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INTRODUCTION 
 

Heating systems of multi-apartment and public buildings (administrative, 
educational, healthcare, cultural, etc.) formed in the Republic of Armenia in 1980-s 
based on central heating systems are nearly completely non-operational (with the 
exception very few) at present and are not suitable for further operations due to their 
disintegrated and pillaged conditions. 

The Municipal heating is an issue of the national level due to its important 
social and economic significance. Ensuring the energy efficient and energy saving is 
the issue of first and foremost priority in the restoration procedure of the heating. 

The Municipal heating is one of those branches of the economy, that contains 
great internal force of energy saving. The measures on raising of the energy 
efficiency and energy saving, being economically justified, at the same time facilitate 
to the protection of the environment.  

According to the Order of the Government of Armenia No. 1384-N on 
“Reforms of the district heating sector in the Republic of Armenia" dated 5 
September 2002, the restructured systems should meet environmental, health, 
energy saving and energy efficiency requirements ensuring the housing resources 
protection issue of state importance. Meeting all the mentioned requirements 
assumes the use of modern energy saving technologies and equipment at all the 
levels of the restructured systems. Heat production, transmission, distribution and 
consumption should be highly efficient. And heat energy metering at all levels should 
be objective and transparent. 

Provision of heating should be organized based on the following principles: 
a) All the existing and newly established heat supply companies should 

operate exclusively on commercial basis; tariffs should be defined within the limits of 
a reasonable profit; metering should record the amount of energy consumed; 
consideration for, support to and phase  resolving of obligations and issues of social 
nature by the state and local self-governing bodies; 

b) Gradual limitation of the sphere regulated by the state in the heating sector. 
The main directions and measures for implementing the heating strategy are: 
a) Promotion of the forming of an organized market for heat consumption 

through attracting long-term concessional credits and grants. 
b) Measures aimed to attract private investments in the heating sector; 

liberalization of the tariffs of independent boiler houses; privatization of the assets of 
heating systems or their individual parts and (or) their management; establishing 
financial assistance funds for private investors and implementation of the 
corresponding mechanisms. 

In recent 5 years, parallel to the intensive restoration of gas supply networks in 
the country, certain progress in the restructuring of heat supply has also been noted. 
Heating systems in a significant number of educational, cultural, administrative and 
healthcare facilities in the capital city and other communities have been 
reconstructed and re-operated through funding from the state budget, various funds, 
grants and consumers. 

Heating of multi-apartment buildings is restored at very slow rates. It occurs in 
an unplanned manner and there are no devised specific programmes or long-term 
development plans for individual districts.  

In principle, consumers have two possible heating alternatives: local and 
central.  
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In case of the local alternative heat production and consumption occurs in the 
immediate vicinity of the consumer - his house. Heat supply in this case can be 
organized through burners and water heaters or in-house boilers using solid, liquid 
and gas fuels, as well as electric heating and hot water devices. Local heating 
systems are flexibly regulated, the consumer can always regulate and calculate the 
quantity of the energy (energy carrier) consumed.  

Local heating, being the main alternative for single-family houses, as well as 
no more than 3 stories high multi-apartment buildings with smoke outlets and 
ventilation facilities, has limited application in multi-apartment buildings, since serious 
problems (sometimes irresolvable) emerge in systems operating based on the 
burning of fuel directly in the apartment, with regard to the organized removal of 
smoke gases and ensuring ventilation. First, the construction of smoke outlets and 
chimneys in accordance with the current construction norms requires significant 
investments. And in the existing multi-apartment buildings (with 5 and more stories) it 
also requires serious and architecturally unadvisable changes in building structures. 
Finally, numerous sources polluting the surrounding air basin, as well as the indoor 
air in apartments, emerge, which, based on environmental and health concerns, are 
not permissible in certain cases (when the permissible limits of concentration are 
exceeded). 

It must be noted also that storage of fuel and its burning in the apartments of 
multi-apartment buildings, even in fully automated systems, is accompanied by 
various and unpredictable potential threats, not only for the given apartment but also 
for the entire building. 

The mentioned shortcomings are basically absent in heating systems 
operating with electricity. They, however, also require large quantities of electricity, 
which, with the current tariffs, will cost 2.1 times more compared to other alternatives 
used for ensuring the normative indoor temperature. Heating with electricity, other 
than being expensive, is not advisable also based on the efficiency of the use of 
primary fuels. 

Consequently, for areas covered with multi-apartment buildings with four or 
more stories, the most appropriate heating alternative is central heating, when a 
number of buildings are fed from one heating source. In this case, the optimum 
solution is achieved through determining the capacity of the heating sources, or in 
other words, the number of buildings connected to it based on the assessment of 
needed invetsments and annual operating costs.  

According to data from the National Statistical Service of the RoA, as at 1 
January 2004. There were 22 thousand multi-apartment buildings in the country (417 
thousand apartments), from which 9 thousand buildings are 4 and more stories.  

From the viewpoint of gas supply restoration (gasification), multi-apartment 
buildings (formerly, all groups of the abovementioned buildings had central heating), 
according to their designs (based on statistics of 1990), can be classified into 3 
groups:  

1. Buildings with gas supply (around 40 percent of the total), which were 
designed with gas stoves and individual water heaters, with the corresponding smoke 
outlet and ventilation systems.  

2. Buildings with gas supply (around 37 percent of the total), which were 
designed with gas stoves only, with the corresponding ventilation systems. These 
building were designed to use central heating systems. 
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3. Buildings without gas supply (around 21 percent of the total), which were 
designed with electric stoves, with the corresponding ventilation systems. These 
building were also designed to use central heating systems. 

In order to promote the restoration of heating in multi-apartment buildings, in 
2003-2005, through financing from the World Bank, state and community budgets, 
various fund and grants, as well as partial financing by heat suppliers and 
consumers, 11 pilot projects for restoring central heating in 45 multi-apartment 
buildings (1212 apartments) in Yerevan, Gyumri and Aparan were developed and 
implemented, from which in fact 8 systems functioned and 25 building were heated 
during 2004-2005 heating season. 

In all the mentioned buildings, only central heating systems were restored and 
central hot water supply was not provided. 

The process of project implementation reveals that heating systems are 
restored with great difficulties. 

Private companies are very cautious with regard to restoration work, since 
they evaluate the risks to be high due to low levels of fee collection rates. In addition, 
this type of business – private heat provision systems – is a novelty for the country 
and still has many unclear issues.  In particular, companies are concerned about the 
possible rise in gas prices, socio-economic conditions of the population, and 
numerous obstacles emerging during project implementation. 
Projects implemented in the last 3 years in the Republic indicate that it is not possible 
to attract the needed investments in heating systems without large-scale preparatory 
work. The attraction of needed investments in the heating system is impossible.  

Economically justified exact steps are necessary for realization of inventing 
serious projects, because in case of gasification the spontaneously implemented 
“selective” heat options initiated by the apartment owners result in reduction of heat 
demand of multi-apartment building as a unit, deteriorate  the completeness of multi-
apartment buildings internal heat supply system, and finally in case of unmanageable 
course of these processes,  the collective decision making may be endangered in the 
future.  For restoring the heat systems in densely constructed urban areas, it is 
necessary to undertake economically justified policy decisions. 

During the assessment of the central heating systems’ restoration alternatives 
it is necessary to take into account the fact that using modern stream-to-gas plant it 
is required 0.38 Nm3 natural gas (0.26Nm3+0.12Nm3) for separate production of 1 
kWh electricity and 1 kWh heat energy, and in case of combined technologies use it 
is required only 0.269 Nm3 natural gas (0.307g cond.fuel) for production of the 
electricity and heat energy in the same quantity.  

Better satisfaction in efficient use of consumed fuel in the heat supply systems 
and the approaches ensuring the reduction of greenhouse gas emissions should be 
considered as an important measure of energy policy implementation taking into 
account the following: 
• Natural gas price possible increase 
• RA responsibilities on bringing national legislation in compliance to the European 

Parliament and European Council No 2004/8 directive of 2004 according to the 
action plan of “Partnership and Cooperation Agreement signed with the 
European Communities and their member states on RA National Project 
implementation” 

• International environmental conventions ratified by the Republic of Armenia.  
As an alternative solution, which is economically justified and sound with 

power sector policies, can be considered the maximum use of heat and electric 
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energy production in combined cycle systems for urban areas, where there is a 
corresponding solvent demand for heat energy. 

The successful implementation of the above-mentioned project will promote to 
formation of the heat supply market and competitive environment for attracting 
private investments, as well as will contribute to heat energy price formation based 
on the solvent demand study. 

Combined cycle heat energy realization will contribute to the formation of the 
heat supply market, as well as to the formation of solvent demand and heat energy 
affordable price based on the encouragement mechanisms of this type of production. 

 
 
 

1. Assessment of the heating system reconstruction options of Avan area in 
Yerevan  

 
UNDP/GEF/00035799 “Armenia - Improving the Energy Efficiency of Municipal 

Heating and Hot Water Supply” Project together with “Yerevannakhagits” CJSC 
studied Avan area’s heating system restoration alternatives for the assessment of the 
feasibility of heating systems restoration approaches. The following requirements 
have been presented to the restoration alternatives: provision of  modern, highly 
efficient, reliable, demand side regulable and measurable system taking into account 
the consumers’ solvent demand. 
 
Table 1. Reconstruction options 
 

Heat source  

Heating system service area  Heat Only 
Boiler 
(HOB) 

Combined Cycle Plant 
(CHP) and Peak-Load 

Boilers 
Rehabilitation of the Central Heat Substation -
CHS (supply of 42 residential and 4 public 
buildings)                                                                 

Option1.1. Option 1.2. 

Rehabilitation of the District Boiler Plant - DBP 
(supply of Avan, Avan-Arinj and Aghi hanq 
districts’  buildings – totaling to 218 residential 
and 32 public buildings) 

Option 2.1 Option 2.2 

 
 
 
Approach & Methodology 
 

• The installed capacities are estimated 85% of the supply area’s design heat load 
taking into account the realistic consumption level in these areas.  

• In the considered options the number of heat only boilers and cogeneration 
units, their composition and unit capacity are selected to ensure the maximum 
efficiency of the equipment in different modes/regimes.  

• DBP supply area optimal radius was determinated to ensure the optimal heat 
load density (55 residential buildings in Nor-Norq 2nd district were disconnected 
from the supplied area to ensure hydraulic modes/regimes reliability. It is 
suggested to provide their heating from the other source.) 
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• For the  all considered options it was envisaged: 
 100% replacement of heat sources and heating networks 
 60% replacement of internal heating networks to horizontal distribution 

scheme, heat meters installation at the led-in of the appartments, installation 
of the regulating valves on the radiators.  

 Restoration of former vertical distribution system in 40% buildings because 
the horizintal distribution is not realistic (expert estimate), installation of 
allocators and regulating valves on the radiators. 

 Restoration of hot water supply internal networks and installation of hot water 
meters. 

 The transfer to double-pipes distribution system and heating through building 
level heat substation was not considered in the estimation of the restoration 
works of distribution networks. 

 The amount of restoration works of primary and distribution networks was 
estimated based on the existing routes and design technologies because of 
the lack of corresponding modern technologies. 

•  The following assumptions have been made for the calculations: 
 Outdoor (specified and medium) temperature during heating season: 
 -19oC and +1oC correspondingly, the heating season duration is 139 days. 
 Maximum heat demand of 1m2 living area in case of -19oC: 
130 kcal/h m2 or 0.15kW/m2. 
 for Hot water consumption was taken 70 liter of 60oC for one person during 
one day (the existing norm is 105 liter/person.day) 

 
The reconstruction of the Avan District Boiler Plant to Combined Cycle Plant was 
considered in details and its indicators are summarized below.  
 
 

Table 2. Main characteristics, investments and costs (without VAT) of Avan 
DBP reconstructed to CHP  

 

# Characteristics Unit Indices 

1.  Supply Area    
1.1 residential buildings  unit 218 
1.2 other buildings unit 32 
1.3 apartment unit 10172 
1.4 living area m2 356912 
1.5 number of residents person  37636 
2. Heat Load   
2.1 Heating average capacity  MW (heating) 29.456 
2.2 Hot water supply average capacity  MW (heating) 6.801 
3. Installed Capacities   
3.1     Heat Only Peak Boilers unit 3 
3.2 Capacity of One Peak Boiler  MW (heating) 21.17 
3.3 Efficiency of the Boiler  % 90 
3.4 Cogeneration Unit unit 4 
3.5 CHP Unit Installed Electric Capacity  MW (electric) 3.916 
3.6 CHP Unit Heat Capacity  MW (heating) 4.230 
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3.7 CHP Unit Electrical Efficiency % 40 
4. Primary Networks  r.m 4100 
5. Distribution Networks  r.m  25050 
6. Central Heat Substations (CHSs) unit 9 
7. Gaz Consumption, by: thous.n.m3 40736 
7.1     Heat Only Boilers thous.n.m3 7707 
7.2 CHPs  thous.n.m3 33029 
8. Heat Consumption (Annual), for: MWh 126877 
8.1 heating MWh 81517 
8.2 hot water supply MWh 45360 
9. Electricity Net Output (Annual) MWh 123420 
10. Investments, including:  thous. US $ 24675 
10.1 DBP (CHP+HOB)  thous. US $ 13895 
10.2 Primary Networks  thous. US $ 575 
10.3 CHSs  thous. US $ 632 
10.4 Distribution Networks thous. US $ 4000 
10.5     Internal Heating Networks   5573 
11. O&M Costs, including:   
11.1 water thous.m3 788.0 
11.2 electricity  MWh 1893 
11.3 maintenance thous. US $ 1149.26 
11.4     salary and social allowances thous. US $ 457.92 
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Table 3. Investment needs for Avan DBP reconstructed to CHP counting on an 
average apartment (40m2) 

 

Investments 
# Designation  US $ 

 (without VAT) % 

1.  DBP (CHP+HOB) 1607.1 56.3 
2.  Primary Networks 66.5 2.3 
3.  CHSs  73.1 2.6 
4.  Distribution Networks  462.6 16.2 
5.  Internal Networks  644.6 22.6 

     including building level metering 
devices 32.8  

 Total 2853.9 100 
 

 
Table 4. Electric and heat energy tariffs for Avan DBP reconstructed to CHP 
 
Investments    24 675 thous. US $ 

Heat energy consumption 126 878 thous. kWh 

Electricity consumption 123 420 thous. kWh 

IRRa 
10% 11% 

Gas tariff,  
US $/ 

thous.m3

Tariffs,  
US $/kWh 

A B C A B C 

Electricity 0,0312 0,0329 0,0345 0,0313 0,0329 0,0345
65,9 

Heat energy 0,0290 0,0270 0,0249 0,0312 0,0290 0,0273

Electricity 0,0510 0,0536 0,0563 0,0510 0,0536 0,0563
127,5 

Heat energy 0,0273 0,0241 0,0210 0,0295 0,0263 0,0231
Calculations were made without VAT, using 1 US$=450dram exchange rate  

 
For each gas tariff three options of electricity tariffs were considered:  

• Option B - equals to Hrazdan TPP calculation one-rate tariff 
• Option A - 5% less  
• Option C - 5% more  

Heat energy tariff was calculated to ensure the internal rate of return equal to: 
IRRa=10%  
IRRa=11%. 

The calculations were made for the following conditions: 
• Debt/Equity Ratio -70%, repayment period-10years, Interest Rate – 8%. 
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Picture 1. Dependence of Heat energy tariff on electricity tariff (for 2 gas tariffs)  
 

 
2. Comparison of thermal energy prices for different heat supply options  

 
With the aim to reveal the advantages of CHP use for heating different heat 

supply options have been considered and compared (in case of natural gas price 
increase as well) (See Table 5). The same assumptions were used for all considered 
options (the apartments are fully heated in compliance with norm requirements, hot 
water supply is 70 liter per day per resident).  
 The estimate has been made for the following conditions (including VAT): 

•   Electricity average tariff-21.5 dram/kWh, and in case of gas price 
increase -23.5 dram/kWh  

• Gas retail price-59 dram/n.m3, and in case of gas price increase - 70 
dram/n.m3  

• Gas wholesale price -79.1 US$/thous.n.m3 and in case of gas price 
increase -153.0 US$/thous.n.m3. 
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Table 5. Thermal energy prices for different heat supply options in case of existing and forecasted gas tariffs (without VAT) 
 

Option A Option B Option C Option D 
Heating and hot 
water supply by 

electricity 

Heating and hot water 
supply by apartment 

gas boiler 

Reconstructed DBP 
(HOB) 

DBP reconstructed to 
CHP 

Elecdtricity tariff, 
AMD 

Gas retail price, 
AMD 

Gas wholesale price, 
US$ 

Gas wholesale price, 
US$ 

#  

    

Unit 

21.5 23.5 59 70 79.1 153 79.1 153
$/kWh         0.0567 0,061 0.0424 0,0452 0,043 0,0548 0.0324 0,0289

AMD/kWh         25.49 27,50 19.08 20,32 19,35 24,66 14.58 13,01
$/Gcal         65.89 71,06 49.31 52,52 50,01 63,73 37.69 33,611. 

Thermal energy unit 
cost 
 
 thous./Gcal         29.65 31,98 22.19 23,63 22,50 28,68 16.96 15,13

US$         529.2 570,7 396 421,8 401,65 511,9 302.6 269,9
2. 

The annual (139 days)  
cost of heating per  
average apartment 
(living area of 40m2) thous.AMD          238.1 256,8 178.2 189,8 180,7 230,3 136.2 121,4

US$         13.23 14,26 9.9 10,54 10,04 12,80 7.6 6,75
3. 

The annual (139 days)  
cost of heating per  1m2 
living area thous. AMD         5.95 6,42 4.46 4,75 4,52 5,75 3.40 3,03

US$         3.43 3,69 2.56 2,73 2,60 3,31 1.96 1,754. Cost of 1m3 hot water  
thous. AMD         1.54 1,66 1.154 1,23 1,17 1,49 0.88 0,79

US$ 27.0        28,7 20.2 21,21 20,20 25,74 15.2 13,57
5. 

The monthly  cost of hot 
water supply per  
average apartment 
(living area of 40m2) 

thous. AMD         12.14 12,9 9.1 9,54 9,10 11,58 6.84 6,1

6. 

The annual (365 days)  
cost of heating and hot 
water supply per  
average apartment 
(living area of 40m2) 

thous. AMD 383.78 411,6 287.4 304,3     290,0 369,3 218.28 194,6
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Option A Option B Option C Option D Thermal Energy 
Prices in case of 

existing and 
forecasted gas 

tariffs 

Heating and hot 
water supply by 

electricity 

Heating and 
hot water 
supply by 

apartment gas 
boiler 

Reconstructed 
DBP(HOB) 

DBP reconstructed 
to CHP 

In case of 
existing:  
USD cent/kWh 
(AMD/kWh)   

5,665 (25,5) 4,240 (19,08) 4,300 (19,35) 3,240 (14,,58) 

In case of 
forecasted:  
USD cent/kWh 
(AMD/kWh) 

6,117 (27,5) 4,516 (20,32) 5,480 (24,68) 2,890 (13,01) 

Price change, %  +7,8 +6,5 +27,5 - 10,8 

Picture 2. Thermal energy prices (including VAT) for heat supply different options (for  
existing and forecasted gas tariffs)  

 
 

3. Assessment of cogeneration potential for heating in the selected residential 
areas of the Republic of Armenia  

 
If heat supply of Yerevan, Gyumri and Charentsavan multi-apartment buildings 

will be realized by CHP then the total installed electric capacity of CHP will equal to 
about 120 MW. The calculations of required quantity of fuel have been done and the 
possible impact on power system has been analyzed. 

 
 

 
 
 
 
Table 6. Multi-apartment buildings’ characteristics  
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# City and district  
Number of 
buildings, 

unit*  

Number of 
apartments,  

unit  

Living area of 
apartments, 

m2

Quantity of 
residents, 

person  
1. Yerevan 1435 71681 2834033 265220 

Avan 218 10172 356912 37636 
Davidashen 173 8471 349450 31343 
Norq-1 255 14377 534680 53195 
Norq-2 315 15435 635985 57110 

 

Harav-Arevmtyan  474 23226 957006 85936 
2. Gyumri 367 9480 249000 35000 
3. Charencavan 177 9810 258800 36300 
 Total  1979 90971 3341833 336520 

*Calculations include only multi-apartment buildings 
 
 
Table 7. Yerevan, Gyumri and Charencavan CHP Plants’ summarized indicators  

# CHP Unit Value 

1.  Installed design capacity for hot 
water supply (estimated  proceeding 
from 85% of demand)  

MW (heating) 120 

2.  Installed electric capacity MW (electric) 120 
3.  CHP electrical efficiency  % 40 
4.  Gas annual consumption for 

electricity( and hot water) production   mln.n.m3 259 

5.  Annual electricity net output from 
CHP mln.kWh (electric) 946 

6.  Annual thermal  energy (hot water) 
consumption  mln.kWh (heating) 402 

 Heat Only Peak Boilers   
7.  Installed design capacity (estimated  

proceeding from 85% of demand)  MW (heating) 450 

8.  Heating average capacity  MW (heating) 210 
9.  Efficiency of the boiler % 90 
10. Hot water supply average capacity  MW (heating) 50 
11. Maximum heat capacity of CHP  MW (heating) 120 
12. Average heat capacity covered by 

peak boilers  MW (heating) 140 

13. Natural gas annual consumption by 
peak  boilers mln.n.m3 56 

14. Thermal energy  annual consumption 
(heating)  mln.kWh  701 

 
The annual production of electricity from CHP will be 946mln kWh and the 

natural gas consumption will comprise 259mln.n.m3, whereas for the same quantity of 
electricity generated at the TPP (“Hrazdan” TPP, 375g.cond.fuel/kW/h) 357mln.n.m3 gas 
will required. As a result gas saving for electricity production will amount to 
98mln.n.m3. 

Within the total balance of thermal energy production the natural gas consumption 
for the production of thermal energy by peak-load boilers during the heating season 
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amounts to 56mln.n.m3. In this case for the thermal energy total production the natural 
gas consumption for 1 kWh thermal energy will amount to 56/(402+701)=56/1103=0.051 
n.m3/ kWh or 60kg cond.fuel/Gcal. This figure is about 100 kg cond. Fuel/Gcal less 
than conditional fuel consumption per Gcal needed for the production of the 
thermal energy same quantity by peak-load boilers.  

In case of natural gas price increase up to 127,5USD$/thous.n.m3 (without VAT) 
and if the price of electricity from CHP will equal to “Hrazdan” TPP one-rate calculated 
tariff i.e. 24.14 dram/kW/h (without VAT),  the electricity average weighted tariff for the 
whole energy system will increase on 0.77 dram.  

1dram price increase of kWh electricity produced at CHP will result in the  
electricity average weighted tariff  increase on 0.16 dram. 
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