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EXECUTIVE SUMMARY

Introduction

There 1s currently sufficient electrical generation capacity in Armemia for meeting 1ts low electricity
demands ' However, the peak electnicity demand, dniven primarily by electric space and water heating
loads, 1s already putting severe pressure on the electric power system Once the industnal sector,
which 1s currently paralyzed due to shrinking markets for their products, regains its financial viability,
still hugher electricity demands will cause additional stress on the system * Furthermore, the
Government of Armema plans to close down 1ts nuclear power plant by the year 2005, which will
result 1n an increased gap between demand and supply

As further transition toward a market-based economy occurs in the country, substantial changes 1n
the energy infrastructure will be required * The electnicity sector has started making progress in the
right direction with structural, legislative and regulatory reforms, and a privatization program *
However, high electricity intensities n all sectors need to be reduced in order to restore Armemnia’s
competitiveness Measures to improve energy efficiency -- both 1n the supply and the demand side --
are vital and need to be addressed by the policy makers

The US Agency for International Development (USAID) provided funding to assess various supply
and demand options n the power sector Resource Management Associates of Madison, Inc (RMA)
was contracted to explore and assess the opportunities for energy efficiency improvements on the
demand-side 1n the electric power sector of Armema

! Armenia’s total electricity generation 1n 1990 was over 10,000 GWh In the first half of 1990s,
following the break up of the Soviet Union 1t plummeted to an acutely low level of 3 218 GWh 1n 1994
Electricity was typically supplied to most customers (except critical enterprises such as hospitals bakeres,
transport and water utilities) only for less than two hours per day, while there was no gas supply or central
heating The reduction has been dramatic in the industrial sector, where demand fell from 4 554 GWh 1n
1988 to a low 583 GWh 1n 1993 (Ministry of Energy, August 1997) In 1997, total electncity generation
was still below 6,000 GWh

2 O1l, gas, and nuclear fuel for power generation are all imported at present

3 During the Soviet period, Armenia s electricity industry was developed as a part of the
mtegrated Trans-Caucasian Power Network which coordinated power supply among Armenia
Azerbayan and Georgia The system-wide perspective tended to disregard the country-specific energy
resources in favor of regional supply objectives As a result, natural gas fired plants were built 1n Armema
even though the country had to fully rely on imported fuel, mainly from Turkmenmstan (Minstry of
Energy August 1997)

* According to Government estimates, a total of US$1 7 billion are required for rehabilitation of
the entire energy sector, which could prevent the potentially huge technical problems and ensure
uninterrupted operation of the system (Noyan-Tapan, 1998)

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Thus report lighlights the importance of end-use energy efficiency in Armenia’s electric power sector,
and 1dentifies areas where cost-effective Demand Side Management (DSM) measures could be
implemented The supply and demand situation 1s examuned 1n detail, and the barners and driving
factors are analyzed for alternative DSM options Recommendations are provided for short- and long-
term strategies to faciitate DSM implementation in Armerua Some financing strategies, required in
the short-term to make DSM wiable, and in the long-term to make them sustainable, are also
suggested

In Armenia, there are many nstitutions and orgamizations that could play key roles in implementing
energy efficiency projects and programs These include the government, energy sector entities,
educational institutions, donor agencies, and the private sector At this time, there 1s no specific
organization responsible for energy efficiency development and implementation, although there 1s an
Energy Efficiency Law being considered by the Parhament The Law does not specifically address
the 1ssue of how energy efficiency would be implemented through DSM or otherwise However,
awareness about these 1ssues exists among the policy makers

Benefits of Demand-Side Management

In addition to the general advantages of energy efficiency through DSM (such as higher cost-
effectiveness, higher reliability, reduced environmental impacts, and elimination of high transmussion
and distribution losses), DSM has the specific benefits for Armenia driven by the following

® Armema has few or no fossil fuel resources of its own, although 1t does have hydroelectric and
nuclear generaring capacities The nisk of fuel supply uncertainties for Armemna’s thermal power
plants exist Imports could be blocked or sabotaged as a result of regional conflicts, whether
directly involving Armemia or not In fact, this has been the case in Armema for some years, and
provided compelling reason for restarting the nuclear power station

¢ The Armeman Nuclear Power Plant (Medzamor), which accounts for a substantial share of the
electricity supply, 1s considered to be a potential environmental hazard of great magnitude This
creates a potential risk for Armenia and in the region, and could result in the power plant being
closed down at anytime Because of this and the age of the power station, Medzamor 1s planned
for retirement 1n the year 2005, thereby creating the need for additional supply facilities to meet
the existing and nising future demand

e Currently, the complex and somewhat problematic situation in Armema’s electric power system
1s reflected 1n the generation and load characteristics In the winter, nuclear power station
generation of about 375 MW contributes nearly half of the mght-time load of about 800 MW
Thus, a might-time accident can have unexpected consequences for the entire system The
Hrazdan thermal power plant, which must continue working i the base load conditions because
of expensive cold-starts, and to maintain system relhiability, results in higher fuel expenditure and
lower power system efficiency

® During the summer season, the base load (ught-time) falls to below 400 MW The nuclear power
plant 1s run at 180 MW duning this time, resulting in power production cost 3 5 times higher than
if it would have generated 390 MW (because 1t could take advantage of re-fueling with one full

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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load) On a summer might, the thermal power plant also uses only 30% of its capacity, which 1s
mefficient from the system’s point of view

® Armenia’s neighbors, such as Georgia, Turkey and Iran, are potentially large markets for
electricity exports Several sources reported the possibility of a 500 kV Regional Power Pool
(Grid) within the Black Sea Region-Caucasus being formed n the future, thereby creating an
export market for Armema’s electricity Ignoring political considerations, Turkey could be a
profitable electnicity market at off-peak load

Electricity Demand Characteristics

The residential sector currently contributes the most to electnicity demand (see 7able below) Because
of the hmited availability of district heating and natural gas, residential customers rely more heavily
on electricity for space heating, water heating and cooking This results in a higher share for the

residential sector than would normally be the case

Sectoral Electricity Consumption Characteristics

End-Use Category Year
(Units)

1996 1997

Total Consumption (GWh) 4518 4528
_Agnculture (%) 67 48
Transport (%) 38 32
Industnial (%) 180 14 5
Residential (%) 451 46 8

Others (%) 236 273
Exports (%) 28 34

Note “Cthers” includes water and sewage pumping systems, street lighting, and electnicity usage in the
commercial sector, government buildings, schools and hospitals, etc

Residential End-Use Survey

In order to develop more reliable and useful electricity distmbution and end-use load data, and to
estimate the customer response to a possible residential Day/Night tanff system, an electricity end-use
saturation survey of Yerevan’s residential customers (a sample of 1,000 apartment units) was carried
out under this project The results of this survey are presented in Appendix-I

The comparnison of electricity uses 1n the winter and summer obtained through the surveys of 1000
dwellings are summarnized n the table below

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Weighted Average Electricity Use by Appliance Type

Winter Summer
Space Heating 42% Not Applicable = Seasonal Saving
Electnc Stove 13% 12%
Lighting 12% 6%
Hot Water
Heating 11% 8%
Refngeration 10% 17%
TV 7% 6%
Ironing 2% 2%
Other 3% 3%

Lighting, hot water heating, and refrigeration are the only appliances that have substantial
differences between summer and winter use (subtracting out winter space-heating requirements)
The differences in ighting and refrigeration can be easily explained by seasonal variation - longer
daylight hours in the summer, warmer temperatures (1n winter, some 1tems are stored on outside
balcomes, rather than in refrigerators) The difference in hot water heating in the summer may be
due to lower requirements for clothes washing, and to fewer hot water requirements for bathing

Survey respondents were also asked which apphances they would replace if they had any extra
money The most common responses (in order) were TV (30%), refrigerator (20%), washing
machine (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately 20% of
residents did not reply to this question, since they did not anticipate having any extra money for
the purchase of new apphances These replacement expectations may have some impact on the
selection of potential informational type DSM programs and applance standards and labeling
policies

In the survey, residents were asked 1f they would shuft their use of electricity if given a preferential
tanff, and what level of tanff reduction would induce them to shift In all categories, 75% - 85%
of the residents said that they would consider shifting their electricity usage to night-time (2300 to
700 hours) 1f given a preferential tanff Their responses to the level of inducement necessary to
influence such a shift 1s shown n the table that follows

Willingness to Shift Electricity Usage to Night-Time (2300-700 hours)
Based on Tarniff Level (Percentage of Day-Time Tariff)

25 Percent 50 Percent 75 Percent
Single-Family 18% 8% 74%
4-6 Story 45% 38% 17%
9-12 Story 36% 45% 20%
14-16 Story 45% 43% 12%

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Residents were also asked which usages they would be willing to shift to non-peak times Most
often mentioned were bathing, clothes washing, wroning, and cooking Bathing and clothes
washung would affect the electricity used in water heating As seen in Section 5 of this Appendix,
these are not the highest electricity usages as determined by the survey Together, they account
for only 22% (summer) to 26% (winter) of residential electricity use Ironing only consumed 2%
of electricity use Furthermore, not all of the usage can be shifted to non-peak hours The uses
that have the highest electricity consumption, 1 e refrigeration and space heating, are the least
amenable to shifting their time of use and should perhaps be the focus of energy conservation type
DSM programs

The results of this survey of household electricity usage patterns provides information about the
importance and nature of various end-uses and potential DSM strategies and programs

Load Management (Load-Shifting) DSM Options

In Armenia, load-shifting options (from day time to mght time) meet the objective of being able to
run Medzamor nuclear power plant and the Yerevan thermal power plant more efficiently, during
night hours, particularly during the summer season Load-shifting type of DSM programs will
have to be simple (two-part) due to metering costs They also have to rely primanly on behavioral
change or changing the electricity end-use appliance or equipment usage patterns It should be
noted here that a voluntary industrial TOU tanff system 1s already 1n place, and residential TOU
tariffs are being considered > However, only 48 ndustnial consumers (mostly biead factories) are
on thuis day/might tanff system and the impact on the load curve has been munimal thus far
(personal commumnication)

It was evident from the discussions with the Minstry of Energy and other Government agencies
that load shifting-type DSM programs are of sigmificance to utilities and policy makers Thus 1s
pnimarily driven by the objective of increasing valley load levels which would result in higher
generation efficiency and lower generation costs, and increasing exports during peak (day-time)
hours A TOU tanff (Day/Night taniff) 1s therefore an attractive option ° However, the former

5 These are day-might tanffs for the high voltage consumers with the low night tanff of 12 drams
per kWh duning 11pm to 7am

 No specific analysis has been done of the load shifting impacts that may have resulted from the
voluntary Day/Night tariff However the general opinion of persons consulted was that there has not been
any specific load shifting that could be accounted for by the preferential mght tanff Thus 1s partly due to
the free-nder” effect where the bread factories which would have operated at might 1n any case are
taking advantage of the savings (and their electricity bill reduction) without really changing their
electricity usage patterns

7 It should be noted here that the lower generation cost advantages (and perhaps higher export
earmings) resulting from the load-shifuing (to night-time) by TOU tariff mechanism may be offset to some

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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objective 1s so appealing to officials that some proponents of this 1dea even suggested considering
simple valley-filling DSM programs (as compared to load-shifting) The latter option could be
mcorporated mnto strategic load growth DSM strategies

Energy Reduction DSM Options

Energy conservation DSM programs (that reduce the amount of electricity for end-uses through
efficiency improvements) include energy audits and information, incentives and loans, direct
mnstallation, and equipment supplier/vendor programs Unlike load management programs, energy
conservation DSM programs almost always require monetary investments, which are paid back n
time through savings The mnvestments can be made by the utility or the customer or a third party
like an ESCO, and the programs create a market for efficient appliances and equipment (“market
pull”), which leads to market transformation

DSM Program Recommendations and Strategies

Based on a detailed analysis of various load management and energy conservation type DSM
programs, a list of viable strategies and DSM action plan was developed The table (in the
following page) summarizes the various actions and strategies that could be undertaken over the
short- and long-term to implement energy efficiency improvements through DSM programs A
balanced mix of different programs, end-use technologies, sectors, and strategies would be
desirable

In the short-run (up to 2005), the major factors that will drive the choice of DSM strategies and
policies are

Armenia Nuclear Power Plant (Medzamor) will be 1n operation

Energy efficiency equipment market 1s not fully developed

Relatively smaller electricity export market (due to technological and political barniers)
High transmusston and distribution, and commercial, losses

Focus of programs will be in Yerevan area

In the long-run (after 2005), the following characteristics of the sector will dictate the mix of
DSM programs and strategies

¢ Armenia Nuclear Power Plant will not be 1n operation

® Energy efficiency equipment/appliance market will have developed because of market
transformation

® A larger export market for electricity will have developed

® Focus of programs will move from Yerevan to other areas of Armenia

extent by lowered revenues collected from the rate-payers (due to lower night-time tarnffs)

Resource Management Associates of Madison Inc PROJECT FINAL REPORT- DRAFT (Sept 1998)
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In addition to specific DSM program implementation, other complimentary strategies have to be
developed through energy policies Some of those energy efficiency policy tools are

Information Dissemunation and Education Strategies to increase awareness
Compulsory Energy Audits

Strengthening of Energy Efficiency Standards and Introduction of Labeling System
Transition to Rational Cost-of-Service Based Tanffs and Collection

Facilitating ESCO Businesses

Establishment of a DSM Cell and training of its staff

The analysis done m this project suggests that DSM could become sustainable and prove to be a
“win-win” proposition for Armema

Resource Management Associates of Madison Inc PROJECT FINAL REPORT- DRAFT (Sept 1998)



® e ® ® o o [ ® o
Armenia Power Supply/ Conservation Program Demand Side Management Measures DO#28
Demand-Side Energy Efficiency Strategies and Recommendations
Primary Target End-Use | Program Option | Target End-Use | Government | Consumer | Program Implementation
Objective Sector and Mechanism | Technologies or Utility or Societal | Costs Strategies and Possible
Benefits Benefits Financing Mechamsms
Load Management Residential Low Time-of use Space Heating, Hot 1 Savings dueto Reduced bills TOU 1 Meters to be financed by the
DSM Shifting from Consumption (Low (Day/Night) Tanff Water Clothes mncreased nuclear/ Metering generation cost savings (and export
Daytime to Nighttime | Income) Voluntary Washing , Ironing, thermal generation revenue differentials) to be passed
Cooking Behawioral | efficiency by the GenCos to DisCos
Change 2 Extra power 2 Meters to be provided under a
available for sale World Bank program aiming to
to nerghbors providing 1 p meters to 9% Yerevan
duning peak hours Residentral sector by 2001
Residential High Time-of Use Hot Water Clothes 1 Savings due to Reduced bills TOU metering | 1 Meters to be partly financed by
Consumption (High (Day/Night) Tanff’ Washing, Ironing, increased nuclear/ the generation cost savings (and
Income) Voluntary Cooking Behavioral | thermal generation export revenue differentials) and
Change efficiency partly to be borne by the customers
2 Extra power 2 Meters to be provided under a
available for sale World Bank program ammung to
to neighbors providing 1 p meters to 9% Yerevan
duning peak hours Residential sector by 2001
Industnal such as Time-of Use Energy intenstve 1 Savings due to 1 Reduced TOU 1 3 p meters to be provided to all of
bread factones (Day/Might) Tanff industrial process increased nuclear/ production Metering Yerevan under a World Bank
Voluntary Move from Peak stuft | thermal generation | costs program.
to Off Peak Shift effictency 2 Increased 2 ESCO s could provide the 3 p
Operation 2 Extra power competitiveness meters with shared savings contract
available for sale with the customers
to neighbors
duning peak hours
Residential  High Time-of use Hot Water 1 Savings due to Reduced bills 1 TOu 1 Meters to be financed by the
Consumption (High (Day/Night) Tanff Replacement by ncreased nuclear/ Metening generation cost savings (and export
Income) Super insulated thermal generation 2 Apphance revenue differentials) and
Heaters efficiency Replacement appliances to be bome by the
2 Extra power customers
available for sale 2 Meters to be provided under a
to neighbors World Bank program atrming to
during peak hours providing 1 p meters to 9% Yerevan
Residential sector by 2001

3 Appliance manufacturer could
provide incentives (recovered

through increased sales)

Resource Management Associates of Madison Inc
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Residential Rescheduling popular TV Behavioral 1 Savings due to Reduced Bills
TV programs from Change increased nuclear/
evening (peak) to thermal generation
nmight. efficiency
2 Extra power
available for sale
to neighbors
during peak hours
Strategic Load Industnial non Time-of use Industnial processes Savings due to 1 Lower bills TOU metening | 1 Meters to be financed by the
Growth DSM operational Industres (Day/Night) Tanff allow night suft increased nuclear/ 2 Increased generation cost savings (and export
New Industries operation only to the thermal generation | competitiveness revenue differentials) and the cost of
reviving industries efficiency for market apphances to be borne by the
give mght kW load customers
permut only 2 1 3 p meters to be provided to all
of Yerevan under a World Bank
program.,
Strategic Energy Residential Lighting Appliance Lighting 1 Reduced need 1 Reduced Vendor Foreign firms collaborating with
Conservation DSM Commercial Vendor Development for adding power balls mecentive local firms and local manufacturers
Government, Schools (CFL and Fluorescent plants in the future | 2 Reduced provide the seed money
Hospitals lamps development) 2 Extra power expenses
available for sale 3 Market
to neighbors Transformation
duning peak and
off peak hours
Restdential Incentives and Loans Water Heater Jackets | 1 Reduced need 1 Reduced Incentive Incentives to be provided by the
for adding power balls utility (distribution company)
plants in the future | 2 Reduced
2 Extra power expenses
available for sale
to netghbors
duning peak and
off peak hours
Restdential Information Program Refrigerators TV 1 Reduced need 1 Reduced I Information | Govemment should be involved in
(through newspaper (replacement of old for adding power balls program costs information dissemination programs
and other media) apphances with new plants n the future | 2 Reduced 2 Extra cost eg providing incentives to the
ones) expenses of efficient media for including the energy
2 Extra power appliances efficiency agenda in therr
available for sale programming.
to neighbors
duning peak and
off peak hours
Residential Durect Installation Water Heater 1 Reduced need 1 Reduced Solar Cost of solar water heater could be
replacement with for adding power bulls Powered paid for by savings ansing out of
Solar Powered Water | plants inthe future | 2 Reduced Water Heater zero electricity consumption.
Heater expenses Cost ESCOs could get mvolved 1n this
2 Extra power financing activity
available for sale
to neighbors
dunng peak and
off peak hours

Resource Management Associates of Madison Inc
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Commercial Performance Controls Lighting ESCOs raise the money ( through
Government Butldings Guarantee/ Shared improvements subsidized loans) and wstall the
Schools, Hospitals Savings Programs equipment
Commercial Schools Drrect Installation Building Funding could be done through
and Hosprtals Weatherization multy lateral development banks
and subsidized loans
Munscipalities Durect Installation Water Pumping, 1 Reduced need 1 Reduced Replacement ESCOs rase the money ( through
Street Lighting for adding power expenses of the Cost substdized loans) and imnstall the
plants in the future | mumcipality equipment. Investment recovered
resulting in through performance guarantee
2 Extra power lower utility based shared savings program.
available for sale costs for the
to neighbors customers
during peak and
off peak hours
Industries Energy Audits and Efficient Motors 1 Reduced need 1 Reduced 1 Energy Agencies ike ACAEE and other
Information, Incentives | Variable Speed for adding power Costs Aundit Cost ESCOs could get mvolved in the
Drives plants 1n the future | 2 Increased 2 energy audit actvities and do 1t free
competittveness | Replacement of cost with the assurance that they
2 Extra power and larger Cost will be nvolved 1n the
available for sale markets implementation process
to neighbors
during peak and
off peak hours
Industnes Drrect Installation or Capacitors for 1 Reduced need 1 Reduced Capacitor Ttus type of program 1s expected to
Incentives/Rebates Power Factor for adding power Costs Cost have very low paybacks ESCO s
Improvement plants in the future could purchase and lease capacitors
to customers on a performance
2 Extra power guarantee and shared savings basis
available for sale
to neighbors
during peak and
off peak hours

Resource Management Assoclates of Madison Inc
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I. INTRODUCTION

The Government of Armema, assisted by the U S Agency for International Development
(USAID), 1s investigating options for electricity supply to the Armentan Nuclear Power Plant,
which 1s planned to close down 1n 2005 Several supply options are being evaluated by Burns and
Roe Enterprises (BREI), under contract to USAID (Delivery Order #28, Armema Power
Supply/Conservation Project) This reports looks at the demand-side management (DSM) options
for increasing the end-use efficiency in the power system This mvestigation was done by
Resource Management Associates of Madison, Inc (RMA), under subcontract to BREI Much of
the Armenian data contamed 1n this analysis was provided by the local counterpart organizations
to the DSM study the Mimstry of Energy and Fuels - Research and Development Department
(Mr Robert Khazanan) and the Energy Strategy Center (Dr Ruben Muradyan) ®

The structure of the report 1s as follows In Section 2, there 1s a discussion of the reasons (or
objectives) for implementing DSM — both those objectives that apply broadly across all countries
and those that are specific to Armema This 1s followed in Section 3 with an analysis of the
electricity sector supply and demand charactenstics in Armenta, which forms the basis for specific
DSM strategies Section 4 presents an analysis of electricity tanffs in Armenia Thus 1s followed by
Section S, which includes an overview of the infra-structural and organizational aspects related to
energy efficiency development and implementation in Armema Section 6 focuses on the
development of DSM strategies and programs for Armenia Section 7 deals with the heating load
and options for replacing some of the electricity demand with rehabilitation of the natural gas
and/or distnict heating systems Section 8 describes options for financing DSM programs, both
internally and with <<ternal sources of finance The report concludes with a discussion of long-
term DSM programs and recommendations (Section 9)

¥ The Minsstry has since been renamed to the Mimstry of Energy

Resource Management Assaciates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1993)
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2 DSM PROGRAM OBJECTIVES

In order for DSM programs to be attractive and have the potential to be successfully
implemented, 1t 1s necessary first to define clearly the objectives for DSM Thus section describes
the general objectives for implementing DSM that are common to many countries, industrialized,
transttional or developed Thus general description of objectives 1s followed by a discussion of
objectives specific to Armenia, which make the case for Armema even more compelling

A General Objectives for Implementing DSM

In the United States, Demand-Side Management (DSM) got 1ts start 1n the late 1970s, mainly as a
result of regulatory requirements and pressure from environmental groups The o1l crisis of 1973
made Americans aware of the importance of energy 1n the economy, and innovative strategies began
developing which focused on the rational use of energy DSM was a mainly utility-sponsored
mechamsm through which the use of energy (particularly electricity) and the timing of energy use by
end-users (customers) were influenced The utilities designed DSM programs to meet their own
objectives of not adding power stations, as well as the broader societal objective of cleaning up the
environment Moreover, the technical options that were put n place through DSM programs were
cost-effective compared to the supply-side options The utilities could thus share some of the money
saved, by not adding more expensive generation capacity, with the end-users in the form of customer
incentives to implement DSM  State regulators started mandating DSM 1n early 1980s because these
strategies helped customers reduce their energy demand and use, thus saving on energy costs These
energy savings reduced the amount of energy an energy provider (such as an electric utility) needs
to provide 1n both the short and long term

B DSM Objectives for Armenia

Armenia’s population of about 3 8 mullion has a per capita electricity consumption of over 1,180
kWh, which 1s considerably ligher than the world average for developing countries The hugh per
capita electricity consumption has, in part, been caused by recent reliance on electricity for meeting
residential water heating and winter space heating demand Ths reliance 1s common 1n all economic
sectors, with a large effect due to space heating needs 1n the residential sector, comprised of 750,000
formerly state-owned, but currently privatized, residential apartments

The general standard of living 1s expected to recover gradually from a current low income of US$294
per capita (in 1996) With higher incomes, residential electricity demand will grow 1n the future as
consumers purchase more electnical appliances Demand 1n other sectors, such as the commercial and
industnal sectors, will also grow with an improved economy It is clear that the proper management
of the energy industry, particularly the electnicity sector, will be a crucial factor in Armema’s
continuing economuc recovery and future development process

As n other transitional and developing countries, there 1s enormous potential for efficiency
improvement 1n both the supply and demand components of Armema’s electricity sector A utility’s
mottvation for developing DSM programs will vary, depending on both the economic and energy
supply conditions However, the benefits of DSM programs for the utility and the customers are
significant under a variety of circumstances In addition to the overall economic and environmental

Resource Management Associates of Madison Inc PROJECT FINAL REPORT- DRAFT (Sept 1998)
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benefits of DSM measures compared to traditional supply-side options, as discussed above, the
rationale for implementing DSM 1n Armemnia has numerous compelling benefits

Some of the objectives for implementing DSM 1n Armenia are common to many transitional and
developing countnies that have recently adopted 1t, such as Thatland, Mexico and China These
general objectives for implementing DSM are

DSM measures have higher cost-effectiveness than in the industnalized countnies because of
higher savings potential and higher share of energy costs (over total costs and expenditures)
DSM could effectively reduce the relatively faster growth of electricity needs (both kW and
kWh)

Scarcity of capital required for adding supply-side resources makes DSM options more attractive
Supply options generally range from US$800 - $3,000 per kW, compared to DSM cost of
US$400 per kW on average °

DSM often helps improve peak reliability of the system, thereby reducing the need for electricity
rattoning and/or blackouts

DSM helps reduce demand, eliminating the need for power flow over the transmission and
distribution (T&D) network, thus creating savings in generally high T&D losses associated with
power flow If 1 kW 1s saved at the end-user level through DSM, it 1n fact results in about 1 2
kW savings at the production level This objective 1s particularly relevant for Armema because
electric energy losses over the T&D networks are very hugh, as shown in Table 2 1 1°

Table 2 1
Transmussion and Distribution (T&D) Losses

Year 1988 1993 1994 1996 1997 1998
T&D Loss (%) 145 201 23 06 18 57 185 18 1

Source Minustry of Energy (Aprl 1998)

Environmental benefits of DSM are considerable, and especially valuable to society, when
controls are not 1n place to mitigate pollution from supply-side sources This 1s the case in
Armenia, where the power sector 1s 1n poor financial health and cannot afford expensive pollution
controls

®Armema s supply capacity seems to be sufficient to meet the present demand But as demand
increases over the next decades there will be a growing need for adding new power plants The high costs
associated with this anticipated expansion could be cost-effectively reduced through implementation of
DSM options

10 According to recent Government estimates, currently the technological losses alone 1n the
energy sector total 18 5% whuch 1s equivalent to 22 billion drams (US$44 mullion) annually (Noyan-
Tapan, 1998) The commercial losses are also quite substantial However, the Armemian Government 1s
currently focusing largely on regulation of energy tanffs and enforcement of billing and bill collection
discipline, mncluding dis-connections due to non-payments, which have led to increase 1n total collections
from 35% 1n 1994 to 80% 1n 1998, resulting 1s reduction of commercial losses
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In addition to these general benefits for transitional econonues, five other driving factors support the
promotion of DSM specifically in the Armenian electric power sector

« Lack of Indigenous Energy Supplies Armen:a has few or no fossil fuel resources of its own,
although 1t does have hydroelectric and nuclear generating capacities (USEIA, 1996) The
Armenian Minustry of Underground Resources, in cooperation with the US Geological Survey
(USGS), has also been exploring the quantity and quality of coal reserves in Armema No studies
have yet been done of the cost-effectiveness of using these reserves for power generation Thus
overall, the risk of fuel supply uncertainties for Armema’s thermal power plants exist Imports
could be blocked or sabotaged as a result of regional conflicts, whether directly involving
Armemnia or not In fact, thus has been the case in Armema for some years, and provided
compelling reason for restarting the nuclear power station

»  Nuclear Power Plant Risk The Armenian Nuclear Power Plant (Medzamor), which accounts
for a substantial share of the electricity supply, 1s considered to be a potential environmental
hazard of great magnitude Thus creates a potential risk for Armemia and 1n the region, and could
result in the power plant bemng closed down at anytime Because of this and the age of the power
station, Medzamor 1s planned for retirement in the year 2005, thereby creating the need for
additional supply facilities to meet the existing and rising future demand

» Power System Efficiency and Reliability Currently, the complex and somewhat problematic
sttuation in Armenia’s electric power system 1s reflected in the generation and load characteristics
Tn the winter, nuclear power station generation of about 375 MW contributes nearly half of the
mght-time load of about 800 MW Thus, a mght-time accident can have unexpected consequences
for the entire system The Hrazdan thermal power plant, which must continue working 1n the
base load conditions because of expensive cold-starts, and to maintain system rehability, results
in higher fuel expenditure and lower power system efficiency Figure 2 [ illustrates a typical
charactenstic winter day supply and load Shifting the peak loads to off-peak (might-time) hours
will enable operating both the nuclear and the thermal umits during off-peak hours closer to their
full capacities and, therefore, more efficiently Load management aimed at flatteming the load
curve (load shifting) 1s of vital importance for other reasons as well
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Figure 2 1
Daily Charactenistics of Winter Electricity Generation in Armenia
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Source Muustry of Energy (April 1998)

Power Production Costs During the summer season, the base load (mght-time) falls to below
400 MW The nuclear power plant 1s run at 180 MW during this time, resulting i power
production cost 3 5 times higher than if 1t would have generated 390 MW (because 1t could take
advantage of re-fuehng with one full load) On a summer mght, the thermal power plant also uses
only 30% of 1ts capacity, which 1s mefficient from the system’s pomt of view Thus a load-shifting
type DSM program would be advantageous m bemg able to offset the revenue loss resulting from
the difference i mght and day tanffs with lowered generation costs ! This "flattemng" of the load
curve through load shifting can be done through DSM mechanisms or through pumped hydro
storage, where electricity produced at the nuclear power plant during the mght will be stored for
use durmg the day ime However, a feasibility study shows that one 100MW, 1 mullion cubic-
meters, pumped-hydro storage unit with a 60% efficiency will cost $41 million and pay back
period will be 5 6 years (personal commumcation) Comparatively, DSM options will have much
lower payback periods of 1-2 years

» Export Potential Armema’s neighbors, such as Georgia, Turkey and Iran, are potentially large
markets for electricity exports '2 There 1s a caveat that, although exporting power could be one

11 For the current voluntary TOU tariff system the rate 1s 21 Drams per kWh m the daytime and
12 Drams at mght-time

12 presently Armema 1s connected with neighboring countries by 330-220-110 kV mter-system
lines The ring-shaped network forming the system has sufficient capacity and 1s able to provide transit
and nter-system flows of electric energy However, existing 110 kV mterconnections with neighbors,
Georgia, Azerbayan and Turkey, are not 1n operation A new 220 kV Double Circust Transmission Lime
that 1s being built between Armenia and Iran, was placed 1 service i early 1997 and can carry about 65
MW (Munistry of Energy, August 1997)

Resource Management Assaciates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)



Armenia Power Supply/ Conservation Program Demand Side Management Measures - DO#28 16

of the major attractions of implementing energy efficiency programs through DSM, only Georgia
1s currently a viable export market in the short run But, Georgia also has imited financial
resources to pay for the imported electricity Several sources reported the possibility of a 500 kV
Regional Power Pool (Grid) within the Black Sea Region-Caucasus being formed 1n the future,
thereby creating an export market for Armema’s electricity Ignoring political considerations,
Turkey could be a profitable electricity market at off-peak load Turkey 1s ready to buy electncity
at 3 cents/kWh at might, their own cost of supply This potential export market exists because
Turkey has an annual growth rate of 8 percent, and they are currently purchasing power from
Bulgana at 3 5 cents per kWh
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3 ELECTRICITY SUPPLY AND DEMAND ANALYSIS

In order to identify cost-effective DSM programs and implementation mechanisms, 1t 1s necessary
to analyze the customer profiles, or end-use load curves Ideally, enough information 1s available
about customer energy end-uses and timing of demand to pinpoint which DSM programs will
meet the utility-determined objectives (kW and kWh reductions) Utility capacity requirements
forecasting begins with a sector-by-sector look at the components of the base and peak -load
requirements This data 1s gathered primanily from customer billing records, which are a reliable
source of end-use demand data

In the case of Armenia, hustonical end-use data based on electricity consumption (billing records)
by sectors was not available It was necessary to infer end-use data from a variety of sources
Hourly electricity generation data for all of Armema was provided (by consultants under another
USAID project) for the full year of 1997 (365 days) This 1s generation or system load data, as
produced by the power plants, and given in Appendix II To illustrate this data, a typical winter
and summer day (February 10, 1997 and August 10, 1997) are displayed 1n Figure 3 I Typically
these curves are referred to as “load curves,” however, since these curves represent the
generation data, they should be referred to as “system load curves ” As the figure illustrates,
electrical generation varies during the day in response to the electnical demand of the country The
figure also shows that the data for the winter and summer are quite different in magmitude This
aspect will be discussed later in this section
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Figure 3 1
Summer and Winter Sample Load Curves
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A Generation

The restructuring of the once vertically-integrated monopoly state enterpnise Harenergo
(Armenergo) 1n 1996 resulted in unbundling of 1ts generation, transmussion and distribution
functions to commercial trading entities amenable to a market-based electricity industry
Privatization of these entities 1s also currently under way, as legislated by the new Energy
Regulatory Law of 1997 © At present, there are six major generation supply enterprises Hrazdan
Thermal (1,110 MW), Yerevan Thermal (550 MW), Vanadzor Thermal (96 MW), Sevan-
Hrazdan Hydro Cascade (532 MW), Vorotan Hydro Cascade (456 MW), Medzamor Nuclear
(450 MW), and some other small generators

However, 1n analyzing the electrical demand curves, 1t 1s important to also understand the actual
generation situation and how the system generation and demand mteract The following passage
1s taken from “Volume A Rehabilitation and Restructuring Plan for the Armeman Electncal
Sector,” prepared by Energylnvest PIO (Mimstry of Energy, August 1997)

“At present, Armenia’s generating capacity consists of a nuclear power plant,
three large thermal power plants, two hydroelectric cascades and numerous
smaller resources Installed capacity totals almost 3,500 MW, however, operable
capacity 1s hmited to about 1,700 MW  Fuel and water constraints further limit
available capacity such that on any given day, about 1,000 MW are available ”

Thus report further states that the Medzamor nuclear power plant has an operational capacity of
440 MW Therefore, the non-nuclear daily capacity 1s about 560 to 1260 MW

As Figure 3 2 indicates, the summer electrical demand" varies from a low of about 375 MW to
a peak of around 800 MW The winter day has two periods that are above the 1000 MW value,
peaking around 1200 MW The peak day (New Year’s Eve) shows loads well in excess of the
1000 MW level Based on the previous statement regarding the difficulty of providing power
for loads above 1000 MW, the need to reduce the electrical load, especially in the winter,
becomes apparent Figure 3 2 also shows that the winter load completely exceeds the non-nuclear
available capacity of 560 MW by an average of 300 to 400 MW, while the summer load also
exceeds the 560 MW level Therefore, in view of the non-availability of nuclear generation due
to expected closing of the nuclear power plant (Medzamor) in 2005, a distinct possibility of
electricity shortage exists DSM thus becomes an attractive alternative for avoiding an electricity
crisis  Supplying the current system load 1s already a significant challenge, since much of the
generating capacity 1s unreliable Meeting new customer demand 1s an even greater challenge
when the system cannot rehiably meet all of its current load

13 Thus fuel switch was influenced 1n part by dwindling residential gas supplies and by a poorly
functioning central heating system

" Unless otherwise noted, 1n the following discussions, demand refers to system load (that 1s,
includes system losses)
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The discussion that follows 1s an analysis of the generation data, what the data indicates regarding
users, and the potential for reducing the customer load The significance of the currently reliable
generating capacity versus the hourly load curves 1s also shown 1n Figure 3 2

B Transmission and Distribution Losses

The data presented in Fig 3 1 and Fig 3 2 includes not only the customer (end-user) load but
also all of the system losses resulting from transmussion and distribution to the customers To
analyze customer-only loads, the losses must first be removed from the system load data
Transmussion and distribution (T & D) losses have ranged from 18 to 23 percent over the past
ten years (see Table 2 1), and have averaged about 21 percent for the past several years using
this 21 percent average, the actual customer load was estimated from the system load data as
shown in Fig 3 3 Typical summer and winter days displayed in Fig 3 3 are July 15 and February
10, 1997 The T&D losses are significant, amounting to roughly 100 to 150 MW each hour
during the summer and approximately 200 MW per hour during the winter These numbers
become even more significant when compared to the reliable non-nuclear generation, which 1s
only 560 MW These losses are more than double the typical T & D losses in developed
countries, which are more typically in the range of 7-9 percent While 1t 1s not possible to
completely elimmate T&D losses, if the losses could be halved, the result would be similar to
gaining an extra 50 to 100 MW of capacity This 1s a common problem and solution in other
developing countnies also The Armemian energy sector professionals are also aware of this
problem, and 1t 1s clear that the elimimation of excess T&D losses 1s theirr hugh prionity, as
demonstrated by their negotiations with the World Bank and the Japanese Government for loans
to rehabilitate the T&D system 1n Yerevan
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In the discussions that follow, the estimated customer load (generation adjusted for 21 percent
T&D losses) 1s used 1n the demand analysis and the subsequent analysis of demand-side
management (DSM) targets and strategies

Cc

Demand Analysis

To obtain a clear understanding of the customer demand, the best method 1s to graph the daily
loads hour by hour There are several ways to do this

Ideally, every day of the year could be represented on the same graph, but this 1s not
practical, since the graph would be extremely cluttered and impossible to decipher

One mud-week (work) day a week for a full year could be selected and then graphed Thus
graph would be best at 1llustrating seasonal changes

A week could be selected and each day of the week graphed to illustrate the weekly load
changes

A mid-week (work) day could be graphed against a weekend day (holiday) to illustrate the
changes 1n business and recreation that result duning typical weeks

Seasonal Load Variation

Figure 3 4 illustrates the customer load for every Wednesday of 1997 Two main observations
are evident from thus graph

The load on New Year’s Eve day 1s substantially higher than any other cay

® The graph shows two distinct load bands, one representing the summer period and one

representing the winter period

Resource Management Associates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)



Armenia Power Supply/ Conservation Program Demand-Side Management Measures - DO#28 24

Figure 3 4
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The demand curve for New Year’s Eve 1s especially interesting While the shape of this curve
1s consistent with the other curves, the curve 1s shifted upward approximately 300 MW from
the other winter data From the graph, it appears that this holiday period has the greatest
electrical demand Thus 1s apparently a phenomenon that is due only to the holiday and 1s not a
regular event

Figure 3 4 makes 1t obvious that there 1s a general seasonal increase in electrical demand
during the winter months As can be seen, the summer load band has a fairly tight load
distribution However, the load for the winter months 1s not so tightly bunched, and the load
varies by as much as 200 MW at any particular hour This vanation in the winter electrical
load 1s undoubtedly due to the temperature vanations at this time of year In general,
however, the winter load exceeds the summer load by 300 to 500 MW

It 1s easy to see that electricity demand 1s greatly influenced by the seasons This seasonal
increase 1s obviously due to many factors, among which are increased highting, due to fewer
hours of daylight duning the winter, and increased space and water heating needs, due to the
colder winter temperatures A large portion of the increase caused by additional heating
comes from the individual use of supplemental electric space heaters This reliance on
electrical heating 1s a result of district heating system shut-downs caused by insufficient fuel
supplies However, there 1s likely also a small increase n electricity demand from some
operations of the district heating system (in summer, only the domestic water pumps operate,
while in winter a small number of the larger district heating pumps are also 1n operation) In
general, electrical usage in winter would he expected to be higher than in the summer months,
since the population tends to be indoors more and there 1s greater use of televisions, radios,
and other household electrical equipment

Other factors, such as the use of additional district heating pumps, probably contribute
relatively less to the seasonal increase While there certainly are changes occurring in the
economy 1n general, the main reason for the winter shift 1s increased electric heating It 1s
obvious that this condition places a huge load on an electrical system that was not designed to
handle such demand (Minstry of Energy, August 1997) For nstance, the total daily energy
demand for a typical winter and summer day 1s shown below

Winter day (2/12/97) 18,173 MWh
Summer day (8/10/97) 10,832 MWh
Difference 7 341 MWh

From these numbers, 1t can be seen that the seasonal daily difference of 7,341 MWh 1s two-
thirds of the summer demand of 10,832 MWh The magmnitude of this difference highlights the
need to make this seasonal consumption a prnimary target for load reduction through DSM
strategies

Daily Load Variation
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Figure 3 5 examines customer load for a full week to observe any vanation from day to day
What 1s striking about this graph 1s the closeness of all of the curves There 1s very little
vanation, even between week days and weekend days There are some differences, especially
in the lower peak observed on Saturday, but in general the curves are remarkably simular The
significance of this phenomenon will be discussed later

Analysis of Daily Load Curves

The load curves illustrated in Figures 3 I through 3 5 all have the same general shape Ths 1s
true of the data for the entire year, although the curve may be shifted on a seasonal basis
Following 1s a review of the load curves for a typical summer and winter day

Summer Curves The early morning hours are relatively flat, although there 1s a slight decrease
in consumption until 5 am From 5 am, the demand increases to the morning peak of
approximately 650 MW between 8 and 9 am The demand 1s relatively level from 9 am until
about 7 pm, when the load increases sharply to the daily peak of over 750 MW at about 9 30
pm After 9 30 pm, the demand decreases sharply until the following morning valley

Winter Curves At 1 am, the electrical demand 1s decreasing, although the value remains hugh
at almost 800 MW The curve continues to decrease, but begins to level off around 3 30 am at
about 700 MW The winter valley 1s reached between 4 and 5 am at 725 MW From then, the
load curve begins to increase rapidly until 9 am, when it starts to fall off The period between
9 am and 12 noon shows a steep decline 1n electrical consumption From noon until 7 pm the
curve 1s relatively level The demand increases to 1200 MW at 9 pm, when the daily peak 1s
reached The demand remains high but fluctuates for the next three to four hours, then 1t
decreases rapidly

Since the curves have the same general shape, we can illustrate several important aspects of
the data by using one day as typical of the data (see Figure 3 6) Note that while the values
and the specific hours of occurrence may vary from day to day, the general observations hold
true First, the lowest load of the day occurs between the hours of 3 and 5 am This 1s
characterized by a valley or low point beginning around 5 or 6 am, then increasing to a
mormng peak at around 9 am Each day, the load falls off shightly until the early evening,
when the load again increases at around 5 to 6 pm The evening load generally remains high
until around 9 or 10 pm, when the load again decreases to the early morning valley
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Figure 35
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Figure 36

. T
ﬁD_
4 ™
N
4 N
w~
4
NS
| ©
(o]
1 O
K —
<
[13] - | ©
P -
- P
<
0 | ©
1 u
[ <
M z
| o
(@] T 3 m
- o~ O o
< F —~ T pnm
o - s
o - = =
> 5
[ o .A-O @
) e
Q] - oo
Z
z
(sl -~
O w
Za T o
- W
r
- ™
~ OV
o 2 il = * t + — -
g 8 § R € 8 &8 8 g 8 =°
LIVMVYOIn

Resource Management Associates of Madison Inc PROJECT TINAL REPORT- DRAFT (Sept 1998)



3U] LOSIPE JO S2jEIo0ssSy jusiuabeuepy aomnosay

{9661 199S) 14vA L¥OJ3Y TVNIH 193roud

MEGAWATT

1000 l-
900 +
800 +
700 4
600 ¢
500 1

400 -

MORNING
PEAK

TYPICAL DAY

DAILY PEAK

WORKING DAY

MORNING EVENING LOAD

300 ¢

EARLY EgﬁngUP

MORNING
2001 (0AD
100 +
0 t t t + =t 1 t + t L t t t t t t t Fe—t—|

1 2 3 4 6 7 8 9 10 11 12 13 14 156 16 17 18 19 20 21 22 23 24

HOUR

|~#— SUMMER DAY |

/€ ainbig

azZ#00 - saInsealy juswabeuey apig puewsQg weaboid uolleaasuo)) jAlddng Jamod ejusuuy




Armenta Power Supply/ Conservation Program Demand-Side Management Measures DO#28 30

Applying typical hourly activities (Figure 3 7), we can begin to understand what activities
contribute to the load For nstance, 1t 1s easy to see the daily “start-up” load as people wake
in the morning and start to get ready for work or the day’s normal activities Thus 1s
charactenized by an increase 1n electrical consumption between the hours of 5 and 9 am The
hours of 9 to 6 pm typically represent the working day It 1s interesting to observe that these
hours are characterized by an average lower electrical load than the morning peak load This
mormng peak could be caused by start-up demand for industnial customers The hours from 6
pm to mudmight are typically comprised of residential loads The load from midnight decreases
substantially untid about 5 am, when the pattern 1s repeated

Another aspect of the data can be illustrated by focusing on the daily low point or valley of the
daily load curve Amounts below the valley level represent loads that are present 24 hours a
day, while the loads above this point represent the electrical end-uses that are influenced by
the time of the day, by the residential, commercial, or industnal users We can draw a
honizontal line across the graph (at this valley level) to divide the load curve into a user-
controlled area and a sunken load, as shown in Figure 3 8 The sunken load 1s contributed by
end-use activities that are constant throughout the day, such as a combination of municipal
energy uses (street ighting, water pumping, electric transportation) Domestic water and
sewage pumps operate continuously and have been estimated at about 40 MW (calculated
from energy data based on personal communication) Some of this sunken load could also be
residential loads such as refrnigerators, since they cycle on and off to maintain temperature
Figure 3 9 shows the user load divided into daily activities, along with the base load, which
allows a more detailed review of the load curve
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Figure 3 8
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An analysis of the summer load curve indicates that the sunken load averages a little over 300
MW Although their end-use efficiencies can be improved, it 1s farly reasonable to assume
that the sunken load cannot be reduced by any simple cost-effective changes by the end-user
Until a detailed break-up and explanation of this sunken load can be developed, the end uses
causing this sunken load should not be the focus of end-user efficiency improvements to be
implemented through DSM programs

During the summer, the mormng electrical load increases between 5 and 9 am These increases
would be attributed mainly to residential increases plus some industnial start-up loads Another
contributor could be the additional electricity required for enhanced municipal water pumping
(buillding water pumps regulated by the water utility and operated from 8 to 10 AM 1n the
mormngs) The residential load would be comprised of lighting, television and radio, electric
cooking, and general preparation activities prior to individuals going to work

It 1s interesting to note that followng this period, the electrical load decreases by around 100
MW until late afternoon, when a shight mncrease begins During these hours, the load has
shifted mainly from a residential load to a commercial/industnial load However, this decrease
in electrical load 1s not typical of industrialized nations The uncertainties within the Armeman
economy contribute greatly to this phenomenon What this means 1s that the daily combined
industrial/municipal/commercial loads are less than the early morning residential load

The evening hours indicate that the electrical load 1s quite stable until around 8 pm, when 1t
increases dramatically This 1s undoubtedly due to the summer weather, when there 1s more
sunlight and the pleasant weather encourages outdoor activities At mghtfall, the electrical
load increases as individuals go indoors and turn on televisions, radios, and lights During the
summer, the duration of this evening peak 1s also relatively short, indicating a two- to three-
hour period of intense usage

The winter curve resembles the summer curve, however the morning load does not begin to
increase until later in the morning, indicating that individuals sleep later because of the
increased darkness and colder temperatures The eveming peak begins much earlier in the
evenung, around 5 pm Also, the peak has a much longer duration, lasting five hours with a
slightly lower demand for an additional two hours Overall the everung peak duration 1s
roughly seven hours

The magnitude of the increase 1s greater in the winter than 1n the summer, approximately 400
MW to 300 MW, respectively This increase is probably due to the use of electrical space
heating throughout the entire society

Summary of Load Characteristics

We have assumed a typical day to illustrate these basic points of the load curve However,
there are basic differences between the daily loads For instance, the base load (the load below
the daily valley) tends to vary throughout the year Depending on the month, the whole load
curve shifts up or down Figures 3 I through 3 4 show that the data tends to be split into
summer and winter periods of the year In general, the data tends to be seasonally sensitive
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Reducing the winter evening peak should be of major concern to the utility In addition, the
difference between the summer and winter base load (minimum consumption) 1s of extreme
interest For the summer period, the base electrical demand 1s about 315 MW, while in the
winter this value 1s approximately 850 MW Determunung what contributes to this winter base
load 1s important in determuning 1f 1t 1s possible to reduce the total load

Another extremely interesting fact 1s that there 1s very little difference 1n the mud-week to
weekend load curves, as shown in Figure 3 5 The load curves are essentially the same,
espectally 1n the summer months While there 1s generally good correlation for the summer
months, the winter months are more affected by weather conditions, and the daily curves tend
to differ more (Since there are very few residential ar conditioners in Armenia, summer
electrical energy usage does not tend to fluctuate with weather conditions)

The similanty of electrical demand data between weekdays and Sunday means that there 1s
essentially little sectoral impact on electrical load from day to day Typically, the load curve
should show greater vanation because of industry, which generally operates during the week
but not on weekends The sumilanty of the load data for weekday and weekend day however
means that, in Armenia, either industry operates at the same level every day or there 1s little
industry to influence the load curve The latter 1s more likely the case, because the Armeman
industry sector 1s currently 1n a very bad shape One other possible explanation for this
phenomenon could be that the magnitude of the weekday mndustnal plus commercial load 1s
essentially the same as the weekend residential load, but this coincidence seems unlikely
Since there 1s very little end-use data which 1dentifies what each sector consumes, the sectoral
end-use consumption of electricity needs further invesugation

Sectoral End-Use Estimates

The lack of electrical meters, and/or their unreliability, as well as the high “commercial losses”
in Armenia means that much of the data that 1s normally used to analyze electrical loads 1s not
available The data that 1s available 15 not to the level of detail that would normally be
employed to allow a complete analysis For mstance, it 1s not known exactly how much
electricity 1s used by the various sectors However, estimates based on figures provided 1n a
recent document 1s shown 1n Table 3 1

13 In thus case, the electrical end-use mught change from day to day, but the overall quantity does
not change
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Table 31
Sectoral Breakdown of Electricity Demand
Sector Percent of Total Annual
Electrical Load"
Residential 46%
Non-industrial 13%
Public Sector 12%
Industnal 9%
Drinking water 5%
Commercial 5%
Urban Transport 4%
Agriculture 3%
Rail Transport 2%
Construction 1%

Source Mimstry of Energy (1997)

1S Due to rounding off, the total 1s 101% rather than 100%
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Before effective DSM programs can be developed, 1t 1s imperative that the specific end-uses
of electricity, including how and when 1t 1s used, are fully understood It would seem logical
that the best opportunity to save energy would be where the most energy 1s used A review of
the above information would indicate that the residential sector should certainly be a prionty,
as 1t domunates the consumption of electrical energy After that, the next highest users are
non-industnal, public sector, and mndustrial Following 1s a brief discussion of what 1s known
or can be assumed regarding electricity demand in the residential, industrial, and commercial
sectors

D Industnal Demand

Referning to Figure 3 9, 1t 1s faurly safe to say that the industnal/commercial load does not
exceed 300-350 MW (the difference between the daily load curve and the sunken load from
about 9 am to 6 pm) for the typical day shown For purposes of this analysis, we will use a
value of 325 MW as an average for the user controlled load between the hours of 9 am and 6
pm

A TACIS report on Armenian industry (TACIS, November 1996) stated that “the electric
consumption of industry mn 1994 1s around 1,000,000 MWh according to Armenergo, and
665,000 MWh according to the State Statistical Department ” Assuming that Armenian
industry has not slipped since 1994, industnial electrical consumption should remain at the
levels stated or be higher Generation data for 1997 indicates that there was a total of
5,934,682 MWh produced, with transmussion/distribution losses of approximately 21% This
means that total consumption for 1997 was about 4,500,000 MWh Using the average of the
1994 industnial values shown above (average of 1,000,000 MWh and 665,000 MWh 1s
825,000 MWh), industrial consumption averages about 14 or 15 percent of total electrical
production, or about 18 5% of the total customer consumption

On the basis of a standard 5-day work week and fifty-two weeks a year, there are 260 work
days in a year The normal work day 1s assumed to be eight hours long Using these values
and the estimate above for industnal consumption, the average industral electrical
consumption duning the working hours 1s 400 MW In reviewing the load curves (see Figure
3 8), none of the curves seem to indicate a load of this magnitude between normal working
hours (9 am - 6 pm) 1n relationship to the base load (usually occurring around 5 am) In fact,
the load difference between the standard working hours and the daily base 1s only 1n the range
of 300 to 350 MW Thus load 1s certainly comprised of sector loads, including industnial,
commercial, and some residential From this analysis, 1t can be concluded that the 1994
estimates of industnal consumption do not agree with the 1997 hourly generation data, and
these previous estimates appear to overestimate the consumption by industrial customers
This would mean that the level of industrial energy use has fallen dramatically since 1994 V

Y For instance, one of the major industrial consumers near Yerevan with a rated capacity of 80

MW was generally consuruing a maximum of only 30 MW during the first quarter of 1998 (personal
communication)
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Thus 1s also consistent with the Government estimates which indicate that, following the
collapse of regional trade, payment agreements, and severely shrinking markets for major
industnal products 1n the Former Soviet Union countries, Armemia’s industry sector output
has decreased by over 60% (Minstry of Energy, August 1997)

Even if the industry operated six rather than five days a week, the hourly load would be over
333 MW Ths 1s still larger than the typical daily data indicates The issue for the demand
analysis, then, 1s to improve the estimate of industrial consumption

From the load analysis, we know that the period from 9 am to 6 pm has industnal,
commercial, and residential load components and that the hourly average 1s about 3255 MW
However, we don’t know what quantity each component consumes Summung the electrical
demand between the hours of 9 am to 6 pm for the entire year yields 1,915,315 MWh If the
base of approximately 350 MW from 9 am to 6 pm 1s subtracted from this value, this load
becomes 765,565 MWh (1,915,315 MWh minus 365 days times 9 hours times 350 MW)
Again, this 1s for seven days a week and 1s the total of all user-controlled loads (Table 3 2)
Percentage values for the portion of the load that would be residential and commercial can be
estimated to determune what the industrial load would be
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Table 32
Estimates of Annual Electricity Consumption (7-day week)
Estimated Percentage Annual Consumption
Residential 10% 76 557 M\Wh
Commercial 20% 153,113 MWh
Industnal 70% 535,895 MWh
Total 100% 765,565 MWh

Assuming that industry accounts for 70% of the electrical load between the hours of 9 am and
6 pm, 1t 1s then obvious, from the 1997 data, that the industrial load cannot account for more that
535,895 MWh Agam, this estimate 1s calculated for seven days a week If Sunday data s
removed from this analysts, then the total consumption between the hours of 9 am and 6 pm is
659,223 MWh (765,565 MWh minus 106,342 MWh) Applying the same percentages as above
yields the following results (Table 3 3)

Table 33
Estimates of Annual Electricity Consumption (Sundays not included)
Residential 10% 65,922 MWh
Commercial 20% 131,845 MWh
Industnal 70% 461,456 MWh
Total 100% 659,223 MWh

Therefore, the industnial electrical consumption for six days a week from 9 am to 6 pm (assuming
an industrial ratio of 70%) 1s 461,456 MWh, and for seven days a week, the value 1s 535,895
MWh Since the Armenian economy 1s just beginning to rebound after the breakup of the former
Sowviet Union, 1t 1s fairly safe to assume that few industries operate more than the standard one
shift per day Therefore, the majornity of the industral electrical load would occur between the
hours of 9 am and 6 pm These numbers are substantially below the estimated 1994 values cited
earlier by Armenergo and the State Statistical Department

The above values are based on the assumption that the industnal load 1s seventy percent of the
total user controlled load dunng the hours of 9 am and 6 pm Tlus 1s only a very rough estimate,
and 1n fact, this percentage could be much less While the residential load during this period 1s
probably not too high, the commercial load could be higher than the twenty percent value shown
As the commercial value increases, the industnal value would need to be lowered If the industnal
value were 50%, the industrial load would be between 329,612 MWh for a six-day week and

382,783 MWh for a seven-day week Since there 1s very little accurate metering, 1t 1s difficult to
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be exact 1n this value However, 1t 1s probably safe to say that between the hours of 9 am and 6
pm, the Monday through Saturday industnal load 1s between 329,612 MWh and 461,456 MWh

Representatives of the Energy Commussion have stated that in 1997, the industnial load accounted
for about ten percent of the total load Using this information, the total annual industnal
consumption would be 468,840 MWh (ten percent of the total annual load of 4,688399 MWh)
Assuming an industrial work schedule of six days a week, the hourly value 1s then 167 MW per
hour (468,840 MWh divided by 52 weeks by 6 days per week by 9 hours per day) This value
increases to 200 MW per hour if the work week averages five rather than six days per week In
the previous analysis, user-controlled load between the hours of 9 am and 6 pm averaged 275
MW Using seventy percent of this figure as the estimated industrial load, the industnal load 1s
193 MW This value compares favorably with the values of 167 and 200 MW previously
calculated Therefore, the assumption of seventy percent of the load during the day being
industrial appears to be reasonable

E Residential Demand

The user-controlled load has been previously defined as the difference between the total
consumption curve minus the base load of 350 MW each hour The data provided indicates that
the annual demand 1s 4,688,399 MWh Subtracting 3,066,000 MWh (350 MW for 365 days at
24 hours per day) yields a user controlled load of 1,622,399 MWh We have already shown that
the consumption between the hours of 9 am and 6 pm 1s 765,565 MWHh, of which an estimated
10%, or 76,557 MWh, was resident:al The evening and morning start-up load then equals the
difference between the user-controlled load of 1,622,399 MWh and 765,565 MWh, or 856,834
MWh

The eveming and morning start-up periods are dominated by the residential loads While there
would be some commercial loads in the evening (restaurants, theaters, and other entertainment),
the commercial morning load would be very small Therefore, the residential load 1s assumed at
85% percent for the evening and mormng loads, with the remaining 15% being commercial and
muscellaneous loads

Based on these assumptions, the residential load would be

Evening and morming start-up pertod 728 309 MW
Daily load (9 am to 6 pm) 76.557 MW
Total residential load 804 866 MW
F Commercial Demand

Since industrial customers are believed to consume 10% of the electricity and residential
customers consume 50%, this means that 40% 1s unaccounted for Commercial customers and
muscellaneous users have to account for this forty percent, but 1t 1s difficult to look at the load
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curves and see any discernible pattern that would be obviously attributed to commercial
customers Nevertheless, the commercial load 1s assumed to occur during the standard period
from 9 am to 6 pm
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4 ELECTRICAL TARIFF ANALYSIS

One of the most fundamental aspects of any busmess 1s that the revenues must be greater than the
total expenses For Armemia’s electrical industry the comparnison of income and expenses is
difficult to make because of the complexity of the generation of electricity Thus 1s generally true
for most utilities, as they tend to have multiple generation sources However, the costs of
generation and mamntaining the electrical system have been established by the Energy Regulatory
Commussion'® of the Republic of Armema and are shown in Table 4 I below

Table 4 1
Generating Costs by Plant
Complex of the Vorotan Hydro power plants 1 37 drams 1 kwh
Cascade of Sevan-Hrazdan hydro power plants 4 21 drams/kWh
Privatized small hydro power plants 13 00 drams/kWh
Hrazdan thermal power plant 15 48 drams/kWh
Yerevan thermal power plant 16 26 drams/kWh
Armenian (Medzamor) nuclear power plant 12 37 drams/kWh

Source Energy Regulatory Commussion (1997)

The suppliers® sell power to one national carmer Armenergo, that 1s responsible for operating the
transnusston (110 / 220 kV) network in Armenia’s six regions, and for dispatch,?' imports and
exports' Dustribution of power to end-users (at 6/10 kV) 1s done by eleven dist:icution
enterprises, one 1n each of Armema’s eleven provinces (marz), including one 1n the capital city
Yerevan (Yerevan Distribution Company) 2 Yerevan and several smaller cities are mainly
supplied by underground system, while remamder of the country by overhead distribution system
Metening on the distribution system 1s virtually non-existent at present, resulting in commercial
losses 2

1% Resolution No 6 dated August 1 1997 (Energy Regulatory Commussion 1997)
19 At the time of writing thus report, 1 US$ = 500 drams

0 Al supplier enterprises, except Armenia (Medzamor) nuclear power station are going to be
privatized The seven small hydropower stations were privatized in 1997

2 Currently the dispatch function 1s merely an allocation of existing supply and not economic
dispatch Operation of the transmussion network as a radial system has also resulted 1n decreased system
stability

21 July of 1998 these eleven distribution companies were further consolidated nto only four
regional (including one 1n Yerevan) distribution companies (personal communication)

BA proposed World Bank/OECF (Japan) program aims to provide multi-tariff meters on the
distribution system nodes (Minstry of Energy, August 1997)
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The costs shown in Table 4 1 represent average costs for operating each supply facility However,
when the nuclear plant 1s operated during a summer mght, 1t operates at partial load (at
approximately 50% of its capacity) Estimates show that operating this plant at partial load
increases its operational costs 3 5 times the full load operating costs If the nuclear plant 1s to
continue 1n operation, 1t should be loaded closer to its rated capacity, which will help to keep both
the nuclear plant operating costs and power system average costs low *

The Energy Act of 1997 established an independent Energy Regulatory Commussion, which sets
tanffs for all sectors, 1ssues production licenses, and 1s responsible for creating equal conditions
for all entities The Energy Regulatory Law, adopted in June 1997, defines the principles to be
applied 1n setting energy prices and tanffs The pricing reform aims to gradually increase the
tariffs to full recovery The electrical tanffs that different types of customers currently pay are
shown 1n Table 4 2

Table 4 2
Electrical Tanffs (1997-98)

Sales to distribution networks (average) 15 34 drams/kWh
Sales to 35 kV and higher voltage customers 16  drams/kWh
Sales to direct customers of 6-10 kV 20  drams kWh
Sales to 0 4 kV customers

Restdential up to 100 kWh/month 15 drams/kWh

Residential 100-250 kWh/month 22 drams/<%

Residential greater than 250 kWh/month

and all other 0 4 kV customers 25  drams/kWh

Sales btn 11pm-7am to high voltage customers on TOU 12 drams/kWh

24 As discussed earlier there are social and political efforts to close this plant due to impending
nisks arising because of its location on or near an earthquake fault zone In 1989 Medzamor nuclear
power plant was shut down owing to the fears of seismic damage caused to the power station by the 1988
earthquake One of 1ts 440 MW units (Unit 2) resumed operation in late 1995 to overcome the acute
electnicity cnists and to help reduce over-reliance on hydropower that was (and sull 1s) leading to serious
lowenng of Lake Sevan (Mimistry of Energy August 1997) Armenia s government currently also has
plans to reactivate Medzamor s Unit 1 (USEIA, 1996) while 1t also plans on the other hand to close
down the entire nuclear facility by 2005
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Features of Tariffs and Costs

Yerevan power plant has costs that exceed 16 drams/kWh Yet, some of the tanffs are below 16
drams/kWh Without knowing how much contrnibution 1s made by the Yerevan power plant to the
total supply, 1t 1s difficult to know if the tanffs are adequate to cover the costs

The nuclear plant costs are shown as 12 37 drams However, at a summer might this unit 1s
operated at partial load (approximately 180 MW) Minstry of Energy and Fuels staff have
indicated that the costs of operating this unit at partial load at 3 5 times the full load cost This
would mean that the cost of operating this unit at full load would be about 5 S drams/kWh
Residential rates are substantially more expensive than the other rates, except for the lowest level
of consumption which 1s priced at 15 drams/kWh » Thus rate 1s potentially below the cost of
supplying electricity as shown in Table 4 2 Residential customers falling into the other two rate
categores contribute the most towards recovenng the supply costs The breakdown of how many
residential customers fall into which tanff category 1s unknown However, many residential
customers are very conscious of electrical use, and try to mimimuze 1t It 1s possible that the
majority of the customers are in the lowest tanff category, which may be below the cost of
supplying electricity

The rate charged to distribution companues 1s also below the cost of supplying electricity

The World Bank has been supporting the 1dea of a 20 percent increase 1n electrical tanffs for over
a year

The tanffs do not include a demand charge and rely solely on energy costs Demand charges are

normal, especially for industnal customers, and this type of tanff should be considered for
Armenia

An m-depth review of the electrical supply costs and tanffs 1s beyond the scope of this project Such
an analysis 1s the focus of other USAID-funded efforts, including the work that one USAID
contractor 1s doing in establishing and enhancing the capabilities of the Energy Regulatory
Commussion However, 1t 1s easy to see that from a purely technical viewpoint the tanffs need to be
raised The question 1s whether the 20 percent increase suggested by the World Bank 1s adequate
However, raising the tanffs would require a thorough analysts of what the tanffs should be as well
as what the consumers can afford to pay Raising the tanffs may result in an increase in non-
payments, and increased thefts of electricity®® It 1s also a politically and socially unpopular move

% Due to cross-subsidies

% Technical and Economuc Analyses of Measures for Expenditure Stabilization and Tanff Regulation
1n the Power Sector of the Republic of Armemia (Lahmeyer July 1998)

2 In 1997 average tanff was raised by 40% from 3 3 cents per kWh to 4 6 cents per kWh
(USEIA 1996) with lower prices for the low-income customers Because tanffs are a heavy burden to
most Armenian fanulies there 1s a growing public discontent (RFE/RL 1998) as the cost of production 1s
less than half this figure (average generation cost 1s about 2 3 cents per kWh according to Energy
Regulatory Comumssion, 1998) but the high cost of supply 15 a result of disproportionately large
transtsston and distnbution (T&D) losses In fact, the supply costs are so high (6 cents per kWh) that
the sector has to rely on government subsidies
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5 ENERGY EFFICIENCY INFRASTRUCTURE

In Armenua, there are many institutions and organizations that could play key roles in
implementing energy efficiency projects and programs These include the government, energy
sector entities, educational institutions, donor agencies, and the private sector At this time, there
1s no spectfic organization responsible for energy efficiency development and implementation,
although there 1s an Energy Efficiency Law being considered by the Parliament The following
paragraphs provide information on some of the organizations that are associated with the energy
efficiency activities

Armenian Government

The Mistry of Energy (MEF) has the most signtficant influence over the development and
implementation of energy efficiency programs The MEF 1s responsible for managing the overall
energy sector and for developing long-term strategies Within the MEF there are three key
organizations the Department of Research and Development, the Energy Institute, and the
Energy Strategy Center In addition to the MEF, there are other specific governmental
orgamzations charged with energy sector-related 1ssues The following are descriptions of these
government organizations

Energy Regulatory Commisston
Established by the Energy Act of 1997, the Energy Regulatory Commussion 1s responstble for
setting tanffs, 1ssuing production licenses, and for creating equal conditions for all entities

Minustry of Environment
Minstry of Environment regulates and monitors emissions, and monitors the water flow of Lake
Sevan (associated with hydro power plants), which impacts hydroelectric production capacity

Ministry of Industry and Trade

The Minstry of Industry and Trade 1s currently involved in restructuring various industries to
make them ready for privatization Key industries are currently being surveyed, and part of the
survey 1s also to evaluate the energy usage %

Ministry of Economy and Finance
This ministry assists in developing and momtoring the expenditures of the national budget,
including making assessments of any credits that require sovereign guarantees

Parliament

The Parliament 1s responsible for developing and approving legislation, such as the Energy Act of
1997 Under current parliamentary discussion 1s an Energy Efficiency Law A draft of the law 1s
included as Appendix - IV The draft law specifies that its purpose 1s to define the legal
framework for implementation of state policy 1n the energy efficiency sphere However, the draft

% Results of this Ministry of Industry and Trade survey will be available 1n October 1998
(personal communication)
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does not specify the state agencies responsible for developing and implementing energy efficiency
strategies, nor does 1t address the funding of energy efficiency mandates

Municipalities and Other Local Government Entities

These entities control a substantial part of the market for energy effictency projects Publicly
provided services such as district heating systems, street lighting, and water/sewer systems are, 1n
part or whole, the responsibility of munictpalities In addition, these entities are responsible for the
many public buildings such as schools and office buildings

Ministries of Education, Health, and Social Services
These munistries are in charge of many buildings serving public needs such as universities and
schools, hospitals, orphanages and elderly homes, and refugee centers

Electric Energy Sector Entities

Energy Generation Compantes
Power plants such as the Armentan Nuclear Power Plant (Medzamor) have an interest 1n running
at peak capacity n order to increase its efficiency and decrease its generation costs

Energy Distribution Companies

As distribution companies are privatized, they will rely more on providing energy efficiency
services 1n order to attract or keep customers, and making thetr own operations more efficient

Educational Institutions

Technical Universities

These have the capability of providing support for and coordination with other energy sector
players Potential activities include research and development of energy-efficient appliances,
information dissemunation through conferences and workshops, energy auditing training, and
energy efficiency design training

Private Sector

Energy Service Companies

The Energy Service Companies (ESCOs) are entities that provide services related to
implementation of energy efficiency projects and marketing for energy efficiency activities Some
ESCOs have emerged in Armema but 1t 1s still a fledgling industry In doing energy efficiency
implementation n certain sectors, such as the commercial and buildings sector ESCOs will have
an enormous potential and role to play in the future

Equipment Manufacturers

Some manufacturers, like the existing lighting equipment manufacturer Luis Lamp Plant, 1s a
potential manufacturer of energy-efficient lighting Foreign companies, like General Electric, are
also interested 1n tapping this potentially large market for energy efficient lamps Other local
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industries are also potential manufacturers of energy efficiency appliances, boilers, air
conditioners, motors, meters, etc

Non-Governmental Organizations

These organizations can play influential roles in research, policy development, training, creating
public and government awareness for energy efficiency and in information dissemination

Association of Energy Engineers

This membership organization recently organized and hosted an International Energy Conference
in Yerevan which was attended by some 200 local energy experts It 1s presently developing
strategies for the district heating system and 1s active in developing renewable energy sources

ECO-TEAM
Thus group 1s involved with energy-related environmental 1ssues

Multinational Development Banks and Donor Agencies

Institutions like the World Bank, European bank for Reconstruction and Development, United
Nations, US Agency for International Development and TACIS are playing critical roles in
assisting Armenia’s transition from a centrally planned economy ? Most of the foreign mvestment
conmung mto Armena 1s channeled through the Government

% The reforms that have led to the revival of Armenia’s electricity sector thus far, have partly
been supported by foreign (primarily Western) aid
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6 DSM PROGRAM DEVELOPMENT AND STRATEGY ANALYSIS

A Significance of the Residential Sector

As discussed tn previous sections, the residential sector currently contributes the most to
electricity demand (see 7able 6 I) Because of the limuted availability of district heating and
natural gas, residential customers have started to rely more heavily on electricity for space
heating, water heating and cooking Thus results in a ligher share for the residential sector than
would normally be the case

Table 6 1
Sectoral Electricity Consumption Characteristics
End-Use Category Year
(Units)

1996 1997

Total Consumption (GWh) 4518 4528
Agnculture (%) 67 48
Transport (%) 38 32
Industnial (%) 18 0 145
Residential (%) 451 46 8
Others (%) 236 273
Exports (%) 28 34

Note “Others” includes water and sewage pumping systems, street lighting and electricity usage
in the commercial sector government buildings schools and hospitals, etc

Source Ministry of Energy (August 1997)

Table 6 2 shows 1997 tanffs for different categories of residential customers

Table6 2
Armenia Residential Energy Tariffs
Type of Customer Electricity Tanff in 1997
Residential Customers on 400
|_High Consumption (Higher than 250 kvWh per month) 25 Drams per kWh
Medium Consumption (100-250 kWh per month) 22 Drams per kWh
Low Consumption (Lower than 100 kWh per month) 15 Drams per kWh
Average (weighted by total consumption) 21 Drams per kWh

Note US$1 00 equals 500 Drams (April 1998)

Source Energy Regulatory Commussion (1997)
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It 1s clear from 7able 6 1 that the residential sector, as a single-consumer category, currently has,
and will continue to have, a major role to play in dictating electricity consumption amounts and
patterns (See Chapter 3 for a further discussion of load profile ) In this context, the sigmificant
questions to be answered are what end-use targets within residential sector needs immediate
attention and how Day/Night tanff based DSM programs can be implemented 1n this sector The
following sections are an attempt to understand the end-uses, and determine which of them would
be the best candidate for the differential tanff system

A recent estimate of the end-use load profile done for Armemia’s urban and rural areas, through
an analysis of household electricity needs, appliance penetration rates and associated coincidence
factors, 1s presented in 7able 6 3 The average consumption 1n urban areas is remarkably higher
(almost double) than that of rural consumers Projected forecasts also indicate that Yerevan’s
electricity consumption growth rates will be very high as compared to Armema’s other ten
“distribution” regtons over the next 8-10 years (Minustry of Energy, August 1997) Hence,
potential residential DSM programs in the short-term should focus on the Yerevan region

Table6 3

Residential Electrical End-Use Load Profile in Armenia
End-Use Urban Area (Yerevan) Rural Area
Category

Load Pene- Opera Average Load Pene- Opera Average

(kW) tration tion Consump (kW) tration tion Consum

(%) hours) (kWh/day) (%) | (hours}) _(kWh/day)

Space Heat 280 70 20 392 120 70 10 084
Water Heat 200 60 15 180 100 50 15 075
Cooking 125 70 15 131 125 40 10 050
nghtlng 100 100 30 300 100 100 30 300

Note Operation hours are coincident peak hours that 1s, hours of operation coinciding with the power
system peaks

Source Minstry of Energy (August 1997)

From Table 6 3, 1t can be inferred that the focus of load management (load shifting) should be on
space heating, water heating, cooking and lighting end-uses However, 1n order to develop more
rehiable and useful electricity distribution and end-use load data, and to estimate the customer
response to a possible residential Day/Night tanff system, an electricity end-use saturation survey of
Yerevan’s residential customers (a sample of 1,000 apartment units) was carned out under this
project *® The results of this survey are presented in Appendix-I > However, some of the important

30 Relable energy end-use information 1s generally not available in Armenia (Minstry of
Energy, August 1997)

3 The complete results and analysis of this residential end-use survey will also be published as a
separate report
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results, that relates to the formulation of Day/Night tanffs and target end-use technologies, are also
ncluded 1n the following sections

Residential End-Use Survey

The comparison of electricity uses in the winter and summer obtamned through the surveys of 1000
dwellings are summanized in 7able 6 4

Table 6 4
Weighted Average Electricity Use by Appliance Type
Winter Summer
Space Heating 42% Not Applicable = Seasonal Saving
Electric Stove 13% 12%
Lighting 12% 6%
Hot Water
Heating 11% 8%
Refnigeration 10% 17%
TV 7% 6%
lroning 2% 2%
Other 3% 3%

Lighting, hot water heating, and refrigeration are the only appliances that have substantial
differences between summer and winter use (subtracting out winter space-heating requirements)
The differences 1n ighting and refrigeration can be easily explained by seasonal variation - longer
daylight hours in the summer, warmer temperatures (in winter, some 1tems are stored on outside
balconues, rather than 1n refrigerators) The difference 1n hot water heating in the summer may be
due to lower requirements for clothes washing, and to fewer hot water requirements for bathing

Table 6 5 summanizes the appliance use data from the surveys for those appliances which have the
highest electricity consumption

Table 6 5
Appliance Electricity Usage Characteristics
Type of Typical Rated Average Hours Typical kwh Penetration
Apphance1 Wattage (kW) 2 of Use Per Day gonsumptlon Per | Rate
a

| Lighting 028 5 ~ 14 100%
Space Heating 3 238 3 84 60%
Hot Water Heat 10 1 10 94%
Television 010 6 06 96%
Refngerator 4 015 24 36 88%
Electnc Stove 10 2 20 85%
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Notes

1 Only lighting has more than one appliance per apartment with varying sizes, e g, 40watts and 60
watts All appliances other than hghting, are one per apartment where their usage Is reported
Penetration rate i1s defined as the percentage of residents which own a given appliance

Space heating and air conditioner use are seasonal

The compressor of the refngerator cycles throughout the day depending upon the ambient
temperature and the number of times the refrigerator 1s opened dunng the day The detailed estimate
of the average number of hours per day was beyond the scope of the survey

N

Survey respondents were also asked which appliances they would replace 1f they had any extra
money The most common responses (in order) were TV (30%), refrigerator (20%), washing
machine (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately 20% of
residents did not reply to this question, since they did not anticipate having any extra money for
the purchase of new appliances These replacement expectations may have some impact on the
selection of potential informational type DSM programs and appliance standards and labeling
policies

In the survey, residents were asked if they would shift their use of electricity if given a preferential
tanff, and what level of tanff reduction would induce them to shift Residents were given a choice
of preferential tanff equal to 25, 50, and 75 percent of current tanffs In all categories, 75% -
85% of the residents said that they would consider shufting their electricity usage to night-time
(2300 to 700 hours) if given a preferential tanff Their responses to the level of inducement
necessary to mnfluence such a shift 1s shown i 7able 6 6

Table 6 6
Willingness to Shift Electricity Usage to Night-Time (2300-700 hours)
Based on Tariff Level (Percentage of Day-Time Tariff)

25 Percent 50 Percent 75 Percent
Single-Famuly 18% 8% 74%
4-6 Story 45% 38% 17%
9-12 Story 36% 45% 20%
14-16 Story 45% 43% 12%

Residents were also asked which usages they would be willing to shift to non-peak times Most
often mentioned were bathing, clothes washing, roning, and cooking Bathing and clothes
washing would affect the electricity used 1n water heating As seen in Section 5 of this Appendix,
these are not the highest electricity usages as determined by the survey Together, they account
for only 22% (summer) to 26% (winter) of residential electricity use Ironing only consumed 2%
of electricity use Furthermore, not all of the usage can be shifted to non-peak hours The uses
that have the highest electricity consumption, 1 e refrigeration and space heating, are the least
amenable to shifting their time of use and should perhaps be the focus of energy conservation type

DSM programs
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The results of this survey of household electricity usage patterns provides information about the
importance and nature of various end-uses and potential DSM strategies and programs

B Load Management Programs, Barriers and Strategies

Typically, load management (or changing the timing of electricity usage for end-uses) 1s achieved
through tanff mechanisms (programs such as time-of-use, real-time, and curtailable or
interruptible tanffs) or direct load control Load management programs do not require high
investments, except for metering requirements For implementing load management-type DSM
programs, the end-use has to be flexible or “elastic” (over time), which limuts 1ts application 1n
many situations

In Armenia, load-shifting options (from day time to mght time) meet the objective of being able to
run Medzamor nuclear power plant and the Yerevan thermal power plant more efficiently Load-
shifting type of DSM programs will have to be simple (two-part) due to metering costs They also
have to rely pnimarily on behavioral change or changing the electricity end-use appliance or
equipment usage patterns It should be noted here that a voluntary industrial TOU tanff system 1s
already in place, and residential TOU tanffs are being considered **> However, only 48 industrial
consumers (mostly bread factories) are on this day/mght taniff system and the impact on the load
curve has been minimal thus far (personal communtcation) »

It was evident from the discussions with the Ministry of Energy and other Government agencies
that lcad shifting-type DSM programs 1s of significance to utilities and policy makers This 1s
primarily driven by the objective of increasing valley load levels which would result in lugher
generation efficiency and lower generation costs (this matter have been explamned in the foregoing
sections 1n detail), and increasing exports during peak (day-time) hours A TOU tanff (Day/Night
taniff) 1s therefore an attractive option *

However, the former objective 1s so appealing to the officials that some proponents of this idea
even suggested constdering simple valley-filling DSM programs (as compared to load-shifting)
The latter option could be incorporated 1nto strategic load growth DSM strategies

32 As discussed earlier, these are day-night tanffs for the high voltage consumers with the low
night tanff of 12 drams per kWh dunng 11pm to 7am

3 No specific analysis has been done of the load shufting impacts that may have resulted from the
voluntary Day/Night tanff However the general opinion of persons consulted was that there has not been
any spectfic load shifiing that could be accounted for by the preferential might tanff Thus 1s partly due to
the “ free-nder effect where the bread factonies which would have operated at night 1n any case are
taking advantage of the savings (and their electricity bill reduction) without really changing their
electricity usage patterns

3 1t should be noted here that the lower generation cost advantages (and perhaps hugher export
earnings) resulting from the load-shufting (to night-time) by TOU taniff mechanusm may be offset to some
extent by lowered revenues collected from the rate-payers (due to lower mght-time tanffs)
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Residential Sector TOU Tariffs

Even though space heating 1s the largest end-use, except for the low income residential consumers
however, space heating 1s not considered to be an end-use that 1s flexible enough to respond to
differential pricing This was also indicated by survey respondents The tanff differential mught
influence low income customers (about a third of restdential customers) to shift their space
heating usage patterns, but metering constraints will prevent them from doing that Differential
tanff meters, which cost about US$200 each with payback periods of more than 8 years, are
beyond the means of the low-income customers Locally produced two-part meters are available
at a cost of $90-$110 per unut which 1s also beyond the reach of most low income residential
customers ** Household customers in the high-income bracket may be able to afford the meters,
however, energy cost shares for this category are relatively low and, therefore, their space heating
usage price 1s likely to be inelastic, as the survey also suggests These problems make differential
(Day/Night) tanff mechanism difficult to implement 1n reducing and/or shifting space heating
loads for most of the residential customers

Nevertheless, Ministry of Energy officials estimate that 15%-20% load shuft 1s possible by
implementing TOU pricing strategies Time of use (Day/Night) tanff 1s potentially a viable option
because over 75% responses 1n the survey also indicated that they would be willing to opt for the
preferential tanff if this system 1s introduced Thus 1s also due to the fact that electricity costs
have a substantial share (15%-25%) of their family incomes Usage pattern changes are possible
for the end-uses of hot water (showers and clothes washing), rroming and cooking However,
these end-uses’ share is not very high, so the cost-effectiveness would not be as great as in the
~ase of space heating end-use And, the program implementation costs (me ering costs) associated
with the differential tanff also 1n a barner

According to some experts, if a TOU tanff 1s implemented 1n the residential sector, people will
heat their water at night and use 1t 1in the mornuing (for showers and other uses) It was learnt that
there 1s some Italian firm that produces equipment (super insulated heaters) that can store hot
water very efficiently (estimated to be only one deg centigrade loss over 24 hours) If the
appliance manufacturer (not yet contacted at the time of writing this report) could be encouraged
to provide the heaters at a subsidized rate for the Day/Night Tanff program, this could be
successfully implemented The incentive for the manufacturer would lie in making profits through
higher sales of its product It was also suggested that load shifting will take place 1f the popular
television (TV) programs are moved from peak hours (evenng) to off-peak hours (late night)
However, this approach could be problematic as 1t may disrupt social schedules Moreover,
energy consumption for TV 1s not very high so the overall impact would be minimal

In case of residential customers, the meters could be financed by the generation cost savings (and
perhaps additional export earnings due to excess electricity available during the peak hours) The
average production cost 1s likely to come down by 3 cents per kWh even with 50 MW base-load
filling (Lahmeyer, 1996)

¥ YDC1s considering a plan to introduce Day/Night tariff to low-income consumers and provide
the meters to them (personal communication)
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Alternatively, the differential (Day/Night) tanff strategy can be implemented 1n conjunction with
an upcorng Mimstry of Energy program through which a World Bank Loan 1s being
negotiated * The Japanese grant of a World Bank loan will pay for the revenue (customer)
metering that will provide single-phase meters at $110 per umt to 9 percent of Yerevan's
residential sector by 2001, and 3-phase meters at $350 pr unt to all of Yerevan by 2005 The
cost of the meters will be paid for by the commercial loss reduction and NOT by the consumers
The WB part of the loan 1s for system metering *” The current rationale 1s to pay for these meters
through reductions in commercial losses, but additional benefits related to DSM and TOU tanffs
from using these meters also exist The DSM program based on a TOU (Day/Night) tanff
program could nutially target the World Bank meter recipients In the long-term, financing of the
TOU tanff meters could come from electricity production cost savings or through higher
electricity export earnings

Industry Sector TOU

Load shifting usually requires some social or cultural adjustments, 1n that 1t can require industries
to change the way that they operate and individuals to alter the way that they live Experience
with the existing voluntary Day/Night tanffs available for industrial customers indicates very httle
mmpact Of the 48 industries that use the rate, most are bakeries that would normally operate
during the off-peak hours anyway The voluntary rate has produced little or no shifting of
electrical demand In fact, it has given those customers already operating at mght a “free-
ndership” by reducing therr electricity bills

To successfully implement an industrial Day/Night tanff system, both off-peak and on-peak rates
must be designed properly Industnial customers must sign up for the rate and agree to stay on it
for a specified period of time This will reduce the number of customers who want to imtially try
the rate and then decide, after a brief period of time, that they want to go back to their previous
rates Since investments in Differential tanff meters for customers enrolling for this rate have to be
made , they need to be assured that they will not lose money by purchasing meters that are not
used The TOU rates are designed so that the off-peak rate 1s attractive to customers,
substantially lower than the standard rate (25% lower 1s a typical value) It should be attractive
enough to industnal consumers to entice them to switch their operations to the night At the same
time, the on-peak rates should be higher than the standard electrical rate This would serve as an

36 Thus program 1ncludes metening management improvement financial system improvement
measures and preventing further accumulation of debt The current accrued debt 1s 45 billion Dr which
would be paid for by (1) State budget (8 5 billion Dr) for essential supplies like dnnking water budgetary
organizations energy use etc and (2) increased tanffs (8 5 billion Dr) plus 8 5 million Dr 1n inflation
and exchange rates for a total tariff increase of 16 billion Dr 1n 1998 Tlus will result 1n an average tanff
increase from 21 Drams per kWh to 25 5 Drams per kWh (personal communication) To offset thus
increase n tarff cost mimimrzation measures need to be identified that, among other measures, could
include shufting loads by means of a TOU tanff

37 The Munistry has also requested US$50 mullion from US Agency for International
Development, including US$4 5 mullion for system metering and US$10 5 mullion for revenue (customer)
metering for residential single-phase meters to cover 45 percent of Yerevan (personal communication)
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disincentive for the customer to switch back and operate during the day In addition to the
possibility of financing the meters through increased generation costs savings (or export earnings),
the implementation of this program could also be done through Energy Service Companies
(ESCOs), wherein the ESCOs could provide and nstall the 3-phase meters at the industnal sites
and have a one- or two-year contract of shared / guaranteed savings with the client

From a purely technical viewpoint, the Day/Night taniff should not be available to consumers who
would normally operate at night anyway The purpose of the rate 1s to have customers switch to
might operations 1n order to reduce the on-peak loads Customers who operate at mght and are
allowed to participate in the TOU rate are “free nders,” taking advantage of the lower cost rates
but not benefitting the utility by shifting any load

C Energy Conservation DSM Programs and Strategies

Energy conservation-type DSM programs (that reduce the amount of electricity for end-uses
through efficiency improvements) include energy audits and information, incentives and loans,
direct installation, and equipment supplier/vendor programs Energy conservation DSM programs
almost always require monetary investments, which are paid back in time through savings The
investments can be made by the utility or the customer or a third party like an ESCO, and the
programs create a market for efficient appliances and equipment (“market pull”), which leads to
market transformation That 1s, in the long run, the end-use equipment market 1s gradually
transformed to more efficient stock due to this “market pull ” As a result of market
transformation, the “market push” (by efficiency equipment manufacturers and vendors),
mechanism replaces “market pull” thereby making energy conservation a sustainable effort

Table 6 7 lists a broad array of apphiances and equipment that are generally targeted through
different energy conservation type DSM programs in the United States The efficiency
improvements are implemented through programs which ranges from incentives to direct
installation
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Table 67
Energy End-Use Technologies for Efficiency Improvements through DSM Programs in
the United States
Residential Sector | Lighting Compact fluorescent lights
Halogen lights
Space Heating Ground-source heat pumps
Air-to-Air heat e changers
Refrigeration Efficient refrigerators

Arr Conditioning Efficient air condifioners

Building Envelope | Attic, wall and floor insulation
Double and triple-paned windows
Caulking and weatherstripping

Water heating Efficrent electric water heaters
Heat pump water heaters
Commercial Institutiondlighting Compact fluorescent lights

32-watt and 36-watt flucrescent tubgs
Occupancy sensors and timers
Dimming ballasts

Space heating Ground-source heaf pumps
Air-to-gir heat e changers

Refrigeration Efficient refrigerators
Doors covers on cases

Woater heating Efficient electric water heaters
Heat pump water heaters

Air conditioning Efficient air conditioners

Occupancy sensors

' Bullding envelope | Atlic, wall, and floor insulation
Double and triple-paned windows
Caulking and weatherstripping
Controls Energy management systems
Industnal Lighting High-pressure sodium hights
Metal halide lights

32-watt and 36-watt fluorescent tubgs
Motors and Motor | Energy-efficient motors

Systems

Multi-speed motors

Ad ustable-speed drives
Controls Energy management systems
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Armenia’s energy end-use sttuation 1s however, different from the end-uses shown 1n Table 6 7
Agam, 1n Armena the focus of energy conservation program, at least in the short-run, will likely
be on the residential sector The following paragraphs describes the various end-uses for which
information was obtained through meetings, discussions and reports over the course of the project
and areas which could be the target for design and implementation of energy efficiency
improvement programs

Residential Sector End-Use Efficiency Improvements

Lighting

Lighting improvements are estimated to have a savings potential in the range of about 100 MW
(Lahmeyer, 1996) Costs of saved energy for lighting improvements are also very low For
instance, replacing a 100 watt lamp with a 18 watt compact fluorescent lamp (CFL) would save
energy at 1 4 cents per kWh, considerably lower than what residential customers pay for
electricity supply (Lahmeyer, 1996) In this case, however, investments would be required to
provide incentives or rebates to customers to enable them to implement the measure One of the
strategies could be to work with the local lamp manufacturer/vendor (vendor type DSM
programs) to facihtate the development, manufacture, and availability of efficient lighting
products like CFLs (market push activity) This should be both for fluorescent lamps and CFLs
and possibly for motion-sensttive lights (especially for office buildings)

Water Heating

Electric water heater measures (including replacement with efficient water heaters, installing heater
jackets, etc) could be wviable options for a energy conservation DSM strategy However,
implementing this measure would require mitial mvestments, which could be provided through
incentives and loans For a water heating end-use (for instance in 14-story buildings), YDC 1s very
interested 1n a solar water heaters program **

Refrigerators and Televisions

Table 6 4 of the survey results suggests that refrigerators are a major-end use, particularly during
summer Also, the survey suggested that among the appliance replacement prionities, TV (30%)
and refrigerator (20%) are top on the list Based on this data, 1t could be suggested that potential
information type DSM programs should be implemented for these two categories of appliances In

the long-run, the standards and labeling policies could also be priontized according to the
apphance replacement projections determined through the surveys

Industrial Sector Energy Conservation Options

% Once costs are available, a benefit cost analysis of a water heater replacement program
(through direct installation of solar water heaters in multi-story buildings) could be conducted to
determune 1ts economic viability
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According to Energy Comnussion officials, industrial users consume approximately ten percent of
the total electrical load Representatives of the Minustry of Industry and Trade indicate that industral
growth 1s 3 to 5 percent per year However, these values are all estimates, as few statistics are
accurately kept But assumung that the ten percent industrial load 1s reasonable, the industral load on
a typical summer day 1s about 1000 MW (the summer daily consumption 1s approximately 10,000
MW) Some of these industries operate at might, while some, such as Nat Chemucal, operate twenty-
four hours a day

In most industnies, electric motors make up the greatest use of electric energy, often averaging
between 60 and 70 percent of the total electric load Since motors are so plentiful and typically
consume such a large amount of electric energy, it 1s important to examine motors carefully for
energy savings opportumities There are two main improvements for motors

° Replacement with an energy-efficient motor
. Implementing a vanable-speed drive

While these two technologies can have significant energy savings, each application has to be carefully
examned to determune if technologies can be applied A general summary of these technologies

follows

Enerqgy-Efficient Motors

This technology 1s very basic, simply replacing an existing motor with a ligh-efficiency motor  As
motors age, they can lose some of their energy efficiency If the motor was a standard efficiency
motor to begin with, the overall efficiency can be significantly lower than that of energy-efficient
motors And if the motor has been rewound, the efficiency would be further reduced While replacing
motors 1s very simple, the energy savings potential 1s dependent on the size of motor, the electricity
rate, and the annual operating hours Since the premuum for high-efficiency motors can be substantial,
it 1s necessary to pay attention to these factors to optimize their implementation Payback periods of
two to three years and longer are typical for upgrading an average-efficiency motor If the motor has
been rewound or 1s extremely mefficient, the payback period would be shorter For instance, in the
U S, average motors between 5 and 100 horsepower have a three-year or better payback when
replaced with a high-efficiency motor if the average electrical rate 1s $0 04/kWh or greater and the
motor operates at least 3,500 hours per year As a general rule, for motors 100 horsepower or
greater, there 1s essentially no difference between a standard-efficiency motor and a high-efficiency
motor Efficiency differences are normally between two to four percent, although with the smallest
motors, the differences are greater

Many electrical utilities have encouraged the use of high-efficiency equipment such as motors by
offening rebates to the customer to help offset the incremental difference 1n price between a standard-
and a high-efficiency motor The question, of course, 1s how much of a rebate should be offered, so
that it will encourage the industnial customers to purchase the higher efficiency motors, yet not negate
the anticipated electrical savings on the electrical system This type of DSM program 1s dependent
on what equipment 1s available in the Armenian market and the cost of that equipment It’s possible
that all motors would have to be imported to Armenia, so import tanffs would be relative But if
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standard efficiency motors are produced m Armemnia and high-efficiency motors are not, the import
tanffs added to the incrementally tugher cost of high-efficiency motors would probably negate this
option

Variable-Speed Drives

Varniable-speed dnves (VSD) (also called adjustable-frequency drives) are controls that momtor the
motor load and reduce the energy to the motor, so that motor use 1s optimized Thus 1s especially
effective for operations where the load vanes significantly during the day These devices save energy
but do not save electrical demand, since 1t 1s assumed that the motor still operates throughout its
entire range of loads Simular to motor replacements, energy savings relate to the number of hours
that the motor operates But more specifically, they are functions of the motor loads and the number
of operating hours at each load Operations that require a constant speed are not good candidates for
VSD, since the potential savings will be mimmal Potential energy savings can easily be calculated,
and many manufacturers provide computer programs to demonstrate the annual energy savings and
the payback period Normally, the vanable-speed drive equipment can be expensive, so 1t 1s important
that the applications are carefully selected

Power Factor Correction (Reactive Power Compensation)

Using electrical energy 1s very basic, but it can differ from facility to facility “Power factor” 1s the
term that 1s used to describe the “efficiency” of the electrical use Low power factors (below 0 95)
can significantly add to the electrical demand placed on the power system For instance, if a customer
has a load of one megawatt and a power factor of 0 95, the utility actually has to provide 1 05
megawatts of power to meet the load (1 divided by 0 95) But if the same customer had a power
factor of 0 85, the demand would actually be 1 18 megawatts Therefore, the ur bty has to provide
an additional 0 13 megawatts, for this one customer as a consequence of a low power factor Power
factor correction requires an engineer to determine the current power factor and to design the
appropriate capacitors to correct the load to at least 0 95

The power factor in most of the industnies 1s low, as a result of old, nefficient equipment and because
the industries operate at low, partial capacities (industries were designed to operate assuming full
production, but now their production 1s around 10%) While providing capacitors may be expensive,
this improvement’s impact 1s immediate, lowering the electrical demand for the industry To
encourage this improvement, the utility should give serious consideration to implementing a penalty
in taniffs for industnes that operate at sub-90 per cent efficiency levels Charging a penalty would
provide the utility with additional funds and would also encourage the customer to make the
necessary improvements themselves

Energy Audit Program
Industnal energy audits are offered by many utilities n DSM programs The cost of the audit 1s either
paid for or subsidized by the utility This type of activity is very good at identifying the inefficient
energy users i mdustries When implementing this type of program, several basic factors should be
considered

1 The auditors should be certified or approved by the utility to determine that they are

indeed qualified to conduct a complete and proper energy audit
S The utility should establish the format of the audit report, so that the audits are as uniform

as posstble
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6 The recommendations of the audit should be standardized as much as possible, in that
stmular recommendations 1n one facility should have similar savings and costs in other
facilities

7  All audits should emphasize short-term improvements or those recommendations that
have payback periods of one year or less

An energy audit program 1s really an identification program, in that 1t 1s intended to provided technical
information to assist the plant management in deciding what systems or equipment should be
improved or replaced To be successful, the audit program should also have a mandatory requirement
that all improvements with a one year or less payback period be implemented at the industrial plant
within six months of completing the audit If the plant management fails to follow through on this
condition, they would be charged for the cost of the audit The important thing 1s to get the customer
to implement the energy savings improvements

Commercial Sector Energy Conservation Programs

A significant opportunity for DSM activities 1s available at commercial and government buildings
The commercial sector in Armenia has rapidly expanded 1n the last three years as evidenced by the
presence of many newly-remodeled buildings that host restaurants, bars, cafes, banks, retail shops,
and offices There are also numerous local and federal government buildings that offer opportunities
for replicable energy efficiency projects Types of government buildings include schools, hospitals,
elderly homes, orphanages, and office buildings Building envelope improvements, energy
management systems, highting, and water heating are types of activities for consideration in a DSM
program

Prior to the Armenian energy crisis, the space heating needs of the majority of bulldings were met by
the district heating system (DHS) Entire buildings were heated by a piped radiator system The
absence of mechanical controls meant that individual room temperatures were controlled through the
use of windows and supplemental heaters

Currently, only a small portion of buildings are heated by the DHS, leaving the majority of buildings
to be heated by individual room space-heating devices (exceptions are newly remodeled or
constructed small commercial buildings that typically use electric-powered boilers) These devices
are most commonly fueled by electricity or kerosene In some cases, space heating 1s also fueled by
wood- or coal-burning stoves The existing space heating conditions are controlled by each room’s
occupants

The general physical condition of most buildings in Armema 1s poor, largely due to the lack of
maintenance The public sector buildings are i especially poor condition Scarce budgetary resources
have meant that httle or no building maintenance 1s being performed Many public buildings are
charactenized by windows and doors that are physically falling apart and do not close properly,
allowing high levels of outside air infiltration

Building Envelope Improvements
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Types of building envelope improvements include weatherization and repairs of doors and windows,
caulking, and insulation of walls, ceilings, basements, and pipes Weatherization of windows and
doors ncludes measures such as weatherstripping, replacing broken or mussing glass, replacing
mussing or broken hardware, and adjustments for better fit and operation Caulking includes the
sealing of window and door frames and other gaps/cracks n the exterior walls For the most basic
levels of weathenzation, activities include replacing broken or mussing panes of glass and caulking
the larger gaps in the buillding envelope The next level of weathenzation involves installing
weatherstripping  Thus activity often requires adjusting or repairing windows and doors so that they
operate properly This activity requires considerable carpentry and painting because of the existing
poor condition of many of the windows and doors The cost of the repairs can add $50 to $100 or
more to each window and door, greatly increasing the payback of weatherization However, without
these repairs, the windows and doors would need to be totally replaced, at a much higher cost, some
time in the future 1if the building 1s going to be continually functional and utilized

In general, basic levels of weatherization and caulking have payback potential of one to three years,
and nsulation paybacks range for eight to twenty years

Numerous studies over the last five years have been conducted on building envelope improvements
n the FSU and EE Payback for implementing vanious energy efficiency measures are fairly consistent
throughout these studies These paybacks are generally based on utilizing the DHS for space heating
As the DHS 1s largely non-functional in Armenia, it would not be accurate to estimate potential
energy savings using these studies

Specific to Armenia, RMA has implemented extensive weatherization projects and momnitored the
results over the last five years Over the last two years, these projects have focused on public
buildings such as schools, hospitals, orphanages, and elderly homes The work activities have gone
beyond basic weatherization to include necessary repairs to the windows and doors, which have
increased the estimated payback pertods The reported results include the following examples

Elderly House in Yerevan

Actual Results

Winter temperature inside weathenzed rooms 1s higher by 8-10 degrees C
Heat losses from infiltration at windows were reduced by 91 8%
Theoretical Results

Energy savings for monitoring period = 536 5 mullion BTUs
Payback period = 4 75 years

Orphanage in Kharberd

Actual Results

Winter temperature nside weatherized rooms 1s higher by 5-8 degrees C
Heat losses from nfiltration at windows were reduced by 90 3%
Theoretical Results

Energy savings for monttoring period = 457 5 mullion BTUs

Payback period = 5 6 years
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School # 8, Yerevan

Actual Results

Winter temperature inside weatherized rooms 1s hugher by 5-8 degrees C
Heat losses from infiltration at windows were reduced by 60%
Theoretical Results

Energy savings for monitoring period = 1 06 billion BTUs

Payback period = 3 6 years

Matermity Hospital #4, Yerevan

Actual Results

Winter temperature inside weatherized rooms 1s higher by 5-10 degrees C
Heat losses from infiltration at windows were reduced by 84 5%
Theoretical Results

Energy savings for monitoring period = 3 4 billion BTUs

Payback period = 1 16 years

By instituting a weatherization program for all commercial and municipal buildings in Armena, 1t 1s
estimated that substantial savings could be made Multilateral banks have provided funding for a
number of building-related energy efficiency projects in the Former Soviet Union (FSU) and Eastern
Europe (EE) In Armemna there currently 1s a World Bank-funded program, the Armeman Social
Investment Fund An opportumity exists for a comprehensive building envelope improvement project
that would target buildings serving the public This project would emphasize cost-effects e energy
efficiency improvements and necessary repatrs to the building The funds for the work would be
repaid through the savings generated by the building’s lower energy costs

Energy Management Systems

Studies have shown that building controls and nsulation improvements can result in savings at 3 to
5 year payback periods In buildings such as hotels which run on commercial basis, these savings are
quite attractive Smart energy management systems can be installed by ESCOs in commercial
buildings like hotels and bars, and implemented through performance guarantee based shared savings
contracts This same principle could be applied for commercial lighting improvements n a wider
range of buildings

Water Heating

Significant commercial/municipal users of hot water include public institutions such as hospitals
orphanages, and elderly homes, and commercial enterprises such as hotels, laundnes, and food
service firms

Energy Conservation in Municipal Sector

Street Lighting
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Prior to the energy crists in Armemnia, street lighting was common throughout Armenia During the
energy crists, very little street ighting or public ighting of any kind was visible Over the past few
years, as the supply of electricity has icreased, essential streets and important public areas in Yerevan
have been provided with lighting Street and highway lighting and the illumination of other public
areas are the responsibility of local and national government entities that have scarce financial
resources, limiting the amount of lighting provided and reducing the maintenance necessary to keep
the systems in good operating condition

30% of Yerevan’s 90 major streets have some level of street lighting, utilizing energy in-efficient
hydrogen bulbs The remaining areas of Yerevan, as well as the rest of Armenia, have virtually no
current street lighting As economic conditions improve 1n Armenia, more areas will gradually see
street lighting restored, increasing the demand for electricity Yerevan’s current street lighting
schedule 1s restricted 1n hours of operation because of nsufficient funds to pay for the energy
consumption and muscellaneous expenses associated with maintenance and repairs The current
lighting schedule 1s separated into winter and summer time hours

Winter hours 17 30-23 30
Summer hours 20 30-22 30

The Yerevan City Lighting Company (YCLCO) 1s responsible for the operation and system
mantenance of, and payment for, electricity utilized for the street ighting in Yerevan The YCLCO
1s funded by the Mumicipality of Yerevan, which receives its funding form the Federal Government

If YCLCO fails to pay for electricity, the local electric distribution will disconnect the service

The current annual electrical consumption for all 30 Yerevan streets provided with lighting 1s
estimated by YCLCO to be 3,000,000 kWh RMA estimates that replacing the existing hydrogen
bulbs with high-pressure, sodium-vapor bulbs could result in savings of 40% of the current
consumption, or 1 2 million kWh annually

Water and Sewer

Water Supply System Electricity utilized in the water supply system can be separated into two
categories the main supply system and building level pumps Water pumps supplying Yerevan
account for 70% of Armema’s total water supply volume and consume a similar percentage of
Armenia’s electricity dedicated for water supply The city of Yerevan 1s located at an elevation of 900
to 1,450 meters above sea level Seven water pumping stations are located 1n elevations higher than
Yerevan, and three stations are located at lower elevations The pumping capacity of all the stations
combined 1s much higher than currently needed because of severe economic conditions that have
resulted in most industnes closing or operating at a much reduced capacity Duning the last ten years

water supply system maintenance and repairs have been mummal resulting in severe system

deterioration It 1s estimated that the water loss due to poor technical condition of the system 1s 60%-
65 %

Yerevan water supply pumps work 24 hours/day all year and consume 220 million kWh/year A total
water volume of 13,867 liters/second 1s supplied to Yerevan, 60% (8,100 liters/second) of which 1s
supplied by the water pumping stations Yerevan Mumnicipal Water engineers calculate that 24% of
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thus amount (1,950 hters/second) could be supplied by a gravity-fed system, instead of electric pumps,
resulting 1n savings of 24 million kWh/year A report prepared by the Municipal Water Utility also
states that if the entire Yerevan water supply system was reconstructed according to an energy-
efficient design, energy savings totaling 110 mullion kWh/year would result from decreased water
losses, reductions to the amount of water supply required, and a more energy-efficient delivery
system

The water pressure level supplied to Yerevan is purposely low to limut the amount of technical losses
and reduce further damage to the network Because of the low water pressure, almost all buildings
taller than 4-5 stonies require supplemental water pumps There are 1,100 registered building pumps
regulated by the water utility Their hours of use are 8-10 am and 6-8 pm, all year, and they consume
10,000,000 kWh/year There are also an estimated 1,000 unofficial building pumps, with their
schedule of operation and electrical consumption unknown

Sewer System
Pumps for the Yerevan sewer system consume 14,000,000 kWh/year and work 24 hours/day year
round

In June 1998, the World Bank approved a $30 mullion credit to Armenia to improve the Yerevan
water supply system The project will (1) make emergency short-term improvements 1n the water
supply system to improve the drinking water supply, (2) improve the efficiency, management,
operation, and delivery of water and wastewater services for the Yerevan service area, and (3) lay
the groundwork for sustainable involvement of the private sector in the overall management of these
services in Armemnia

The cost estimate prepared by the Yerevan Mumcipal Water Utility for total reconstruction of the
water system 1s $246 million

D DSM Program Recommendations and Strategies

Based on the foregoing discussions, Table 6 8 summarizes the various actions and strategies that
could be undertaken over the short- and long-term to implement energy efficiency improvements
through DSM programs A balanced mux of different programs, end-use technologies, sectors, and
strategies would be desirable

In the short-run (up to 2005), the major factors that will drive the choice of DSM strategies and
policies are

Armenia Nuclear Power Plant (Medzamor) will be 1n operation

Energy efficiency equipment market 1s not fully developed

Relatively smaller export market (due to technological and political barriers)
High transmussion and distribution, and commercial losses

Focus of programs will be in Yerevan area

In the long-run (after 2005), the following characterstics of the sector will dictate the mix of DSM
programs and strategies
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Armemna Nuclear Power Plant will not be in operation

Energy efficiency equipment/appliance market will have developed because of market
transformation

A larger export market for electricity will exist

Focus of programs will move from Yerevan to other areas of Armema

In addition to specific DSM program implementation, other complimentary strategies have to be
developed through energy policies Some of those steps are

Information Dissemmation and Education Stratesies to increase awareness
Compulsory Energy Audits

Strengthening of Energy Efficiency Standards and Introduction of Labeling System
Transition to Rational Cost-of-Service Based Tanffs and Collection

Facilitating ESCO Businesses

Establishment of a DSM Cell and traming of its staff’

These strategies are discussed 1n detail i Chapter 9
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Table 6 8
Demand-Side Energy Efficiency Strategies and Recommendations
Primary Target End-Use | Program Option | Target End-Use | Government | Consumer Program Implementation
Objective Sector and Mechamism | Technologies or Utility or Societal | Costs Strategies and Possible
Benefits Benefits Financing Mechanisms
Load Management Residential Low Time-of use Space Heating, Hot 1 Savings due to Reduced bills TOou 1 Meters to be financed by the
DSM Shifting from Consumption (Low (Day/Night) Tanff’ Water Clothes increased nuclear/ Metering generation cost savings (and export
Daytime to Nighttume | Income) Voluntary Washing Ironing, thermal generation revenue differentials) to be passed
Cooking Behavioral | efficiency by the GenCos to DisCos
Change 2 Extra power 2 Meters to be provided under a
available for sale World Bank program aiming to
to neighbors providing 1 p meters to 9% Yerevan
during peak hours Residential sector by 2001
Residenttal High Time-of Use Hot Water Clothes 1 Savings due to Reduced bills TOU metering | 1 Meters to be partly financed by
Consumption (High (Day/Night) Tanff Washing, Ironing, increased nuclear/ the generation cost savings (and
Income) Voluntary Cooking Behavioral | thermal generation export revenue differenttals) and
Change efficiency partly to be bome by the customers
2 Extra power 2 Meters to be provided under a
available for sale World Bank program aiming to
to neighbors providing 1-p meters to 9% Yerevan
during peak hours Residential sector by 2001
Industnial such as Time-of Use Energy intensive 1 Savings dueto 1 Reduced TOU 1 3 p meters to be prowided to all of
bread factories (Day/Night) Tanff’ industnal process increased nuclear/ production Metermg Yerevan under a World Bank
Voluntary Move from Peak shift | thermal generation | costs program
to Off Peak Shuft efficiency 2 Increased 2 ESCO s could provide the 3 p
Operation 2 Extra power competitiveness meters with shared savings contract
available for sale with the customers
to neighbors
during peak hours
Residential High Time-of use Hot Water 1 Savings due to Reduced bills 1 TOU 1 Meters to be financed by the
Consumption (High (Day/Night) Tanff’ Replacement by increased nuclear/ Metering generation cost savings (and export
Income) Super nsulated thermal generation 2 Apphance revenue differentials) and
Heaters efficiency Replacement apphiances to be bomne by the
2 Extra power customers
available for sale 2 Meters to be provided under a
to neighbors World Bank program amming to
during peak hours providing 1 p meters to 9% Yerevan
Residential sector by 2001
3 Apphance manufacturer could
provide incentives (recovered
through ncreased sales)
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Residential Rescheduling popular TV Behavioral 1 Savings dueto Reduced Bills
TV programs from Change mncreased nuclear/
evenung (peak) to thermal generation
mght. efficiency
2 Extra power
available for sale
to neighbors
dunng peak hours
Strategic Load Industnal non Time-of use Industnal processes Savings due to 1 Lower bills TOUmetring | 1 Meters to be financed by the
Growth DSM operational Industnes (Day/Night) Tanfl’ allow mght shift ncreased nuclear/ 2 Increased generation cost savings (and export
New Industries operation only to the thermal generation | competitiveness revenue differentials) and the cost of
reviving industries, efficiency for market applances to be borne by the
give mght kW load customers
perrmt only 2 1 3 p meters to be provided to all
of Yerevan under a World Bank
program
Strategic Energy Residential Lighting Apphiance Lighting 1 Reduced need 1 Reduced Vendor Foreign firms collaborating with
Conservation DSM Commercial Vendor Development for adding power balls incentive local firms and local manufacturers
Government, Schools (CFL and Fluorescent plants in the future | 2 Reduced provide the seed money
Hospitals lamps development) 2 Extra power expenses
available for sale 3 Market
to neighbors Transformation
dunng peak and
off peak hours
Residential Incentives and Loans Water Heater Jackets | 1 Reduced need 1 Reduced Incentive Incentives to be provided by the
for adding power bills utility (distribution company)
plants in the future | 2 Reduced
2 Extra power expenses
available for sale
to neighbors
duning peak and
off peak hours
Restdential Information Program Refrigerators TV 1 Reduced need 1 Reduced 1 Information } Government should be involved
(through newspaper (replacement of old for adding power bills program costs information dissemination programs
and other media) apphances with new plants i the future | 2 Reduced 2 Extra cost eg providing incentives to the
ones) expenses of efficient meda for including the energy
2 Extra power applances efficiency agenda in their
available for sale programming
to neighbors
during peak and
off peak hours
Residential Durect Installation Water Heater 1 Reduced need 1 Reduced Solar Cost of solar water heater could be
replacement with for adding power bulls Powered pad for by savings anising out of
Solar Powered Water | plants inthe future | 2 Reduced Water Heater zero electricity consumption.
Heater expenses Cost ESCOs could get involved in this
2 Extra power financing activity
available for sale
to neighbors
during peak and
off peak hours
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Commercial Performance Controls Lighting ESCOs rase the money ( through
Govemment Buildings Guarantee/ Shared improvements subsidized loans) and install the
Schools, Hospitals Savings Programs equipment
Commercial Schools Direct Installation Building Funding through mult lateral
and Hospitals Weatherization development banks and subsidized
loans
Munictpalities Drrect Installation Water Pumping, 1 Reduced need 1 Reduced Replacement ESCOs raise the money ( through
Street Lighting for adding power expenses of the Cost subsidized loans) and install the
plants in the future § mumcipahty equipment. Investment recovered
resulting 1n through performance guarantee
2 Extra power lower utility based shared savings program
available for sale costs for the
to neighbors customers
during peak and
off peak hours
Industries Energy Audits and Efficient Motors 1 Reduced need 1 Reduced 1 Energy Agencies like ACAEE and other
Information, Incentives | Vanable Speed for adding power Costs Audit Cost ESCOs could get involved 1n the
Dnves plants in the future | 2 Increased 2 energy audit actvities and do 1t free
competitiveness { Replacement of cost with the assurance that they
2 Extra power and larger Cost will be involved in the
available for sale markets implementation process
to neighbors
durning peak and
off peak hours
Industries Drrect Installation or Capacitors  for 1 Reduced need 1 Reduced Capacttor Thus type of program 1s expected to
Incentives/Rebates Power Factor for adding power Costs Cost have very low paybacks ESCO s
Improvement plants in the future could purchase and lease capacitors
to customers on a performance
2 Extra power guarantee and shared savings basis
available for sale
to neighbors
during peak and
off peak hours
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7 ALTERNATIVE SPACE HEATING STRATEGIES
A Natural Gas Supply Rehabilitation Plans

Prior to the 1988 earthquake and the subsequent energy crisis nearly 84% of Armenia was served by
natural gas lines The annual consumption of 480,000 customers 1n the 1980s was approx 7 27
billion cubic meters  The gas supply system 1s in extreme disrepair and requires substantial repairs *°
The Republic of Armemna has established a program to restore the natural gas supply system to its
former level

Current Status of the Gas Supply System

Armemia 1s currently supplied 2 to 2 5 mullion cubic meters/day The following chart illustrates the
customer mix

Customer Breakdown

power plants 1 64-2 05 mcm/day (82%)
industry 0 226-0 3 mem/day (11 8%)
commercial and food production 0 058-0 1 mem/day (2 9%)
residential 0 044-0 055 mcm/day (22%)
other 0 022-0 0275 mcm/day (11%)

The current taniff 1s 56 arams/cubic meter
Restoration and Expanston Plan

The plan objective 1s to complete the supply system restoration by 2001 Modernization of the whole
systemn 1s planned including utithzing modern technologres and equipment, and implementing structural
changes and nstalling operational systems to ensure economical and efficient gas consumption The
main requirements for restoring the gas supply system are secunity and the reliable collection of
payments

The supply of natural gas will be restored to 100,000 citizens of Armenia by the end of 1998 30,000
citizens were reached last year By the year 2001, total lengths of gas supply piping are to be 10,000

9 Only 10% 1s currently supplied of the total estimated annual gas demand of 16 billion m? as a
result of pipeline blockages (en-route neighboring Republic of Georgia) and damages or payment
problems Most of the gas goes to fuel power generation A newly-formed joint venture (with Russian and
Italhan firms) Armrosgazprom (Harrusgazard) has started to re-establish a gas supply to the housing
sector As of early 1998, only 30 000 residential customers in Nork district one of Yerevan s twelve
districts, have access to gas supply (it should be noted here that using gas fired space heaters 1n
apartments that were not designed for them [insufficient ventilation] entails the potential nisks of

explostons also)
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km, with 1,800 pressure regulation stations Thus restoration plan will rehabilitate the gas distribution
network n 43 towns and 343 villages, and serve 483,000 customers

The total projected investment of the restoration plan 1s $78 mullion and the year by year projected
expenditures are as follows

1998 $235
1999 259
2000 188
2001 102

There are no current marketing/promotional plans for expanding customer base as 1t 1s not believed
to be necessary The projected future tanffs are unknown

B District Heating System Rehabilitation Plans
Background

The Armenian District Heating Systems were designed to provide space heat and hot water for
Armenia Responsibility for system operation 1s spread amongst four groups the Ministry of Energy,
City of Yerevan, provincial community orgamzations, and the power plants According to the “Fuel-
Energitic Complex” report prepared for the the Mimstry of Energy (July 1998), the system 1s
comprised of three major thermal power plants (Yerevan, Vanadzor, and Hrazdan), a boiler house
in Gumn, 10 regional heat supply stations in Yerevan, 23 large boiler houses, and hundreds of low-to-
medium-capacity boiler houses MEF statistics from the “Expenditure Stabihization and Tanff
Regulation” report show that during the 1980s

1 The three thermal power plants in Yerevan, Vanadzor, and Hrazdan provided consumers with
up to 6 5 Geal (7 56 billion kWH) of energy annually

2 The remaining thermal demand for Armenia was 15-17 million Geal (17 5 - 19 8 bln kWh) and
supplied by the other boilers listed above

The report also states that the current production of all the systems1s 1 0 - 1 5 mullion Geal (1 16 -
1 7 bln kWh)

Current Situation

The overall existing condition of the DHS, the extent of needed repairs, and accurate DHS
rehabilitation cost estimates are unknown * Best-guess current cost estimates of DHS

“ There 15 little opportunity for cost-effectively retrofitting Armen:a s currently non-functional
central heating system compnsing of district heating from co-gencration plants, from large heat only
botler houses, and small decentralized boiler houses (TACIS 1996) Lack of financial resources required
for retrofits 1s also a major constraint
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rehabilitation/upgrade range from US $1 5 - $2 billion Even if the DHS was functioning normally,
many major components are near the end of their designed useful life and will require upgrading
and/or replacement Even without accurate DHS rehabilitation cost estimates, the MEF understands
the costs will be substantially above what the GOA would be able to finance The MEF currently
believes the solution 1s to privatize the energy sector, and let the private market place establish tanffs
sufficient to finance DHS rehabilitation and upgrades DHS rehabilitation/upgrade concepts currently
being discussed within the MEF include two DHS options (1) rehabilitation of entire network, or (2)
repawring only the portions of the network that are less damaged, and replacing the remainng portions
of the network with a combination of systems such as de-centralized highly efficient boilers, heat
pumps and geothermal sources The Armeman Chapter of the Association of Energy Engineers
(AC/AEE) commuttee on heat supply has proposed to the MFF a plan to more accurately assess the
condition of the DHS and to prepare DHS rehabilitation cost estimates The proposal includes
excavating and inspecting representative portions of the system to determine the actual condition
The proposal 1s being considered by the MEF

The status of the DHS in Armemia 1s that only two distnicts of Yerevan were served last winter Nor
Sebastia/Lucashin and Nor Nork The tanff was 1,450/dram/sq meter/heating season There are no
plans for expanding service areas for the upcoming winter
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8 FINANCING STRATEGIES FOR ENERGY EFFICIENCY IMPLEMENTATION
A Internal Sources of Finance
Utihty Financing

Attractive to utility because increases efficiency and lowers generation cost, program of incentives
and rebates

Customer Financing

There are few sectors of the Armeman economy that are actually doing well and growing However,
one of these 1s the commercial/retail sector There has been tremendous growth in the retail sector
(shops, restaurants, hotels) over the past two to three years, manly in Yerevan Banks are another
growth sector The extent to which these facilities are considering energy (specifically electrnicity) use
in making their purchasing decisions 1s unknown Energy costs can be a high percentage of operating
costs for restaurants and other retail shops

One option would be to survey the retail/commercial sector to determine what their current
awareness of energy efficiency 1s, and to tailor an incentive program for their needs Not much 1s
known about their specific end-uses and equipment efficiencies An energy awareness and
informational campaign undertaken by the distribution company would be one place to start It
appears that these small to medium-sized establishments could afford to invest in energy efficiency
improvements 1f convinced that these investments would pay for themselves 1n a short period of time

Financing through Exports

As was pointed out i Chapter 2 and 3, increasing energy efficiency through DSM programs would
make power available to export to neighboring countries This 1s one of the compelling DSM
objectives for Armenia At the current time, export opportunities are constrained because of political
problems and non-payment issues However, assuming these can be worked out in the medium term,
export earnings can be used to further increase the efficiency of electrnicity consumption n key
sectors, such as the municipal/institutional sector At the current time, local governments are paying
the cost of nefficient use of electricity If financing became available through export earnings, these
public sector investments would benefit everyone through lower budgetary requirements in this
sector

B External Sources of Finance
Donor Orgamizations

Donor organizations can play a crucial role in developing confidence 1n energy efficiency programs
and projects Successful pilot projects can provide best-case examples and documentation of energy

savings Information on current donor activities and interests in energy efficiency and other areas
related to the energy sector are explained later in this Chapter These funding sources should be
utihized to the maximum extent possible in planning energy sector directions and investments
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ESCO Financing

Financing through Energy Service Compames (ESCOs) 1s one option for consideration in Armenia
ESCOs m this context mean financing of energy efficiency improvements through a performance
contract in which the savings are guaranteed and the mvestment 1s paid back through the savings For
background information, a paper prepared for the Armeman International Energy Conference 1s
included as Appendix - V This paper addresses the prospect of financing energy efficiency
improvements through ESCOs 1n Armenia, including a discussion of barriers and prerequusites for
successful private ESCO operation In this section, three ESCO models will be presented and their
applicability to Armema discussed

Private Sector Models

In the U S market, the majority of energy efficiency projects implemented by ESCOs are financed
using private sector models for financing and implementation In some cases, the market was pushed
through government incentives or regulation The ESCO 1tself can be several different types of firms
(utility, equipment manufacturer, financial institution, A&E company or specialized firm) The
common charactenstic 1s that they all have private sector ownership that operates 1n a stable and
predictable business environment In well-developed market economues, the barriers facing each type
of firm will be the same In the private sector, the types of financing mechanisms that are used to
implement energy efficiency projects include

® Client Self-financing - Using internal funding sources to implement projects
® Client Debt Financing - Borrowing the money to implement energy efficiency
° Leasing - Ownership of the equipment generally stays with the equirment provider for some

period of time with an option to purchase at the end of the agreed lease period
® Third-party financing with performance guarantees - ESCO financing or bank financing that
1s paid back over some period and tied to the energy savings

Because of the many barriers (see discussion in Appendix - V), a solely private sector model faces
unsurmountable constraints in the short run in Armenia A more realistic approach 1s one that
combines public sector ownership with private sector ownership, or a public sector program with
eventual privatization These models are discussed below

Public Private Partnership

In countries that are transitional and where both government plays a more domant role in the
market, such as Armemia, a mixed public/private effort to mobilize capital for energy efficiency may
be more successful in overcoming the barners Another way of charactenizing barriers s to say that
they are risks to the investor/financier The incentive for government mvolvement 1in encouraging
energy efficiency 1s that 1t i1s a lower-cost alternative to increasing supply Government support will
be crucial to reduce nisks which are unacceptable to the private investor Due to existing market
distortions, private investment n energy efficiency makes sense in only very imited circumstances

One method being used to overcome the nisk of financing 1s to require sovereign guarantees to
international financing institutions, which lowers the interest rate because of lower project risks For
example, the World Bank and EBRD are the only financing orgamizations providing large-scale
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funding for energy system improvements i Russia The World Bank will provide funding only under
the condition of a sovereign guarantee Russia has taken out loans for over $360 mullion for district
heating system improvements to date, and 1s developing another $300 mullion loan EBRD 1s looking
at a mechanism that would provide funding for energy improvements with a regional and municipal
guarantee, but without a sovereign guarantee

Another mechanism by which funding 1s being provided for energy efficiency projects 1s through
multi-project facilities to large foreign ESCOs In these projects, the multilateral development bank
takes both a debt and equity position 1n the ESCO, which spreads out the project rnisk between the
corporate ESCO and the bank Recently, EBRD approved loans to two ESCOs that will be operating
in Russia (Honeywell and Landis & Staeffa) Other such loans are being considered for Russia and
other countries of the FSU

A third model that mvolves the public sector 1n accepting project risks 1s one where the government
(national, regional, or local) becomes a partner in a company that 1s established to undertake energy
efficiency projects This model 1s being used in Russia in the Nizhny Novgorod region Here, the
ESCO partners are the regional government, a foreign corporate partner and the bank All three have
an equity stake in the company and an active role in overseeing its operation The regional
government benefits through lower expenditures for subsidy payments in the residential and municipal
sectors

Public Sector Model!

In Ukraine, the government 1s establishing an ESCO to identify and implement industnal sector
energy efficiency projects The ESCQ financing 1s being guaranteed by the national government to
EBRD There, the project nisk 1s too great to attract private or public/private financing without a
sovereign guarantee The ESCO that 1s established 15 supposed to be privatized within a two-year
period, after recerving tramung and assistance from an EU technical consultant However, 1t 1s too
early to tell whether this will be successfully completed within the two-year time frame

Potential Sources of Financing in Ongoing Programs

Thus section describes a number of ongoing activities n the energy sector and other sectors that could
be tapped as a source for financing the DSM recommendations Each of the following programs was
contacted regarding their interest in energy efficiency and, for the most part, responded very
favorably Utiizing these programs/sources would leverage the impact of USAID energy sector
funding

Caucasus Enterprise Fund

The Caucasus Enterprise Fund 1s a USAID-funded project being implemented by Shore Bank of
Chicago It 1s comprised of a mucro-lending program (loans under $1000), being managed by a Shore
Bank subcontractor, Finca Bank, with offices in Washington, DC, and a small-to-medium lending
program (loans up to $200,000) managed by Shore Bank itself Shore Bank 1s in the process of
setting up an Armenian office All loans will be admimistered in Armemia through Armenian banks
(1e, mterested borrowers should apply direct to the Armenian banks), which are setting up
application procedures and have full responsibility in approving loans Interest rates for these loans
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are expected to be 1n the neighborhood of 15% Elgible borrowers are restnicted to small, private,
local enterprises

Recommendations Thus Fund looks to be a potential good source for ESCO operating funds for
implementing DSM projects using performance contracting USAID could provide support in the way
of technucal assistance to help develop bankable projects, including writing bustness plans if required,
successfully filling out bank applications for Enterprise Fund loans, educating banks on the viability
of the performance contracting method of financing projects, and managing projects such that loans
are repaird USAID nught possibly also provide funding i order to buy down interest rates for energy
efficiency projects or to provide seed money for efficiency contracts such that borrowers would not
be required to borrow 100% of the funds needed for implementing energy efficiency projects

Contact Susan Berger, ENI/ED/SB, Tel 202-712-4194 Ms Berger was very interested in the use
of the Enterprise Fund for energy efficiency projects and sard she would mention such projects to
Shore Bank She was also enthusiastic about cross-cooperation across USAID programs and invited
USAID to work with her to help evaluate how the Fund could be used in implementing energy
efficiency projects

Eurasia Foundation

The Eurasia Foundation has grant and loan programs It takes applications for the grant program on
an ongoing basis for both Armemian and US-based projects It has two grant programs the open-door
grant system, which will entertan any kind of proposals, and the competitive grants program, which
1s tatlored for particular sectors The Foundation also has a small lending program that 1s admimistered
in Armenia

Contact Marsha McGraw-Olive, Eurasia Foundation, Vice President for Grant Programs, tel 202-
234-7370, ext 114, Horton Beebe-Center, Eurasia Foundation, tel 202-234-7370, ext 132, Laurens
Ayvazian, Eurasia Foundation, regional director in Yerevan, Mark Smith, USAID, tel 202-712-4512

European Bank for Reconstruction and Development

At present,the Energy Efficiency Unit (EEU) at the EBRD 1s not doing anythuing in Armenia, primarily
because of the unsure political situation there Nonetheless, the Bank’s policy may change at any time,
and the EEU 1s very interested 1n any preliminary and/or background work that may be done by
USAID and 1ts contractors in the area of energy efficiency, and would review any project proposals
that would take into account Bank policy as described below

In general, EBRD energy efficiency projects tend to be in the $5 to 20 mullion range, preferring larger
projects because of high overhead costs For private sector risk projects, EBRD will provide up to
one-third of the financing, for sovereign guarantee projects EBRD will provide 80-100% of the
financing but will also ask for some contribution by the local government

For example, as concerns a dstrict heating project, assuming the system 1s municipally owned, EBRD
would require a sovereign guarantee or, preferably, a private sector participant who would be granted
concessionary treatment by the government to revamp the system In general, however, district
heating projects are considered to be ugh-risk, with low cash flow and a long project life cycle
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Any sort of ESCO project of interest to the Bank would most likely be in the industnal sector in
which energy efficiency 1s a component of the mvestment required The criteria for a good client
would be a credit-worthy industry with audited accounts and significant hard currency earnings (as
a rule, the amount of annual hard currency turnover for the industry should be equivalent to the
amount borrowed) However, the Bank has found that industries in these countries have a weak cash
flow and rely to a significant degree on barter

When considering the nature of possible future projects in Armema, the EBRD EEU has a strong
preference for private sector projects In order for them to consider a public sector project, there
would have to be an urgent need and/or have a strong transition impact beyond the scope of the
project The Bank 1s presently capital-constrained and not in the position to invest 1p a project simply
for the sake of energy efficiency

Recommendations Despite rather stringent conditions for lending in Armenia, the EEU 1s very
wnterested in becoming more informed about the energy efficiency situation in Armemnia and pursuing
projects there They are also quite interested in collaboration with other donor organizations EBRD
should be either invited to the briefing in Armenia on the results of this report in September 1998 or
should be provided a copy of this report USAID mught want to pursue with the EEU the mclusion
of an energy efficiency component for possible future industry restructuring loans that the Bank may
develop in Armemia and provide pre-loan assistance in the form of accounting assistance and/or
energy auditing

Contact Energy Efficiency Umit, EBRD (tel 44-171-338-6737)

Overseas Private Investment Corporation

OPIC disburses the other tranche of the Caucasus Enterprise Fund OPIC-admunistered Funds are to
be used for very large projects of $1,000,000 or more and can be used by US companies doing
business in the Caucasus Sinular funds in other countries have been concentrated mostly in real estate
or agnbusiness The OPIC Caucasus Enterprise Fund should be operational by the end of September
1998

Recommendations Energy efficiency improvements could be incorporated into real estate projects
using OPIC Fund loans USAID could provide technical assistance in the form of engineering work
required to incorporate energy-efficient technologies in building renovation and/or construction

United States Enerqgy Assoclation

As of May 1998, no USEA-sponsored electric or gas partnerships are 1n place for Armema The
closest association appears to be between Armgaz and Western Kentucky Gas No USEA activities
with the Armemans have covered energy efficiency or DSM Armenergo has been reorganized and
separated into separate transmussion, distribution, and generating companies There are about 30
generating companies The largest generating company, and the one to be privatized first (sometime
"soon"), 1s the Yerevan City Network (contact Robert Nessaryan) Commonwealth Electric
(contact Willhlam Poist, now retired) of Massachusetts was set up to make its first trip to Armenia
to mvestigate a posstble partnership this month, but the Armenians balked at having to switch to
international accounting standards (supposedly because of wide-scale corruption and graft), so the
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trip was postponed Commonwealth 1s now undergomg restructuring and moving its corporate
headquarters Poist has retired, so this project 1s on hold

A collection of retired Pacific Gas and Electric Company executives (including Charles Tadeossian
and Wilmer Kapullian) are interested in working with the Armenians under a "virtual partnership "
They would pull together a2 number of experts in various general management areas (billing,
collections, accounting, etc) and arrange for a serunar 1n San Francisco with a follow up visit to a
power plant This would be a very general program for electric, gas, distribution, generation, or
transmission

Armgaz and Western Kentucky Gas Armenians made a pre-partnership trip to Kentucky in
November 1997 Next a group of executives from Western Kentucky Gas were to go to Yerevan
end of June 1998 to discuss more particulars of a partnership agreement This 1s still in the very
preliminary stages

In conjunction with Hagler-Bailly's work in establishing an independent regulatory commussion, two
commussion staff members spent one month with the Kentucky Public Service Commussion 1n
Frankfort, Kentucky, late last year In March 1998, some of the Kentucky staff, including one
commussioner, went to Yerevan In May-June 1998, four Armenians from the staff were to return to
Kentucky to work on regulatory 1ssues

The World Bank

FEnergy Sector Unit for Europe and Central Asia The Energy Sector Unit 1s presently managing two
loans Power Maintenance and Transmission and Distribution (T&D) The Power Maintenance loan
will be completed in December 1998, the T&D loan 1s presently on hold (has not made 1t to the board
yet) because of changes in the Armemian government A Power and Gas Restructuring loan has been
examined as well as a Power Privatization loan It has been decided that at the present time there 1s
no scope for a gas project, particularly considering the possible sale of transmission facilities to
Gasprom The Privatization loan may go forward providing the Bank has good results with the T&D
loan The Energy Sector Umt has decided that there has been too much damage to the district
heating system from 1its long 1dleness to rehabilitate in a cost effective manner Therefore, a district
heating loan 1s not presently being considered either In general, monies for energy projects are tight

However, the energy strategy for the Europe and Central Asia department 1s to include energy
efficiency whenever possible In general, the best strategy 1s to approach the Environmental Sector
Unzt with energy efficiency suggestions, which will raise the funds, including “free” GEF money, and
come to the Energy Sector Unit for implementation Now 1s a good time to try to identify grant

money for pilot projects and the Environmental Sector Unit 1s the appropriate office to talk to (see
below)

Recommendations

Contacts Salman Zaheer (T&D loan task leader - tel 202-712-1185), Jonathan Walters (tel 202-
473-2468), and Jan Masterson (Power Maintenance loan task leader - tel 202-473-5005)
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Environment Sector Unit for Europe and Central Asia The Environment Sector Unit 1s finalizing
its National Environmental Action Plan (NEAP) for Armenia the last week of August This and the
Lake Sevan Action Plan will be used to develop an Environmental Sector Loan, which 1s now in the
pipeline The loan will include bilateral, GEF, and World Bank components The Bank 1s interested
in including RMA findings on energy efficiency options for Armenia 1n both the NEAP and
Environmental Sector Loan For example, GEF funds could be used to develop pilot programs in the
housing sector or hospitals and schools as part of this loan The World Bank has identified the
residential sector as the second highest polluter in Armemia (transportation being the first) It 1s also
looking 1nto heating options and the use of geothermal energy in the district heating system

At the end of October 1998, the World Bank will be on mussion in Armema The first week of the
misston will be devoted to presenting the NEAP The second week will be devoted to identifying
project components The World Bank has asked that USAID send a representative on this mussion
to help identify energy efficiency components In addition, the Bank 1s interested in sending its
counterparts in the Minstry of Environment to the USAID/RMA briefing on DSM options for the
least-cost plan to be held in September 1n Yerevan

Recommendations One no-cost option for USAID 1s to provide the Environmental Unit the
recommendations in ths report as candidates for incluston 1n its upcoming Environmental Sector loan,
particularly pilot project ideas i the housing sector for GEF funding USAID could also leverage
some of its funds by providing technical assistance in the development of energy efficiency
components of the loan, beginming with the participation in the World Bank mussion to Armema in
October and examination of heating options, including geothermal, for Armenia

Contact San Soderstrom, World Bank, Environment Sector Unit for Europe and Central Asia (tel
202-473-8726)
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9 LONGER-TERM ENERGY EFFICIENCY POLICIES FOR ENHANCING
SUSTAINABILITY

In the short term, because of the lack of financial incentives from utilities or the government, and the
absence of funds available with the customers to implement energy-saving measures, there 1s a strong
need for mnternational development agencies, or even private sources (given the potentially large
market) to step m and provide the money for implementing DSM projects Pilot-scale or
demonstration projects in the end-use areas 1dentified in the sections above should be conducted

In the long term (year 2000 onwards), however, several policy tools have to be formulated to make
the DSM strategy sustainable, some of which are described 1n the following sections

A Information Dissemunation and Education Strategies

Thus strategy apples to all sectors Customers have to be made aware of energy efficiency products,
their costs, and theirr advantages through various ways, including TV, radio, and newspapers
Seminars and conferences about energy efficiency should also be held at regular intervals to keep the
energy efficiency community at pace with the advances in the field Electric utility can also help in
dissemmating information in the form of informational fliers along with regular monthly electric bills
to the customers

B Compulsory Energy Audits

Mandatory audits of industrial facil.ues and large commercial and government buildings could be
made a part of the Energy Efficiency Law currently being legislated Facilities not meeting the
minimum efficiency standards should be penalized if they take no corrective action within a reasonable
period of time

C Energy Efficiency Standards and Labeling

Energy efficiency standards (mmimum efficiency, maximum consumption, or maximum losses) ensure
that the products (end-use equipment and appliances) in the market move from an efficient to
efficient stock This market transformation takes place through a market push activity, where the
manufacturers are required to produce efficient equipment and “push” them mnto the market
However, to do this, adequate testing facilities for energy efficiency are required Also, the standards
should be progressive 1n nature and keep pace with the technological advances going on 1n the field

Energy efficiency labels, which could be either voluntary or mandatory, are also helpful in creating
a demand or “market pull” for energy-efficient apphances The labels have to be properly designed
to convey the information to the consumer who can then make a decision based on that information
Comparative labels seem to be more effective than endorsement labels in developing countries

D Government-Supported Research and Development of Energy-Efficient
Appliances
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The Armeman government should provide funding for research in energy efficiency improvements,
etther at their national laboratories or to the private manufacturing sector Experience shows that
technologes have to be adapted to the local conditions and factors (such as power quality) and locally
developed technologies are often more cost-effective in saving energy than 1s imported equipment

E Rational Tanffs and Collection

In 1997, the average tanff was raised by 40%, from 3 3 cents per kWh to 4 6 cents per kWh (Oxford
Analytica, 1998, USEIA, 1996), with lower prices for the low-income customers ' Because tanffs
are a heavy burden to most Armeman families, there 1s growing public discontent (RFE/RL, 1998)
as the cost of production 1s less than half this figure (average generation cost 1s about 2 3 cents per
kWh according to ERC, 1998) The margin 1s unjustifiably high and 1s a result of disproportionately
large transmussion and distribution (T&D) losses The sector, however, still has to rely on government
subsidies because the total supply costs to customers are in the range of 6 cents per kWh

Government 1s currently focusing largely on regulation of energy tanffs Enforcement of billing and
bill collection discipline, including disconnections for non-payments, have led to increases n total
collections from 35% 1n 1994 to 80% in 1998, resulting 1s reduction of commercial losses

For the promotion of the country’s energy efficiency, the application of economucally substantiated
prnciples 1s of key importance The principles of taniff policy are associated with ensuring a long-term
development of the energy sector and absolute exemption of discrimination among different groups
of population The first principle 1s connected to the demand fos particular types of fuel and
investigation of the sector development and planming Three main methodological approaches are
used 1n the formation of tanff policy

Accounted costs only retrospective indexes of sector activities are used Tariff
resulting from this approach 1s limuted to distribution of average costs among
consumer groups, without taking into consideration development projects,
investment requirements, and potential prices

Economic costs changes in scope and structure of demand among different groups
of consumers 1s taken into consideration, as well as change in demand on the basis
of long-term, seasonal, and daily indexes Such items, as amortization of fixed
assets, expenses on ecology, and safety of working conditions are also included in
economic costs The mam component of the economic cost based approach is the
calculation of incremental costs of primary energy sources (gas mazut, water,
nuclear fuel, etc ) The economuc cost based approach has limitations, which are
charactenstic for medium-term (3-5 year) forecast methods

#! Nevertheless, the decision to raise electricity prices was made 1n accordance with
recommendations by the World Bank and other international lending institutions (USEIA, 1996)
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Marginal costs this 1s the most improved method of determining long-term costs
n developed countries, which takes into account, 1n addition to the costs
mentioned above, such items as the present fuel cost (including dynamic rent,
possibility of price contingency of fuel in the market), maximum growth of
demand, marginal costs of generation, transmisston and distribution of an
additional unit of energy, inter-departmental interaction of fuel prices, regulation of
load schedule, and energy saving

F Establishment of a DSM Cell

As seen 1n other developing countries embarking on the DSM scene, 1t 1s always prudent to form
a dedicated group of energy experts who are responsible for designing, developing and
implementing DSM programs This DSM cell could be formed within the utility, 1deally the
distnibution utility which has direct interactions with the customers The cell usually comprises of
staff with backgrounds n energy engineering, energy audits, benefit-cost analysts, financial
analysis, and customer interaction Over time, the DSM cell members should be trained in the use
of DSM state-of-art software programs (such as DSManager and IRPManager) that are
commonly available in the market

G Facilitating ESCO Businesses

Consumers must be aware of energy supply and demand alternatives and relative costs in order to
make informed decisions, including decisions about energy efficiency In order for an ESCO market
to develop, energy prices must be high enough for investme-t 'n energy efficiency to be profitable
During thus transition period to a market economy, there are many distortions in the energy market
Instead of subsidizing mefficient energy use, the governments (federal, regional, and local) would be
better off raising energy prices and only subsidizing energy for those who truly cannot afford market
prices The higher energy costs would encourage people to invest 1n energy efficiency, and make
ESCOs sustamnable and profitable In the short run, it may be necessary for the public sector to take
an active role in demonstrating the effectiveness of energy efficiency investments
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RESIDENTIAL END-USE SURVEY REPORT
by
Mary Worzala and Dr Zohrab Melikyan

PREFACE

The residential end-use survey was designed and implemented in muddle to late summer
1998, as one piece of the analysis that RMA conducted in the Demand-Side Management
Options Analysis for USAID Because of time and budget constraints, the analysis on the
survey 1s not as complete as could be accomplished with the data which that gathered 1n
the survey With the overall contract expiration date of September 30, this report 1s being
included as an appendix to the main DSM report Additional analysis may be conducted
between the 1ssuance of the draft and the final 1ssuance of the DSM report The results
contained herein may be modified with this additional analysis

The report’s co-author, Dr Zohrab Melikyan, President of the AEE Chapter and
Professor at the Institute of Architecture and Construction, led the survey team in
Yerevan Dr Melikyan, n particular, played a crucial role in recruiting the surveyors,
directing the field actrvities, and in the data iput design Without the contributions of
several other individuals 1n Yerevan, the survey would not have been possible Mr Araik
Zakaryan, who designed the database and supervised the data input, and Dr Gourgen
Melikyan, who assisted in troubleshooting with the database, deserve special mention

We hope that this survey will provide a signuficant and useful contribution to the policy
dialogue within the energy community The conclusions are strictly those of the authors

l. INTRODUCTION

As one portion of the DSM analysis, RMA conducted a survey of 1000 residences in
Yerevan This was an important aspect of the work, since almost half of electricity 1s
consumed 1n the residential sector It 1s important to understand the end-uses of electricity
and the timing of residential electricity use in order to be able to determine whether there
are possibilities to either shift the timing or reduce the amount of electricity consumed 1n
the residential sector The overwhelming contribution of the residential sector to electnicity
demand 1s due to several factors peculiar to Armema of the 1990s

1  Others sectors, particularly the industrial sector, are not functioning at a normal level
Therefore, the total electrical consumption 1s very low This makes the share of
residential electricity use relatively higher than in previous times In more normal
times, prior to this transition penod, the residential sector consumed 25-30% of
electricity
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2 Electricity 1s the only reliable energy source available to the residential sector m
Armenia these days Natural gas was formerly imported for providing district heating
in the winter, and for cooking and space heaters in the residential sector The supply of
natural gas has been very imited in Armema for the past several years because of
difficulties in Georgia that have interrupted supply, and payment problems The hmited
amount of natural gas being imported currently, 1s being used almost exclusively by
the thermal power plants

3 The district heating system has been inoperative for several years, which hasled to a
dominant reliance on electricity for space heating This contributes heavily to a much
higher winter demand for electricity than in the summer

The primary purpose of conducting the survey 1s to understand the current situation of
electricity use in the residential sector There 1s very little data available regarding the
specific components of end-use electricity in the residential sector Historically, residential
electricity use was not metered at the apartment level, and collections were not strictly
enforced With electricity being the dominant energy source available to the residential
sector, the survey 1s intended to 1dentify the largest end-uses and those end-uses
coinciding with the system peak loads This data will be used to design restdential demand
management programs

Thus survey 1s umique 1in Armema by virtue of 1ts comprehensive nature and scope With its
heavy reliance on electricity for all end-uses, and increasingly ngorous metering and
collections system, the energy situation 1s also unique to countries of the former Soviet
Union Payments for electricity consume a very high percentage of household income
However, as other transitional economies move closer towards cost of service tanffs,
energy becomes a more important 1ssue at all levels of society In this way, Armema may
be viewed as a case study with some applicability to other transition economies

2 DESCRIPTION OF THE SURVEY METHODOLOGY AND THE SAMPLE

The survey format was developed 1n an iterative process with RMA staff, the survey team
(led by Dr Zohrab Mehkyan), and key persons within the Armenian energy community
First, the key 1ssues and questions that were to be addressed were discussed and a sample
survey developed After considerable review, the survey was tested on a small sample of
apartments 1n Yerevan Some revisions were made based on the field testing, and the
survey form was finalized The final survey 1s shown as Figure /

The sample size selected for the survey was 1000 dwellings, which reached a population
of close to 4,000 inhabitants The sample size was selected 1n part to accommodate time
and budgetary constraints Four types of buildings were selected as being representative of
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the most common types of residential buildings in Yerevan Residential building
“representativeness” includes characteristics such as age of the building, number of stones,
construction matenial (concrete block or tufa), and location in the city

The types of buildings and the number of surveys conducted in each survey category are
as follows

Single-Family Homes 100 Surveys
4-6 Story Multi-Family Buildings 300 Surveys
9-12 Story Multi-Family Buildings 300 Surveys
14-16 Story Multi-Family Builldings 300 Surveys

Once the survey design was finalized, a meeting was held with the surveyors to explain the
survey questions and to train them on how to conduct the survey This was done so that
the manner 1n which the questions were asked would be consistent, and to make sure that
the surveyors understood the questions Dr Zohrab Melikyan selected and trained all of
the surveyors, many of whom were graduate students at the Umiversity of Architecture
and Construction Locations for conducting the surveys were selected, including streets
and specific apartment buildings, 1n order to get the destired mix of buildings and residents
(The locations are 1dentified in the maps in Section 3 of this Appendix)

The surveyors completed all of the surveys over a period of three weeks 1n July 1998
Surveys were conducted n person with an adult resident of each apartment surveyed On
average, surveyors needed to make contact sith four apartments 1n order to complete one
usable response (25% response rate) Thus, in order to complete 1,000 surveys, the
surveyors made contact with people in 4,000 dwellings The surveyors encountered
considerable resistance, since people in Armenia are not accustomed to being asked to
provide such information, and were suspicious of the reasons given for conducting the
survey Many of the residents refused to give income data In addition, the survey 1s quite
comprehensive and took 15 minutes to 1/2 hour to complete each one Surveyors walked
through the apartments to record data on appliances Survey data was hand-recorded on a
survey form in Armemnian and transferred manually to an English survey form (see Figure
1) The accuracy and completeness of each survey was verified by Dr Melikyan prior to
compiling the results
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Figure 1

Armenia Residential End-use Electricity Consumption SURVEY

Address of the building/House

Str NO ap No

Numbers of stories of the House

Ownership of the house

self-owned, rented, state —owned, other

Type of the house

mult-story, single family,

Ornientation of the house

S-N [ weE | SE-NW SW-NE

Floor of location of the apartment

Mid, Last

Number of rooms of the apartment / house

Living/ Total surface of apartment

m? / m?

wlwfanlvn s Jwho |-

Height of apartment

Total Volume of apartment

Total surface of external walls

Total surface of windows

Glazing rate of the apartment

Number of glass panes

single { double

State of windows

Weathernized / Non Weathenzed

Construction of walls

Concrete blocks, Tufa stone

Thickness of walls

m

Heat transfer coefficient of walls

Wym?°C

Number of people living in the apartment

Number of people being at home simultaneously

day/

Time of day of maximum consumption of electricity

6- 8% 8-10% 10-12% 12-14%

16-1800 | 182000 | 202200 | 222400

22

Average monthly consumption of electricity

kWh

23

Average monthly electricity bill

Drams

24

Maximum monthly consumption of electneity

Winter kWh / Summer kWh

25

The average temperature in the apartment

Winter , °C, Summer °C

26

The average income of the family

dram

27

Use of renewable energy Sources

28

Use of natural or iquid gas

{monthly consumption)
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29 Who maintains the highting of common areas

30 Who pays for common areas lighting bill

31 If you had extra money which electrical appliance would
you replace first

32 _If night electncity rate Is cheaper, how would you use it

33 Is your house connected to city gas distribution system

yes/no

34 Have you centralized gas supply

yes/no

35 Is your house connected to the district heat supply
system

yes/no

36 Is your apartment supplied by heat

yes/no

37 Would you use more electricity than usual at right (23%-
7%) instead of day (7%-23%) if the tanff for electricity was

20 0

Qo -}

75% of daytme taniff--———-

ves, no

38 If the answer 35 s “yes" do you need any supplemental
Heating in your apartment

yes/no

Electrnicity Consumption

Total Installed
power, W,

Type of El appliances

W

Power , used
simultaneously,

Hours of simultaneous use of
Energy

Duration of
simultaneous use of
Energy, h/day

Total use of
energy, kWh/day

Summer Winter

Summer Winter

Summer | Winter

Lighting

Heating

Hot water

TV

Computer

Audio-Center

Refrigerator

O~ nlibs WM

Pumps
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9 Air conditioner

10 Elevators

11 Fans

12 Electric stove

13 Mixer

14 Flat-ron

15 Vacuum cleaner

16 Floor cleaner

17 Kitchen combine

18 Washing machine

19 Other

Total
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All of the data was mput by the graduate students into Excel spreadsheets designed to
capture most elements of the survey Each survey was entered into 1ts own worksheet,
with a “totals” worksheet by street name and type of building Street totals were compiled
1nto a totals worksheet for each building type The totals worksheets are shown in
Figures 2 through 5, one for each building type Analysis of the survey was done by RMA
and 1s included 1n this report Budget and time limitations did not allow for a complete
analysis of the survey data, 1 e regression analysis, correlation of vaniables, variance
analysis, etc The full database 1s available from the authors of this report
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Figure 2 Energy Consumption for 100 Single Family Homes, Yerevan (100 surveys )

Propertles of apartments Energy Consumption kWh/kWh =*
Numb of | Living | Total | Total | Glazing [Numb of| heattranst | Number of Appliances Hours of day
1ooms | surlace | surface | volume rate glass |coeff of walls] habitants 24.2 | 24 | 4-8 68 | 810 |10-12}11214 | 14-16] 16.18| 18 20| 20.22| 22 24| Total
In apt m! m m’ | average | panes Wim?*¢ Inspan [, Lighting 076 | ovs | 075 | o4 08 06 06 §F 426 [ 1902 6568 | 6a92] 6466] 2023
234 65035 | Ba244 | 27188 § 01731 161 08948 459 211 | 211 [ 21 01 | o062 | 248 ] 348 | 348 | 368 | 117 j 6166 ] 6098 | 1452
total total average | average| average total 2 Heating 3024 1 3023130234 349 | 339 | 308 | 319} 348 § 279 ] 482 | 434 | 368 419 6
0 0 0 0 [ 0 0 0 0 0 0 0 0
Total Total Total | onnectiojHave you|Connect] s your Use of Hot water 16 75 75 11 13382112692 B11 | 9322 | 118821 20762] 14304} 666 | 130614
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Figure3 4 to6 STORY BUILDINGS  Total Energy Consumption in 300 Selected Apartments in Yerevan (300 surveys)
Properties of apartments Energy Ci tion KWI/kwh ( d by surveyors) =
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Figure4 9 to 12 STORY BUILDINGS Total Energy Consumption in 64 Selected Buildings/303 Apartments in
Yerevan (303 surveys)

Properties of apartments Energy Consumption kWh/kWh (estimated/calculated by surveyors) ™™
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Figure 5 14 to 16 STORY BUILDINGS Total Energy Consumption in 64 Selected Buildings/ 300 Apartments in
Properties of apartments Energy Consumption kWivkwh (estimated/caiculated by surveyors) ™™
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3. DESCRIPTIVE CHARACTERISTICS OF THE SAMPLE
Location of Buildings

The buildings were selected to be representative of different geographical areas of the city
within the four types of buildings selected The city of Yerevan 1s quite dispersed and has
varying topography with some areas of the city exposed to windy conditions at various
times of the year Also, Yerevan's share of total electricity consumption 1s the largest in
Armenia, about 30% Generally, the high-nse, multi-story apartment buildings are found
n the outlying areas of the city, with lower-story buildings 1n the city center Single-
family homes can be found throughout the city

Income distribution cannot be generalized by area of the city, since apartments were
assigned, 1 past years, more on the basis of status on the waiting list or proximity to a
workplace It would not be uncommon to find all levels of mcome n the same apartment
block Although formerly State-owned, the majonity of apartments in Yerevan are
currently privatized, including almost all of the apartments surveyed Another factor in the
selection was connection to those portions of the city’s district heating system which are
operational

The map 1n the following page shows all of the buildings surveyed in the city Following
are the districts ncluded n the survey by building type, total population of Yerevan, and
sample size

Districts Included in Survey  Ajapmak, Avan-Annj, Davitashene, Kanaker,
Nerkine Shengavit, Nor Malatia, Nor Nork, Nor
Sebastia, Nor Zeitun

Population of Yerevan 1 2 mullion (1996 Armenia Human Development
Report, UNDP)
Sample Size 3,994 people
Usable Responses 1000 dwellings
Resource Management Associates of Madison Inc PROJECT FINAL REPORT - DRAFT (Sept 1998)
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General Characternistics of the Dwellings Surveyed

The residents of the 1000 dwellings surveyed were asked certain questions regarding
energy use charactenistics as well as general charactenistics of the apartment and its
restdents These charactenistics have been used in the analysis to better understand
residential electricity use and to determine which elements have the greatest impact on

energy use Some general characteristics of the sample are reported in Table /

Table 1
General Characteristics of Sample

Single-Family | 4-6 Stories 9-12 Stories 14-16 Stonies
Average Number of Bed Rooms
334 195 241 279
Average Number of
Persons/Dwelling 459 361 397 416
Number of Persons/Dwelling -
Range 112 111 111 111
Average Size (square meters,
g (sa ) 942 545 67 808
Total # of Persons in Survey 459 1083 1204 1248
Typical Construction Matenal * Tufa 89% Tufa 69%
Concrete 11% Concrete 31% Concrete 100% Concrete 100%
Average Glazing Rate ? 17% 30% 27% 25%
Number of Window Panes 3 161 174 197 20
Notes
1 Tufa a volcanic rock, 1s a common buillding matenal in Yerevan It has varying densities
and good thermal conductivity
2 Glazing Rate is the proportion of surface area of the windows to surface area of the
outside walls, expressed as a percentage
3 Number of window panes 1s an average of all windows

Single-famuly homes are on average the largest 1n size and have the highest occupancy
levels In the multi-story buildings, the average size of the apartments increased over time,
a pattern consistent with the data shown in 7able I The larger buildings were built more
recently The range of inhabitants 1s quite large, however, the average 1s consistent with
data from other sources, e g TACIS Buildings Report, November 1996 showed a mean
urban famly size of 4 5 persons

Single-famuly homes and 4-6 story buildings were constructed of both tufa and concrete

block, while the larger buildings were all of concrete block construction This 1s

attributable mainly to the age of the buildings, where tufa was used almost exclusively as a

Resource Management Associates of Madison Inc

PROJECT FINAL REPORT - DRAFT (Sept 1998)
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building matenal in buildings constructed prior to the 1960’s in Armema The typical
height of the buildings increased over time, 1 € the 14- to 16-story buildings are newer
than the 9- to 12-story buildings

The data also shows that the newer the building, the more likely that the windows are
double-paned rather than single-pane While double-paned windows are generally more
energy-efficient than single-pane windows, it 1s also widely observed that 1n the countries
of the former Soviet Union building maintenance has been neglected, consequently, the
censtruction does not hold up well over time Large cracks between the wingow and the
frame, mussing glass panes, and 1ll-fitting windows and doors are common in Armenia and
elsewhere Residents were asked in the survey if they had weathenzed therr windows, and
very few indicated that they had

Surveyors recorded the thickness of the outside walls for each apartment surveyed, as
reported below in Table 2

Table 2
Wall Thickness Percentage by Building Type

Wall Thickness | Single-Family | 4-6 Story | 9-12 Story | 14-16 Story

Less than 30 cm 10% 1% 18% 15%
30 cm 7% 30% 82% 65%
40 cm 35% 43% None 15%
50 cm 38% 8% <1% 5%
60 cm 2% 18% None None
More than 60 cm 8% None None None

As seen in 7able 2, there 1s greater vanation m outside wall thickness in single-family
homes than i the multi-family apartment buildings This 1s due partially to the
construction matenals used (tufa vs concrete blocks) and to the standardization of
building designs The higher-story buildings were built according to the standard Soviet
construction norms 1n use throughout the former Soviet Union

Income and Electricity Expense Characteristics

Residents were asked to report their average monthly family income, however, a very
significant number declined to give this information The percentage not reporting monthly
income 1s as shown

Single-Famuly 45%
4-6 Story 24%
9-12 Story 53%
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14-16 Story 31%

Even for those who did report average monthly income, the reported figure 1s highly
suspect Residents are not likely to report all of their monthly earnings because of
concerns over tax liability Many residents have unreported sources of income, such as
work done for unrecorded cash payment, or money sent from relatives and friends outside
of Armema It 1s still an interesting number to evaluate and compare to official statistics
For comparison, n the 4th quarter of 1997, average monthly wage was reported to be
8,924 drams 1n the state sector and 20,775 drams in the non-state sector Thus 1s the most
recent data that was available (Armenia Economic Trends, May 1998) Reported income
data from the survey 1s shown i Table 3, 1s much lower than the official data

The survey also contained a question about average monthly electricity bill Residents
general seemed very aware of their electricity use and 1ts cost Almost all reported the
monthly cost Even when residents declined to give therr monthly income, they willingly
reported the amount paid for electricity When the billing 1s compared to income, one can
see that, at least as reported, electricity costs are a high percentage of the monthly income
However, as noted above, income 1s undoubtedly under-reported

Table 3
Family Income and Electricity Expense Characteristics
Single- 4-6 9-12 14-16
Famuly Stories Stories Stories
Average Monthly Income per
Dwelling (drams) 31 181 16,892 22,658 23116
Average Monthly Income (drams)
6 805 4,680 6 275 5,559
Average Electricity Bill per
Dwelling (drams) 4,705 3 859 4,596 5,776
Average Electncity Bill per Capita
(drams) 1025 1,069 1157 1,388
Electncity Expense as % of
Income 15% 23% 20% 25%

Note 500 Armeman drams = US$1

It 1s difficult to draw any conclusions regarding income and expense characteristics since
many of the residents did not report income The average income in the table above 1s
determined by only those apartments that did report income The reported monthly famuly
income figures ranged from less than 5,000 drams to more than 100,000 drams There

seemed to be no correlation in the data between reported income and type of building,
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most likely because of the way that apartments were assigned 1n the past However, the
average size and average bedroom numbers data (7able 1) 1s consistent with the average
income data Table 3 High income residential customers lived in larger homes and vice
versa Electricity consumption (bill) for each category 1s also consistent with the size of
the homes as well as with incomes (reported), with the exception of simple family homes
As expected, the electricity expense (as a share of income) was the highest for low income
customers (4-6 stories), simular to that observed 1n other countries

4 ELECTRICITY USE CHARACTERISTICS

Electricity consumption was determined in two ways First, residents were asked if they
knew what their monthly electricity consumption was, as well as their monthly electric bill
The value that residents reported as their average monthly consumption was converted to
average daily consumption per dwelling This reported consumption i1s compared to
electricity consumption, which was calculated by asking questions about specific
apphances and their hourly use Since the survey differentiates between summer and
winter usage 1n appliances, electricity consumption 1s calculated for the two periods as
well These values are compared 1n Table 4 below

Table 4
Average Electricity Consumotion (kWh)

Single-Family | 4-6 Story | 9-12 Story 14-16 Story

Per Capita Total Daily

Consumption
Reported 178 185 196 238
Calculated
Summer 160 154 162 176
Winter 252 303 261 335

Total Electncity Consumption per
square meter per day (calculated)

Summer 11 18 17 17
Winter 18 36 27 32

In all of the building types, the reported electricity consumption falls between the
calculated summer and winter consumption values This 1s an indication that residents
have a good awareness of how much electricity they are consuming
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Time of Electricity Usage

In addition to the overall consumption levels, 1t 1s also important to look at the time of
usage Several graphs below show the picture of the timing of electricity consumption
One graph per building type 1s displayed, which shows both summer and winter usage on
the same graph It 1s interesting to note that the time-of-use patterns are relatively simular
in summer and winter, but that the magnitude of consumption 1s much higher in the
winter, presumably because of heating and additional lighting needs

On each of the graphs, there are two peak usage periods that are evident The first 1s
gradually nising electricity use between 6 and 8 am, with an intermediate peak occurring
between 8 and 10 in the morning Thus 1s the period when people are getting ready for
work 1n the morning and begmning daily activities in the household The second peak
corresponds to the end of the work day, with electricity use rising in the 4-to-6 pm period
to its daily peak of around 8 to 10 pm After 10 pm, electricity usage begins to drop off as
people go to bed

If the summer and winter usage between the building types 1s compared, the difference in
the summer and winter peaks 1s much higher in the 14- to 16-story building types In
general, the difference 1s mostly due to the load required for space heating The difference
in this building type may be a result of the fact that a smaller percentage of buildings of
thus type that were included 1n the survey are connected to operational district heating
networks, or using natural gas heating This 1ssue is discussed more fully in Section 6
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5.  APPLIANCE USE

One of the major objectives of the survey was to determuine which appliances are currently
in use, their penetration rates, and their hours of use This data will be used to design
DSM programs which will have the greatest cost-effectiveness and meet the other DSM
objectives Residents were asked 1n the survey about their usage of 16 apphances, plus an
“other” category The only item reported in the “other” category was electricity used for
cooking These values have been included 1n the “electric stove” category Residents were
also asked about electricity use for elevators and for water pumping, but no one reported
any expense for these uses

The graphs on the following four pages show the percentage of electricity which 1s
consumed by each type of appliance in both summer and winter, by building type The
values for electricity consumption were calculated using the applance load requirement
(rated wattage) and the hours of reported usage In the pie charts for summer appliance
use, a category “seasonal savings” 1s inserted to represent the usage of electricity for space
heating 1n the winter by building type This 1s done so that the usage of appliances (other
than space heating) can be directly compared from winter to summer The comparison of
electricity uses 1n the winter and summer are also shown n Table 5

Table 5
Weighted Average Electricity Use by Appliance Type
(Total of 1000 Dwellings)
Winter vs Summer

Winter Summer
Space Heating 42% Not Applicable = Seasonal Saving
Electnic Stove 13% 12%
Lighting 12% 6%
Hot Water
Heating 11% 8%
Refrigeration 10% 17%
TV 7% 6%
lroning 2% 2%
Other 3% 3%

Lighting, hot water heating, and refrigeration are the only appliances that have substantial
differences between summer and winter use (subtracting out winter space-heating

requirements) The differences in lighting and refrigeration can be easiy explained by
seasonal variation - longer daylight hours in the summer, warmer temperatures (in winter,
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some items are stored on outside balcones, rather than in refrigerators) The difference in
hot water heating in the summer may be due to lower requirements for clothes washing
(people wear fewer clothes), and to fewer hot water requirements for bathing
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Electricity use by Appliance Type for 300 Units in 4- to 6-Story
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Electricity Use for 300 Units in 9- to 12-Story Buildings by
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Electricity Use for 300 units in 14- to 16-Story Buildings by Appliance
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Table 6 summarizes the applhiance use data from the surveys for those appliances which
have the highest electricity consumption

Table 6
Appliance Electricity Usage Characternistics
Type of Typical Rated Average Hours Typical kWh Penetration
Appliance’ Wattage (kW) ? | of Use Per Day Consumption Per | Rate
Day
Lighting 028 5 14 100%
Space Heating ° 28 3 84 60%
Hot Water Heat 10 1 10 94%
Television 010 6 06 96%
Refngerator* 015 24 36 88%
Electnic Stove 10 2 20 85%
Notes

1 Only lighting has more than one apphance per apariment with varying sizes e g, 40watts
and 60 watts All appliances, other than lighting are one per apartment where their usage Is
reported

2 Penetration rate 15 defined as the percentage of residents which own a given appliance

3 Space heating and air conditioner use are seasonal

4 The compressor of the refngerator cycles throughout the day depending upon the ambient
temperature and the number of times the refngerator i1s opened dunng the day The detailed
estimate of the average number of hours per day was beyond the scope of the survey

Appliance Replacement

Residents were asked which apphiances they would replace if they had any extra money
The most common responses (in order) were TV (30%), refrigerator (20%), washing
machine (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately
20% of residents did not reply to this question, since they did not anticipate having any
extra money for the purchase of new applhances These replacement expectations may
have some impact on the selection of potential appliance standards and labeling programs

6 ReESPONSE TO TOU INCENTIVES

One important DSM strategy which 1s being discussed locally 1s that of installing time-of-
use meters 1n restdences and offering a preferential rate for shifting electricity usage to
non-peak times In the survey, residents were asked if they would shift their use of
electricity if given a preferential taniff, and what level of tanff reduction would induce
them to shuft Residents were given a choice of preferential tanff equal to 25, 50, and 75
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percent of current tanffs In all categories, 75% - 85% of the residents said that they
would consider shifting their electricity usage to mght-time (2300 to 700 hours) if given a
preferential tanff Their responses to the level of inducement necessary to influence such a
shift 1s shown 1n 7able 7

Table 7
Willingness to Shift Electricity Usage to Night-Time (2300-700 hours)
Based on Tanff Level (Percentage of Day-Time Tariff)

25 Percent 50 Percent 75 Percent
Single-Family 18% 8% 74%
4-6 Story 45% 38% 17%
9-12 Story 36% 45% 20%
14-16 Story 45% 43% 12%

Residents were also asked which usages they would be willing to shift to non-peak times
Most often mentioned were bathing, clothes washing, ironing, and cooking Bathing and
clothes washing would affect the electricity used in water heating As we saw 1n Section 5
of this Appendix, these are not the highest electricity usages as determined by the survey
Together, they account for only 22% (summer) to 26% (winter) of residential electricity
use Ironing only consumed 2% of electricity use Furthermore, not all of the usage can be
shifted to non-peak hours The uses that have the highest electricity consumption, 1 e
refrigeration and space heating, are the least amenable to shifting their time of use

7 ELECTRICITY USE FOR HEATING

Space heating is a significant factor in winter electricity consumption All categories of
buildings reported higher electricity usage in the winter than summer The following table
(Table 8) reports the average electricity use 1n winter, summer and the difference, which 1s
attributable mainly to space heating requirements
Table 8
Winter vs Summer Electricity Requirements

Single Family' 4-6 Stories 9-12 Stonies 14 16 Stories
Summer Total Consumption (kWh)

733 1663 1954 2192

Winter Total Consumption (kWh)
1157 3286 3141 4176

Difference in Summer vs Winter
424 1623 1187 1984
Heating Consumption (KWh) 419 1567 1139 1837
% Difference Due to Heating 99% 97% 96% 98%
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NOTE

1 The single-family-homes category included 100 surveys only, while the other building
categones are for 300 surveys in each category The figures reported are average for
each category

As can be seen from the table above, nearly all of the difference 1n electricity use in winter
vs summer 1s due to the use of electric space heaters It 1s also important to note that an
average of only 60% of residents in the survey reported using electric space heaters If this
1s broken down by building type, the percentage varies considerably

Building Type % Reporting Use of Average Reported Winter
Space Heaters Temperature Inside
Single-Family 23% 16 24
4-6 Story 37% 16 16
9-12 Story 65% 15 56
14-16 Story 85% 1478

The residents were also asked whether they were connected to the district heating or
natural gas distribution systems, and whether they were currently (or in the case of district
heating, 1n the winter 1997-98) being supplied with either district heat or natural gas

Table 9 shows the responses to these questions Finally, residents were also asked whether
they used any renewable sources of energy for heating or other uses Of the 1000
apartments surveyed, none reported using any renewable sources of energy

Table 9
Other Potential Heat Sources
Single-Family 4-6 Stories 9 12 Stories 14-16 Stones
Connections to District
Heating
Number 4 259 290 300
Percentage 4% 86% 96% 100%
Supplied with Heat in
Winter 1998
Number 0 135 103 56
Percentage 4] 45% 34% 19%
If Supplied Also Used
Additional Heat (%)
N/A 84% 93% 36%
Connection to Natural Gas
Distnbution
Number 85 269 265 132
Percentage 85% 90% 88% 44%
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Percentage Supphed with
Natural Gas
2% 0% <1% 0%

In multi-family residential buildings, a vast majority of the residents were connected to the
city’s district heating systems Only about one-third of residents who were on the district
heating system were supplied with some district heat during the winter of 1998 In a vast
majority of cases 1n the 4- to 6- and the 9- to 12-story buildings, the heat was insufficient
to meet their total heating requirements In the 14- to 16-story buildings, the heat
provided by the district heating system was adequate for about two-thirds of the residents,
1 e only 36% of the residents required supplemental heating In single-family homes, only
a very small percentage were connected to the city’s district heating network

Nearly 90% of the residents were connected to the natural gas distribution system, but
almost none were receitving natural gas supplies If natural gas or district heating could
replace electricity as the dommant source of heat, there would be a sigmificant impact on
the amount of electricity required 1n the winter As the survey data shows, the use of other

sources to provide heat could reduce the winter load to more nearly match the summer
load

It 15 also relevant to note that indoor temperatures are not necessanly comfortable, 1 e
residents might prefer a more moderate temperature Residents were asked the average
temperature mside their apartments in winter and in summer The average temperature in
the winter time was reported to be about 14-15 degrees C, while in summer time the
average temperature was reported to be 26-27 degrees C A more comfortable
temperature would be 22 degrees C in both summer and winter In order to aclueve this
level of comfort, more electricity would be needed for heating in the winter and cooling 1n
the summer Only a very small number of residents surveyed (less than 1%) currently had
air conditioming  As the Armenian economy 1mproves, 1t 1s anticipated that more people
will purchase air conditioners to maintain a higher comfort level

8 COMMON SPACES

A significant societal problem 1n all countries of the former Soviet Union, including
Armenia, 1s the use and maintenance of common areas 1n multi-story residential units

This would include elements such as stairways, elevators, lighting 1n the common areas,
and pumps for water distribution Histornically, these areas were maintained by a city
maintenance department, which also budgeted for their upkeep and expenses Now that
the apartments have been privatized, residents are not certain of who 1s responsible for the

upkeep of these areas and for paying the energy use charges attributable to these areas
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In the survey, residents were asked who was responsible for maintaiming and paying the
electricity use for these areas Overwhelmungly, residents said that apartment owners were
responsible for paying for electricity use resulting from lighting needs for starrways and
hallways In fact, this cost 1s usually split by those residents who can afford to pay, and are
willing to bear this expense Many hallways are simply not lit at mght, due to residents’
unwillingness to pay for thus expense There seems to be no systematic sharing of cost or
responsibility for paying for ighting the common areas

Residents were also asked about payments for electricity for runming the elevator and for
water pumping No residents reported paying any amount for either elevator or water
distribution Ths electricity usage should be part of the building operating expense,
however, 1t appears at this time that residents are not responsible for this payment It 1s
probable that the expense for this electricity 1s billed to each of the districts within the city
of Yerevan Because residents are not paying for the use or maintenance of elevators or
water pumps, these services are frequently out of order, and no one takes responsibility
for repairing them If residents took responsibility for these services, it 1s more likely that
they would be continuously operating (assuming they could afford the cost of maintenance
and operation)

9 MAJOR CONCLUSIONS
The major conclusions of the residential end-use survey (based on preliminary analysis

only), and the directions they provide for energy efficiency implementation strategies,
including through DSM, could be summarized as follows

° Awareness about electricity use, and its associated costs, exists among the
customers, in general,

o Space heating, water heating, lighting, cooking and refrigeration have the major
share of electricity consumption, and should be the focus of efficiency
improvements,

° Tiume of use (Day/Night) tanff 1s potentially a viable option because over 75%
responses indicated that they would be willing to opt for the preferential tanff if
this system 1s introduced Thus 1s also due to the fact that electricity costs have a
substantial share (15%-25%) of their family incomes, and

L Potential information DSM programs and standards and labeling policies could be
prioritized according to the appliance replacement projections determined through
these surveys
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WINTER & SUMMER WEEK (2nd SET)
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RESIDENTIAL END-USE APPLIANCE SURVEY

The following apphiance information was gathered from 2 stores in Yerevan that carried a wide
vanety of residential applhiances Survey was conducted the first week in August, 1998

Overview 1s that all products are imported from Europe, comparable in price to the US, and are
mainly electnic with the exception of some kitchen stoves that have both electric and gas burners
In response to question about customers concern with energy efficiency/consumption vs Price of
product, both store managers without hesitation claimed consumers are only concerned with
mutial purcuase price, energy efficiency of appliances almost never 1s a buying decisior

Shop Name Location

Aray Shop Komutas Street
Electrolux Sayat-Nova
APPLIANCE TYPE BRAND NAME TECHNICAL INFO PRICE
Stoves
Electric only Sanyo and Hitachi 13-2 kw $350-600 US
Gas and Electric $982
(These stoves wall use both propane and natural gas by adjusting the size of the gas outlet valve)
Air conditioners
MEC 12,000 BTUr/hour 3 5 kw $660
MEC 18,000 BTU/hour 5 2 kw $920
National 2 08 kw normal use-2 5 kw maximum

Space heater only
Oul filled floor standing type-2 kw

Space heaters/AC combination

Hitachi 12,120 BTU/h 3 55 kw $1,060
15,360 BTU/h 4 5 kw

Refrigerators
Sanyo 6350 hiters 175 watt $1 468
Sanyo 415 liters 175 watt 700
Aftron ?  liters 175 watt 540
Indesit ?  liters 110 watt 400-600
Arnston 600-1 000
Washers
Hitachu 130-135kw $ 230
Sharp 220
Hitachi 490

N



APPLIANCE TYPE

Dryer

Vacuum cleaners

Micro waves

Water Heaters

Light bulbs

Phulips florescent screw in type available in market place

BRAND NAME

Bosch

Bosch
Hitachi
Rowenta
National
Electrolux

Teba
Bosch

Aniston
Arniston

Phulips

TECHNICAL INFO

22kw 130 watts

11-13kw
12kw
11-12kw
12kw
11kw

12kw 80 liters
20kw 500 hiters

60 watt

PRICE

$620-1,100

$100-150
100
130-160
240

180

$160
500

$130
1,600

$10
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ENERGY EFFICIENCY
LAW
OF THE REPUBLIC OF ARMENIA

This Law defines the state policy making principals with regard to the energy efficiency
sphere of the Republic of Armenmta and state management system for their
implementation

SECTION I
GENERAL PROVISIONS
Article 1 Main Definitions

The main definitions used 1n the Law

Energy Efficiency - a system of legal, organizational, scientific, production, technical
and economuca! mechanisms which 1s directed to the efficient utihization of energy
resources,

Energy Effictency Sphere - a system of activities carried out mn all spheres of
economy, when implementation of legal, orgamizational, scientific, production
techmical and economical mechnaisms leads to the energy efficiency,

Energy Resources - energy carrier currently under usage, or to be used in future
Efficient utilization (acquisition) of Energy Resources - mn the contemporary stage
of technology development economucally justified utilization (acquisition) of energy

carner provided the satisfaction of environmental requirements

Energy Efficiency Indicator - absolute or relative value of utilization of the energy
resources for any type of product in compliance with the normative documents as well
as with the national standards

Article 2 Purposes of the Law

The purpose of this Law 1s to define the legal framework for implementation of state
policy 1n the energy efficiency sphere,
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Article 3 Scope of the Law

This Law shall regulate the activities and the relationships among state bodies, legal
and physical persons in the energy efficiency sphere of the Republic of Armenia

Article 4 Application Sphere of the Law

The Energy Efficiency Sphere shall be the application sphere of the Law, icluding

Acquusition, transportatron, converston, storage and use of the energy resources,

Recording, metroiogy of the energy resources and development and approval of
the norms for their consumption (losses),

State management and supervision over the energy efficiency,

Development, production, mmport and use of energy efficient machinery and
equipment, as well as light constructions and nsulation matenals which produce,
transport, convert, store and use the energy resources

Selection, development, production and implementation of energy efficient
construction and schemes of technical systems (including hghting, heating, air-
conditioning, water supply and water removal complexes), which use energy
resources, selection and use of efficient types of the energy resources to be used in
that systems,

Development, design, production, import and use of measurement equipment,
technical means regulating the control and consumptton of the energy resources,

Implementation of the orgamzational, production, scientific-research, design,
expert testing installation, calibration and repair operations for the efficient use of
energy resources

Article 5 Legal Regulation of Energy Efficiency Relations in the Republic of

I

Armenia

The relations with regard to the energy efficiency in the Republic of Armenia shall
be regulated pursuant to the Energy Law of the Republic of Armema this Law and
other legal statutes

If the provisions set forth in International Treaties of the Republic of Armenia are
in conflict with the provisions prescnbed n this Law, the provisions of
International Treaties shall prevail
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Article 6 State Policy Principles with Regard to the Energy Efficiency
Sphere

The state policy principles with regard to the energy efficiency sphere are to be

a Ensuring prionty of energy efficiency implementation in all spheres of economy of
the Republic of Armenia,

b Superionty of the energy efficient use of energy resources over their import and
export,

¢ Increase of the volume of more efficiency in the production balance of energy
resources,

d Establishment of state management system over the efficient use of the energy
resources in all sphers of economy 1n the Republic of Armemnia,

e Promotion of the efficient use of the energy resources in the terntory of the
Republic of Armenia,

f Foreseeing of the specific expenses in the state budget to finance energy efficiency
projects

SECTION II

STATE MANAGEMENT WITH REGARD TO THE
ENERGY EFFICIENCY SPHERE

Article 7 Implementation of State Policy in the Energy Efficiency Sphere

The authortties responsible for implementation of state policy with regard to the enegy
efficiency sphere shall be the Government of the Republic of Armema and state
management bodies authonized by the Government of the Republic of Armenia
(hereafter Authonzed Bodies)

Article 8 State Management with Regard to the Energy Efficiency
The state management with regard to the energy efficiency are to be

a Establishment of the state management system (state management and supervision
bodies, complex of the normative legal statues and standards, certification
procedures, technical mechanisms) to promote the efficient use of energy resources
in the terntory of the Republic of Armenia,

b Ensunng the energy efficiency policy objectives in the state projects to develop the
spheres of economy of the Republic of Armema,
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¢ Accounting for the energy resources produced and used according to the
procedure defined by the Government of the Republic of Armema,

d Creation of economuc, legal and moral conditions to encourage energy efficiency
among the state regulated entities performung 1n the sphere of energy efficiency,
with the consideration of interests of energy resource producers, suppliers and
consumers

e Ensuning state management of the energy efficiency by the application of the
economic methods, and implementation of normative and technical requirements
and condittons,

f Incorporating  energy efficiency indicators into the state standards for
constructions (residential, public and etc ), facilities, equipment, matenals, and
transportation means according to the procedures defined by the Government of
the Republic of Armenia,

g Certtfication of the equipment converting and consuming energy resources and
their testing facilities,

h Ensuning accuracy and validity of unified metening and accounting for the energy
resources

t  Development and application of state standards for energy efficiency and the set of
normative and technical documentation for prudent specific consumption of
energy resources

Article 9 Standardization in the Efficiency Sphere

The system of normative acts, as well as national standards shall be established to
define energy efficiency indices for the energy generation and convertion equipment
and energy consumption production (products)

The indicators for energy efficiency of development, production, processing
conversion, transportation, storage and consumption of energy resources, and
indicators of energy consumption for buildings’ heating illummation ventilation and
hot water supply and production process shall be incorporated in the normative-

techmical documentation according to the order defined by the Government of the
Republic of Armenia

The standardization with regard to energy efficiency sphere shall be carried out by the
Authornized Body of the Government of the Republic of Armema

Article 10 Certification in the Energy Efficiency Sphere
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Product items and energy facilittes consuming energy resources are subject to
certification according to appropnate standards for energy efficiency due to the order
defined by the Government of the Republic of Armenia

The list of energy facilities subject to certification shall be defined by the Government
of the Republic of Armenia due to the submission by its Authorized Aody

The compliance of household apphances and other devices consumung electricity with
requirements defined by normative acts and national standards, in terms of energy
consumption ndicators, shall be approved by marking (mark of accordance) the given
devices

Article 11 Metrology in the Energy Efficiency Sphere

The authonized bodies shall carry out metrology testing to clanfy the energy efficiency
situation (level) at the energy facilities of the legal and physical persons

Article 12 Implementation of State Supervision in the Energy Efficiency
Sphere

The state supervision over the energy efficiency sphere shall be carried out by the
authorized bodies of the Government of the Republic of Armenia

The Government of the Republic of Armenia shall define the hist of activities, subject to
the state supervision, performed by the legal and phys.cal persons in the energy
efficiency sphere,

The forms of supervision over the energy efficiency sphere shall be as follows

a Implementation of the energy testing and examunation of legal and physical persons'
facilities, which are subject to control, according to the order defined by the
Government of the Republic of Armenia

b Definution of the specific consumption of energy resources in energy consuming
productions (products) and testing their compliance with the normative legal acts
and national standards defined by the Government of the Republic of Armemnia,

¢ Control over the comphance with the normative techrucal standards of technical
means and systems used for the determination of the qualitative and quantitative
indices of the energy resources

d Energy testing of the design and construction documents and construction
technologies with regard to the new entities and theirr comphance with the
normative acts, as well as national standards,

e Implementation of the energy expertise of projects and programs, directed to the
development of the economy branches and testing therr comphance with this Law
and the other legal statues proceeded from this Law



Article 13 Accounting, Follow-up and Statistics of the Energy Resources

Energy resources and their quantity and quality, which are developed, produced,
processed, converted, transported, stored and used shall be subject to account and
control according to the order defined by the Government of the Republic of Armema

The technical specifications (parameters) of the quality, consumption, accounting of
the energy resources, the structure of the metering systems and the techmical
conditions shall be defined by the authorized bodies

Article 14 Economic Provisions for Energy Efficiency Promotion

The economic provision of energy efficiency shall be carried out by the following
mechanisms

a The legal and physical persons using the energy installations with indicators
exceeding the standards and norms in force and the secondary and alternative
energy resources shall be given a loan, tax and customs duty privileges according
to the legislation the Republic of Armenia

b The individuals and working staff, efficiently using the energy resources, shall be
rewarded according to the Legislation of the Republic of Armenia

Article 1S Fmancing of the Energy Efficiency Undertakings

The activities 1n the energy efficiency sphere shall be financed from the state budget,
bank loans means of legal and physical persons, local and foreign investments

Scientific-research developments and activities with regard to the energy efficient
modern technologies, the use of the alternative and secondary energy resources shall
be financed from the state specific financial sources

Article 16 Scientific Research, Traming and Education with Regard to the
Energy Efficiency Sphere

To develop the complex of scientific researches and the bases for the contemporary
energy efficient processes and technologies in the energy efficiency sphere the state
management authorized bodies are to

a Plan the courses on energy efficiency in the educational programs of the Armenian
secondary and high technical nstitutions of the Republic of Armenia, as well as
appropnate scientific-research activities,

b Dedicate the traiming courses for the engineenng staff with regard to the energy
efficiency principles and techmique, as well as to the main provisions for the use of
alternative and other energy resources
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Plan the special tramning courses on energy efficiency for the management staff of
the energy facilities with 2000 kWh thermal and/or 1000 kWh electncal installed
capacity The authonzed body shall grant the energy manager qualification (energy
manager certificate) to those individuals who have completed these courses

Article 17 Energy Efficiency Propaganda

Propaganda of the energy efficiency state policy among the population of the Republic
of Armenia shall be carried out through

a

Public discussions of the energy efficiency programs, broadcasting and propaganda
of the environmental, economic and social advantages of energy efficiency,

Information about the existing energy efficient energy facilittes and energy
efficiency illustrative projects,

The organization of the exhibitions of energy efficiency technologies, machines and
energy facilities,

The propaganda of the necessity and advantage of the efficient use of energy
resource

SECTION OI

INTERNATIONAL COOPERATION

Article 18 International Cooperation

The main directions for international cooperation of the Republic of Armema in the
energy efficiency sphere are the following

a

b

Exchange of energy efficient technologies and devices,

Compliance of the energy efficiency indicators with normative documents, as well
as with national standards and mutual recogmtion of certification results

Exchange of information with regard to the energy efficiency sphere,

Participation of legal and physical persons of the Republic of Armema in the
nternational energy efficiency projects
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Abstract

As part of the strategy for mitigating the impact of the planned closure of the Armenian Nuclear Power
Plant, Resource Management Associates has been investigating the potential for energy efficiency
improvements 1n electrical end-uses Many potential areas 1n all economuc sectors have been 1dentified
A major constraint in implementing energy efficiency in Armenia and 1n other countries of the former
Soviet Union 1s the lack of available financing This paper looks at potential financing mechanisms for
implementing energy efficiency, based on the authors’ expeniences in Armenia, Russia and other
countries One such mechanmism which has been used successfully in other countnes 1s the establishment
of energy service companies (ESCOs) Barriers and constrants to the development of ESCOs as a viable
financing mechanism are discussed Recommendations are made on actions which can be taken to
increase the funding available for energy efficiency

Introduction

The countries of the former Soviet Union 1n general and Armenia in particular, face unprecedented
challenges to revamp their energy economues Historically low energy prices created energy systems
which are characterized by over-consumption and waste Centralized decision-making has contributed to
a “cookie-cutter’ approach to the design of energy systems The past and continuing economuc impact of
these mnefficient energy systems has been widely observed and analyzed A general conclusion 1s that
under-nvestment 1n energy efficiency has led to an over-investment in energy supply and a negative effect
on econommuc growth

The problem 1n Armenia has been compounded by an energy supply shortage in the past several years
Unreliable energy supply led to the decision by the government of Armenia to reopen the Armeman
Nuclear Power Plant (ANPP) 1n 1996 Thus decision 1s not a popular one on the part of Armenia’s
neighbors or others in the world commumnity Concerns about the safety of the nuclear reactor and the
potential for earthquake damage to the nuclear plant have led to negotiations regarding closure of ANPP
The Government of Armenia has agreed to close the ANPP by the year 2004 and 1s considering options
for replacement generation capacity which can be developed 1 the period 2000-2004

A proven alternative to supply side increases 1s to tmprove the end-use efficiency of consumers In the
US demand-side options (increases in energy efficiency) have been found to be significantly lower in cost
than supply-side options (increasing generation capacity) The cost of saved energy has averaged
$400/kW as opposed to an average cost of $1,500/kW for increasing the supply of energy Energy
efficiency options are also attractive 1n that they have positive environmental benefits, reduce the need for
imports, and allow the same end-use benefits (lighting, heating, etc) at lower cost A companton paper
prepared by Dr Ashok Sarkar of RMA discusses further the technical options and the rationale for
implementing a DSM program 1n Armenia



The financing requrements for implementing DSM options, while lower cost per kW, are still beyond the
means of most individual consumers tn Armenia  This paper will discuss the some options for mobilizing
scarce capital resources to energy efficiency, using examples from the authors’ experience in other
countries of the former Soviet Union and elsewhere Particular emphasis will be placed on financing
through different ESCO approaches

What Is An ESCO?

An Energy Service Company (ESCO) 1n the most generic sense 1s a company which supplies a range of
services to clients to improve their energy efficiency However, the term ESCO 1s widely used with
varying interpretations, so 1t is necessary to offer a more precise definition of what services ESCOs
commonly provide There are generally two types of ESCOs

Service ESCO - An organization which performs engineering and financial analyses but does not provide
project financing or guarantees The types of services provided include energy audits 1dentification of
cost-effective energy efficiency measures, equipment installation and maintenance, and monitoring of
equipment operation and energy savings

Financial ESCO - An organization which provides the full range of energy services including energy
auditing and financial analysis of energy efficiency measures, project financing, equipment 1nstallation
and marntenance, monitoring of equipment operations and energy savings and tratning of facility staff
A financial ESCO also provides a guarantee of energy or cost savings

In the US and to some extent internationally, the term ESCO has come to be conventionally defined as
the financial ESCO ESCOs have been used successfully in the US to provide energy efficiency project
financing largely for institutions which have difficulty financing energy projects through budgetary
resources or conventional bank financing Most commonly, ESCO applications have been with schools
and government buildings which are typically unable to secure energy project funding through their
normal budget process The energy projects are implemented under an arrangement known as
performance contracting In performance contracting, the ESCO guarantees a level of energy savings
and the client makes payments to the ESCO over time on the basis of how well the project performs
relative to the energy savings guarantee In the US and Europe, ESCO ownership and operation can take
on several different forms 1ncluding utilities, equipment manufacturers financial institutions and
energy/engineering consulting firms There are advantages and disadvantages to different types of
ownershup for both the owner and the client but 1n the US ESCOs are generally privately-owned and
provide simuilar services

The Barners to Financial ESCOs in Armema

With the tremendous potential for energy efficiency improvements one nught speculate that ESCOs 1n
Armenia and other paris of the former Soviet Union would be thriving This section will discuss the
barniers which face ESCO development, with a particular emphasis on Armenia Following each barrer
1s some discussion of the authors findings 1in work throughout the former Soviet Unuon

1 Energy Pricing - Low energy tanffs will make energy efficiency projects unattractive due to a
payback peniod which 1s too long to be a good investment Tlus 1s a significant problem 1n district heating
1n the resrdential sector, where 70% of the tariff 1s subsidized by the municipal government The level of
the subsidy 1s not determined on a needs basis (income dependent) but rather 1s determined at the
national level In Armema where district heating was suspended due to lack of natural gas supplies,
electricity has been the dominant energy source for heating purposes  Wlule electricity prices have nsen
substantially in recent years, the tariff 1s still well below the cost of service Incomes for the average
person have not kept up with increasing costs, resulting 1n non-payment problems



Rational energy pricing 1s one of the most difficult barrers to overcome on a societal level without serious
social dislocation It 1s one of the most crucial barriers to overcome since unless the resource cost of
energy 1s truly reflected 1n 1ts market cost, there 1s no incentive for greater efficiency The true resource
cost should reflect not only the operational costs, but also the ongoing maintenance, replacement and
soctetal costs of energy (e g environmental externalities such as harmful air emissions or storage of spent
nuclear fuel) If all of these costs are factored into the tanff, much of the residential sector would not be
able to afford to pay for their energy use The way this situation 1s addressed in the US 1s through
targetted assistance to those who truly can not pay Governments and utilities offer special assistance to
vulnerable groups, and programs to improve the energy efficiency of their homes and apartments

Even under the existing pricing distortions, there are opportumties for cost-effective energy efficiency
based on current prices In Armenia, a good target might be commercial butldings such as banks and
retail stores In Russia, the authors identified many industrial sector projects in sectors which were
privatized and thriving, e g food processing In the near term ESCOs need to identify those
opportumities and demonstrate that the technologies will work to encourage replication

2 Metenng - Metering for electricity and gas at the residential level 1s limited (for district heating
metering 1s non-existent), but almost universal at the industrial and commercial levels If energy use 1s
not metered, 1t 1s difficult to establish a baseline energy usage and to measure the savings unless the
project includes additional investments required to 1nstall meters Thas 1n effect drives up the cost of the
project without adding to the savings Lack of metering also contributes to a general 1gnorance of energy
cost and usage

In Armema where without the ANPP, there 1s a serious energy deficit, the electric distribution utilities
have instituted aggressive programs of metering and bill collection This program 1s based on apartment
level metering 1n most cases In some locations there 1s building level metering, with one of the residents
acting as the collection pomnt If bills are not paid the entire building 1s cut off What appears to have
happened with building level metering 1s that those who are able to pay pick us the cost for those who are
truly unable to pay There 1s st1ll a problem with supplying electricity to common areas, such as stairwell
Iighting, elevators, etc  No one 1n the building considers themselves as being responsible for these areas
so they are unserved 1n many cases (¢ g no light in the hallways) Armgazprom recently began
resupplying natural gas to homes, and installed gas meters to 50,000 residences

3 Ownership of Buildings - The ownership is very unclear for many buildings in the former Soviet
Union including residential housing schools hospitals and to some extent industrial and commercial
establishments In most cases, there 1s a proposal or plan on the books to privatize all of these structures
but the implementation dates and consequences are not widely known and understood With the
uncertainties, neither the current owners nor the potential owners want to make investments until they are
certain they will be the ones to benefit For residential buildings, privatization increases the owners costs
as they take on the added expense of maintenance and actual utilities consumed Thus 1s a disincentive to
ownershap, particularly for those on fixed incomes

As discussed above there 1s an unwillingness for apartment owners to take responsibility for common
areas of a building Currently these are supposed to be maintained by the mumcipal building authornity
whuch 1s part of the city government One way to address this problem might be the establishment of
condormmuum associations to maintain the common areas under a fee basis A condomumum association
will raise the housing cost, when incomes are already stretched and there are many other priorities

Most structures have accumulated years of deferred maintenance and were poorly designed to begin with
in terms of energy use constderations Thus, 1n many cases, 1n order to make an energy project successful,
other 1tems of maintenance need to be included For example, a weathenzation project at a school might
have a good payback period, but 1n order to sustain the project, one would need to fix the leaking roof
first



Clear ownershup 1s a prerequisite for encouraging better property mamtenance, since otherwise there 1s no
incentive In addition enforcement mechamsms such as building codes and a building 1nspection system
could encourage better maintenance of properties The danger with more nigorous enforcement
mechanisms 1s that this 1s the old way of doing business 1n the former Soviet system Enforcement led to
opportunuties for graft and corruption as a way to augment low salaries of enforcement officials

5 Local Matenals and Labor - Energy efficient matenals, equipment and skilled labor are often not
readily available on the local market The equipment which 1s available 1s generally imported and
expenstve relative to the domestic alternatives  While the labor pool 1s highly skilled in technical terms,
energy efficiency has not been a part of this traimng Local labor also lacks marketing management and
skills necessary to run a successful business

Major involvement of local resources and skalls played a crucial role 1n the success of RMA ESCO
development projects in Armenia, Latvia and Russia  Tramung in project management, economics and
financial analysis was provided to enhance local technical skills In Armema, imtial ongoing project
management assistance was provided during the installation period Gradually more of the oversight was
being provided locally as the skills of the personnel developed In the latest phase, all of the local
installation will be overseen and managed by a local ESCO This ESCO will also provide training to
others 1n project management, costing and bidding  Use of local matenals will enhance the sustainability
as well

One way to overcome the lack of necessary skills 1s to involve an experienced corporate partner in the
formation of an ESCO, particularly if the ESCO 1s to provide financing The corporate partner provides
the requured training and oversight 1n the early years, and develops the local capability to operate the
business in the longer term  Thus approach 1s being tnied by major compames (Compagne Generale de
Chauffe Honeywell Landis and Staeffa) involved 1n energy efficiency projects in Eastern Europe

6 Lack of Information - There 1s 1n general a lack of awareness of energy usage and the economic
and financial cost of overuse Historically under-pniced and undervalued energy has led to ugh energy
intensity 1n all sectors There 1s a growing awareness of the value of energy supplies i areas which are
expeniencing energy shortages, and 1n those sectors where the cost 1s approaching market levels

Sharing of information 1s an important factor in developing a market for energy efficiency technology and
services In Armema the local AEE Chapter facilitates the dissemunation of information on energy
alternatives and 1sa focal pount for information on technology policy discussion and new developments
The Chapter 1s also used as a forum for spreading results of energy efficiency programs and to encourage
the adoption of more efficient technologies and practices

7 Uncertain Political, Economic and Business Environments - All of the countries of the former
Soviet Union have experienced serious economic dislocation as they make the transition to a more market-
oniented economy The economic conditions are unstable and pricing distortions common  Politicians
struggle to make market-oniented changes while maintaining a safety net for the general population The
rules of bustness conduct are in many cases not transparent Bribery of public officials and arbitrary
application of penalties for violation of laws has unfortunately become common Thus situation makes 1t
difficult if not impossible to conduct business in a predictable manner Without major reform in these
aspects 1t will be difficult to attract any but the most nisk prone 1nvestors to Armen:a and other countries
of the former Soviet Union

8 Unstable Energy Supplies - Some countries are experiencing disruptions 1n energy supply due to
non-payment for energy imports or political turmoil, € g Ukraine and Armenta The energy situation i
Armenia and neighboring Georga, as well as some regions of Russia, has been unpredictable for several
years When the supply of energy 1s uncertain, there 1s no basis for establishing baseline energy use or for
implementing energy improvements which are guaranteed by energy savings On the other hand, where
there 1s uncertain energy supply, there 1s a greater interest 1n energy efficiency which utilizes scarce



resources more approprately

Cost-effective opportunities exist in developing renewable and alternative energy supply systems For
example, the potential for using geothermal heat pumps 1n Armenia for meeting the heating and cooling
loads 1n residential busldings 1s quite high Solar, wind, biomass and geothermal sources may be more
cost-effective than rehabilitating existing energy systems US companes have a lot to offer in this area, in
Joint partnerships with companies in the FSU

9 Financing - The lack of investment capital 1s a widely cited barrier to investments in energy
efficiency Interest rates in these countries are typically very huigh (15-30%) and commercial financing 15
available only for short term projects of less than one year (sometimes months) Energy efficiency projects
are not economuc under these conditions Competing demands for capital mean that only urgent-needed
projects will recerve priority funding

Successful energy efficiency projects will be those where there 1s an ongoing, measurable financial
mcentive for energy efficiency This may seem to the reader to be an obvious statement, one which should
not need to be said  However, 1mitially, national governments and targetted development assistance can
play a crucial role 1n overcoming some of the barriers which are discussed here  Small-scale
demonstration projects can provide successful examples of low-cost energy improvements which have
short payback periods USAID has funded small and large-scale demonstratton programs, such as
provided energy efficient and environmental control technologies to utilities tn Russia  Successful
demonstration programs show that specific technologies work, and can lead the way to replication which
1s funded nternally In order for this strategy to be successful, dissemunation of results and Iessons
learned 1s a crucial element of assistance

ESCO Financing Models
Private Sector Models

In the US market, the majonty of energy efficiency projects implemented by ESCOs are financed using
private sector models for financing and implementation In some cases, the market was pushed through
government incentives or regulation  The ESCO itself can be several different types of firms (utility,
equipment manufactorer, financial institution, A&E company or specialized firm) The common
charactenistic 1s that they all have private sector ownership which operate 1n a stable and predictable
business environment In well-developed market economies, the barriers facing each type of firm will be
the same In the private sector the types of financing mechanisms that are used to implement energy
efficiency projects include

Client Self-financtng - using mternal funding sources to implement projects

Chient Debt Financing - Borrowing the money to implement energy efficiency

Leasing - Ownershup of the equipment generally stays with the equipment provider for some
period of time with an option to purchase at the end of the agreed lease period

Third-party financing with performance guarantees - ESCO financing or bank financing which
are paid back over some peniod and tied to the energy savings

Because of the barners discussed 1n the previous section a solely private sector model faces
unsurmountable constraints in the short-run 1n Armenia and other countries 1n transition A more
realistic approach 1s one which combines public sector ownership with private sector ownership, or a
public sector program with eventual privatization These models are discussed below

Public Private Partnership

In countries that are transitional and the government plays a more domtnant role 1n the market, such as in
the former Soviet Unton, a mixed public/private effort to mobilize capital for energy efficiency may be
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more successful in overcoming the barriers Another way of charactenizing barners 15 to say that they are
risks to the investor/financier The incentive for government involvement in encouraging energy
efficiency 1s that 1t 1s a lower cost alternative to increasing supply Government support will be crucial to
reduce the nisks which are unacceptable to the private investor Due to existing market distortions, private
investment 1n energy efficiency makes sense 1n only very imited circumstances

One method which 1s being used to overcome the risk of financing 1s to require sovereign guarantees to
nternational financing mnstitutions, which lowers the interest rate because of lower project nsks For
example the World Bank and EBRD are the only financing organizations providing large-scale funding
for energy system improvements in Russia The World Bank will provide funding only under the
condition of a sovereign guarantee Russia has taken out loans for over $360 mullion for district heating
system 1mprovements to date, and 1s developing another $300 million loan EBRD 1s looking at a
mechamsm which would provide funding for energy improvements with a regional and mumcipal
guarantee, but without a sovereign guarantee

Another mechamism by which funding 1s being provided for energy efficiency projects 1s through multi-
project facilities to large foreign ESCOs In these projects, the multilateral development bank takes both a
debt and equity position in the ESCO, which spreads out the project nisk between the corporate ESCO and
the bank Recently, EBRD approved loans to two ESCOs which will be operating 1n Russia (Honeywell
and Landis and Staeffa) Other such loans are being considered for Russia and other countries of the

FSU

A third model which involves the public sector in accepting project risks is where the government
(national, regional or local) becomes a partner 1n a company whuch 1s established to undertake energy
efficiency projects This model 1s being used 1n Russia 1n the Nizhny Novgorod region Here, the ESCO
partners are the regional government, a foreign corporate partner and the bank All three have an equuty
stake 1n the company and an active role 1n overseeing its operation  The regional government benefits
through lower expenditures for subsidy payments in the residential and municipal sectors

Public Sector Model

In Ukraine, the government 1s establishing an ESCO to 1dentify and implement industnal sector energy
efficiency projects The ESCO financing 1s being guaranteed by the national government to EBRD In
Ukraine, the project risk 1s too great to attract private or public/private financing without a sovereign
guarantee The ESCO which 1s established 1s supposed to be privatized within a two year period after
recerving traimng and assistance from a EU technical consultant  However 1t 1s too early to tell whether
this will be successfully completed within the two-year timeframe

Conclusion

Consumers must be aware of energy supply and demand alternatives and relative costs in order to make
informed decisions 1ncluding decisions about energy efficiency In order for an ESCO market to develop
energy prices must be high enough for investment 1n energy efficiency to be profitable Dunng this
transition period to a market economy there are many distortions in the energy market Instead of
subsidizing mefficient energy use the governments (federal regronal and local) would be better off
raising energy prices and only subsidizing energy for those who truly can not afford market pnices The
higher energy costs would encourage people to invest in energy efficiency and make ESCOs sustainable
and profitable In the short run 1t may be necessary for the public sector to take an active role 1n
demonstrating the effectiveness of energy efficiency investments
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