernization of existing HPP,
construction of new medium and small sized HPP through private investments; (2) thermal
energy- use of the existing energy production equipment in TPPs until the total expiration
of their technical resources and at the same time construct and operate highly effective
steam-gas equipment; (3) nuclear energy — continuous improvements in the safety of the
existing NPP with consideration for peaceful trends in development of nuclear energy; (4)
heat supply- use with introduction of modern effective technologies for combined heat and
electricity production, as well as solar and geothermal energy; (5) rehabilitation and
modernization of electric power transmission and distribution grids. Technological needs
and key technologies for Armenia’s electrical energy sector are determined based on the
analysis of current situation and in accordance with the strategy for development of energy
sector.

According to projections for the development of Armenia’s electrical energy sector
until 2015-2020, electrical energy production will increase by 57-60 percent, and emission
of greenhouse gases by 60-72 percent.

Technological needs and technologies

Electrical energy

e Modernization of generation capacities, introduction of new highly
effective technologies for producing energy using steam-gas turbines
in TPPs

¢ Introduction of highly effective micro-turbines (1-100 kW)

e Utilization of new hydro-energy resources and widespread use of small
HPP

e Utilization of the potential of wind energy and construction of wind
electric power plants

e Reconstruction of transmission and distribution grids, reduction of
energy losses and introduction of the system of distributional energy
supply.

e Modernization of safety system in NPP and introduction of modern
innovative technologies for use of radioactive waste.

The main indicators of projects, the implementation of which will contribute to the
reduction of greenhouse gas emissions in electrical energy sector, are presented in Table
1.3.
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Table 1.3. Characteristics of proposed projects in electrical energy sector

Capital Annu‘al Expi‘ration olizlﬁcél?:r Cos.t per
. reduction period of unit of
Project title invest- of GHG the the, GHG
ments . expiration .
emissions technology . reduction
period
million $ thousand t years thousand t $/t
Reconstruction of Yerevan TPP
with installation of steam-gas
block with electrical capacity of 165.0 352.0 30 10560 15.6
206.3 MW and heat generation
of 111 Gcal/h
Construction of hydro-electric
power plants:
Meghri HPP, 79.8 MW 100.0” 254.3 40 10174 9.83
Shnogh HPP, 75 MW 95.0" 146.1 40 5844 16.2
Loriberd HPP, 59.2 MW 130.0” 107.1 40 4286 30.3
Small HPPs with total capacity 62.2 1212 40 4848 12.8
of 70 MW ) ) )
Construction of wind electric
power plants with total capacity 45.0 64.9 25 1622 21.5
of 50 MW

" Preliminary evaluation excluding VAT

The evaluated reduction in GHG emissions of electrical energy sector as a result of
the implementation of the above mentioned projects (project line) and without their
implementation (baseline) are presented in Figure 1.5. The total reduction of emissions in
electrical energy sector over a 20 year period will amount to 9.27 Mt.
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Figure 1.5. Projection of CO, emissions in Armenia electrical energy sector

1.2.2. Heat supply

Centralized heat supply in Armenia is provided by thermal power plants, boiler
houses of the municipal sector and industrial boiler houses.

Economic and fuel-energy crises in 1990s, sharp increase in fuel prices had an
extremely negative impact on the central heating system. In 2000, thermal energy produced
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constituted only 5 percent of the level in 1990, including by thermal power plants -15
percent, boiler houses -4 percent. Funding for industrial boiler houses, which accounted for
29 percent of the total heat production, was practically halted.

Presently, within the composition of heat production, 66 percent is the share of
thermal power plans and 34 percent the share of boiler houses (in 1990, 21 percent and 50
percent correspondingly).

Comparative indicators of thermal energy production are presented in Table 1.4.

Table 1.4. Central heat production in Armenia, 1990 and 2000

Design heat Actual heat production
Heat source production thousand Gceal
cé‘l:f/'ltly 1990 2000
Thermal power plants 1706 4000 612.5
Boiler houses 7506 9400 314.7
Industrial boiler houses 1630 5700 -
Total 9212 19100 927.2

In 2000, the consumption of thermal energy in industry amounted to 406.2
thousand Gcal, with another 316.2 thousand Gecal in central heating system (in 1990,
correspondingly 7391 and 9800 thousand Gcal).

In 1990, around 3500 thousand t eq. fuel was used for central heat production, or
around 31 percent of the total fuel consumption in the country. In 2000, these indicators
dropped to 166 thousand t eq. fuel and 7.8 percent, and the share of central heat production
in the total GHG emissions amounted to 6.1 percent (in 1990 — 27.5 percent).

Heat supply to housing-municipal sector is among the main sources of GHG
emissions and at the same time has a large potential for energy saving and emission
reduction. GEF/UNDP project “Removing barriers to energy efficiency of district heating
and hot water supply” allowed for comprehensive analysis of the current situation and
identification of the main problems in district heat supply in the country.

Currently the district heat supply system in Armenia has declined. Compared to
1990, heat loads have shrunk by 87 percent, heated living areas by 74 percent, number of
heated public buildings by 80 percent. The system of hot water supply is not operating
anymore. The number of settlements with centralized heating has reduced from 55 to 8.
The duration of heating season in the country has reduced on average by 30 percent.

Conditions of the current heat supply system are poor at all levels: production,
distribution and consumption. There are continued unfavorable trends in heat supply
companies, due to their difficult financial situation conditioned by low payment collection
rates for the heat supplied and accumulation of debt on the debit side. Conditions of main
assets are deteriorated continuously, outdated technologies and equipment are not replaced,
and system utilization levels remain low. As a result of the inadequate technical conditions,
the energy efficiency of operational systems is not more than 60-65 percent.

Presently, in conditions of sharp decline of central heat production and gas
consumption (until 1992 a large part of the population used individual gas boilers for hot
water needs), heat supply from partially operational central heating systems, electricity,
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natural gas, coal, firewood, etc. are used for heating and hot water in the housing-
municipal sector. The types and volumes of energy carriers used are primarily determined
by the type of consumer (apartment buildings, single-family houses, public buildings).

Energy consumption for covering heating and hot water needs, studied within the
framework of the mentioned project, are presented in Figure 1.6.

- % - %
DH | 15.3 DH [ 316}
Electricity | 303 Electricity | 368
Natural gas 7 16.7 Natural gas ]
Firewood | 33710 Firewood 7 19.2
Other 7 Other 7u 24
a b

Figure 1.6 Structure of energy consumption for heating and hot water in housing-municipal
sector of Armenia (a- total for the sector, b- for apartment buildings)

Currently, in Armenia’s housing-municipal sector, the largest share of energy
consumption falls on firewood (33.7 percent) and electricity (30.2 percent), and for
Yerevan - electricity (50.1 percent) and centralized heat supply (27.5 percent). The share of
electricity in apartment buildings in 46.8 percent, centralized heating 31.6 percent,
firewood 19.2 percent; in Yerevan correspondingly 55.8 percent, 30.7 percent and 11.1
percent.

The structure of energy consumption formed ensures only 27 percent of the
normative needs for heating (34 percent of heating and 15 percent of hot water) and is
characterized by low energy-economic effectiveness.

Per unit consumption of fuel within the current pattern of energy consumption is
0.4 t eq. fuel/Gceal, energy efficiency 30-32 percent, which is 2.5 times lower than in
efficient heat supply systems.

The use of electricity for heating and hot water purposes is not efficient and
economically is not justified. Per unit cost of thermal energy received from the use of
electricity is 54.3 US$/Gceal, which is 2.7 times higher than the cost of thermal energy
produced in heating supply systems (US$20.0/Gcal).

The low energy efficiency of the existing patterns of energy consumption results in
high per unit emissions of CO;, (0.64 t/Gcal) and polluting substances. The use of
electricity, produced by TPPs operating in condensation or under-loaded thermal regimes,
for heating purposes results in almost 3 times more consumption of fuel and CO,
emissions, compared to direct thermal energy production. The use of firewood, the
coefficient of carbon dioxide emission of which is 2 times higher than that of the natural
gas, also results in increased CO, emissions.

In the current energy consumption pattern, 52.4 percent of CO, emissions come
from the burning of firewood, 43.5 percent from natural gas, 4.1 percent from liquid and
solid fuel.

In 2000, CO; emissions from housing-municipal sector, where only 27 percent of
heat demand was met, constituted 1072 thousand t or 18.7 percent of the total GHG
emissions.
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Crisis in heat supply resulted in extremely unfavorable consequences for forestry
due to mass tree-cuttings in forests for heating purposes, in particular the loss of carbon
sequestration function of forests. These problems are discussed in “Forestry” section.

The alternative to energy consumption pattern formed is the gradual rehabilitation
of the district heating system with the use of energy efficient technologies, continuation of
gas supply extension in the housing-municipal sector, as well as utilization of biological
and organic wastes (firewood, plastic, etc.) for obtaining heat, biogas and useful products
(fertilizer, chemicals, activated coal).

In order to select the optimal strategy, a financial-economic analysis of alternatives
for heat supply rehabilitation was conducted within the framework of the mentioned
project for one district in Yerevan, where a 174 MW district heating system was
operational until 1991 (Figure 1.7). The comparative analysis revealed that the most
preferable alternative, with regard to energy-economy and ecology, is the combined heat
and electricity production. Presently, however, possibilities for its application instead of
district boiler houses with 100 MW and more capacities are limited by the large volume of
needed investments and low level of affordability among the population.
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Figure 1.7. Annual CO, emissions (a) and energy production cost (b) for various alterna-
tives of heat supply

Baseline — current DH system with 65 percent energy efficiency

A- rehabilitation of DH systems with higher energy efficiency achieved through the
reconstruction of boilers, heat supply networks and DH substations

B- centralized system with combined heat and electricity production

C- decentralized system with 18 boilers of up to 10 MW capacity

D- decentralized system with 150 individual small capacity boilers

E- heating by using electricity

Through the implementation of the project “Removing barriers to energy efficiency
of district heating and hot water supply” the following problems in Armenia’s heating
sector were identified:

e low energy efficiency of the formed pattern of energy consumption, where the

share of centralized sources of heat supply is 25-27 percent;

e poor conditions of DH systems, absence of funding sources for their

reconstruction, difficult financial situation in heat supply companies;

e absence of heat metering and regulating possibilities at consumer level, as well

as tariffs and billing systems based on the actual consumption, and as a result
lack of incentives for energy saving;
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low collection rate of payments for the heat energy used;

slow application of market mechanisms;

shortcomings in the legal framework regulating heat consumption;

low level of self-organization and awareness among home owners, limiting
energy saving measures at home owner level.

In order to solve a number of technical, financial and organizational problems
relating to better energy efficiency in district heating, pilot projects in two apartment
buildings in Yerevan and one in Gyumri are being implemented, which will allow for
recording the consumed heat by using heat meters installed on buildings’ heat intake pipes
and regulation of heat consumption in apartments with thermostats on radiators. Projects
also address organizational issues related to relationships between heat suppliers and
condominiums, as authorized representatives of home-owners. Results of pilot projects will
be the basis for recommendations proposed for implementation during the rehabilitation of
and efficient DH system in the country.

In 2001-2002, within the framework of the project financed by international
financial organizations, the Urban Heating Strategy for Armenia was developed. The
strategy is based on the principle of economic affordability of heat supply services for the
population and is planned for the period ending in 2025. The strategy envisages that the
current DH systems will be maintained and their efficiency will be increased by phases
through renovation-rehabilitation and reconstruction activities. In residential areas
disconnected from DH system, the strategy plans the use of individual systems (for 1-4
buildings) with small boiler houses, installation of combined heat and electricity
production with small capacities, as well as solar heaters in combination with water heating
boilers and individual (for individual apartments) gas heating. The main investments will
be made in the “growth” phase (6-25 years) taking into account the expected increase in
affordable demand on the population’s side.

Technological needs and technologies

Housing-municipal sector (heating)

e Introduction of devices for heat consumption metering and regulation.

e Reconstruction of existing DH systems with application of automatic
regulation systems, pre-insulated pipes, individual heating stations, etc.

e Introduction of local (individual) heating systems with highly efficient
boilers of small capacities using natural gas as fuel, installation of
small capacity combined heat and electricity production, solar heaters
in combination with water heating boilers.

e Introduction of heat-pumping systems utilizing low-potential heat of
the ground, sewerage and other heat sources.

Rehabilitation of efficient DH systems in Armenia will reduce the consumption of
primary energy by 60 percent and annual CO; emissions by 38-40 percent and in a 20-year
period to 9.6 Mt (Figure 1.8).
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Figure 1.8. Projection of CO, emissions from the heating system of Armenia’s housing-
municipal sector

Reconstruction and phase by phase improvement of the energy efficiency of
Yerevan heating system, which accounts for more than 50 percent of the heat consumption
in the entire housing-municipal sector of the country, allows for the reduction of CO,
emissions in a 20-year period by 6.5 Mt (Figure 1.9).
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Figure 1.9. Projection of CO, emissions from the heating system of Yerevan’s housing-
municipal sector

Capital investments in the reconstruction of Yerevan heating system are evaluated
at US$45 million (excluding the costs of restoration of gas supply to boiler houses), which
is equal to US$6.9/t CO, expenditure for emission reduction.
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1.2.3. Gas supply

Armenia’s gas supply system started to take shape and became operational in
1960s. In the initial period natural gas came to Armenia through the gas pipeline from
Azerbaijan, and from 1972 from the unified gas transportation system of the USSR,
through three gas pipelines crossing the territory of Azerbaijan, which are not operational
since 1991. Currently, gas is supplied to Armenia from Russia through the territory of
Georgia by North Caucasus-Trans Caucasus gas pipeline.

Armenia’s gas supply system is a network of main and distributional gas pipelines
with the corresponding installations for regulation, distribution, protection, etc. The central
gas supply system consists of main gas pipelines and one-pipeline branches with a total
length of 1918 km. Up to 1991, the total length of the distribution network was around
10000km. The flow capacity of systems was designed at 10 billion cubic m of gas. System
reserves included also underground gas reservoirs in
Abovyan town, with a volume of 220-240 million cubic m. Presently, the operational
volume of underground gas reservoirs is 90-100 million cubic m.

Until the collapse of the USSR, Armenia had a high level of gas supply provision at
83 percent. Gas was supplied to 480 thousand subscribers of in the housing sector of 42
towns and 356 rural settlements, more than 2000 industrial enterprises and municipal
facilities.

The economic and energy crises of 1991-94 and the sharp rise in gas prices had an
extremely negative impact on Armenia’s gas supply system. Compared to 1988-90, the
volume of gas coming into the country in 2000-2001 reduced by more than 4 times and
amounted to 1.4 billion cubic m. The use of gas in industries reduced by 7 times, in
electric-power production by 1.89 times, in housing-municipal sector by 13 times.

The long and simple systems and the lack of electro-chemical protection resulted in
damages and 35 percent of underground and 15 percent of above-ground networks became
non-operational.

In 1997, work for restoration of the gas supply system started. As of 2000, 45
percent of distributional networks and gas supply to 20 percent of subscribers were
restored.

Currently, natural gas is the main fuel used in Armenia accounting for 88-90
percent of fuel consumption (with the exception of colored oil products) and 45-50 percent
of primary energy consumption in the country.

The main gas consumers in Armenia (2001) are electrical energy producers (56.5
percent), industries (20.4 percent), population (10 percent) and heating boiler houses (5.7
percent).

The efficiency of gas burning, and consequently its heat-generating capacity, is
highly dependent on the mixtures in the gas, such as moist, SO, and CO,. Thus, it would
be appropriate to refine the natural gas using the corresponding technologies. One of these
possible technologies might be the use of filters made of natural absorbents, abundant in
Armenia, which selectively absorb the mentioned gases.

The gas supply system is managed by Russian-Armenian “ArmRusgasprom" CJSC,
conducting transportation and storage of gas in 8 territorial sub-divisions, as well as 16
territorial branches in charge of operating distributional networks and sale of the gas.

Armenia’s gas supply system is a significant source of GHG emissions. Practically
the entire methane emissions during the transportation, storage and distribution of gas are
is determined by the volume of natural gas emitted during technological operations in
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enterprises, as well as technological losses due to poor insulation of equipment and
accidents.

Technological (operational) losses of gas in gas supply pipelines occur due to
holes, micro-cracks and rust in pipes and poor pipe connection joints, poor insulation of
pipe covers, equipment in gas distribution stations and gas distribution sub-stations,
underground gas reservoirs and compressor stations. A part of technological losses of gas
are linked to technological normative rules for operation of distribution stations,
substations and underground gas reservoirs, which require gas releases into the atmosphere
and consequently no emission reductions are planned in this area.

Gas losses occur also due to treatment of repaired pipeline sections and cleaning
devices with gas, as well as losses during accidents.

In 2000, the total loss (leaks) of gas amounted to 55.09 million cubic m or 3.92
percent of the total volume of gas, including:

e technological losses in gas transportation system at 25.62 million cubic m

e technological losses in gas transportation system at 22.42 million cubic m

e Jlosses during the treatment of gas pipelines and equipment at 3.93 million

cubic m

e losses due to accidents at 3.12 million cubic m.

Emissions of methane (constituting 95.4 percent of the gas, weight density 0.72)
amounted to 794.7 thousand t or 13.9 percent of the total emissions of greenhouse gases.

Reduction of gas losses, and consequently methane emissions is component part of
the activities currently under way for restoration and reconstruction of gas supply systems
with the use of modern technologies.

Technological needs and technologies

Gas supply

e use of modern technologies and equipment for reconstruction of the
linear par of gas pipelines;

e introduce automatic information-computer systems with tele-control
and calculators of gas consumption for timely identification of sources
of losses and their prompt repair;

e use of quality sealing grease in gas distribution and compressor stations
in order to stop leaks from not very tightly sealed joints;

e impalement regularly the entire set of prophylactic and organizational
measures for reduction of accidents and emissions from gas treatment
of cleaning equipment, gas pipelines and during elimination of accident
consequences and formation of hydrates.

Due to the expected rise in demand for gas, it is projected that the volume of
natural gas coming into the country in 2002 will increase by 1.9 times in case of the energy
sector development scenario with NPP and 2.3 times in case of the scenario without NPP
compensated by TPP using natural gas.

27



UNDP/GEF/ARM/95/G31/A/1G/99 “Armenia-country study on climate change. Phase II”

Meeting the above-mentioned technological needs will allow for a reduction of
methane emission (expressed in CO;, equivalent) for the 20-year period by 4.6 Mt (Figure
1.10).

1.2.4. Production processes

Sources of carbon dioxide emissions in Armenia, as a byproduct of the
transformation of materials from one condition to another in technological processes not
related to energy sector, are chemical industries: ammonium and calcium carbide in the
chemical factory of Vanadzor town, production of synthetic rubber in “Nairit” in Yerevan
(the synthesis-gas forming as a result of acetyl pyrolysis is sent to Yerevan TPP as fuel), as
well as construction material factories (cement production, construction gypsum, concrete,
perlite, dolomite).
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Figure 1.10 Projection of CH4 emissions form Armenia’s gas supply system

In the national GHG cadastre prepared for the baseline year (1990), the mentioned
sources of CO, emissions, with the exception of emissions during cement production, were
not taken into account due to the limited reliable information and absence of data on
emission coefficients. In the following years emissions from the mentioned productions
were not evaluated due to the fact that many of them were non-operational or operated
irregularly at significantly lower capacities. Evaluation of emissions and technological
needs for their reduction will be conducted later, after the development issues of the
mentioned productions are solved.

The analysis and technological needs of the most significant source of CO,
emissions in the category of “Production processes”, i.e. cement production is presented
below.

Cement production. In Armenia, cement is produced in two factories, Hrazdan
(wet method for clinker production) and Ararat (with dry method for clinker production).
Design capacity of each factory is 1200 thousand t of cement per year. Currently, both
factories are privatized and belong to private companies.

In the last decade, due to the decline in volumes of construction, cement
production and consequently CO, emissions reduced drastically (Figure 1.11). In 2000,
cement production and CO, emissions amounted to 17.3 percent of the level in 1990.
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In 2000, CO, emissions from cement industry (excluding emissions from fuel
burning, which are included in the energy sector) amounted to 109 Gg (thousand t) or 1.9
percent of the total GHG emissions.

In 2000, Armenia’s cement industry accounted for 7 percent of industrial energy
consumption and 21.8 percent of fuel consumption (1.5 percent and 4.7 percent of the total
electricity and fuel consumption in the country).
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Figure 1.11. Cement manufacturing and CO; emissions, 1990-2000

Cement manufacturing in Armenia is characterized by high level of energy
consumption. Per unit consumption of thermal and electric energy is 2 times higher than in
developed industrial countries. This is a result of the conditions of technological
equipment, as well as operations of factories at sharply downgraded capacities.

Technological needs and technologies

Production processes (cement manufacturing)

e increase the energy efficiency of production by application of modern
energy and resource saving technologies and equipment (transition
from direct to indirect burning, improvement of preliminary heating up
of furnaces, use of highly efficient mills and separators, introduction of
automated regulation systems and control of the burning regime,
improvement of heat-insulation of furnaces, etc.);

e cement production with small proportionality of clinker-cement;

e convert Hrazdan cement factory into using dry technology in cement
production.

Introduction of the mentioned technologies will result in the reduction of energy
consumption in cement production and CO; emissions by 40-45 percent.

At the same time, it must be noted that the conversion from wet method of cement
production to the dry one needs large capital investments (around US$50-60 million).
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1.2.5. Transportation

Transportation system in Armenia includes motor vehicle, railroad, air and pipeline
transportation. Railroad transportation in the country is entirely electricity based, internal
air transportation in currently non-operational, and thus carbon dioxide emissions from air
transportation are not applicable.

Carbon dioxide emissions from the transportation sector are almost entirely from
motor vehicles, the share of which in carbon dioxide emissions in 2000 amounted to 19.4
percent (757 thousand t) and 13.2 percent of the total GHG emissions.

Due to difficult socio-economic conditions and emigration of a large part of the
population, significant changes have taken place in the numbers and composition of motor
vehicles in Armenia. Compared to 1990, the number of motor vehicles has reduced by 43
percent, and the share of personal motor vehicles has increased by 72 to 87 percent. More
than 40 percent of motor vehicles in the country are concentrated in Yerevan.

Data on motor vehicles are presented in Table 1.5.

Table 1.5 Motor vehicles in Armenia, 2000

Motor vehicle category Quantity Share %
Automobiles 153655 76
Trucks 38526 19
Buses 9409 5

Total 202231 100

The majority of motor vehicles currently used in Armenia were manufactured in
the former USSR in 1980s. In recent years, the number of foreign made used cars imported
into the country has increased (5.2 percent of the total number of automobiles for personal
use). Motor vehicles in the country, on the whole, have become old, and they have poor
technical conditions and ecological characteristics. Old motor vehicles do not have exhaust
gas cleaning systems, such as catalytic neutralizers widely used in developed countries.
This results in atmospheric air pollution with gases such as SO, and NOy, which although
not considered greenhouse gases, nevertheless have an impact on climate change as
precursors of GHG.

Automobiles in Armenia have the following distribution by age: 10-20 years 60
percent, more than 20 years 30 percent, up to 10 years 10 percent.

There are 50 technical examination points for motor vehicles in the country.
Mandatory technical examination is conducted once a year, which includes the
examination of carbon dioxide emissions.

The overall quantities of fuels used for motor vehicles by type of fuel are presented
in Table 1.6. As presented in the Table, 6.5 percent of motor vehicles use gas and 20.7
percent use diesel fuel.
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Table 1.6 Use of fuel by motor vehicles in Armenia, 2000

Quantity Share CO, emissions
Type of fuel
P t teq. % thous.t | %
fuel

Petrol 178500 | 265965 72.8 538.5 71.1
Diesel fuel 52200 75690 20.7 165.36 21.8
Compressed natural gas 20416 23682 6.5 53.3 7.1
Total 251116 | 365337 100 757.16 100

The distribution of motor vehicles by types of fuel used is presented in Table 1.7.

Table 1.7 Distribution of motor vehicles by types of fuel used, 2000

Category of motor vehicle Share, %
Petrol Diesel Gas
Automobiles 93.9 - 6.1
Small trucks 29.7 61.4 8.9
Large trucks 0 90.2 9.8
Small buses 36.1 0 63.9
Large buses 34.7 65.3 0

In recent years, an underlined trend has been recorded in Armenia regarding the
use of compressed natural gas as fuel for motor vehicles and development of the network
of compressed gas refueling stations.

Gas fuel has a number of advantages compared to the traditional types of motor
fuel: low price and 25-35 percent lower emissions of carbon dioxide and polluting
substances. The use of gas fuel increases the life of engine by 1.4 to 1.8 times and the
period between engine repairs by 1.5-2.0 times. Compared to 2000, it is planned to
increase the use of compressed natural gas 1.8 times by 2010, 2.3 times by 2015 and 3
times by 2020. According to projections of the development of gas-compressor refueling
stations network, the share of compressed natural gas as fuel for motor vehicles will
increase up to 20 percent by 2020.

Over the last decade, the energy efficiency of urban public transportation has
reduced significantly. According to expert evaluations, the per unit consumption of fuel in
passenger transportation has increased by 4 times. This is a result of large busses and
transportation operating on electricity (trams, trolley buses, metro) being gradually
substituted by microbuses, which currently account for 90 percent of passenger
transportation. This structure of passenger transportation has resulted in overuse of motor
fuel, and correspondingly an increase in CO, emissions and level of atmospheric air
pollution.

Currently, within the framework of a loan from the WB, a joint project between the
Swedish company “Sweca” and Yerevan city for improving the management of public
transportation in Yerevan, where 34 percent of country’s population and the majority of
motor vehicles are concentrated, is being developed. The problem of optimization of
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transportation flows is also being addressed within the framework of the new master plan
for the city. Implementation of the mentioned programs will contribute to the mitigation of
the impact of emissions from motor vehicle transportation on the environment.
Improvement of normative-legal framework, as well as implementation of tax,
customs and ecological policies promoting the use of better fuel and limiting the import of
used cars will have an important impact on the reduction of emissions from motor vehicles.

Technological needs and technologies

Transportation

e Increase in number of motor vehicles using natural gas and diesel fuel;

e Improve the quality of motor fuel;

e Optimize passenger transportation and diversify the urban public
transportation means; Use of large buses and transportation means
using electricity;

e Improve streets-roads network and optimize transportation flows;

e Provide modern devices to points conducting technical and ecological
examination;

e Introduce financial incentive mechanisms for limiting and reducing
emissions of polluting and greenhouse gases.

Projected evaluation of carbon dioxide emissions from motor vehicles for two
scenarios, one with continuation of the existing pattern of motor fuel use (baseline) and the
other one with increased use of natural gas and diesel fuel (projected line) are presented in
Figure 1.12.

The expected reduction in carbon dioxide emissions for the projection period is 1
million t.

1.2.6. Agriculture

Agriculture accounts for 23.1 percent of Armenia’s GDP. 64.7 percent of gross
agricultural production comes from crops production and 33.3 percent from livestock
production. Farming in Armenia is mostly irrigated (22 percent to total agricultural land
and 65.5 percent of arable land are irrigated).

In 2000, agriculture accounted for 8.8 percent of the total GHG emissions (in 1990
- 5.7%). The share of agriculture in total methane emissions is currently 29 percent.

Sources of greenhouse gas emissions in agriculture are: agricultural machinery
(COy), intestine fermentation of livestock and manure (CH4) and use of nitrogen fertilizers
(NOy).

Significant changes have taken place in the agricultural sector within the last
decade: fragmentation of farms and large livestock production farms, reduction in
cultivated areas, number of livestock and agricultural machinery. As a result of these
changes, greenhouse gas emissions in the agricultural sector in 2000 constituted 39.4
percent of the level of 1990 (Table 1.8).
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Figure 1.12. Projection of CO; emissions from motor vehicles in Armenia

Table 1.8 Greenhouse gas emissions in Armenia's agricultural sector, Gg (thousand t)

Sources CO, CH, N,O CcO,
1990* | 2000* 1990 2000 1990 2000 1990 2000
Agricultural machinery 427.7 71.6 427.70 71.6
Intestine fermentation 44.07 22.21 925.47 466.4
Manure 2.7 1.17 56.70 24.6
Agricultural lands 0.16 0.04 49.60 12.4
Total 427.7 71.6 46.77 23.38 0.16 0.04 1459.47 575.0

* For 1990 cadastre data, for 2000 evaluated data.

The largest share of greenhouse gas emissions in agriculture belongs to emissions
resulting from intestine fermentation of livestock at 81 percent of total emissions and 95
percent of methane emissions.

Reduction in emissions from intestine fermentation can be achieved by a better
balance of nitrogen and carbon in animal feed through application of technologies for
ammoniation of hay, which is successfully used in a number of countries. Evaluation of the
effectiveness of the use of this technology and the corresponding potential for reduction of
methane emissions in Armenia’s conditions can be done after additional analysis based on
the specifics of local conditions.

The technology using zeolites and other adsorbents as supplements to animal feed
is very promising. At the same time, these supplements absorb methane in animals’
stomachs, contributing to digestion and reducing the number of losses. This technology is
successfully used in other countries, and preliminary experiments with good results have
been conducted in Armenia.

The quantity of methane emitted from livestock production waste constitutes
around 5 percent of total emissions of this gas. In Armenia, livestock animals are confined
for 6-7 months per year, and in the rest of the year they are in pastures, and quantity of
manure which can be collected and processes amounts to almost half of its total quantity.
Thus the potential for reducing methane emissions through application of technologies for
manure processing is evaluated at 600 thousand t or 850 thousand cubic m of methane
annually.
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In recent years, due to the sharp decline in gas supply and the rise in fuel prices, the
rural population in northern mountainous areas of the country use around 30 percent of the
manure formed during confinement of livestock, as fuel, the annual quantity of which,
according to experts, amounts to 126 thousand cubic m (37.8 thousand t).

The introduction of modern technologies for using the methane of livestock
production waste is hindered by small sizes of farms (from among 340 thousand farms,
only 100 have more than 50 heads of cattle), lack of financing and information among
farmers, etc. The trend in recent years for consolidating livestock farms and improving
their financial situation is a precondition for introducing modern waste processing
technologies contributing to reduction of greenhouse gases.

In recent years, small biogas production facilities are being installed in farms, in
particular in Aparan (together with a solar collector, reactor volume 6 cubic m), Yeghvard
(reactor volume 13 cubic m) and Baghramyan (reactor volume 30 cubic m).

Widespread use of these facilities will allow for obtaining gas for further use in
electricity and heat production, as well as quality organic fertilizers. In addition, there are
modern facilities for producing gas not only from manure, but also from wastes of
agricultural crops, stems and leaves, hay, etc. In some countries, crops with large volumes
of green mass, such as amaranth and sorghum, are specially cultivated for this purpose.

There is a huge potential for energy saving in the agricultural sector related to the
irrigation system. Irrigation needs account for 13-14 percent of the total energy
consumption in the country. At the same time the efficiency of irrigation systems on
average is 54 percent, which results in overuse of water and electricity. The reconstruction
work currently conducted in the irrigation system will increase its efficiency to 72-74
percent, which will result in the corresponding reductions in irrigation water loss, energy
consumption and carbon dioxide emissions.

Irrigation can be made much more efficient through the use of sprinkler and drip
irrigation methods. Also artesian waters are not effectively used for irrigation purposes.

Technological needs and technologies

Agriculture

e optimize livestock feed through technologies of silage and
ammoniation of hay.

e use of natural adsorbents available in Armenia as feed supplement for
livestock.

e use of crops cultivation and livestock production wastes for energy
production based on biogas.

1.2.7. Forestry

The forest area in Armenia is currently 459.9 thousand ha, of which 334.1 thousand
ha of forest covered areas (11.2 percent of country’s territory). The forest covered areas per
capita is around 0.1 ha. 62 percent of forests are situated in north-east, 36 percent in south-
east. Central regions have only 2 percent of the total forest area. More than 250 types of
tree-shrub plants grow in forests. The main forest forming species are oak, beech and
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birch, which cover 81.3 percent of the forest covered area, including: oak 120 thousand ha
(35.9 percent), beech 96 thousand ha (28.7 percent) and birch 56 thousand ha (16.7
percent). The remaining area is covered by pine, maple, lime and other tree-shrub species.

According to forest management data from 1993, the timber reserve in Armenia’s
forests amounted to 41.47 million cubic m, with total annual growth rats of 0.435 million
cubic m, average growth rate of 1.3 cubic m/ha, average reserve of 125 cubic m per 1 ha,
average density of forest 0.53, average age 99 years. In the overall timber reserve the
largest shares are those of beech at 20.68 million cubic m (49.5 percent), oak 12.5 million
cubic m (29.8 percent) and birch 6.0 million cubic m (6.4 percent).

These data need to be adjusted, since they do not take into account the mass illegal
tree-cuttings of the recent years and timber growth during that period.

The data presented show the ineffective management of the forestry sector. Growth
indicators and consequently timber reserves in Armenia’s conditions could have been 50-
60 percent higher. Absence of cuttings to the necessary volume in the past, due to, in
particular, the fact that up to the collapse of the USSR country’s needs for timber were
covered by imports, resulted in increase in areas of aged and extremely aged forests
amounting to 26.3 percent of the total forest area. Around 47 percent of forests are
classified as middle-aged, young forests of first and second age categories amount to 10
percent.

After 1990, Armenia’s forest being the only natural long-term absorbents of carbon
dioxide, as well as having important protection functions, such as water protection, erosion
protection, etc., were affected by extremely negative impacts as a result of the heat supply
crisis and sharp drop in population's gas consumption. According to expert evaluations, for
the period of 1992-2000, around 7 million cubic m of timber, or more than 16 percent of
the total volume, was cut for heating purposes. Currently, the population uses almost 40
times more timber for energy purposes, compared to pre-crisis years.

As a result of mass illegal tree-cuttings in forests, 7.0 thousand ha are totally
destroyed and another 100 thousand ha are damaged by 41 percent, where forests have
become thin. The average density of forests has reduced to 0.32. At the same time healthy
young forests near settlements with the highest capacity of carbon dioxide sequestration
have been damaged the most, while aged forests remained almost untouched because of
their remoteness.

In Armenia, characterized by its small forest area, such large-scale cuttings of
forests resulted in the disruption of the ecological balance, and caused a number of
negative ecological consequences through a chain reaction: reduction of biodiversity in
forest ecosystems, activation of erosion, flood and landslide processes, worsened water
protection functions of forests.

Such non-sustainable use of forests with significantly higher cutting rates than
natural regeneration rates resulted in worsened functions of forests, as absorbents and
accumulators of carbon and transformed them into sources of CO, emissions through the
use of timber as fire wood.

In 1990, sequestration of CO, in forest ecosystems amounted to 697 Gg, and
emissions constituted 80 Gg or 11.4 percent, and in 2000 the corresponding figures were
523 Gg and 960 Gg, i.e. emissions exceeded sequestration by about 2 times (Figure 1.13).
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Figure 1.13. Balance of sequestration and emission of carbon dioxide in Armenia’s forestry
sector, 1990-2000

Continuation of the current practices of forest use is inherent with irreversible
ecological consequences. Based on projection calculation, it is determined that the
restoration of forest to their initial situation (1990) will be achieved only after the year
2020, in conditions of gradual restoration of heat and gas supply to the population and
improvements in their living conditions, reduction of annual cuttings to 350 thousand cubic
m by 2010, to 200 thousand cubic m by 2015, to 100 thousand cubic m by 2020, as well as
annual forest restoration activities on 1.0 thousand ha.

Reduction of sequestration capacity in Armenia’s forests is also caused by large-
scale (on more than 20 thousand ha of territory) increase in populations of leaf-eating
insects-pests, defoliation of trees, and consequently hindering the growth of timber.
Absence of pest control measures has resulted in desiccation of large areas of oak forests in
southern areas of the country (according to expert evaluations the total area of desiccated
forests amounts to 2-3 thousand ha). Such volume of damage done by insects-pests is
unprecedented in the country. At southern borders of forests in various areas of the country
group desiccation of trees not caused by leaf-eating pests has been recorded. In the last
three years, climatic conditions in the country formed a natural model of scenarios
expected as a result of climate change, and the mentioned factors both confirmed the
projected forest vulnerability (increase in number of insects-pests and higher lower borders
of forests).

An important precondition for restoration and sustainable development of
Armenia’s forestry sector is institutional reforms, by which management structures and
their status should be adapted to the existing conditions, which in its turn will contribute to
the development and implementation of large-scale state projects on restoration of forest
ecosystems on the verge of disappearance.

Currently, the forestry sector is managed by the Ministry of Environment through
"Hayantar" state CJSC, which basically finances its own operations. The state commissions
some activities and allocated the corresponding funds from the state budget, however the
amount of these allocations does not exceed 10-15 percent of the necessary funds for given
activities and is not adequate even for conducting the minimum volume of the most urgent
measures.
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The current annual volume of forest regeneration activities is 300-500 ha, which is
10 times lower compared to pre-1990 years. At the same time, the quality of activities is
low, there is a large share of desiccated seedling, all operations of forest regeneration are
done manually, which makes them labor-intensive and not very effective.

International commitments of Armenia under environmental conventions establish
the necessity for changing the status of “Hayantar” state CJSC and returning the status of
state enterprise to forest management, increasing state funding, strengthening protection of
forests, sharply reducing the volumes of illegal cuttings, increasing volumes of forest
regeneration and restoration. The necessity of state funding for forestry activities is also
mentioned as one of the main directions for development of Armenia’s forestry sector
elaborated in 1996 jointly by State Forestry Service of Armenia and FAO experts.

The priority issue for Armenia's forestry is the development of a national program
for development of forestry sector and implementation of the state program “Rehabilitation
of forest ecosystems of Armenia” as soon as possible.

Technological needs and technologies

Forestry

e Technological development of seed and seedling production.

e Forest restoration, forest generation and cultivation of dry-resistant
species.

Technology for sustainable forest use.

Technology for protection of forests from pests and diseases.

Water saving technologies for watering.

Management and staff training technologies.

1.2.8. Wastes

Solid municipal waste. Currently, about 3580 thousand cubic m of solid municipal
waste (garbage) is generated in Armenia, which is a combination of domestic, commercial,
construction and other wastes. The share of solid domestic waste in the garbage is 60
percent, its weight density 0.2-0.3 t/cubic m. The total quantity of solid domestic waste in
2000 was around 495 thousand t, from which 430 thousand t were transported to landfills
near settlements, and 13-15 percent, mainly in rural areas, was dumped in small volumes
wherever possible.

Accumulation of solid domestic waste for the entire population of the country in
2000 amounted to 0.5 kg/person-day, for the urban population 0.59 kg/person-day.

Currently, there are 58 landfills for solid domestic waste in the country, form
which 57 are managed by local authorities and one by Yerevan city.

The total area of landfills is 250 ha. The largest landfills are in Yerevan (60 ha),
Vanadzor (18 ha), Gyumri (10 ha), Armavir (8 ha), Ejmiatzin (7 ha), Hrazdan (6 ha).

In all landfills solid domestic waste is accumulated without sorting and is partially
neutralized by being buried under the earth layer. Technical conditions of landfills are
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extremely poor; vehicles and machinery for burying waste under a layer of earth are not
adequate.

Accumulation of large amount of waste in landfills results in anaerobic
decomposition of their organic parts and emission of methane. It must be noted that
sometimes fires occur in landfills which results in CO, emissions.

Due to reduction in population of the country as a result of emigration in 1990-
2000, the volumes of solid municipal waste and methane emissions have decreased.
According to GHG cadastre, emission of methane from landfills in 1990 amounted to 23.7
Gg (thousand t) or 2 percent of the sum of GHG emissions, in 2000 (estimation)- 18.0
(thousand t) and 6.6 percent correspondingly.

For effective processing of wastes, it is necessary to introduce a system of sorted
removal of domestic waste by the population (glass, metal, paper, food wastes), and on a
wider scale a comprehensive system of waste processing with their classification,
separation and utilization.

Cleaning of wastewaters with large content of organic substances, including
domestic, commercial and part of industrial waters streams, cause emissions of a large
quantity of methane. By 1990, there were 35 large and small operational wastewater
treatment plants in Armenia with a total capacity of 974.3 thousand cubic m per day.

The wastewater treatment system at all stations includes equipment for mechanical
and biological cleaning, processing of sediments and discharging of cleaned water.
Depending of the magnitude and level of pollution of wastewaters, plants have different
technological methods for cleaning, including different technologies for decontaminating
sedimentary wastes. In 10 largest treatment plants sediments are processed through
methane extraction in digesters anaerobic conditions, and in small capacity plants in
aerobic conditions in mineralization tanks or in tow-shelved clarifiers, which have
insignificant methane emissions.

The largest wastewater treatment plant, i.e. Yerevan aeration plant started
operations in 1981. Although the initial design included digesters and gas-holders for
accumulation of methane, these did not operate from the beginning of plant exploitation.

Presently, wastewater treatment plants are in extremely poor technical conditions
and need radical reconstruction. Decontamination of sedimentary wastes is practically not
done, and sediments accumulate in huge plants equipment, and part of the methane from
discharged water enters the atmosphere without any control. Methane emissions resulting
from the treatment of wastewaters in 2000 are estimated at 1.25 Gg (thousand t).

A large amount of sediments is accumulated in treatment plants every year, which,
given the corresponding technologies would be made available, would require large
quantities of energy for decontamination. Considering that wastewater treatment plants
need radical reconstruction, it is appropriate to install modern technologies for high-
temperature treatment of sedimentations, which produced a mixture of flammable gases
(mainly methane) and organic fertilizers. At the same time, methane can be used as fuel for
producing electricity and heat for internal use in the treatment plant, and the residual
product in the form of compost can be used as quality fertilizer. The largest quantity of
sedimentary waste is generated in Yerevan aeration plant, thus it is appropriate to use the
mentioned technology first of all in treatment plants of Yerevan.
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Technological needs and technologies

Municipal waste

e Modern technologies for processing solid domestic waste with
obtaining alternative energy.

e Modern technologies with collection and utilization of methane from
sedimentary waste formed in treatment plants of wastewaters for
obtaining energy and organic compost.

e Construct waste processing plants for producing electricity and heat.

Considering that 66 percent of the total methane emissions from landfills in the
country and 61 percent of the total methane emissions from municipal waster, including
the wastewater treatment plant, come from Yerevan, it would be appropriate to implement
a project for processing of solid municipal waste in Yerevan (Table 1.9).

Table 1.9 Characteristics of the proposed project for waste treatment

Reductio .
Expiratio nin Per unit
Annual . cost of Quantity
. n period GHG .
Investme | reductio - reductio of
nt n of of erssions n of alternative
Proj itl
roject title GHG technolo fon: th(? GHG energy
gy expiratio . .
. emissions
n period
m[ljllsl;n thous. t years thous. t USS$/t GWh/year
Utilization of solid domestic
waste and its methane for
obtaining electricity and heat 51.0 212.0 25 5300 9.62 148.8
(construction of waste
processing plant in Yerevan)

1.2.9. Renewable sources of energy

Armenia does not have almost any fuel-energy resources of its own. The only local
sources of energy of industrial use are hydro-resources, the potential of which has been
already exploited by half. Need for fuel is fully met through imports. At the same time,
Armenia has a significant potential for solar, wind and geothermal energy, which
practically are not currently used.

Maximum possible utilization of renewable sources of energy has a huge
significance for Armenia for ensuring its sustainable development and energy security, as
well as substituting imported fuel and avoiding additional emissions of greenhouse gases.

The total theoretical potential of renewable sources of energy in Armenia amounts
to 6924 million t eq. fuel. The technical potential of renewable sources of energy is
estimated at 31.1 million t eq. fuel, from which 0.2 million t eq. fuel or 0.64 percent is
currently utilized (Table 1.10).
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Table 1.10 Potential of renewable energy sources in Armenia

Type of potential Total E“erfgy
Hydro Solar Wind Geothermal
Theoretical potential, million t eq. fuel 6923.9 2.7 6900 1.3 19.9
Technical potential, million t eq. fuel 31.12 0.92 30.0 0.2 N/A
Utilized technical potential
million t eq. fuel 02 0.2 0 0 0
% 0.64 21.7 0 0 0

Hydro-resources. Armenia’s rivers are not abundant with water, but have
significant energy potential due to sharp drops in altitude. Quantity of water in rivers is
characterized by underlined variability of water flow depending of the season, which
created additional difficulties in the use of hydro-energy; it is necessary to construct
reservoirs for seasonal or daily regulation, install additional hydro-blocks in HPP, which
add to the costs of the project.

The theoretical hydro-potential of Armenia is estimated at 21.8 Twh per year,
including 18.6 Twh for average sized rivers and 3.2 Twh for small rivers. The technically
exploitable hydro-potential is 7-8 Twh, of