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EXECUTIVE SUMMARY

Introduction

There IS currently suffiCient electncal generatIOn capacity m Armerua for meetmg ItS low electnclty
demands IHowever, the peak electnclty demand, dnven pnmaniy by electnc space and water heatmg
loads, IS already puttmg severe pressure on the electnc power system Once the Industnal sector,
whIch IS currently paralyzed due to shnnkmg markets for their products, regaInS ItS finanCial ViabilIty,
still hIgher electnclty demands Will cause additional stress on the system 2 Furthermore, the
Government of Armerna plans to close down ItS nuclear power plant by the year 2005, whIch Will
result In an Increased gap between demand and supply

As further transition toward a market-based economy occurs m the country, substantial changes In
the energy Infrastructure Will be reqUired 3 The electnclty sector has started makIng progress In the
nght direction With structural, legislative and regulatory reforms, and a pnvatlzatlOn program 4

However, hIgh electnclty mtensltIes In all sectors need to be reduced In order to restore Armerua's
competItIveness Measures to Improve energy effiCiency -- both In the supply and the demand Side -
are VItal and need to be addressed by the pohcy makers

The US Agency for InternatIOnal Development (USAID) proVIded fundIng to assess vanous supply
and demand options In the power sector Resource Management ASSOCiates ofMadIson, Inc (RMA)
was contracted to explore and assess the opporturutles for energy effiCiency Improvements on the
demand-Side m the electnc power sector of Armerna

lAnnema's total electnclty generatIon m 1990 was over 10,000 GWh In the first half of 1990s,
follOWing the break up of the SOVIet Umon It plummeted to an acutely low level of 3 218 GWh m 1994
Electnclty was typIcally supplIed to most customers (except cntIcal enterpnses such as hOspItalS bakenes,
transport and water utIhtIes) only for less than two hours per day, whIle there was no gas supply or central
heatmg The reductIon has been dramatIc m the mdustnal sector, where demand fell from 4 554 GWh m
1988 to a low 583 GWh m 1993 (Mmistry of Energy, August 1997) In 1997, total electnclty generatIOn
was stIll below 6,000 GWh

2 OIl, gas, and nuclear fuel for power generatIOn are all Imported at present

3 Dunng the SOVIet penod, Annema s electnclty mdustIy was developed as a part of the
mtegrated Trans-Caucasian Power Network wluch coordmated power supply among Armenta
Azerbaijan and GeorgIa The system-Wide perspectIve tended to disregard the country-specific energy
resources m favor of regIOnal supply objectIves As a result, natural gas fired plants were buIlt m Armema
even though the countIy had to fully rely on Imported fuel, maInly from Turkmemstan (MintStIy of
Energy August 1997)

4 Accordmg to Government estImates, a total of US$l 7 bIlhon are reqUIred for rehabilItatIon of
the entIre energy sector, which could prevent the potentIally huge techmcal problems and ensure

unmterrupted operatIon of the system (Noyan-Tapan, 1998)

•
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Tlus report lughltghts the unportance ofend-use energy effiCIency m Armema's electnc power sector,
and Identifies areas where cost-effective Demand Side Management (DSM) measures could be
Implemented The supply and demand situation IS exammed In detaIl, and the bamers and dOVlng
factors are analyzed for alternative DSM optIOns RecommendatIOns are proVIded for short- and long
term strategies to facIlItate DSM ImplementatIOn In Armerua Some finanCIng strategies, required In
the short-term to make DSM VIable, and In the long-term to make them sustaInable, are also
suggested

In Annerua, there are many InstitutIOns and orgaruzations that could play key roles m Implementmg
energy effiCIency projects and programs These mclude the government, energy sector entities,
educatIOnal mstitutlOns, donor agencies, and the pnvate sector At thIs tIme, there IS no :.pecific
orgarnzatIon responsible for energy effiCiency development and ImplementatIOn, although there IS an
Energy EffiCiency Law beIng considered by the ParlIament The Law does not specifically address
the Issue of how energy effiCiency would be Implemented through DSM or otherwIse However,
awareness about these Issues eXIsts among the polIcy makers

Benefits of Demand-Side Management

In addition to the general advantages of energy effiCiency through DSM (such a<; higher cost
effectiveness, lugher relIability, reduced enVIronmental Impacts, and elImInatIOn of hIgh transmiSSIon
and dlstnbutIon losses), DSM has the specIfic benefits for Armerua dnven by the followmg

• Armerua has few or no fossIl fuel resources of ItS own, although It does have hydroelectnc and
nuclear generaTmg capacIties The nsk of fuel supply uncertaInties for Armema's thermal p0wer
plants eXist Imports could be blocked or sabotaged as a result of regIOnal COnflICts, whether
dIrectly Involvmg Annema or not In fact, thIs has been the case m Armema for some years, and
proVIded compellIng reason for restartmg the nuclear power station

• The Armeman Nuclear Power Plant (Medzamor), whIch accounts for a substantial share of the
electnclty supply, IS conSidered to be a potential environmental hazard ofgreat magrutude ThIS
creates a potential nsk for Armema and m the regIOn, and could result m the power plant bemg
closed down at anytune Because of thiS and the age of the power statIOn, Medzamor IS planned
for retIrement m the year 2005, thereby creatmg the need for addItIonal supply faCIlItieS to meet
the eXistIng and nsmg future demand

• Currently, the complex and somewhat problematIC SItuatIOn 10 Armema's electnc power system
IS reflected 10 the generatiOn and load charactensttcs In the w1Oter, nuclear power statIon
generatiOn of about 375 MW contnbutes nearly half of the mght-time load of about 800 MW
Thus, a mght-ttme aCCIdent can have unexpected consequences for the entire system The
Hrazdan thennal power plant, which must contmue work1Og 10 the base load condItiOns because
ofexpensIve cold-starts, and to mamtam system relIabIlIty, results m hIgher fuel expendIture and
lower power system effiCIency

• Dunng the summer season, the base load (rught-tIme) falls to below 400 MW The nuclear power
plant IS run at 180 MW durmg thIs time, resultIng 10 power production cost 3 5 tImes higher than
IfIt would have generated 390 MW (because It could take advantage ofre-fuelIng With one full

•
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load) On a summer rught, the thermal power plant also uses only 30% of its capacity, wruch IS
IneffiCIent from the system's POInt of VIew

• Armenta's neIghbors, such as GeorgIa, Turkey and Iran, are potentially large markets for
electncItyexports Several sources reported the possIbIlIty of a 500 kV RegIOnal Power Pool
(Gnd) wIthIn the Black Sea RegIOn-Caucasus bemg formed m the future, thereby creatmg an
export market for Armerua's electncity Ignonng polItIcal consideratIOns, Turkey could be a
profitable electncity market at off-peak load

Electflclty Demand Characteflstlcs

The reSIdentIal sector currently contnbutes the most to electncity demand (see Table below) Because
ofthe hmtted avaIlabIlIty ofdIstnct heatIng and natural gas, reSIdential customers rely more heaVIly
on electncity for space heatIng, water heatIng and cookmg ThIs results In a hIgher share for the
reSIdential sector than would normally be the case

Sectoral Electnclty ConsumptIon Charactenstlcs

End-Use Category Year
(Umts)

1996 1997
Total Consumption (GWh) 4518 4528

Agnculture (%) 67 48
Transport (%) 38 32
Industnal (%) 180 145

ReSidential (%) 451 468
Others (%) 236 273

Exports(%) 28 34

Note "Others" mcludes water and sewage pumpmg systems, street lighting, and electnclty usage m the
commercial sector, government bUlldmgs, schools and hospitals, etc

ReSidential End-Use Survey

In order to develop more relIable and useful electncity dIstnbutIon and end-use load data, and to
estunate the customer response to a possIble reSIdentIal DaylNight tarIff system, an electncIty end-use
saturatIon survey ofYerevan's reSIdentIal customers (a sample of 1,000 apartment uruts) was earned
out under tlus project The results oftlus survey are presented 10 Appendlx-I

The comparIson ofelectncity uses In the wmter and summer obtamed through the surveys of 1000
dwellIngs are summanzed 10 the table below

•
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Weighted Average Electnclty Use by Appliance Type

•

•

Space Heating
Electnc Stove
LIghting

Hot Water
Heating
Refngeratlon
TV
lronmg
Other

Wmter
42%
13%
12%

11%
10%
7%
2%
3%

Summer
Not Applicable = Seasonal Savmg

12%
6%

8%
17%
6%
2%
3%

•

•

•

•

•

LightIng, hot water heatmg, and refrIgeratIOn are the only apphances that have substantial
differences between summer and WInter use (subtractIng out WInter space-heatIng reqUIrements)
The differences m IIghtmg and remgeratlOn can be easIly explaIned by seasonal vanatlOn - longer
dayhght hours In the summer, warmer temperatures (m Winter, some Items are stored on outSIde
balcorues, 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 bathtng

Survey respondents were also asked whIch applIances they would replace If they had any extra
money The most common responses (m order) were TV (30%), refngerator (20%), washIng
machtne (20%) and other (vacuum cleaner, audIo center, etc - total 30%) Apprmamately 20% of
reSidents dId not reply to thIs questIOn, smce they dId not antiCIpate haVIng any extra money for
the purchase ofnew apphances These replacement expectatIOns may have some Impact on the
selectIOn of potentIal Informational type DSM programs and applIance standards and labelIng
pohcles

In the survey, reSIdents were asked If they would ShIft theIr use of electncity If gIven a preferentIal
tanff, and what level oftanffreductlOn would Induce them to ShIft In all categones, 75% - 85%
ofthe reSidents saId that they would conSIder shtftIng theIr electncity usage to rught-tlme (2300 to
700 hours) If glVen a preferentIal tanff TheIr responses to the level of mducement necessary to
mfluence such a shIft IS shown In the table that follows

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-Family 18% 8% 74%
4-6 Story 45% 38% 17%

• 9-12 Story 36% 45% 20%

14-16 Story 45% 43% 12%

•
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Res1dents were also asked wluch usages they would be wdhng to sluft to non-peak times Most
often mentIOned were batlung, clothes washIng, 1ronIng, and cookIng BathIng and clothes
waslung would affect the electnclty used In water heatIng As seen in SectIOn 5 of tlus AppendIx,
these are not the rughest electncity usages as detennmed by the survey Together, they account
for only 22% (summer) to 26% (WInter) of resIdential electncity use IronIng only consumed 2%
ofelectnc1ty use Furthennore, not all of the usage can be srufted to non-peak hours The uses
that have the rughest electncity consumption, 1 e refngeratIon and space heatIng, are the least
amenable to sruftIng theIr time of use and should perhaps be the focus of energy conservatIon type
DSM programs

The results of thIs survey ofhousehold electncity usage patterns proVides mfonnatIOn about the
Importance and nature ofvanous end-uses and potential DSM strategIes and programs

Load Management (Load-Shlftmg) DSM OptIOns

In Armerua, load-shIftIng opt1ons (from day time to rught tIme) meet the objective ofbeIng able to
run Medzamor nuclear power plant and the Yerevan thennal power plant more effiCIently, dunng
rught hours, partIcularly dunng the summer season Load-sruftIng type ofDSM programs wIll
have to be SImple (two-part) due to metenng costs They also have to rely pnmanly on behaVIOral
change or changIng the electnc1ty end-use applIance or eqUipment usage patterns It should be
noted here that a voluntary Industnal TOU tanffsystem IS already m place, and res1dential TOU
tanffs are bemg cons1dered 5 However, only 48 mdustnal consumers (mostly blead factones) are
on thIs day/rught tanff system and the Impact on the load curve has been mIrumal thus far
(personal commurucatIon) 6

It was eVident from the d1Scussions WIth the Mirustry ofEnergy and other Government agenCIes
that load sluftmg-type DSM programs are of sigruficance to utilItIes and pohcy makers ThIs 1S
pnmanly dnven by the obJect1ve ofmcreasmg valley load levels wruch would result m lugher
generation effiCIency and lower generation costs, and IncreasIng exports dunng peak (day-tIme)
hours A TOU tanff (Day/Night tanft) IS therefore an attractive optIOn 7 However, the fonner

5 These are day-rught tanffs for the mgh voltage consumers WIth the low mght tanff of 12 drams
per kWh dunng Ilpm to 7am

6 No specJ1ic analysIs has been done of the load sIuftIng Impacts that may have resulted from the
voluntary DaylNlght tanff However the general 0plruon of persons consulted was that there has not been
any specific load sIufung that could be accounted for by the preferential mght tanff TIus IS partly due to
the free-nder" effect where the bread factones which would have operated at mght 10 any case are
takmg advantage of the savmgs (and theIr electnclty bIll reductIon) WIthout really chang10g theIr
electncity usage patterns

7 It should be noted here that the lower generatIon cost advantages (and perhaps higher export
earrungs) resultmg from the load-slufung (to mght-tIme) by TOU tan.ff mechamsm may be offset to some

•
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objective IS so appealIng to officials that some proponents of thIs Idea even suggested consldenng
simple valley-fillmg DSM programs (as compared to load-shIfting) The latter option could be
mcorporated Into strategic load growth DSM strategies

Energy Reduction DSM Options

Energy conservation DSM programs (that reduce the amount ofelectnclty for end-uses through
effiCiency Improvements) Include energy audits and Information, incentives and loans, direct
installatIOn, and eqUIpment supplIer/vendor programs UnlIke load management programs, energy
conservation DSM programs almost always reqUIre monetary mvestments, which are paid back In
time through savmgs 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

DSM Program Recommendations and Strategies

Based on a detatled analysIs of VarIOUS load management and energy conservatIOn type DSM
programs, a lIst ofvtable strategies and DSM actIOn plan was developed The table (In the
follOWing page) summarIzes the vanous actions and strategies that could be undertaken over the
short- and long-term to Implement energy effiCiency Improvements through DSM programs A
balanced mIX ofdifferent programs, end-use technologies, sectors, and strategies would be
deSirable

In the short-run (up to 2005), the major factors that wIll dnve the chOice ofDSM strategies and
polICies are

• Armema Nuclear Power Plant (Medzamor) Will be In operatIOn
• Energy effiCiency eqUIpment market IS not fully developed
• Relatively smaller e1ectnclty export market (due to technological and polItical barners)
• High transrmsslon and dlstnbutlOn, and commerCial, losses
• Focus of programs wIll be In Yerevan area

In the long-run (after 2005), the follOWing charactenstlcs of the sector Will dictate the mix of
DSM programs and strategres

• Armema Nuclear Power Plant wIll not be III operatIOn
• Energy effiCiency eqUIpment/applIance market wIll have developed because of market

transformatIOn
• A larger export market for electnclty Will have developed
• Focus of programs Will move from Yerevan to other areas of Armema

extent by lowered revenues collected from the rate-payers (due to lower mght-hrne tarIffs)

•
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In addItIon to specIfic DSM program Implementation, other compltmentary strategIes have to be
developed through energy poltcies Some ofthose energy effiCIency poltcy tools are

• InformatIon Dissemmation and EducatIOn StrategIes to mcrease awareness
• Compulsory Energy AudIts
• Strengtherung ofEnergy EfficIency Standards and IntroductIOn ofLabehng System
• TranSItIon to RatIOnal Cost-of-SefVlce Based Tanffs and CollectIOn
• FacilItatmg ESCO Busmesses
• EstablIshment of a DSM Cell and trammg of Its staff

The analySIS done m thIS project suggests that DSM could become sustamable and prove to be a
"wm-wm" propOSItion for Armerua

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT- DRAFT (Sept 1998)
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Demand-Side Energy Efficiency Strategies and Recommendations

Pnmary Target End-Use Program Option Target End-Use Government Consumer Program ImplementatIOn
Objective Sector and Mechamsm Technologies or UtIhty or Societal Costs StrategIes and Possible

Benefits Benefits FmanC1D2 Mechamsms
Load Management Resldentlal Low Tune-ofuse Space Heatmg. Hot I Savmgs due to Reduced btlls TOU I Metenl to be fmanced by the
DSM Shtfbng from Consumption (Low (DaylNlght) Tanff Water Clothes mcreased nuclear! Metenng generation cost savmgs (and export
Daytune to Nighttime Income) Voluntary Washll1g • Ironmg. thermal generation revenue dlfferenttals) to be passed

Cooking BehaVioral effiCiency by the GenCos to DISCos
Change 2 Extra power 2 Meters to be proVIded under a

avatlable for sale World Bank program almmg to
to nelghborn proVldll1g I p meters to 9% Yerevan
dunng peak hours Residential sector by 200 I

Resldentlal High Tune-ofUse Hot Water Clothes I Savmgs due to Reduced bills TOUmetenng I Meters to be partly fmanced by
Consumption (High (DaylNlght) Tanff Washmg. lrol1ll1g. Il1creased nuclear! the generatton cost savmgs (and
Income) Voluntary Cookmg BehaVIoral thermal generabon 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 amung to
to neighbors proVldll1g I P meters to 9% Yerevan

- dunng peak hours Residential sector by 200 I
Industnal such as Tlme-ofUse Energy mtenslve I Savmgs due to I Reduced TOU I 3 P meters to be prOVIded to all of
bread factones (DaylNlght) Tanff mdustnal process Il1creased nuclear! productlon Metenng Yerevan under a World Bank

Voluntary Move from Peak sluft thermal generation costs program.
to Off Peak Shift effiCiency 2 Increased 2 ESCO s could prOVide the 3 p
Operatlon 2 Extra power competitiveness meters WIth shared savmgs contract

available for sale With the customenl
to neighbors
dunn!! oeak hours

ReSidential High Tlme-ofuse Hot Water I Savll1gs due to Reduced bills 1 TOU 1 Metenl to be fmanced by the
Consumptlon (High (DaylNlght) Tanff Replacement by mcreased nuclear! Metenng generation cost savmgs (and export
Income) Super Insulated thermal generation 2 Appliance revenue dlfferenttals) and

Heaters effiCiency Replacement appliances to be borne by the
2 Extra power customenl
available for sale 2 Metenl to be prOVIded under a
to neighbors World Bank program amung to
dunng peak hours proVldmg 1 p metenl to 9% Yerevan

Residential sector by 200 I
3 Appliance manufacturer could
proVIde mcentIves (recovered
throuph Il1creased sales)

Resource Management Assoclales of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Resl<lenhal Rescheduling popular TV BehaVIoral I Savings due to Reduced BIlls
TV programs from Change Increased nuclearl
evening (peak) to thennal generation
night effiCIency

2 Extra power
avaIlable for sale
to neighbors
dunn!! oeak hours

Strateglc Load Industnal non TlffilHlf use Industnal processes Savmgs due to I Lower bills TOUmetenng 1 Meters to be financed by the
GrowthDSM operahonallndustnes (DaylNlght) Tanff allow night sluft mcreased nuclearl 2 Increased generation cost saVIngs (and export

New Industnes operation only to the thermal generation competitiveness revenue differentials) and the cost of
revlvmg mdustnes effiCiency for market apphances to be borne by the
give mght kW load customers
permit only 2 I 3 p meters to be prOVIded to all

of Yerevan under a World Bank
program

Strateglc Energy Residential Lighting Apphance LIghting I Reduced need I Reduced Vendor Foreign firms collaboratmg With
Conservation DSM Commercial Vendor Development for addmg power bills incentive local fums and local manufacturers

Govenunenl, 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 oeak hours

Residential incentIves and Loans Water Heater Jackets I Reduced need I Reduced incentive incentives to be proVided by the
for addmg power bIlls utIhty (dlstnbutIon company)
plants In the future 2 Reduced
2 Extra power expenses
available for sale
to neighbors
dunng peak and
off oeak hours

Resldenhal Information Program Refngerators TV I Reduced need I Reduced I Information Govenunent should be Involved In
(through newspaper (replacement ofold for adding power bIlls program costs information dlssenunatlon programs
and other media) appliances With new plants m the future 2 Reduced 2 Extra cost eg proVldmg mcentlves to the

ones) expenses ofeffiCient media for mcludmg the energy
2 Extra power apphances effiCiency agenda m thelf
available for sale programmmg.
to neighbors
dunng peak and
off oeak hours

ResIdential Direct Installation Water Heater I Reduced need I Reduced Solar Cost of solar water heater could be
replacement With for addmg power bills Powered paid for by saVings ansmg out of
Solar Powered Water plants In the future 2 Reduced Water Heater zero eleetnclty consumption.
Heater expenses Cost ESCOs could get mvolved m tlus

2 Extra power fmanclng actIVIty
available for sale
to neighbors
dunng peak and
off ""'ak hours

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT· DRAFT (Sept 1998)
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Commercial Perfonnance Controls Llghtmg ESCOs nuse the money ( through
Government BUildings Guarantee/ Shared unprovements subsidIZed loans) and mstall the
Schools HosPitals Savml!S PrOgrams equIPment
Commercial Schools DIrect installation BUlldmg Fundmg could be done through
and Hospitals WeatherIZation multi lateral development banks

and subsidIZed loans

MUOlclpahlles DIrect installation Water Pumping, 1 Reduced need 1 Reduced Replacement ESCOs raise the money ( through
Street Llghtmg for addmg power expenses ofthe Cost subsidIZed loans) and msta11 the

plants m the future mUOlClpahty eqUipment. Investment recovered
resultmgm through performance guarantee

2 Extra power lower utlhty based shared savmgs program.
avaJlable for sale costs for the
to neighbors customers
dunng peak and
off~ hours

lndustnes Energy Audits and EffiCient Motors 1 Reduced need 1 Reduced 1 Energy AgenCIes !Ike ACAEE and other
Infonnatlon, Incentives Vanable Speed for addmg power Costs Aucht Cost ESCOs could get Involved m the

Dnves plants m the future 2 Increased 2 energy audit actvIhes and do It free
competitiveness Replacement of cost WIth the assurance that they

2 Extra power and larger Cost WIll be Involved In the
avaJlable for sale markets unplementatlon process
to neighbors
dunng peak and
off peak hours

lndustnes Direct InstalIallon or Capacitors for 1 Reduced need 1 Reduced CapaCitor Tlus type ofprogram IS expected to
Incentlves/Rebates Power Factor for addmg power Costs Cost have very low paybacks ESCO s

Improvement plants m the future could purchase and lease capacitors
to customers on a performance

2 Extra power guarantee and shared saVings basts
avaJlable for sale
to neighbors
dunng peak and
off neak hours

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

The Government ofArmerua, assisted by the U S Agency for International Development
(USAID), IS mvestlgatIng options for electnclty supply to the Armeruan Nuclear Power Plant,
whIch IS planned to close down In 2005 Several supply options are being evaluated by Bums and
Roe Enterpnses (BREI), under contract to USAID (Delivery Order #28, Armerua Power
Supply/ConservatIon ProJect) Tlus reports looks at the demand-side management (DSM) optIOns
for increaSing the end-use effiCIency In the power system This investigatIOn was done by
Resource Management AsSOCiates ofMadison, Inc (RMA), under subcontract to BREI Much of
the Armeruan data contained In tlus analySIS was proVided by the local counterpart orgaruzatlOns
to the DSM study tht> MIrustry ofEnergy and Fuels - Research and Development DepartmeI1~
(Mr Robert Khazanan) and the Energy Strategy Center (Dr Ruben Muradyan) 8

The structure ofthe report IS as follows In Section 2, there IS a diSCUSSion of the reasons (or
objectives) for Implementing DSM - both those objectives that apply broadly across all countnes
and those that are speCific to Armerua ThiS IS followed In SectIOn 3 With an analySIS of the
electnclty sector supply and demand charactenstics In Armema, which forms the baSIS for speCIfic
DSM strategies SectIOn 4 presents an analySIS of electnclty tanffs In Armerua Tlus IS followed by
SectIOn 5, wluch Includes an overvIew ofthe Infra-structural and orgamzatlOnal aspects related to
energy effiCiency development and ImplementatIOn In Armema Section 6 focuses on the
development ofDSM strategies and programs for Armerua SectIOn 7 deals With the heatIng load
and optIOns for replaCing some of the electnclty demand With rehabilitation of the natural gas
and/or dlstnct heatmg systems Section 8 descnbes optIOns for finanCing DSM programs, both
Internally and With ~J'1ernal sources of finance The report concludes With a diSCUSSion of long
term DSM programs and recommendatIOns (SectIOn 9)

8 The MIrustry has smce been renamed to the MInIstry of Energy

Resource Management Assxlates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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2 DSM PROGRAM OBJECTIVES

In order for DSM programs to be attractive and have the potential to be successfully
Implemented, It IS necessary first to define clearly the objectives for DSM ThIs section descnbes
the general objectives for Implementmg DSM that are common to many countnes, mdustnahzed,
tranSitIOnal or developed ThIs general descnptlon of objectives IS followed by a diSCUSSion of
objectives specific to Armerua, whIch make the case for Armerua even more compeIlmg

•

• A General Objectives for Implementmg DSM

•

•

•

•

•

•

•

In the Uruted States, Demand-Side Management roSM) got ItS start m the late 1970s, mamly as a
result of regulatory reqUIrements and pressure from enVironmental groups The oIl cnsls of 1973
made Amencans aware ofthe Importance ofenergy m the economy, and mnovatIve strategies began
developmg whIch focused on the ratIOnal use of energy DSM was a mainly utilIty-sponsored
mecharusm through whIch the use ofenergy (particularly electnclty) and the tnrung ofenergy use by
end-users (customers) were mfluenced The utilIties deSigned DSM programs to meet their own
objectives ofnot addmg power statIOns, as well as the broader sOCietal objective ofcIearung up the
enVironment Moreover, the techrucal optIOns that were put m 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 addmg more expensive generatIOn capacity, With the end-users In the form ofcustomer
Incentives to Implement DSM State regulators started mandatmg DSM m early 1980s because these
strategIes helped customers reduce their energy demand and use, thus savmg on energy costs These
energy saVings reduced the amount of energy an energy proVider (such as an electnc utIlity) needs
to proVide m both the short and long term

8 DSM Objectives for Armema

Armema's populatIOn of about 3 8 mIllIon has a per capita electnclty consumptIOn of over 1,180
kWh, which IS conSiderably higher than the world average for developIng countnes The hIgh per
capita electnclty consumptIOn has, m part, been caused by recent relIance on electnclty for meetIng
reSidentIal water heatIng and WInter space heatIng demand ThiS relIance IS common m all econOffilC
sectors, With a large effect due to space heatIng needs m the reSidential sector, compnsed of750,000
formerly state-owned, but currently pnvatlzed, reSidentIal apartments

The general standard oflIvmg IS expected to recover gradually from a current low mcome ofUS$294
per capita (m 1996) With hIgher mcomes, resldenttal electnclty demand Will grow m the future as
consumers purchase more electncal applIances Demand In 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 electnclty sector, Will be a cruCial factor In Armerua's
contInuIng econOmIC recovery and future development process

As mother translttonal and developmg countnes, there IS enormous potential for effiCiency
Improvement m both the supply and demand components of Armenta's electnclty sector A utthty's
motivatIOn for developmg DSM programs Will vary, dependmg on both the economic and energy
supply conditions However, the benefits of DSM programs for the utilIty and the customers are
slgruficant under a vanety ofcircumstances 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 In Armerua has numerous compelling benefits

Some of the objectIves for ImplementIng DSM In Armema are common to many transItIOnal and
developIng countnes that have recently adopted It, such as Thadand, MeXIco and ChIna These
general objectIves for Implementmg DSM are

• DSM measures have higher cost-effectiveness than In the Industnalized countnes 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 electnclty needs (both kW and
kWh)

• ScarCIty ofcapItal requIred for addmg 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 9

• DSM often helps Improve peak relIabIlIty of the system, thereby redUCIng the need for electncity
ratlOrung and/or blackouts

• DSM helps reduce demand, ehmmatIng the need for power flow over the tranSmISSIOn and
dIstnbutIon (T&D) network, thus creatIng saVIngs In generally high T&D losses assOCIated WIth
power flow If 1 kW IS saved at the end-user level through DSM, It In fact results In about 1 2
kW saVIngs at the productIon level This objectIve IS partIcularly relevant for Armerua because
electnc energy losses over the T&D networks are very high, as shown In Table 2 110

Table 2 1
TransmiSSion and Dlstpbutlon (T&D) Losses

Year 1988 1993 1994 1996 1997 1998

T&D Loss (%) 145 201 2306 1857 185 18 1

Source MIrustry ofEnergy (ApnI1998)

• EnVironmental benefits of DSM are conSiderable, and espeCially valuable to SOCIety, when
controls are not In place to Olltigate pollutIon from supplY-SIde sources ThiS IS the case m
Armerua, where the power sector IS In poor finanCIal health and cannot afford expensive pollutIOn
controls

9Annerua s supply capacity seems to be suffiCIent to meet the present demand But as demand
mcreases over the next decades there wIll be a growmg need for addmg new power plants The hIgh costs
associated WIth thIS antICipated expanSIon could be cost-effectIvely reduced through ImplementatIOn of
DSM optIons

10 AccordlOg to recent Government estnnates, currently the technological losses alone 10 the
energy sector total 18 5% which IS eqUivalent to 22 bIllIon drams (US$44 nullIon) annually (Noyan
Tapan, 1998) The commercml10sses are also qUIte substantial However, the Anneman Government IS

currently focusmg largely on regulation ofenergy tanffs and enforcement ofbtlhng and bIll collection
dIsclphne, mcludmg dts-eonnectIons due to non-payments, WhICh have led to mcrease m total collectIOns

from 35% In 1994 to 80% III 1998, resulting IS reduction ofcommercmllosses

•
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In addition to these general benefits for transitIOnal econoIUles, five other dnvmg factors support the
promotIon ofDSM specIfically 10 the Armeruan electnc power sector

• Lack of IndIgenous Energy SupplIes Armenta has few or no fossIl fuel resources of Its own,
although It does have hydroelectnc and nuclear generatmg capacItIes (USEIA, 1996) The
Armeruan Mtrustry of Underground Resources, m cooperatIOn WIth the US GeologIcal Survey
(USGS), has also been explonng the quantIty and quahty ofcoal reserves 10 Armerua No studies
have yet been done of the cost-effectiveness ofusmg these reserves for power generation Thus
overall, the nsk of fuel supply uncertamtles for Armerua's thermal power plants eXIst Imports
could be blocked or sabotaged as a result of regIOnal COnfliCtS, whether directly mvolv1Og
Armerua or not In fact, thIs has been the case 10 Armerua for some years, and proVIded
compelhng reason for restartmg the nuclear power statIOn

• Nuclear Power Plant Risk The Armeruan Nuclear Power Plant (Medzamor), which accounts
for a substantial share of the electnclty supply, IS considered to be a potential environmental
hazard ofgreat magrutude Tills creates a potential nsk for Armerua and m the regIOn, and could
result m the power plant bemg closed down at anytime Because of thIs and the age of the power
statIOn, Medzamor IS planned for retIrement m the year 2005, thereby creatmg the need for
addItIOnal supply faclhtles to meet the eXlstmg and nsmg future demand

• Power System EffiCiency and Rehablhty Currently, the complex and somewhat problematIC
SituatIOn m Armerua's electnc power system IS reflected m the generatIOn and load charactenstlcs
Jn the Winter, nuclear power statIOn generatIOn ofabout 375 MW contnbutt>s nearly halfof the
rught-tlme load ofabout 800 MW Thus, a rught-time aCCident can have unexpected consequences
for the entire system The Hrazdan thermal power plant, whIch must contmue work1Og 10 the
base load conditions because ofexpensive cold-starts, and to mamtam system rehablhty, results
In higher fuel expenditure and lower power system effiCiency FIgure 2 1 Illustrates a typIcal
charaetenstlc Winter day supply and load ShIfhng the peak loads to off-peak (mght-tlme) hours
Will enable operatmg both the nuclear and the thermal umts dunng off-peak hours closer to their
full capacities and, therefore, more effiCiently Load management aimed at flatterung the load
curve (load shlftmg) IS of vital Importance for other reasons as well

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT· DRAFT (Sept 1998)
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Figure 2 1
Dally Charactenstlcs of Winter ElectriCity Generation In Armenia
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Power Production Costs Dunng the summer season, the base load (rnght-tIme) falls to below
400 MW The nuclear power plant IS run at 180 MW dunng thIS tIme, resultmg m power
productIOn cost 3 5 tunes lugher than If It would have generated 390 MW (because It could take
advantage of re-fuehng With one full load) On a summer rnght, the thermal power plant also uses
only 30% of Its capaCIty, wluch IS mefficrent from the system's pomt of View Thus a load-sluftmg
type DSM program would be advantageous m bemg able to offset the revenue loss resultmg from
the difference m mght and day tarIffs With lowered generatIon costs 11 Tlus "flattenmg" of the load
curve through load sluftmg can be done through DSM mechamsms or through pumped hydro
storage, where electnclty produced at the nuclear power plant durmg the rnght will be stored for
use dunng the day tIme However, a feaSIbility study shows that one 100MW, 1 milllon CUblC
meters, pumped-hydro storage urnt WIth a 60% effiCIency will cost $41 milllon and pay back
penod will be 5 6 years (personal commumcatlOn) ComparatiVely, DSM options will have much
lower payback penods of 1-2 years

Export Potentull Armema's neIghbors, such as Georgm, Turkey and Iran, are potentIally large
markets for electnclty exports 12 There IS a caveat that, although exportmg power could be one

11 For the current voluntary TOU tanff system the rate IS 21 Drams per kWh m the daytIme and
12 Drams at mght-tlme

12 Presently Armenia IS connected With neighbonng countrIes by 330-220-110 kV mter-system
hnes The nng-shaped network fonmng the system has suffiCIent capaCIty and IS able to proVIde transit
and mter-system flows of electnc energy However, eXlstmg 110 kV mterconnectlons WIth neIghbors,
GeorgIa, Azerbaijan and Turkey, are not moperanon Anew 220 kV Double Cifewt TransnusslOn Lme
that IS bemg bwlt between Armema and Iran, was placed m serVice mearly 1997 and can carry about 65
MW (Mtmstry of Energy, August 1997)

•
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ofthe major attractIons ofInlplementmg energy efficIency programs through DSM, only GeorgIa
IS currently a VIable export market m the short run But, GeorgIa also has lllruted financIal
resources to pay for the unported electnclty Several sources reported the posslblIlty ofa 500 kV
RegIOnal Power Pool (Gnd) WIthm the Black Sea RegIOn-Caucasus bemg formed m the future,
thereby creatmg an export market for Armerua's electnclty Ignonng polItIcal conSIderatIons,
Turkey could be a profitable electnclty market at off-peak load Turkey IS ready to buy electnclty
at 3 cents/kWh at rught, their own cost of supply ThIS potentIal export market eXIsts because
Turkey has an annual growth rate of 8 percent, and they are currently purchasmg 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 unplementatIOn mechanIsms, It IS necessary
to analyze the customer profiles, or end-use load curves Ideally, enough mformatIOn IS avatlable
about customer energy end-uses and tmung of demand to pmpomt whIch DSM programs wIll
meet the utIlIty-determmed ObjectIves (kW and kWh reductIOns) UtilIty capacity reqUirements
forecastmg begms WIth a sector-by-sector look at the components of the base and peak -load
reqUIrements ThIs data IS gathered pnmanly from customer bIllIng records, whIch are a relIable
source of end-use demand data

In the case ofArmenIa, htstoncal end-use data based on electnclty consumptIOn (bIllIng records)
by sectors was not avaIlable It was necessary to Infer end-use data from a vanety of sources
Hourly electnclty generation data for all ofArmenIa was proVIded (by consultants under another
USAID project) for the full year of 1997 (365 days) ThIS IS generatIOn or system load data, as
produced by the power plants, and gIven m AppendIX II To Illustrate thIS data, a typical wmter
and summer day (February 10, 1997 and August 10, 1997) are displayed m Figure 3 1 Typically
these curves are referred to as "load curves," however, smce these curves represent the
generatIon data, they should be referred to as "system load curves" As the figure Illustrates,
electncal generation vanes dunng the day m response to the electncal demand of the country The
figure also shows that the data for the WInter and summer are qUIte different m magrutude ThIs
aspect WIll be discussed later m thIs sectIon

Resource Management A~<.-efates of Madison Inc PROJECT FINAL REPORT- DRAFT (Sept 19S18)
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•
Figure 31

Summer and WInter Sample Load Curves
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A Generation

The restructunng of the once vertIcallY-1Otegrated monopoly state enterpnse HaIenergo
(Armenergo) 10 1996 resulted 10 unbundhng of Its generatIOn, transmISSion and dIstnbutlOn
functIOns to commerCIal trad10g entities amenable to a market-based electncity 10dustry
PnvatizatlOn of these entities IS also currently under way, as legislated by the new Energy
Regulatory Law of 1997 13 At present, there are SIX major generatiOn supply enterpnses 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, 10 analyz10g the electncal demand curves, It IS Important to also understand the actual
generation SituatIOn and how the system generation and demand 10teract The follow1Og passage
IS taken from "Volume A RehablhtatlOn and Restructunng Plan for the Anneruan Electncal
Sector," prepared by Energylnvest PIO (M1OIstry ofEnergy, August 1997)

"At present, Armerua's generat10g capaCIty consists of a nuclear power plant,
three large thermal power plants, two hydroelectnc cascades and numerous
smaller resources Installed capaCIty totals almost 3,500 MW, however, operable
capaCIty IS hffilted to about 1,700 MW Fuel and water constra1Ots further hmIt
avaIlable capaCity such that on any gIven day, about 1,000 MW are avaIlable"

ThIs report further states that the Medzamor nuclear power plant has an operatIOnal capacity of
440 M"'w Therefore, the non-nuclear daIly capacity IS about 560 to 1260 MW

As Figure 3 2 1Odicates, the summer electncal demandI4 vanes from a low ofabout 375 MW to
a peak ofaround 800 MW The w10ter day has two penods that are above the 1000 MW value,
peak10g around 1200 MW The peak day (New Year'SEve) shows loads well 10 excess of the
1000 MW level Based on the preVIOUS statement regard10g the difficulty of provIdmg power
for loads above 1000 MW, the need to reduce the electncal load, espeCIally 10 the w1Oter,
becomes apparent Figure 3 2 also shows that the w10ter 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, 10 View of the non-avaIlabihty of nuclear generatIOn due
to expected clos1Og of the nuclear power plant (Medzamor) 10 2005, a dIst10ct possIblhty of
electncity shortage eXists DSM thus becomes an attractive alternatIve for aVOId1Og an electnclty
CrISIS SupplY10g the current system load is already a sIgmficant challenge, smce much of the
generatmg capaCity IS unrehable Meet10g new customer demand IS an even greater challenge
when the system cannot rehably meet all of itS current load

13 Tlus fuel sWltch was mfluenced m part by dwmdlIng residenttal gas supphes and by a poorly

functIomng central heatmg system

14 Unless otherwIse noted, In the followmg dISCUSSIons, demand refers to system load (that IS,

mcludes system losses)
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The diScussion that follows is an analysis ofthe generatIOn data, what the data mdlcates regardmg
users, and the potential for reducmg the customer load The slgruficance of the currently rehable
generatmg capacity versus the hourly load curves IS also shown 10 Figure 3 2

B Transmission and DlstnbutlOn Losses

The data presented m Fig 3 1 and Fig 3 2 10cludes not only the customer (end-user) load but
also all of the system losses resultmg from transmiSSIon and dIstnbutlOn to the customers To
analyze customer-only loads, the losses must first be removed from the system load data
TransrrusslOn and dlstnbutlon (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 usmg
thIS 21 percent average, the actual customer load was estimated from the system load data as
shown m FIg 3 3 TypIcal summer and wmter days displayed 10 FIg 3 3 are July 15 and February
10, 1997 The T&D losses are sigruficant, amount1Og to roughly 100 to 150 MW each hour
dunng the summer and apprmamately 200 MW per hour dunng the wmter These numbers
become even more slgruficant when compared to the relIable non-nuclear generatIOn, whIch IS
only 560 MW These losses are more than double the typIcal T & D losses m developed
countnes, whIch are more typically m the range of 7-9 percent WhIle It IS not pOSSIble to
completely elImmate T&D losses, If the losses could be halved, the result would be slrrular to
gammg an extra 50 to 100 MW of capacity ThIs IS a common problem and solutIon 10 other
develop1Og countnes also The Armeruan energy sector profeSSIOnals are also aware of thIs
problem, and It IS clear that the ehmmatIOn of excess T&D losses IS theIr high pnonty, as
demonstrated by theIr negotiatIons With the World Bank and the Japanese Government for loans
to rehabIlItate the T&D system m Yerevan
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In the dlscusslOns that follow, the estimated customer load (generation adjusted for 21 percent
T&D losses) IS used m the demand analysIs and the subsequent analySIS ofdemand-Side
management (DSM) targets and strategies

C Demand AnalySIS

To obtam a clear understandmg of the customer demand, the best method IS to graph the daIly
loads hour by hour There are several ways to do tills

• Ideally, every day of the year could be represented on the same graph, but tills IS not
practical, smce the graph would be extremely cluttered and ImpOSSible to deCipher

• One nud-week (work) day a week for a full year could be selected and then graphed Tills
graph would be best at Illustratmg seasonal changes

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

• A nud-week (work) day could be graphed agamst a weekend day (hohday) to Illustrate the
changes m busmess and recreation that result dunng typical weeks

Seasonal Load Vaflatlon

FIgure 3 4 illustrates the customer load for every Wednesday of 1997 Two mam observations
are eVIdent from tills graph

e The load on New Year's Eve day is substantIally higher than any other cay
• The graph shows two dlstmct load bands, one representmg the summer penod and one

representmg the wmter penod

Resourt.e Management ASSOCiates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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The demand curve for New Year's Eve IS especIally mterestmg Whtle the shape ofthts curve
IS consIstent WIth the other curves, the curve IS shtfted upward apprmamately 300 MW from
the other WInter data From the graph, It appears that thIS holiday penod has the greatest
electncal demand Thts IS apparently a phenomenon that IS due only to the holiday and IS not a
regular event

Figure 3 4 makes It ObVIOUS that there IS a general seasonal 10crease 10 electncal demand
dunng the wmter months As can be seen, the summer load band has a faIrly tIght load
dIstnbutIOn However, the load for the wmter months IS not so tIghtly bunched, and the load
vanes by as much as 200 MW at any partIcular hour Tills vanatIon 10 the wmter electncal
load IS undoubtedly due to the temperature vanatIons at tills tIme ofyear In general,
however, the WInter load exceeds the summer load by 300 to 500 MW

It IS easy to see that electncity demand IS greatly mfluenced by the seasons Tills seasonal
mcrease IS obVIously due to many factors, among whIch are 10creased hght1Og, due to fewer
hours of dayhght dunng the wmter, and mcreased space and water heat10g needs, due to the
colder WInter temperatures A large portIOn of the 10crease caused by addItional heat10g
comes from the mdividual use ofsupplemental electnc space heaters ThIS rehance on
electncal heatmg IS a result of dlstnct heatmg system shut-downs caused by 10sufficlent fuel
supphes However, there IS hkely also a small 10crease 10 electncity demand from some
operatIOns of the dIstnct heatmg system (10 summer, only the domestic water pumps operate,
willie 10 wmter a small number of the larger dlstnct heat10g pumps are also 10 operatIOn) In
general, electncal usage 10 wmter would pe expected to be higher than 10 the summer months,
smce the populatIon tends to be mdoors more and there IS greater use of teleVISIOns, radIOS,
and other household electncal eqUipment

Other factors, such as the use of additIonal dIstnct heat10g pumps, probably contnbute
relatIvely less to the seasonal mcrease WhIle there certamly are changes occumng 10 the
economy 10 general, the mam reason for the wmter ShIft IS 10creased electnc heatmg It IS
obVIOUS that tills condItIon places a huge load on an electncal system that was not deSIgned to
handle such demand (MIrustry ofEnergy, August 1997) For mstance, the total dally energy
demand for a tyPICal WInter and summer day IS shown below

From these numbers, It can be seen that the seasonal dally difference of7,341 MWh IS two
thirds of the summer demand of 10,832 MWh The magmtude of this difference highlIghts the
need to make this seasonal consumptIon a pnmary target for load reduction through DSM
strategIes

•

•

•

Wmter day (2/12/97)
Summer day (8/10/97)

DIfference

Dally Load Vartation

Resource Management ASSOCIates of Madison Inc

18,173 MWh
10,832MWh
7341 MWh
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FIgure 3 5 exarrunes customer load for a full week to observe any vanatIOn from day to day
What IS stnkIng about tlus graph IS the closeness ofall of the curves There IS very httle
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 sundar The
slgruficance of tlus phenomenon wdl be discussed later

AnalySIS of Dally Load Curves

The load curves lliustrated In FIgures 3 1 through 3 5 all have the same general shape ThiS IS
true of the data for the entire year, although the curve may be slufted on a seasonal baSIS
FollOWIng IS a reVlew ofthe load curves for a typIcal summer and WInter day

Summer Curves The early morrung hours are relatIvely flat, although there IS a shght decrease
In consumption untIl 5 am From 5 am, the demand Increases to the mormng peak of
approXImately 650 MW between 8 and 9 am The demand IS relatIvely level from 9 am untll
about 7 pm, when the load Increases sharply to the dally peak ofover 750 MW at about 9 30
pm After 930 pm, the demand decreases sharply untIl the follOWIng mormng valley

Wmter Curves At 1 am, the electncal demand IS decreaSIng, although the value remaInS lugh
at almost 800 MW The curve contInues to decrease, but begms to level off around 3 30 am at
about 700 MW The WInter valley IS 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 penod between
9 am and 12 noon shows a steep dl'chne In electncal consumptlOn From noon untIl 7 pm the
curve IS relatively level The demand Increases to 1200 MW at 9 pm, when the dally peak IS
reached The demand remaInS lugh but fluctuates for the next three to four hours, then It
decreases rapIdly

SInce the curves have the same general shape, we can 11lustrate several Important aspects of
the data by USIng one day as typical of the data (see Figure 3 6) Note that whl1e the values
and the speCific hours ofoccurrence may vary from day to day, the general observatIOns hold
true First, the lowest load of the day occurs between the hours of3 and 5 am ThiS IS
charactenzed by a valley or low POInt begInnmg around 5 or 6 am, then mcreasmg to a
morrung peak at around 9 am Each day, the load falls off shghtly untIl the early everung,
when the load agaIn mcreases at around 5 to 6 pm The evemng load generally remaInS lugh
until around 9 or 10 pm, when the load agaIn decreases to the early morrung valley

•
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Applymg typiCal hourly actIvItIes (FIgure 3 7), we can begm to understand what activIties
contnbute to the load For mstance, It IS easy to see the daily "start-up" load as people wake
m the morrung and start to get ready for work or the day's normal activIties ThIS IS
charactenzed by an mcrease m electncal consumptIOn between the hours of 5 and 9 am The
hours of 9 to 6 pm typIcally represent the workmg day It IS mterestmg to observe that these
hours are charactenzed by an average lower electncalload than the mornmg peak load Thts
morrung peak could be caused by start-up demand for mdustnal customers The hours from 6
pm to nudrught are typically compnsed of resIdential loads The load from nudrught decreases
substantially untIl about 5 am, when the pattern IS repeated

Another aspect of the data can be Illustrated by focusmg on the dally low pomt or valley of the
dally load curve Amounts below the valley level represent loads that are present 24 hours a
day, whtle the loads above thts pomt represent the electncal end-uses that are mfluenced by
the tIme ofthe day, by the residentIal, commercial, or mdustnal users We can draw a
honzontal hne across the graph (at thts valley level) to dIvIde the load curve mto a user
controlled area and a sunken load, as shown m Figure 3 8 The sunken load IS contnbuted by
end-use actiVItIes that are constant throughout the day, such as a combmation ofmurucipal
energy uses (street hghtmg, water pumpmg, electnc transportatIOn) DomestIC water and
sewage pumps operate contmuously and have been estimated at about 40 MW (calculated
from energy data based on personal commurucatIOn) Some ofthts sunken load could also be
resIdential loads such as refrIgerators, smce they cycle on and off to mamtam temperature
Figure 3 9 shows the user load diVIded mto daIly actIvItIes, along With the base load, whtch
allows a more detailed reVIew ofthe load curve

•
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An analysIs of the summer load curve mdlcates that the sunken load averages a little over 300
MW Although their end-use efficiencies can be Improved, It IS fairly 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 oftlus sunken load can be developed, the end uses
causmg tlus sunken load should not be the focus of end-user effiCiency Improvements to be
Implemented through DSM programs

Dunng the summer, the morrung electncalload mcreases between 5 and 9 am These mcreases
would be attnbuted mamly to reSidential mcreases plus some mdustnal start-up loads Another
contnbutor could be the additional electnclty reqUired for enhanced muruclpal water pumpmg
(bUlldmg water pumps regulated by the water utility and operated from 8 to lOAM m the
morrungs) The reSidential load would be compnsed oflightmg, televIsion and radiO, electnc
coolang, and general preparation actiVIties pnor to mdlvlduals gomg to work

It IS mterestmg to note that followmg tills penod, the electncalload decreases by around 100
MW until late afternoon, when a shght mcrease begms Dunng these hours, the load has
shIfted mamly from a residential load to a commercml/mdustnalload However, thIs decrease
m electncalload IS not typical ofmdustnalIzed natIOns The uncertamtles wltilln the Armeruan
economy contnbute greatly to thIs phenomenon What thiS means IS that the daily combmed
mdustnaVmuruclpaVcommercml loads are less than the early mornmg residential load

The everung hours mdlcate that the electncalload IS qUite stable until around 8 pm, when It
mcreases dramatically ThIs IS undoubtedly due to the summer weather, when there IS more
sunlIght and the pleasant weather encourages outdoor actiVIties AI mghtfall, the electncal
load mcreases as mdlVlduals go mdoors and tum on televlSlons, radiOS, and hghts Dunng the
summer, the duratIOn of thiS everung peak IS also relatively short, mdlcatmg a two- to three
hour penod ofmtense usage

The wmter curve resembles the summer curve, however the mornmg load does not begm to
mcrease until later m the mornmg, mdlcatmg that mdlvlduals sleep later because of the
mcreased darkness and colder temperatures The evemng peak begms much earher m the
evenmg, around 5 pm Also, the peak has a much longer duratIOn, lastmg five hours With a
shghtly lower demand for an additional two hours Overall the everung peak duration IS
roughly seven hours

The magrutude of the mcrease IS greater m the wmter than 10 the summer, approXimately 400
MW to 300 MW, respectively Tills 10crease IS probably due to the use ofelectncal space
heatmg throughout the entIre society

Summary of Load Characteristics

We have assumed a typical day to illustrate these baSIC pomts of the load curve However,
there are baSIC differences between the daIly loads For mstance, the base load (the load below

the daIly valley) tends to vary throughout the year Dependmg 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 penods of the year In general, the data tends to be seasonally senSitive
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Reducmg the wmter everung peak should be ofmaJor concern to the utIlIty In addition, the
dIfference between the summer and Winter base load (mIrumum consumptIOn) IS ofextreme
mterest For the summer penod, the base electncal demand IS about 315 MW, wlule m the
Winter tlus value IS approXimately 850 MW DetermIrung what contnbutes to tlus wmter base
load IS Important 10 determIrung If It IS pOSSIble to reduce the total load

Another extremely mterestmg fact IS that there IS very httle dIfference 10 the ITIld-week to
weekend load curves, as shown m Figure 3 5 The load curves are essentIally the same,
espeCIally m the summer months WhIle there IS generally good correlation for the summer
months, the Winter months are more affected by weather conditIOns, and the dally curves tend
to differ more (Smce there are very few residential wr conditioners 10 Armerua, summer
electncal energy usage does not tend to fluctuate With weather condItIOns)

The siITIllanty ofelectncal demand data between weekdays and Sunday means that there IS
essentially httle sectoral Impact on electncalload from day to day Typically, the load curve
should show greater vanatlon because ofmdustry, wruch generally operates dunng the week
but not on weekends The siITIllanty of the load data for weekday and weekend day however
means that, m Armerua, eIther mdustry operates at the same level every day or there IS httle
mdustry to mfluence the load curve The latter IS more lIkely the case, because the Armeruan
mdustry sector IS currently m a very bad shape One other pOSSIble explanatIOn for trus
phenomenon could be that the magrutude ofthe weekday mdustnal plus commerCial load IS
essentially the same as the weekend resIdential load, but trus COInCIdence seems unlIkely 15

SInce there IS very lIttle end-use data wruch IdentIfies what each sector consumes, the sectoral
end-use consumptIon of electnclty needs further mvesngatIOn

Sectoral End-Use Estimates

The lack ofelectncal meters, and/or their unrelIabIlIty, as well as the hIgh "commercIal losses"
10 Armerua means that much ofthe data that IS normally used to analyze electncal loads IS not
avaIlable The data that IS avaIlable IS not to the level ofdetaIl that would normally be
employed to allow a complete analySIS For Instance, It IS not known exactly how much
electnclty IS used by the vanous sectors However, estImates based on figures proVIded In a
recent document IS shown In Table 3 1

IS In thiS case, the electncal end-use ooght change from day to day, but the overall quantity does
not change
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Table 31
Sectoral Breakdown of Electnclty Demand

•

•

•

•

•

•

Sector

ReSidential
Non-Industnal
Public Sector
Industnal
Dnnklng water
Commercial
Urban Transport
Agnculture
Rail Transport
ConstructIon

Source Mtrustry ofEnergy (1997)

Percent of Total Annual
Electncal Load16

46%
13%
12%
9%
5%
5%
4%
3%
2%
1%

16 Due to roundmg off, the total IS 101% rather than 100%
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Before effective DSM programs can be developed, It IS Imperative that the speCific end-uses
of electnclty, mcludmg how and when It IS used, are fully understood It would seem logical
that the best opporturuty to save energy would be where the most energy IS used A reVIew of
the above mfonnatlOn would mdicate that the resIdentIal sector should certamly be a pnonty,
as It dOmInates the consumptlOn ofelectncal energy After that, the next highest users are
non-mdustnal, pubhc sector, and mdustnal Followmg IS a bnefdlscusslon of what IS known
or can be assumed regardmg electncity demand m the residential, mdustnal, and commercial
sectors

D Industnal Demand

Refemng to Figure 39, It IS fairly safe to say that the mdustnaVcomrnercmlload does not
exceed 300-350 MW (the difference between the dally 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 of325 MW as an average for the user controlled load between the hours of9 am and 6
pm

A TACIS report on Anneruan mdustry (TACIS, November 1996) stated that "the electnc
consumptlOn ofmdustry m 1994 IS around 1,000,000 MWh accordmg to Annenergo, and
665,000 MWh accordmg to the State StatIstical Department" AsSUmIng that Anneruan
mdustry has not slipped smce 1994, mdustnal electncal consumption should remam at the
levels stated or be higher GeneratlOn data for 1997 mdlcates that there was a total of
5,934,682 MWh produced, With transmISSlon/dlstnbutlOn losses ofapproXimately 21 % This
means that total consumption for 1997 was about 4,500,000 MWh Usmg the average of the
1994 mdustnal values shown above (average of 1,000,000 MWh and 665,000 MWh IS
825,000 MWh), mdustnal consumption averages about 14 or 15 percent of total electncal
production, or about 185% ofthe total customer consumptlOn

On the baSIS of a standard 5-day work week and fifty-two weeks a year, there are 260 work
days m a year The nonnal work day IS assumed to be eight hours long Usmg these values
and the estimate above for mdustnal consumption, the average mdustnal electncal
consumption dunng the working hours IS 400 MW In revlewmg the load curves (see Figure
3 8), none of the curves seem to mdlcate a load of thIS magmtude between nonnal working
hours (9 am - 6 pm) m relatlOnshtp to the base load (usually occumng around 5 am) In fact,
the load difference between the standard workmg hours and the daIly base IS only m the range
of300 to 350 MW Tlus load IS certamly compnsed of sector loads, mcludmg mdustnal,
commercial, and some reSidential From thiS analySIS, It can be concluded that the 1994
estimates of mdustnal consumption do not agree WIth the 1997 hourly generation data, and
these prevIOUS estimates appear to overestimate the consumptIon by mdustnal customers
ThIS would mean that the level ofmdustnal energy use has fallen dramatically smce 1994 17

17 For mstance, one of the major mdustnal consumers near Yerevan WIth a rated capaCIty of 80
MW was generally consumIng a maximum ofonly 30 MW dunng the first quarter of 1998 (personal
commurucatlOn)
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ThIs IS also consIstent WIth the Government estImates whIch mdlcate that, followmg the
collapse of regIOnal trade, payment agreements, and severely shrInkmg markets for major
mdustnal products m the Former SOVIet Uruon countnes, Armerua's mdustry sector output
has decreased by over 60% (MIrustry ofEnergy, August 1997)

Even If the mdustry operated SIX rather than five days a week, the hourly load would be over
333 MW ThIS IS stIlI larger than the typIcal dally data mdicates The Issue for the demand
analYSIS, then, IS to Improve the estimate of mdustnal consumption

From the load analysIs, we know that the penod from 9 am to 6 pm has mdustnal,
l-OmmercIal, and resIdential load components and that the hourly average IS about 3255 MW
However, we don't know what quantity each component consumes SUmmIng the electncal
demand between the hours of9 am to 6 pm for the entIre year Yields 1,915,315 MWh If the
base ofapproXImately 350 MW from 9 am to 6 pm IS subtracted from thIs value, thIs load
becomes 765,565 MWh (1,915,315 MWh mmus 365 days times 9 hours tImes 350 MW)
Agam, tlus IS for seven days a week and IS the total ofall user-controlled loads (Table 3 2)
Percentage values for the portion of the load that would be reSIdential and commerCial can be
estimated to detenmne what the mdustnalload would be
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Table 3 2
Estimates of Annual Electrrclty Consumption (7-day week)

Estimated Percentage Annual Consumption

• Residential 10% 76557 MWh
CommerCial 20% 153,113 MWh
Industnal 70% 535,895 MWh

Total 100% 765,565 MWh

•

•

Assunung that mdustry accounts for 70% of the electncalload between the hours of9 am and
6 pm, It IS then ObVIOUS, from the 1997 data, that the mdustnalload cannot account for more that
535,895 MWh Agam, trus estimate IS calculated for seven days a week If Sunday data IS
removed from trus analysIs, then the total consumption between the hours of9 am and 6 pm IS
659,223 MWh (765,565 MWh minUS 106,342 MWh) Applying the same percentages as above
Yields the followmg results (Table 3 3)

Table 3 3
Estimates of Annual Electrrclty 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 mdustnal electncal consumptIon for SIX days a week from 9 am to 6 pm (assunung
an mdustnal ratIO of 70%) IS 461,456 MWh, and for seven days a week, the value IS 535,895
MWh Smce the Armeruan economy IS Just beginning to rebound after the breakup of the former
SOVIet Uruon, It IS faIrly safe to assume that few Industnes operate more than the standard one
shift per day Therefore, the maJonty of the Industnal electncal load would occur between the
hours of9 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 mdustnalload IS seventy percent of the
total user controlled load dunng the hours of9 am and 6 pm ThIS IS only a very rough estimate,
and m fact, thIs percentage could be much less WhIle the reSIdential load dunng thIS penod IS
probably not too high, the commerCIal load could be higher than the twenty percent value shown
As the commerCIal value mcreases, the mdustnal value would need to be lowered If the Industnal
value were 50%, the mdustnalload would be between 329,612 MWh for a SIx-day week and
382,783 MWh for a seven-day week Smce there IS very lIttle accurate metenng, It IS dIfficult to
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be exact m tills value However, It IS probably safe to say that between the hours of9 am and 6
pm, the Monday through Saturday mdustnalload IS between 329,612 MWh and 461,456 MWh

Representatives of the Energy Comrrusslon have stated that m 1997, the mdustnalload accounted
for about ten percent of the total load Usmg thiS mformatlOn, the total annual mdustnal
consumptIOn would be 468,840 MWh (ten percent of the total annual load of 4,688399 MWh)
Assummg an mdustnal work schedule of SIX days a week, the hourly value IS then 167 MW per
hour (468,840 MWh divided by 52 weeks by 6 days per week by 9 hours per day) Tills value
mcreases 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 of9 am and 6 pm averaged 275
MW Usmg seventy percent of tills figure as the estimated mdustnal load, the mdustnalload IS
193 MW Tills value compares favorably With the values of 167 and 200 MW prevIOusly
calculated Therefore, the assumptIOn of seventy percent of the load dunng the day bemg
mdustnal 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 mdlcates that
the annual demand IS 4,688,399 MWh Subtractmg 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 of9 am and 6 pm IS 765,565 MWh, ofwillch an estimated
10%, or 76,557 MWh, was resldent'al The evenIng and mommg 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 evenIng and mommg start-up penods are dommated by the reSIdential loads Whtle there
would be some commercial loads m the evenIng (restaurants, theaters, and other entertamment),
the commercial morrung load would be very small Therefore, the residential load IS assumed at
85% percent for the evenmg and mommg loads, WIth the remammg 15% bemg commerCial and
mIscellaneous loads

Based on these assumptIOns, the reSIdential load would be

•
Evenmg and morrung start-up penod
DaIly load (9 am to 6 pm)

Total resldentlalload

F CommerCial Demand

728309 MW
76,557MW

804866 MW

Smce mdustnal customers are belIeved to consume 10% of the electnclty and reSIdential

customers consume 50%, thIS means that 40% IS unaccounted for CommerCial customers and

mIscellaneous users have to account for thiS forty percent, but It IS difficult to look at the load

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT- DRAFT (SepI1998)



•

•

•

•

•

•

•

•

•

•

Armenia Power Supply! Conservation Program Demand-Side Management Measures 00#28 40

curves and see any discerruble pattern that would be obVIously attnbuted to commerCIal
customers Nevertheless, the commerCial load IS assumed to occur dunng the standard penod
from 9 am to 6 pm
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Source Energy Regulatory Comrmsslon (1997)

Complex of the Vorotan Hydro power plants
Cascade of Sevan-Hrazdan hydro power plants
Pnvatlzed small hydro power plants
Hrazdan thermal power plant
Yerevan thermal power plant
Armeman (Medzamor) nuclear power plant

•

•

•

•

•

•

•

•

•
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4 ELECTRICAL TARIFF ANALYSIS

One ofthe most fundamental aspects ofany busmess IS that the revenues must be greater than the
total expenses For Armerua's electncal Industry the companson of Income and expenses IS
ddIicuit to make because ofthe compleXity of the generatlOn of electnclty Tills IS generally true
for most utIlItIes, as they tend to have multiple generation sources However, the costs of
generation and mamtammg the electncal system have been estabhshed by the Energy Regulatory
ComrmsslOn18 of the RepublIc of Armema and are shown ill Table 4 1 below

Table 41
Generating Costs by Plant

1 37 drams1?kWh
4 21 drams/kWh
13 00 drams/kWh
1548 drams/kWh
1626 drams/kWh
1237 drams/kWh

The supphers20 sell power to one natiOnal carner Annenergo, that IS responsible for operatmg the
tranSffilSSIon (110 / 220 kV) network In Armerua's SIX reglOns, and for dispatch/I Imports and
exports I J)lstnbutlOn of power to end-users (at 6/10 kV) IS done by eleven dlstllDutlOn
enterpnses, one In each of Armema's eleven proVInces (marz), mcludmg one m the capital cIty
Yerevan (Yerevan DlstnbutIon Company) 22 Yerevan and several smaller cItIes are mamly
supplIed by underground system, wIule remamder of the country by overhead dlstnbutlon system
Metenng on the dlstnbutlon system IS Virtually non-eXistent at present, resultmg m commerCIal
losses 23

18 Resolution No 6 dated August 1 1997 (Energy Regulatory CommiSSion 1997)

19 At the time ofwntlng thiS report, I US$ = 500 drams

20 All suppher enterpnses, except Armema (Medzamor) nuclear power statIOn are gomg to be
pnvatlzed The seven small hydropower stations were pnvahzed m 1997

21 Currently the dispatch functIOn IS merely an allocatIOn of eXlstmg supply and not econorrnc
dtspatch Operatton of the transrrnsslOn network as a radial system has also resulted III decreased system
stability

22 In July of 1998 these eleven dlstnbutlon compames were further consohdated mto only four
regIOnal (mcludmg one m Yerevan) dlstnbutIon compames (personal commumcatlOn)

23 A proposed World BanklOECF (Japan) program aims to prOVIde multl-tanff meters on the

d1stnbutlOn system nodes (Mlmstry ofEnergy, August 1997)
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The costs shown m Table 4 1 represent average costs for operatmg each supply faCIlIty However,
when the nuclear plant IS operated dunng a summer rught, It operates at partIal load (at
approximately 50% of Its capacIty) Estimates show that operatmg thIs plant at partmlload
Increases Its operatIOnal costs 3 5 times the full load operatmg costs If the nuclear plant IS to
contInue m operation, It should be loaded closer to Its rated capaCity, whIch Will help to keep both
the nuclear plant operatmg costs and power system average costs low 24

The Energy Act of 1997 established an mdependent Energy Regulatory COmmISSIOn, whIch sets
tanffs for all sectors, Issues productIOn hcenses, and IS responsible for creatmg equal condltlons
for all entItles The Energy Regulatory Law, adopted m June 1997, defines the pnnclples to be
applIed m settmg energy pnces and tanffs The pncmg reform aims to gradually Increase the
tanffs to full recovery The electncal tanffs that dIfferent types of customers currently pay are
shown In Table 42

•

•

•

•

Table 4 2
Electncal Tanffs (1997-98)

Sales to dlstnbutlOn networks (average)
Sales to 35 kV and hIgher voltage customers
Sales to direct customers of 6-10 kV
Sales to 0 4 kV customers

ReSidential up to 100 kWh/month
ReSidentIal 100-250 kWh/month
ReSidential greater than 250 kWh/month
and all other 0 4 kV customers

Sales btn Ilpm-7am to hIgh voltage customers on TOU

1534 drams/kWh
16 drams/kWh
20 dramskWh

15 drams/kWh
22 drams,':':'.Vb

25 drams/kWh
12 drams/kWh

•
24 As dtscussed earlIer there are SOCial and political efforts to close thIS plant due to Impendmg

nsks ansmg because of Its location on or near an earthquake fault zone In 1989 Medzamor nuclear
power plant was shut down owmg to the fears of seIsmIC damage caused to the power station by the 1988
earthquake One of Its 440 MW umts (Umt 2) resumed operation m late 1995 to overcome the acute
electnclty cnsls and to help reduce over-reliance on hydropower that was (and stIn IS) leadmg to senous
lowenng of Lake Sevan (MtmslIy of Energy August 1997) Arrnema s government currently also has
plans to reacttvate Medzamor s Urnt 1 (USElA, 1996) whtle It also plans on the other hand to close
down the enure nuclear faclhty by 2005
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Features of Tariffs and Costs

1 Yerevan power plant has costs that exceed 16 drams/kWh Yet, some of the tanffs are below 16
dramslkWh Without knowmg how much contnbutlOn IS made by the Yerevan power plant to the
total supply, It IS difficult to know If the tanffs are adequate to cover the costs

2 The nuclear plant costs are shown as 12 37 drams However, at a summer mght thIs umt IS
operated at partial load (apprmamately 180 MW) MImstry of Energy and Fuels staff have
mdlcated that the costs of operatmg tills umt at partIal load at 3 5 times the fuIlload cost Tills
would mean that the cost ofoperatmg thIS umt at full load would be about 5 5 dramslkWh

3 ReSidentIal rates are substantIally more expensive than the other rates, except for the lowest level
of consumptIOn wluch IS pnced at 15 dramslkWh 25 Tlus rate IS potentially below the cost of
supplymg electnclty as shown mTable 4 2 ReSidential customers fallmg mto the other two rate
categones contnbute the most towards recovenng the supply costs The breakdown of how many
residential customers fall mto whIch tanff category IS unknown However, many reSidential
customers are very conscIous of electncal use, and try to mlmmlze It It IS pOSSible that the
maJonty of the customers are m the lowest tanff category, which may be below the cost of
supplymg electnclty

4 The rate charged to dlstnbutIOn compames tS also below the cost of supplymg electnclty
5 The World Bank has been supportmg the Idea ofa 20 percent Increase m electncal tanffs for over

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

normal, espeCially for mdustnal customers, and thiS type of tanff should be conSidered for
Armema

An m-depth reView ofthe electncal supply costs and tanffs IS beyond the scope of this project Such
an analySIS IS the focus of other USAID-funded efforts, IncludIng the work that one USAID
contractor IS dOIng In estabhshmg and enhanCIng the capablhtles of the Energy Regulatory
COmmlSSIOn However, It IS easy to see that from a purely techmcal viewpoInt the tanffs need to be
raised The questIOn IS whether the 20 percent Increase suggested by the World Bank IS adequate
However, raisIng the tanffs would reqUire a thorough analySIS ofwhat the tanffs should be as well
as what the consumers can afford to pay Ralsmg the tanffs may result In an mcrease m non
payments, and Increased thefts ofelectncltf6 It IS also a pohtlcally and SOCially unpopular move 27

25 Due to cross-subsIdies

26 Technical and Econoffilc Analyses of Measures for E'\pendlture StabilizatIOn and TanffRegulahon

1ll the Power Sector of the Republic of Annema (Lahmeyer July 1998)

27 In 1997 average tanffwas raIsed by 40% from 33 cents per kWh to 4 6 cents per kWh
(USEIA 1996) WIth lower pnces for the low-mcome customers Because tanffs are a heavy burden to
most Anneman families there IS a growmg publIc dIscontent (RFEIRL 1998) as the cost of productIOn IS
less than half thIS figure (average generatIOn cost IS about 23 cents per kWh accordmg to Energy
Regulatory CommiSSion, 1998) but the hIgh cost of supply IS a result of disproportIOnately large
transmISSion and dIstnbuuon (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 Armerna, there are many mstItutlOns and orgarnzatlOns that could play key roles m
Implementmg energy effiCIency projects and programs These mclude the government, energy
sector entItles, educatIOnal mstltutlOns, donor agencIes, and the pnvate sector At tills time, there
IS no specific orgarnzatlOn responsIble for energy effiCIency development and ImplementatIOn,
although there IS an Energy EffiCIency Law bemg consIdered by the ParlIament The folloWIng
paragraphs provIde mformatlOn on some of the organIzations that are associated WIth the energy
effiCiency actIVIties

Armeman Government

The MIrnstry ofEnergy (MEF) has the most slgrnficant mfluence over the development and
ImplementatIOn ofenergy effiCIency programs The MEF IS responsible for managmg the overall
energy sector and for developmg long-term strategies Wlthm the MEF there are three key
orgarnzatlOns the Department of Research and Development, the Energy Institute, and the
Energy Strategy Center In additIon to the MEF, there are other speCific governmental
orgarnzatIons charged With energy sector-related Issues The followmg are descnptlOns of these
government orgarnzatlOns

Energy Regulatory CommiSSion
Estabhshed by the Energy Act of 1997, the Energy Regulatory CommIssIOn IS responsible for
settmg tanffs, Issumg productIOn lIcenses, and for creatmg equal conditions for all entities

Ministry of EnVironment
MIrnstry ofEnvtronment regulates and morutors emISSiOnS, and morntors the water flow ofLake
Sevan (associated With hydro power plants), whIch Impacts hydroelectnc productIOn capaCIty

MInistry of Industry and Trade
The MInIStry of Industry and Trade IS currently mvolved In restructunng vanous mdustnes to
make them ready for pnvatlzatlOn Key mdustnes are currently bemg surveyed, and part of the
survey IS also to evaluate the energy usage 28

MinIstry of Economy and Finance
Tills mIrnstry assists m developmg and morntonng the expenditures of the natIOnal budget,
mcludmg makmg assessments ofany credits that reqUIre sovereign guarantees

Parliament
The ParlIament IS responsible for developmg and approvmg legislation, such as the Energy Act of
1997 Under current parhamentary diSCUSSion IS an Energy EffiCiency Law A draft of the law IS
mcluded as AppendiX - IV The draft law speCifies that ItS purpose IS to define the legal
framework for Implementation of state pohcy m the energy effiCiency sphere However, the draft

28 Results of thiS MtmstIy of Industry and Trade survey Will be avaIlable In October 1998
(personal commumcauon)

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



•

•

•

•

•

•

•

•

•

•

Armenia Power Supplyl Conservation Program Demand-SIde Management Measures 00#28 45

does not specify the state agencies responsIble for developmg and Implementmg energy efficiency
strategIes, nor does It address the fundmg ofenergy efficIency mandates

MuniCipalities and Other Local Government EntIties
These entltles control a substantial part of the market for energy effiCiency projects PublIcly
proVIded servtces such as dIstnct heatmg systems, street lIghtmg, and water/sewer systems are, m
part or whole, the responsibilIty ofmurucipalItles In addItIOn, these entItles are responsIble for the
many publIc butldmgs such as schools and office bUlldmgs

MInistries of Education, Health, and SOCIal ServIces
These rntnIstnes are m charge ofmany bUtldmgs servtng pubhc needs such as uruverSIties and
schools, hospItals, orphanages and elderly homes, and refugee centers

Electflc Energy Sector Entities

Energy Generation Companies
Power plants such as the Armeruan Nuclear Power Plant (Medzamor) have an mterest m runrung
at peak capacity m order to mcrease ItS effiCIency and decrease ItS generatIon costs

Energy Distribution Companies

As dIstnbutlon compames are pnvatized, they wIll rely more on provIdmg energy effiCIency
servtces m order to attract or keep customers, and makmg theIr own operatIOns more effiCIent

EducatIOnal InstitutIOns

Technical UniverSities
These have the capabIlIty ofprovIdmg support for and coordmatIon WIth other energy sector
players Potential actIVIties mclude research and development of energy-efficIent appliances,
mfonnation dissemmation through conferences and workshops, energy audItIng trammg, and
energy effiCIency deSIgn trammg

Pflvate Sector

Energy ServIce Companies
The Energy ServIce Comparues (ESCOs) are entIties that proVIde servIces related to
ImplementatIOn of energy effiCiency projects and marketmg for energy effiCiency actiVIties Some
ESCOs have emerged m Annerua but It IS stili a fledghng Industry In dOing energy effiCiency
ImplementatIOn In certam sectors, such as the commerCial and bUildings sector ESCOs Will have
an enonnous potential and role to play In the future

EqUipment Manufacturers
Some manufacturers, lIke the eXlstmg IIghtmg eqUIpment manufacturer LUIS Lamp Plant, IS a
potentIal manufacturer of energy-effiCient hghtmg Foreign compames, hke General Electnc, are
also mterested m tappmg tills potentially large market for energy effiCIent lamps Other local
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mdustnes are also potentIal manufacturers of energy effiCIency applIances, bOIlers, aIr
condItIOners, motors, meters, etc

Non-Governmental OrgamzatlOns

These orgaruzatIOns can play mfluentlal roles m research, polIcy development, trammg, creatmg
publIc and government awareness for energy effiCIency and m mformatlon dissemmatIOn

ASSociation of Energy Engineers
Tills membershIp orgaruzatIOn recently orgaruzed and hosted an International Energy Conference
m Yerevan whIch was attended by some 200 local energy experts It IS oresently developmg
strategIes for the dIstnct heatmg system and IS active m developmg renewable energy sources

ECO-TEAM
Tills group IS mvolved WIth energy-related envIronmental Issues

Multmatlonal Development Banks and Donor AgenCies

InstitutIOns lIke the World Bank, European bank for ReconstructIOn and Development, Umted
NatIons, US Agency for InternatIonal Development and TACIS are playmg cntIcal roles m
assIstmg Armerua's transItion from a centrally planned economy 29 Most of the foreign mvestment
commg mto Armema IS channeled through the Government

29 The reforms that have led to the reVival of Armema's electncily sector thus far, have partly
been supported by foreIgn (pnmanly Western) aId
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6 DSM PROGRAM DEVELOPMENT AND STRATEGY ANALYSIS

A Slgmficance of the Residential Sector

As discussed m preVIOUS sectIOns, the resIdential sector currently contnbutes the most to
electncity demand (see Table 6 1) Because of the lmuted avaIlabIlIty ofdlstnct heatmg and
natural gas, reSIdential customers have started to rely more heaVily on electncity for space
heatmg, water heatmg and cookmg ThIs results m a hIgher share for the reSIdential sector than
would normally be the case

Table 61
Sectoral Electnclty Consumption Charactenstlcs

End-Use Category Year
(Umts)

1996 1997
Total Consumption (GWh) 4518 4528

Agnculture (%) 67 48

Transport (%) 38 32

Industnal (%) 180 145

ReSidential (%) 451 468

Others (%) 236 273

Exports (%) 28 34

Note "Others" Includes water and sewage pumping systems, street IIghtmg and electriCity usage
In the commercial sector government bUildings schools and hospitals, etc

Source MImstry ofEnergy (August 1997)

Table 62 shows 1997 tanffs for dIfferent categones of reSidential customers

Table 6 2
Armema ReSidential Energy Tanffs

Type of Customer ElectriCity Tanff In 1997

ReSidential Customers on 400
High Consumption (Higher than 250 kWh oer month) 25 Drams oer kWh
Medium Consumption (100-250 kWh per month) 22 Drams per kWh

Low Consumption (Lower than 100 kWh per month) 15 Drams per kWh

Averaae (welahted by total consumptIOn) 21 Drams per kWh

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

Source Energy Regulatory CommISSion (1997)

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



•

•

•

•

•

•

•

•

•

•

Armenia Power Supplyf Conservation Program Demand-Side Management Measures· 00#28 48

It IS clear from Table 6 I that the reSidential sector, as a Single-consumer category, currently has,
and wdl continue to have, a major role to play In dictating electnclty consumptlOn amounts and
patterns (See Chapter 3 for a further dISCUSSion ofload profile) In thIs context, the sIgmficant
questIons to be answered are what end-use targets WIthIn reSidential sector needs Immediate
attentlOn and how Day/Nlght tanffbased DSM programs can be Implemented In thIs sector The
followmg sectlOns are an attempt to understand the end-uses, and detenrune which of them would
be the best candidate for the differential tanff system

A recent estimate of the end-use load profile done for Armema's urban and rural areas, through
an analySIS ofhousehold electnclty needs, apphance penetratlOn rates and associated comcldence
factors, IS presented In Table 6 3 The average consumption In urban areas IS remarkably hIgher
(almost double) than that of rural consumers Projected forecasts also indicate that Yerevan's
electnclty consumptlOn growth rates WIll be very hIgh as compared to Armema's other ten
"dlstnbutlOn" reglOns over the next 8-10 years (MImstry ofEnergy, August 1997) Hence,
potential reSidential DSM programs In the short-term should focus on the Yerevan regIOn

Table 63
ReSidentIal Electncal End-Use Load Profile In Armema

End-Use Urban Area (Yerevan) Rural Area
Category

Load Pene- Opera Average Load Pene- Opera Average
(kW) tratlon tlon Consump (kW) tratlon tlon Consum

(Ok) (hours) (kWh/day) f"/o) (hours) (kWh/day)

Space Heat 280 70 20 392 120 70 1 0 084

Water Heat 200 60 15 180 100 50 1 5 075

Cookmg 125 70 1 5 1 31 125 40 1 0 050

lIohtlno 100 100 30 300 100 100 30 300

Note Operation hours are cOincIdent peak hours that IS, hours of operatIOn cOinciding With the power
system peaks

Source Ministry of Energy (August 1997)

From Table 6 3, It can be mferred that the focus of load management (load shiftIng) should be on
space heatmg, water heating, cooking and hghtIng end-uses However, In order to develop more
reltable and useful electnclty dIstnbutlon and end-use load data, and to estImate the customer
response to a possIble reSIdentIal DaylNIght tanff system, an electnclty end-use saturatIon survey of
Yerevan's reSIdentIal customers (a sample of 1,000 apartment umts) was camed out under trus
project 30 The results oftrns survey are presented tn Appendlx-I 31 However, some of the Important

30 RelIable energy end-use InformatIOn IS generally not avaIlable In Armema (MInistry of

Energy, August 1997)

31 The complete results and analySIS of thIS reSIdentIal end-use survey WIll also be pubhshed as a
separate report
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results, that relates to the formulatiOn ofDay/NIght tanffs and target end-use technologies, are also
Included In the follOWIng sections

Residential End-Use Survey

The companson ofelectnclty uses In the WInter and summer obtaIned through the surveys of 1000
dwellIngs are summanzed In Table 64

Table 6 4
Weighted Average ElectriCity Use by Appliance Type

•

•

Space Heatmg

Electnc Stove

Llghtmg

Hot Water
Heatmg

Refngeratlon

TV
lronmg

Other

Wmter
42%
13%
12%

11%
10%
7%
2%
3%

Summer

Not Applicable = Seasonal Saving

12%
6%

8%

17%

6%
2%
3%

•

•

•

•

•

Llghtmg, hot water heatmg, and refrIgeration are the only applIances that have substantial
differences between summer and Winter use (subtractmg out wmter space-heatmg reqUirements)
The differences m lIghtIng and refrIgeratiOn can be easily explamed by seasonal vanatlOn - longer
daylight hours m the summer, warmer temperatures (m wmter, some Items are stored on outside
balcorues, rather than In refrIgerators) The difference m hot water heatmg m the summer may be
due to lower reqUirements for clothes washmg, and to fewer hot water reqUirements for bathmg

Table 65 summanzes the applIance use data from the surveys for those appliances which have the
lughest electnclty consumption

Table 65
Appliance ElectriCity Usage Characteristics

Type of Typical Rated Average Hours TypIcal kWh Penetration
Appliance1 Wattage (kW) 2 of Use Per Day Consumption Per Rate

Day

L1ghtmg 028 5 14 100%
Space Heatmg 3 28 3 84 60%

Hot Water Heat 1 0 1 1 0 94%

TelevIsion 010 6 06 96%

Refngerator 4 015 24 36 88%

Electnc Stove 1 0 2 20 85%

•
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Notes
1 Only IIghtmg has more than one appliance per apartment With varymg SIzes, e g. 40watts and 60

watts All appliances other than IIghtmg, are one per apartment where their usage IS reported
2 Penetration rate IS defined as the percentage of residents which own a given appliance
3 Space heatmg and air conditioner use are seasonal
4 The compressor of the refngerator cycles throughout the day dependmg upon the ambIent

temperature and the number of times the refngerator IS opened dunng the day The detailed estimate
of the average number of hours per day was beyond the scope of the survey

Survey respondents were also asked wluch applIances they would replace If they had any extra
money The most common responses (In order) were TV (30%), refrIgerator (20%), waslung
maclune (20%) and other (vacuum cleaner, audIO center, etc - total 30%) ApproXimately 20% of
resIdents did not reply to tlus 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 sluft their use ofelectnclty If given a preferentIal
tanff, and what level of tanff reductIOn would Induce them to shift Residents were gIven a chOIce
of preferentIal tanffequal to 25,50, and 75 percent of current tanffs In aU categones, 75%
85% of the residents saId that they would conSIder sluftIng theIr electncity usage to rught-time
(2300 to 700 hours) IfgIven a preferentIal tanff Their responses to the level of Inducement
necessary to mfluence such a sluft IS shown In Table 6 6

Table 6 6
Willingness to Shift ElectriCity Usage to Night-Time (2300-700 hours)

Based on Tariff Level (Percentage of Day-TIme Tanff)

• 25 Percent 50 Percent 75 Percent

Smgle-Famlly 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 wruch usages they would be wIlling to ShIft to non-peak tImes Most
often mentIOned were bathIng, clothes waslung, IronIng, and cookIng BathIng and clothes
waslung would affect the electncity used m water heatmg As seen In SectIOn 5 of thIS Appendix,
these are not the lughest electncity usages as determmed by the survey Together, they account
for only 22% (summer) to 26% (wmter) of resIdenttal electncity use Iromng only consumed 2%
ofelectncity use Furthermore, not all of the usage can be shIfted to non-peak hours The uses
that have the hIghest electncity consumptIOn, I e refrIgeratIOn and space heatIng, are the least
amenable to shlfhng their tlme of use and should perhaps be the focus of energy conservation type
DSM programs
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The results of thts survey of household electnclty usage patterns proVIdes Infonnatlon about the
Importance and nature ofvanous end-uses and potential DSM strategIes and programs

B Load Management Programs, Barners and Strategies

Typically, load management (or changing the tUlling ofelectncIty usage for end-uses) IS acrueved
through tanff mecharusms (programs such as tlme-of-use, real-tIme, and curtatlable or
mterruptIble tanffs) or direct load control Load management programs do not require illgh
mvestments, except for metenng reqUirements For Implementmg load management-type DSM
programs, the end-use has to be fleXIble or "elastic" (over time), willch lImIts It<; applIcatIOn In
many SituatIons

In Armerua, load-shlfhng optIOns (from day tIme to rught tIme) meet the ObjectIve ofbemg able to
run Medzamor nuclear power plant and the Yerevan thermal power plant more effiCiently Load
shIftIng type ofDSM programs WIll have to be Simple (two-part) due to metenng costs They also
have to rely pnmanly on behaVIoral change or changmg the electnclty end-use apphance or
eqUIpment usage patterns It should be noted here that a voluntary mdustnal TOU tanff system IS
already m place, and residentIal TOU tanffs are bemg considered 32 However, only 48 mdustnal
consumers (mostly bread factones) are on thts day/rught tanff system and the Impact on the load
curve has been mIrumal thus far (personal commurucatlOn) 33

It was eVIdent from the diSCUSSIons With the MIrustry ofEnergy and other Government agencIes
that load shtftmg-type DSM programs IS ofsIgruficance to utIhtIes and polIcy maKers Tills IS
pnmanly dnven by the objective of increasing valley load levels whIch would result m illgher
generatIOn effiCIency and lower generatIOn costs (tms matter have been explamed m the foregomg
sectIons m detail), and mcreasmg exports dunng peak (day-time) hours A TOU tanff(DaylNIght
tanft) IS therefore an attractive optIOn 34

However, the fonner objectIve IS so appealIng to the offiCials that some proponents of tills Idea
even suggested consIdenng Simple valley-fillIng DSM programs (as compared to 10ad-shIftmg)
The latter optIon could be mcorporated Into strategIC load growth DSM strategies

32 As dIscussed earlIer, these are day-mght tanffs for the hIgh voltage consumers With the low
rught tanffof 12 drams per kWh dunng Ilpm to 7am

JJ No speclfic analYSIS has been done of the load shtfung Impacts that may have resulted from the
voluntary DaylNIght tarIff However the general opmlOn ofpersons consulted was that there has not been
any specIfic load shlfung that could be accounted for by the preferentIal mght tanff ThlS IS partly due to
the "free-nder effect where the bread factones wInch would have operated at mght III any case are
takmg advantage of the saVings (and theIr electnclty bIll reducuon) wilhout really changmg theIr
electnclty usage patterns

34 It should be noted here that the lower generatIOn cost advantages (and perhaps hIgher export
earmngs) resulUng from the 10ad-shIftmg (to mght-tIme) by TOU tanff mechamsm may be offset to some
extent by lowered revenues collected from the rate-payers (due to lower mght-hme tanffs)

•
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Residential Sector TOU Ta"ffs

Even though space heating IS the largest end-use, except for the low Income residential consumers
however, space heating IS not considered to be an end-use that IS fleXible enough to respond to
dIfferentIal pnclng ThIs was also indicated by survey respondents The tanff differential might
Influence low Income customers (about a tlurd of residential customers) to shift their space
heating usage patterns, but metenng constraints wIll prevent them from dOing that Differential
tanff meters, whIch cost about US$200 each With payback penods ofmore than 8 years, are
beyond the means of the low-income customers Locally produced two-part meters are available
at a cost of $90-$11 0 per urnt which IS also beyond the reach of most low Income residentIal
customers 3S 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 pnce IS hkely to be inelastIC, as the survey also suggests These problems make differentIal
(Day/Nlght) tanffmecharnsm difficult to Implement In redUCing and/or shifting space heating
loads for most of the residentIal customers

Nevertheless, Mlrnstry ofEnergy offiCials estImate that 15%-20% load shift IS possible by
Implementing TOU pnclng strategies Time of use (Day/Nlght) tanffls potentially a Viable optIon
because over 75% responses In the survey also indIcated that they would be wIllmg to opt for the
preferentIal tanffIfthIs system IS Introduced ThIs IS also due to the fact that electncIty 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), Ironing and cookmg However,
these end-uses' share IS not very high, so the cost-effectiveness would not be as great as In the
I"ase ofspace heating end-use And, the program ImplementatIOn costs (me e'1ng costs) associated
With the differential tanffalso In a bamer

According to some experts, If a TOU tanff IS Implemented In the reSidentIal sector, people Will
heat their water at rnght and use It In the morning (for showers and other uses) It was learnt that
there IS some Itahan 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
apphance manufacturer (not yet contacted at the tIme of wntlng thiS report) could be encouraged
to proVide the heaters at a subSidized rate for the Day/Nlght Tanff program, thIS could be
successfully Implemented The incentIve for the manufacturer would he In making profits through
hIgher sales of ItS product It was also suggested that load shIfhng Will take place If the popular
teleViSIOn (TV) programs are moved from peak hours (evemng) to off-peak hours (late mght)
However, thIs approach could be problematiC as It may disrupt SOCial schedules Moreover,
energy consumptIOn for TV IS not very htgh so the overall Impact would be mInimal

In case ofresldenttaI customers, the meters could be financed by the generatIon cost savmgs (and
perhaps additIOnal export earnmgs due to excess electnclty avatlable dunng the peak hours) The
average productIOn cost IS hkely to come down by 3 cents per kWh even With 50 MW base-load
filhng (Lahmeyer, 1996)

3S YDC IS consldenng a plan to Introduce DaylNlght tanffto lOW-income consumers and proVide
the meters to them (personal commurucatlOn)
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AlternatIvely, the differential (DaylNlght) tanffstrategy can be Implemented m cOIljunctiOn With
an upcommg MIrnstry ofEnergy program through wruch a World Bank Loan IS bemg
negotiated 36 The Japanese grant ofa World Bank loan WlIl pay for the revenue (customer)
metenng that Will proVide smgle-phase meters at $110 per urnt to 9 percent of Yerevan's
reSIdential sector by 2001, and 3-phase meters at $350 pr urnt to all ofYerevan 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 IS for system metenng 31 The current ratiOnale IS to pay for these meters
through reductiOns m commercial losses, but addItional benefits related to DSM and TOU tanffs
from usmg these meters also eXist The DSM program based on a TOU (DayINIght) tanff
program could IrntIally target the World Bank meter reCIpIents In the long-term, financmg of the
TOU tanff meters could come from electncity productiOn cost saVings or through rugher
electnclty export earrungs

Industry Sector TOU

Load shIfhng usually reqUires some socIal or cultural adjustments, m that It can reqUIre mdustnes
to change the way that they operate and mdividuais to alter the way that they hve Expenence
With the eXlstmg voluntary DaylNIght tanffs aval1able for mdustnal customers mdlcates very htde
Impact Of the 48 mdustnes that use the rate, most are bakenes that would normally operate
dunng the off-peak hours anyway The voluntary rate has produced httle or no shIftmg of
electncal demand In fact, It has gIven those customers already operatmg at night a "free
ndersrup" by reducmg their electnclty bIlls

To successfully Implement an mdustnal DaylNIght tanff system, both off-peak and on-peak rat...:;
must be deSIgned properly Industnal customers must SIgn up for the rate and agree to stay on It
for a speCified penod of time ThIS Will reduce the number ofcustomers who want to Initially try
the rate and then deCIde, after a bnef penod of time, that they want to go back to their previOUS
rates Smce mvestments m DIfferential tanff meters for customers enrollmg for thIS rate have to be
made, they need to be assured that they w111 not lose money by purchasmg meters that are not
used The TOU rates are deSIgned so that the off-peak rate IS attractive to customers,
substantially lower than the standard rate (25% lower IS a typIcal value) It should be attractive
enough to mdustnal consumers to entice them to SWitch theIr operatiOns to the mght At the same
time, the on-peak rates should be higher than the standard electncal rate ThIS would serve as an

36 Tlus program mcludes metenng management Improvement finanCial system Improvement
measures and preventmg further accumulation of debt The current accrued debt IS 45 bllhon Dr whIch
would be pard for by (I) State budget (85 billIon Dr) for essentlal supplIes hke dnnk10g water budgetary
orgaruzatIons energy use etc and (2) 10creased tanffs (8 5 btllIon Dr) plus 8 5 lDIllIon Dr 10 mflatlon
and exchange rates for a total tanffmcrease of 16 billIon Dr m 1998 ThIs wIll result 10 an average tanff
mcrease from 21 Drams per kWh to 25 5 Drams per kWh (personal commumcatlOn) To offset thIs
mcrease In tarIff cost mlmmlzatIon measures need to be IdentIfied that, among other measures, could
mclude slufung loads by means ofa TOU tanff

37 The MImstry has also requested US$50 millIon from US Agency for InternatIonal
Development, mcludmg US$4 5 mIllIon for system metenng and US$10 5 mIllIon for revenue (customer)
metenng for reSidential smgle-phase meters to cover 45 percent of Yerevan (personal commumcatIon)

•
Resource Management ASSOI.-Iates of MadIson Inc PROJECT FINAL REPORT- DRAFT (Sept 1998)



•

•

•

•

•

•

•

•

•

•

Armenia Power Supply! Conservation Program Demand SIde Management Measures 00#28 54

dismcentive for the customer to sWitch back and operate dunng the day In addItIOn to the
pOSSIbIlIty offinancmg the meters through mcreased generatIOn costs savmgs (or export earrungs),
the ImplementatIOn ofthts program could also be done through Energy ServIce Comparues
(ESCOs), wherem the ESCOs could proVide and mstall the 3-phase meters at the mdustnal sItes
and have a one- or two-year contract of shared / guaranteed savmgs With the cItent

From a purely techrucal Vlewpomt, the Day/NIght tanff should not be available to consumers who
would normally operate at rught anyway The purpose of the rate IS to have customers SWItch to
rught operatIOns m order to reduce the on-peak loads Customers who operate at rught and are
allowed to partIcIpate m the TOU rate are "free nders," takmg advantage of the lower cost rates
but not benefittmg the utIlity by shtfhng any load

C Energy Conservation DSM Programs and Strategies

Energy conservatIOn-type DSM programs (that reduce the amount ofelectncity for end-uses
through effiCIency Improvements) mclude energy audIts and mformatlOn, mcentives and loans,
dIrect mstallatlOn, and eqUIpment supplier/vendor programs Energy conservatiOn DSM programs
almost always reqUIre monetary mvestments, whIch are paId back m time through savmgs The
mvestments can be made by the utIlIty or the customer or a thIrd party hke an ESCO, and the
programs create a market for effiCIent apphances and eqUIpment ("market pull"), whtch leads to
market transformatiOn That IS, m the long run, the end-use eqUIpment market IS 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),
mecharusm replaces "market pull" thereby makmg energy conservatiOn a sustamable effvrt

Table 6 7 lIsts a broad array ofapplIances and eqUipment that are generally targeted through
dIfferent energy conservatiOn type DSM programs m the Umted States The effiCIency
Improvements are Implemented through programs whIch ranges from InCentIves to dIrect
InstallatiOn
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Table 6 7
Energy End-Use Technologies for Efficiency Improvements through DSM Programs In

the United States

• Space Heatmg

Refn eratron
AIr Condltionin
BUIlding Envelope

•
Water healing

Commercial Instltutlo alighting

•
Space heating

• Refngeratlon

Water heating

Air conditionIng

• BUIldIng envelope

•

•

•

Industrial
Controls
Llghtlng

Motors and Motor
Systems

Controls
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Armerua's energy end-use situatIOn IS however, different from the end-uses shown In Table 67
Again, In Armerua the focus of energy conservation program, at least In the short-run, will lIkely
be on the residential sector The follOWIng paragraphs descnbes the vanous 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
electnclty 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 faCIlItate the development, manufacture, and avaIlablhty ofeffiCient hghtIng
products lIke CFLs (market push actiVIty) This should be both for fluorescent lamps and CFLs
and pOSSibly for motIOn-senSitive lIghts (espeCially for office bUlldmgs)

Water Heating

Electnc water heater measures (IncludIng replacement With effiCient water heaters, InstallIng heater
Jackets, etc) could be Viable options for a energy conservatIOn DSM strategy However,
ImplementIng thiS measure would reqUIre IrutIaI mvestments, which could be proVided through
Incentives and loans For a water heatmg end-use (for mstance In 14-story bUIldIngs), YDC IS very
Interested In a solar water heaters program 38

Refrigerators and TeleVISIons

Table 6 4 of the survey results suggests that refngerators are a major-end use, particularly dunng
summer Also, the survey suggested that among the apphance replacement pnontIes, TV (30%)
and refrIgerator (20%) are top on the lIst Based on this data, It could be suggested that potential
InformatIOn type DSM programs should be Implemented for these two categones of applIances In
the long-run, the standards and labelIng pohcles could also be pnontIzed accordmg to the
applIance replacement projectIOns determmed through the surveys

Industnal Sector Energy Conservation Options

38 Once costs are available, a benefit cost analySIS ofa water heater replacement program
(through dIrect Installauon of solar water heaters In multi-story bmldmgs) could be conducted to
detenrune Its economic VIablhty
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Accordmg to Energy ConurussIOn officials, mdustnal users consume apprmamately ten percent of
the total electncalload Representatives ofthe MIrnstry ofIndustry and Trade mdlcate that mdustnal
growth IS 3 to 5 percent per year However, these values are all estimates, as few statistics are
accurately kept But assummg that the ten percent mdustnal load IS reasonable, the Industnalload on
a typical summer day IS about 1000 MW (the summer daIly consumption IS apprmamately 10,000
MW) Some ofthese mdustnes operate at rught, wlule some, such as Namt ChemIcal, operate twenty
four hours a day

In most mdustnes, electnc motors make up the greatest use of electnc energy, often averagtng
between 60 and 70 percent of the total electnc load SInce motors are so plentiful and typIcally
consume such a large amount of electnc energy, It IS Important to examme motors carefully for
energy saVIngs opporturutIes There are two mam Improvements for motors

• Replacement With an energy-efficIent motor
• ImplementIng a vanable-speed dnve

Wlule these two technologtes can have slgmficant energy savmgs, each applIcation has to be carefully
examIned to determme If technologIes can be apphed A general summary of these technologies
follows

Energy-EffiCient Motors

ThIS technology IS very baSIC, SImply replaCIng an eXIstmg motor WIth a hIgh-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 sigruficantly lower than that of energy-effiCIent
motors And lfthe motor has been rewound, the effiCIency would be further reduced WhIle replacmg
motors IS very sunple, the energy saVIngs potential IS dependent on the SIze of motor, the electncity
rate, and the annual operatIng hours Smce the prerruum for rugh-efficiency motors can be substantIal,
It IS necessary to pay attentIOn to these factors to optimIze theIr ImplementatIon Payback penods of
two to three years and longer are typIcal for upgradIng an average-effiCIency motor If the motor has
been rewound or IS extremely mefficient, the payback penod would be shorter For Instance, m the
US, average motors between 5 and 100 horsepower have a three-year or better payback when
replaced With a high-effiCiency motor If the average electncal rate IS $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 IS 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 electncal utIlIties have encouraged the use of Iugh-efficiency eqUlpment such as motors by
offenng rebates to the customer to help offset the mcremental dIfference In pnce between a standard
and a hlgh-efficlency motor The questIOn, of course, IS how much of a rebate should be offered, so
that It will encourage the mdustnal customers to purchase the higher effiCIency motors, yet not negate
the antICIpated electncal savmgs on the electncal system ThIs type ofDSM program IS dependent
on what eqUipment IS avaIlable In the Armeman market and the cost of that eqUIpment It's pOSSIble
that all motors would have to be Imported to Armema, so Import tanffs would be relatlve But If
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standard efficIency motors are produced In Armerua and hIgh-effiCIency motors are not, the Import
tanffs added to the Incrementally hIgher cost of high-efficiency motors would probably negate thIs
optIOn

Variable-Speed Dnves
Vanable-speed dnves (VSD) (also called adjustable-frequency dnves) are controls that morutor the
motor load and reduce the energy to the motor, so that motor use IS optIffilzed ThIs IS especially
effective for operatIOns where the load vanes slgruficantly dunng the day These devices save energy
but do not save electncal demand, smce It IS assumed that the motor stili operates throughout Its
entire range of loads Siffillar to motor replacements, energy saVings relate to the number of hours
that the motor operates But more specrlically, they are functIOns of the motor loads and the number
ofoperatmg hours at each load OperatIOns that require a constant speed are not good candidates for
VSD, smce the potential saVings Will be nurumal Potential energy saVings can easIly be calculated,
and many manufacturers proVide computer programs to demonstrate the annual energy savmgs and
the payback penod Normally, the vanable-speed dnve eqUipment can be expenSive, so It IS Important
that the apphcatIOns are carefully selected

Power Factor Correction (Reactive Power Compensation)
Usmg electncal energy IS very baSIC, but It can differ from faCIlIty to faCIlIty "Power factor" IS the
term that IS used to descnbe the "effiCiency" of the electncal use Low power factors (below 0 95)
can SIgru.ficantly add to the electncal demand placed on the power system For mstance, If a customer
has a load of one megawatt and a power factor of 0 95, the utilIty actually has to proVIde I 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 UT l.ty has to proVIde
an additIOnal 0 13 megawatts, for trus one customer as a consequence of a low power factor Power
factor correctIOn requires an engmeer to determme the current power factor and to deSIgn the
appropnate capacitors to correct the load to at least 0 95

The power factor mmost of the mdustnes IS low, as a result ofold, mefficlent eqUipment and because
the mdustnes operate at low, partial capacIties (mdustnes were deSigned to operate assummg full
production, but now their production IS around 10%) WhIle provldmg capacitors may be expenSive,
thiS Improvement's Impact IS Immediate, lowenng the electncal demand for the mdustry To
encourage this Improvement, the utilIty should give senous conSideration to Implementmg a penalty
m tanffs for Industnes that operate at sub-90 per cent effiCIency levels Chargmg 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 In DSM programs The cost of the audit IS either
paid for or subSidized by the utilIty ThiS type of activity IS very good at Identlfymg the mefficlent
energy users In mdustnes When Implementmg thiS type of program, several baSIC factors should be
conSIdered

1 The auditors should be certIfied or approved by the utilIty to determme that they are
mdeed quahfied to conduct a complete and proper energy audit

5 The utIhty should establish the format ofthe audit report, so that the audits are as uruform
as pOSSIble

•
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6 The recommendatIons of the audit should be standardized as much as possIble, m that
sirntiar recommendatiOns m one facIhty should have sImIlar savmgs and costs mother
facIlItIes

7 All audIts should emphasIze short-term Improvements or those recommendatIons that
have payback penods ofone year or less

An energy audIt program IS really an IdentrlicatIon program, m that It IS mtended to provIded techrucal
mformatiOn to assIst the plant management m decIdmg 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 penod be Implemented at the mdustnal plant
withm SIX months of completmg the audIt If the plaTlt management fads to follow through on tills
conditIOn, they would be charged for the cost ofthe audIt The Important thmg IS to get the customer
to Implement the energy savmgs Improvements

Commercial Sector Energy Conservation Programs

A SIgnIficant opportUnIty for DSM actiVIties IS available at commercial and government bUlldmgs
The commerCial sector m ArmenIa has rapIdly expanded m the last three years as eVidenced by the
presence of many newly-remodeled buIldmgs that host restaurants, bars, cafes, banks, retail shops,
and offices There are also numerous local and federal government bUlldmgs that offer opportunIties
for replicable energy effiCiency projects Types ofgovernment bUlldmgs mclude schools, hospitals,
elderly homes, orphanages, and office bUlldmgs Buddmg envelope Improvements, energy
management systems, IIghtmg, and water heatmg are types ofactiVitIes for conSideration m a DSM
program

Pnor to the Arrneman energy cnSIS, the space heatmg needs of the maJonty of bUlldmgs were met by
the dIstnct heatmg system (DRS) Entire bUlldmgs were heated by a pIped radiator system The
absence of mecharucal controls meant that mdlVlduai room temperatures were controlled through the
use of wmdows and supplemental heaters

Currently, only a small portIon ofbUlldmgs are heated by the DRS, leavmg the maJonty ofbUlldmgs
to be heated by mdIvldual room space-heatmg deVices (exceptions are newly remodeled or
constructed small commerCial bUlldmgs that tYPically use electnc-powered bOilers) These deVIces
are most commonly fueled by electncIty or kerosene In some cases, space heatmg IS also fueled by
wood- or coal-burrung stoves The eXlstmg space heatmg condltlons are controlled by each room's
occupants

The general phYSical condition of most buildmgs m Armenta IS poor, largely due to the lack of
mamtenance The pubhc sector bUIldmgs are III especIally poor conditIOn Scarce budgetary resources
have meant that httle or no buddIng maIntenance IS bemg performed Many pubhc buddmgs are
charactenzed by WIndows and doors that are phySIcally fallmg apart and do not close properly,
allowmg hIgh levels of outSIde air Infiltration

BUilding Envelope Improvements
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Types ofbutldmg envelope Improvements 10clude weathenzatton and repaIrs ofdoors and Windows,
caulk1Og, and 1OsulatIOn of walls, ceIl1Ogs, basements, and pIpes WeathenzatIOn of w1Odows and
doors mcludes measures such as weatherstnpp1Og, replacmg broken or mIss10g glass, replac10g
mIssmg or broken hardware, and adjustments for better fit and operatIOn Caulk10g 10cludes the
seal10g ofwmdow and door frames and other gaps/cracks m the extenor walls For the most baSIC
levels of weathenzatIOn, actIVities mclude replac10g broken or mIssmg panes ofglass and caulkmg
the larger gaps 10 the buIld10g envelope The next level of weathenzatIOn 1Ovolves 10stallIng
weatherstnppmg ThIs actIVity often reqUIres adJust10g or repamng Windows and doors so that they
operate properly ThiS actIVIty reqUIres conSiderable carpentry and painting because ofthe 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 mcreas10g the p?yback ofweathenzatIOn However, WIthout
these reparrs, the WIndows and doors would need to be totally replaced, at a much hIgher cost, some
tIme In the future tfthe bUlld10g IS gOing to be cont1Oually functIOnal and utilIzed

In general, basIC levels ofweathenzatIOn and caulk10g have payback potentIal of one to three years,
and inSUlatIOn paybacks range for eIght to twenty years

Numerous studIes over the last five years have been conducted on buIlding envelope Improvements
10 the FSU and EE Payback for Implementmg VarIOUS energy effiCIency measures are faIrly conSistent
throughout these studies These paybacks are generally based on utilIZing the DHS for space heat10g
As the DHS IS largely non-functional In ArmenIa, It would not be accurate to estImate potentIal
energy saVings us10g these studIes

SpeCific to ArmenIa, RMA has Implemented extensive weathenzatIOn projects and morutored the
results over the last five years Over the last two years, these projects have focused on pubhc
bUlldmgs such as schools, hospitals, orphanages, and elderly homes The work actiVItIes have gone
beyond baSIC weathenzatIOn to 10clude necessary repairs to the Windows and doors, whIch have
10creased the estimated payback penods The reported results Include the follOWing examples

Elderly House In Yerevan

Actual Results
Winter temperature inSIde weathenzed rooms IS hIgher by 8-10 degrees C
Heat losses from infiltratIon at Windows were reduced by 91 8%
Theoretical Results
Energy saVings for mOnItonng penod = 536 5 mIllIon BTUs
Payback penod = 475 years

Orphanage rn Kharberd

Actual Results
W10ter temperature inSide weathenzed rooms IS higher by 5-8 degrees C
Heat losses from infiltratIOn at Windows were reduced by 903%
Theoretical Results
Energy saVings for morutonng penod = 4575 mIllIon BTDs
Payback penod = 5 6 years
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School # 8, Yerevan

Actual Results
Wmter temperature inSIde weathenzed rooms IS hIgher by 5-8 degrees C
Heat losses from InfiltratIOn at Windows were reduced by 60%
Theoretical Results
Energy savIngs for momtonng penod = I 06 bIllIon BTUs
Payback penod = 3 6 years

Maternity Hospital #4, Yerevan

Actual Results
WInter temperature InSIde weathenzed rooms IS hIgher by 5-10 degrees C
Heat losses from InfiltratIOn at Windows were reduced by 84 5%
TheoretIcal Results
Energy saVIngs for momtonng penod =34 billion BTUs
Payback penod = 1 16 years

By InstItutIng a weathenzatlon program for all commerCial and mumclpal bUIldmgs In Armema, It IS
estImated that substantial saVIngs could be made Multilateral banks have proVIded fundmg for a
number ofbwIdmg-related energy effiCIency projects In the Former SOVIet Umon (FSU) and Eastern
Europe (EE) In Armema there currently IS a World Bank-funded program, the Armeman Sacral
Investment Fund An opporturuty eXists for a comprehensIve bUIldmg envelope Improvement project
that would target bUildIngs servmg the public ThIs project would emphaSIze cost-effectJ e energy
effiCIency Improvements and necessary repairs to the buddIng The funds for the work would be
repaId through the savmgs generated by the buddIng's lower energy costs

Energy Management Systems

StudIes have shown that buildIng controls and msulatIOn Improvements can result m saVIngs at 3 to
5 year payback penods In bUIldmgs such as hotels WhICh run on commerCial baSIS, these savmgs are
qUite attractive Smart energy management systems can be mstalled by ESCOs m commerCial
bUIldmgs lIke hotels and bars, and Implemented through performance guarantee based shared savmgs
contracts ThIs same pnnclple could be applIed for commerCial IIghtmg Improvements In a WIder
range ofbUildIngs

Water Heating

SIgmficant commercIaVmumcipal users of hot water mclude pubhc mstItutlOns such as hospitals
orphanages, and elderly homes, and commerCIal enterpnses such as hotels, laundnes, and food
servIce firms

Energy Conservation In MUniCipal Sector

Street LIghting
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Pnor to the energy cnsls m Armema, street ltghtmg was common throughout Armema Dunng the
energy cnSIS, very lIttle street lIghtmg or publIc lIghtmg of any kmd was VISible Over the past few
years, as the supply ofelectncity has Increased, essentIal streets and unportant pubhc areas In Yerevan
have been proVided With ltghtmg Street and htghway ltghtmg and the IllummatIon of other publtc
areas are the responsibIlIty of local and natIonal government entIties that have scarce financIal
resources, lunttmg the amount of lIghtmg proVIded and reducmg the mamtenance necessary to keep
the systems m good operatmg conditIOn

30% of Yerevan's 90 major streets have some level of street hghtmg, utIllzmg energy m-efficlent
hydrogen bulbs The remalmng areas of Yerevan, as well as the rest ofArmema, have VIrtually no
current street hghtmg As econOffilC conditions Improve m Armema, more areas Will gradually see
street hghtmg restored, mcreasmg the demand for electnclty Yerevan's current street lIghtmg
schedule IS restncted m hours of operatIOn because of msufficlent funds to pay for the energy
consumption and mlscellaneous expenses associated With mamtenance and repairs The current
lIghtmg schedule IS separated mto wmter and summer time hours

•
Wmter hours
Summer hours

1730-23 30
2030-2230

•

•

The Yerevan City Llghtmg Company CYCLCO) IS responsible for the operatIon and system
mamtenance of, and payment for, electnclty utIhzed for the street hghtmg m Yerevan The YCLCO
IS funded by the Mumcipahty ofYerevan, whIch receives ItS fundmg form the Federal Government
If YCLCO fads to pay for electnclty, the local electnc dlstnbutlOn wdl disconnect the sefV1ce

The current annual electncal consumptIOn for all 30 Yerevan streets proVided With hghtmg IS
estimated by YCLCO to be 3,000,000 kWh RMA estimates that replacmg the eXlstmg hydrogen
bulbs WIth high-pressure, sodIUm-vapor bulbs could result m savmgs of 40% of the current
consumption, or 1 2 mdhon kWh annually

Water and Sewer

Water Supply System Electnclty utlhzed m the water supply system can be separated mto two
categones the main supply system and bUlldmg level pumps Water pumps supplymg Yerevan

• account for 70% of Armema's total water supply volume and consume a sifillar percentage of
Armenta's electnClty dedIcated for water supply The City ofYerevan IS located at an elevatIOn of900
to 1,450 meters above sea level Seven water pumpmg statIons are located m elevatIOns hIgher than
Yerevan, and three statIons are located at lower elevatIOns The pumpmg capaCIty ofall the statIOns
combmed IS much hIgher than currently needed because of severe economIC condItIons that have

• resulted 10 most mdustrIes closmg or operatmg at a much reduced capacity Dunng the last ten years
water supply system maIntenance and repairs have been mInimal resultIng 10 severe system
detenoratlon It IS estlffiated that the water loss due to poor techrucal conditIOn ofthe system IS 60%
65 %

• Yerevan water supply pumps work 24 hours/day all year and consume 220 mIlhon kWh/year A total
water volume of 13,867 hters/second IS supphed to Yerevan, 60% (8,100 hters/second) of which IS
supphed by the water pumpmg statIOns Yerevan MUnICipal Water engmeers calculate that 24% of
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thIs amount (1,950 lIters/second) could be supplIed by a graVIty-fed system, mstead ofelectnc pumps,
resultIng In saVIngs of24 nulhon kWh/year A report prepared by the MUnIcipal Water Utlhty also
states that 1f the entire Yerevan water supply system was reconstructed accordmg to an energy
efficient design, energy saVIngs totahng 110 mllhon 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 hmlt the amount of techmcallosses
and reduce further damage to the network Because of the low water pressure, almost all bUlldmgs
taller than 4-5 stones reqUIre supplemental water pumps There are 1,100 registered bulldmg pumps
regulated by the water utthty Therr hours ofuse 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 buildmg pumps, With their
schedule ofoperation and electncal 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 million credit to Armema to Improve the Yerevan
water supply system The project Will (1) make emergency short-term Improvements m the water
supply system to Improve the dnnkmg 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 sustamable Involvement of the pnvate sector m the overall management of these
serVIces m Annema

The cost estimate prepared by the Yerevan MUnICIpal Water UtilIty for total reconstruction of the
water system IS $246 millIon

• o DSM Program Recommendations and Strategies

•
Based on the foregomg diSCUSSions, Table 6 8 summanzes the vanous actions and strategIes that
could be undertaken over the short- and long-term to Implement energy effiCIency Improvements
through DSM programs A balanced nux of different programs, end-use technologies, sectors, and
strategies would be deSIrable

In the short-run (up to 2005), the major factors that wIll dnve the chOIce of DSM strategIes and
polICies are

In the long-run (after 2005), the followmg charactenstIcs of the sector will dictate the mix ofDSM
programs and strategies

•

•

•
•
•
•
•

Armenta Nuclear Power Plant (Medzamor) wIll be 10 operatIOn
Energy effiCIency eqUipment market IS not fully developed
Relatively smaller export market (due to technological and political barners)
HIgh tranSmISSion and dlstnbutlOn, and commercial losses
Focus ofprograms wIll be In Yerevan area
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Armerua Nuclear Power Plant Will not be In operatIOn
Energy efficiency eqUlpment/apphance market wIll have developed because of market
transformatIOn
A larger export market for electnclty wIll eXIst
Focus of programs Will move from Yerevan to other areas of Armerua

• In additIOn to specIfic DSM program ImplementatIOn, other comphmentary strategtes have to be
developed through energy pohcles Some of those steps are

•
•
•
•
•
•
•

InformatIOn DisSemInatIOn and EducatIOn StrateC?;les to Increase awareness
Compulsory Energy Audits
Strengtherung ofEnergy EffiCiency Standards and Introduction ofLabehng System
TransitIOn to RatIOnal Cost-of-Servtce Based Tanffs and CollectIOn
FaCIlItatIng ESCO Busmesses
Estabhshment of a DSM Cell and traInmg of ItS staff

•

•

•

•

•

•

•

These strategies are dIscussed m detaIl m 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 Mechamsm Technologies or Utility or Societal Costs Strategies and Possible

Benefits Benefits FmanclO2 Mechamsms
Load Management Resll!enltal Low Tlme-ofuse Space Heatmg, Hot I Savmgs due to Reduced bills TOU I Meters to be financed by the
DSM Sluftmg from ConsumptIOn (Low (DaylNlght) Tanir Water Clothes mcreased nuclear! Metenng generation cost savmgs (and export
Daytime to Nlghttune Income) Voluntary Washmg Iromng, thermal generatIOn revenue differentials) to be passed

Cookmg BehaVioral effiCiency by the GenCas to DISCos
Change 2 Extra power 2 Meters to be prOVided under a

avaIlable for sale World Bank program amung to
to neighbors provldmg I p meters to 9% Yerevan
dunng peak hours Residential sector by 200 I

Resldenltal High Tlme-ofUse Hot Water Clothes I Savmgs due to Reduced bills TOUmetenng I Meters to be partly fmanced by
Consumption (High (DaylNlght) Tanff Washmg, Iromng, mcreased nuclear/ the generation cost savmgs (and
Income) Voluntary Cookmg BehaVIOral thennal 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 amung to
to neighbors proVldmg I-p meters to 9% Yerevan
dunng peak hours ResIdential sector bv 2001

Industnal such as Tlme-ofUse Energy mtenslve I Savmgs due to I Reduced TaU I 3 p meters to be prOVided to all of
bread faetones (DaylNlght) Tanir mdustnal process mcreased nuclear! production Metenng Yerevan under a World Bank

Voluntary Move from Peak shift thermal generation costs program
to Off Peak ShIft effiCIency 2 Increased 2 ESCO s could prOVIde the 3 p
Operallon 2 Extra power competitiveness meters With shared savmgs contract

available for sale With the customers
to neIghbors
dunn!! oeak hours

Resldenltal High Tune-ofuse Hot Water I Savmgs due to Reduced bIlls I TaU I Meters to be fmanced by the
Consumplton (HIgh (DaylNlght) Tmff Replacement by mcreased nuclear! Metenng generation cost savmgs (and export
Income) Super msulated thermal generatIOn 2 Apphance revenue differentials) and

Heaters effiCiency Replacement apphances to be borne by the
2 Extra power customers
avallable for sale 2 Meters to be prOVided under a
to neighbors World Bank program amung to
dunng peak hours provldmg I p meters to 9% Yerevan

Resldenllal sector by 200 I
3 Apphance manufacturer could
prOVide mcenllves (recovered
throuph mcreased sales)
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Resldenltal Rescheduling popular TV BehavIOral I Savings due to Reduced Bills
TV programs from Change Increased nuclearl
evemng (peak) to thermal generatIon
mght effiCiency

2 Extra power
avaJiable for sale
to neIghbors
dunn~ peak hours

StrategIC Load Industnal non Tune-ofuse Industnalpr~ Savings due to I Lower bills TOUmet<nng 1 Meters to be fmanced by the
GrowthDSM operatlonallndustnes (DaylNlght) Tanff allow mght sluft Increased nuclearl 2 Increased generatIon cost saVIngs (and export

New Industnes operation only to the thermal generation competItiveness revenue dtfferentlals) and the cost of
revlvmg mdustnes. effiCIency for market applIances to be borne by the
give mght kW load customers
pemutonly 2 1 3 P meters to be prOVIded to all

ofYerevan under a World Bank
prOl!.l'am

StrategIc Energy Residential Llghtmg Appliance Llghtmg I Reduced need I Reduced Vendor Foreign fums collaborating WIth
Conservation DSM Commercial Vendor Development for adding power bills incentive local fums and local manufacturers

Government, Schools (CFL and Fluorescent plants m 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

Resldenltal Incentlves and Loans Water Heater Jackets I Reduced need I Reduced IncentIve incentives to be prOVIded by the
for adding power bills utility (dlstnbutlon company)
plants m the future 2 Reduced
2 Extra power expenses
available for sale
to neighbors
dunng peak and
off peak hours

Residential Informahon Program Refngerators TV I Reduced need I Reduced 1 Information Government should be Involved In
(through newspaper (replacement ofold for adding power bills program costs information mssemmatlon programs
and other media) appliances WIth new plants In 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 m their
available for sale programmmg
to neighbors
dunng peak and
off peak hours

Resldenltal Direct Installation Water Heater I Reduced need I Reduced Solar Cost ofsolar water heater could be
replacement With for addmg power bills Powered paid for by saVings anslng out of
Solar Powered Water plants In the future 2 Reduced Water Heater zero electnClty consumption.
Heater expenses Cost ESCOs could get mvolved In t1us

2 Extra power fmanclng actIVIty
available for sale
to neighbors
dunng peak and
off neak hours
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Commercial Performance Controls Llghtmg ESCOs raIse the money ( through
Government BUlldmgs Guaranteel Shared Improvements subsIdIZed loans) and mstall the
Schools HosPItals Savmgs Programs eaulPment
CommerCial Schools Direct Installation BUlldmg Fundmg through multi lateral
and Hospitals Weathenzatlon development banks and subsIdIZed

loans

Mumclpahues DIrect Installation Water Pumpmg, I Reduced need I Reduced Replacement ESCOs raIse the money ( through
Street Llghtmg for addmg power expenses ofthe Cost subsIdIZed loans) and Install the

plants m the future muruclpahty eqUIpment. Investment recovered
resultmgm through perfonnance guarantee

2 Extra power lower utlhty based shared saVIngs program
available for sale costs for the
to neighbors customers
dunng peak and
off peak hours

lndustnes Energy Audits and EffiCient Motors I Reduced need I Reduced I Energy AgencIes hke ACAEE and other
Information, Incentives Vanable Speed for addmg power Costs AudIt Cost ESCOs could get Involved m the

Dnves plants m the future 2 Increased 2 energy audtl actvJtles and do It free
competitiveness Replacement ofcost WIth the assurance that they

2 Extra power and larger Cost Will be IIlvolved m the
avaIlable for sale markets I01plementatlon process
to neighbors
dunng peak and
off peak hours

Industnes Direct Installation or Capacitors for I Reduced need I Reduced CapacItor TIlls type ofprogram IS expected to
Incentives/Rebates Power Factor for addmg power Costs Cost have very low paybacks ESCO s

Improvement plants m 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
durmg peak and
off oeak hours
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7 ALTERNATIVE SPACE HEATING STRATEGIES

A Natural Gas Supply Rehabilitation Plans

Pnor to the 1988 earthquake and the subsequent energy cnsls nearly 84% ofArmerua was served by
natural gas hnes The annual consumption of 480,000 customers m the 1980s was approx 7 27
btllion cubic meters The gas supply system IS m extreme disrepair and reqUIres substantial repairs 39

The RepublIc of Armerua has establIshed a program to restore the natural gas supply system to Its
former level

Current Status of tJr.e Gas Supply System

Annema IS currently supplied 2 to 25 mtlhon cubiC meters/day The followmg chart Illustrates the
customer mIX

Customer Breakdown

The current tanffls 56 llcdms/cublC meter

•

•

power plants
Industry
commercial and food productIOn
residential
other

1 64-2 05 mcm/day
0226-03 mcm/day
o058-0 1 mcm/day
o044-0 055 mcm/day°022-0 0275 mcm/day

(82%)
(11 8%)
(29%)
(22%)
(11%)

•

•

•

•

Restoration and ExpanSion Plan

The plan objective IS to complete the supply system restoration by 2001 Modernization of the whole
system IS planned mcludmg utIhzmg modern technolOgies and eqUipment, and Implementmg structural
changes and mstallmg operatIOnal systems to ensure economIcal and effiCient gas consumptIOn The
mam reqUIrements for restonng the gas supply system are secunty and the reliable collectIOn of
payments

The supply ofnatural gas will be restored to 100,000 CItIZens ofArmema by the end of 1998 30,000
CitIZens were reached last year By the year 2001, total lengths ofgas supply pIpIng are to be 10,000

39 Only 10% IS currently supplIed of the total estimated annual gas demand of 16 bIllIon m3 as a
result of pipelIne blockages (en-route neighbonng Republic of Georgta) and damages or payment
problems Most of the gas goes to fuel power generatIOn A newly-fonnedJomt venture (With RuSSIan and
Itahan finns) Annrosgazprom (Hmrusgazard) has started to re-establIsh a gas supply to the housmg
sector As of early 1998, only 30 000 reSIdential customers m Nork dlstnct one of Yerevan s twelve
dIstncts, have access to gas supply (It should be noted here that usmg gas fired space heaters in

apartments that were not deSigned for them [msufficlent ventIlatIOn] entaIls the potential nsks of
explOSIOns also)
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km, With 1,800 pressure regulatIOn statIons Tills restoratIOn plan wIll rehablhtate the gas dIstnbutlOn
network m 43 towns and 343 VIllages, and serve 483,000 customers

The total projected mvestment of the restoratIon plan IS $78 mIllIon and the year by year projected
expendItures are as follows

•
1998
1999
2000
2001

$235
259
188
102

•

•

•

•

•

•

•

There are no current marketmglpromotIonal plans for expandmg customer base as It IS not belIeved
to be necessary The projected future tanffs are unknown

B District Heatmg System Rehabilitation Plans

Background

The Armeman DIstnct Heatmg Systems were deSIgned to proVIde space heat and hot water for
Armema ResponsIbility for system operatIon IS spread amongst four groups the MIrustry ofEnergy,
CIty ofYerevan, provmcml commumty orgaruzations, and the power plants Accordmg to the "Fuel
EnergitIC Complex" report prepared for the the MIrustry of Energy (July 1998), the system IS
compnsed of three major thermal power plants (Yerevan, Vanadzor, and Hrazdan), a boIler house
m Gumn, 10 regIOnal heat supply statIons m Yerevan, 23 large boIler houses, and hundreds oflow-to
medIUm-capacity boIler houses MEF statIstIcs from the "Expenditure StabIlIzatIon and Tanff
Regulation" report show that dunng the 1980s

The three thermal power plants m Yerevan, Vanadzor, and Hrazdan proVIded consumers WIth
up to 6 5 Gcal (7 56 bIllIon kWH) of energy annually

2 The remammg thermal demand for Armema was 15-17 mIllIon Gcal (17 5 - 198 bIn kWh) and
supplIed by the other bOIlers lIsted above

The report also states that the current productIOn of all the systems IS 1 0 - 1 5 mIllIon Gcal (1 16
1 7 bIn kWh)

Current SItuatIon

The overall eXlstmg condItIon of the DHS, the extent of needed repaIrs, and accurate DHS
rehabIhtatlon cost estimates are unknown 40 Best-guess current cost estimates of DHS

40 There IS lIttle opportunIty for cost-effectIvely retrofittIng Armema s currently non-functIonal
central heatIng system compnsmg ofdIstnct heatmg from co-generatIon plants, from large heat only
boIler houses, and small decentralIzed boIler houses (TACIS 1996) Lack offinanCial resources reqUired
for retrofits IS also a major constramt
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rehabIlItatIOn/upgrade range from US $1 5 - $2 bIllIon Even If the DRS was functlOnmg normally,
many major components are near the end of their desIgned useful lIfe and wIll reqUire upgradmg
and/or replacement Even Without accurate DRS 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 IS to pnvattze the energy sector, and let the pnvate market place establIsh tanffs
suffiCient to finance DRS rehabilitation and upgrades DRS rehabIlitation/upgrade concepts currently
bemg discussed Wlthm the MEF mclude two DRS options (1) rehabihtatIon of entire network, or (2)
repamng only the portIOns ofthe network that are less damaged, and replacmg the remammg portions
of the network With a combmatlOn of systems such as de-centrahzed htghly efficient bOIlers, heat
pumps and geothermal sources The Armeman Chapter of the ASSOCiatIon of Energy Engmeers
(AC/AEE) COmmIttee on heat supply has proposed to the MFF a plan to more accurately assess the
conditIon of the DRS and to prepare DRS rehabIlitatIOn cost estImates The proposal mcludes
excavatmg and mspectmg representatIve portiOns of the system to determme the actual condItion
The proposal IS bemg consIdered by the MEF

The status ofthe DRS m Armema IS that only two dIstriCts of Yerevan were served last wmter Nor
Sebastta/Lucashm and Nor Nork The tanffwas 1,450/drarn/sq meterlheatmg season There are no
plans for expandmg servIce areas for the upcommg wmter

•
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8 FINANCING STRATEGIES FOR ENERGY EFFICIENCY IMPLEMENTATION

• A Internal Sources of Fmance

•

•

•

•

•

•

•

•

Utility Fmanclng

Attractive to utilIty because Increases efficiency and lowers generation cost, program of incentives
and rebates

Customer Financing

There are few sectors ofthe Armeruan economy that are actually dOing well and groWing However,
one of these IS the commercial/retaIl sector There has been tremendous growth In the retaIl sector
(shops, restaurants, hotels) over the past two to three years, maInly In Yerevan Banks are another
growth sector The extent to wluch these facIlities are consldenng energy (specifically electnclty) use
In makmg thelf purchasIng deCISions IS unknown Energy costs can be a high percentage ofoperating
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 IS, and to taIlor an inCentIve program for theIr needs Not much IS
known about theIr specific end-uses and eqUipment effiCienCies An energy awareness and
mformatlOnal campaign undertaken by the dlstnbutlon company would be one place to start It
appears that these small to medIUm-sized establIshments could afford to Invest In energy effiCiency
Improvements Ifconvmced t~at these Investments would pay for themselves In a short penod of time

Financmg through Exports

As was pomted out In Chapter 2 and 3, increasIng energy effiCiency through DSM programs would
make power aVailable to export to nelghbonng countnes ThiS IS one of the compellIng DSM
ObjectIves for Armerua At the current tIme, export opporturntIes 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 electnclty consumptIOn In key
sectors, such as the muruclpal/InstitutIOnal sector At the current tIme, local governments are payIng
the cost ofmefficlent use of electnclty If finanCing became avaIlable through export earnIngs, these
pubhc sector Investments would benefit everyone through lower budgetary reqUirements In tlus
sector

8 External Sources of Fmance

Donor OrgamzatlOns

Donor orgaruzatlons can playa cruCial role In developIng confidence In energy effiCiency programs
and projects Successful pliot 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 fundmg sources should be
utilIzed to the maximum extent pOSSIble m plannIng energy sector directIons and Investments
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ESCO Fmancmg

Fmancmg through Energy ServIce Comparues (ESCOs) IS one optIOn for consideratIOn In Armerua
ESCOs m tms context mean finanCIng of energy efficiency Improvements through a performance
contract m wmch the savmgs are guaranteed and the mvestment IS paid back through the savIngs For
background InformatIOn, a paper prepared for the Armernan InternatIOnal Energy Conference IS
Included as AppendiX - V Tlus paper addresses the prospect of finanCIng energy effiCiency
Improvements through ESCOs In Armerna, mcludmg a diSCUSSIon ofbarners and prerequIsites for
successful prIvate ESCO operation In tms section, three ESCO models wIll be presented and their
applIcabilIty to Armerna discussed

Private Sector Models
In the U S market, the majorIty of energy effiCiency projects Implemented by ESCOs are financed
usmg pnvate sector models for financmg and ImplementatIOn In some cases, the market was pushed
through government mcentlves or regulatIon The ESCO Itself can be several different types of firms
(utilIty, eqUIpment manufacturer, finanCial Institution, A&E company or speCialIzed firm) The
common charactenstlc IS that they all have pnvate sector ownership that operates In a stable and
predictable busmess enVlfonment In well-developed market economIes, the barners facmg each type
of firm wIll be the same In the prIvate sector, the types of financmg mecharnsms that are used to
Implement energy effiCIency projects Include

Because of the many barners (see dISCUSSIon m AppendIX - V), a solely pnvate sector model faces
unsurmountable constramts In the short run m Armerna A more realistic approach IS one that
combmes publIc sector ownership With prIvate sector ownership, or a public sector program With
eventual pnvatization These models are discussed below

Public Private Partnership
In countnes that are transItional and where both government plays a more dommant role m the
market, such as Armerna, a mixed publIc/pnvate effort to mobilize capItal for energy effiCiency may
be more successful In overcomIng the bamers Another way of characterIzIng bamers IS to say that
they are rIsks to the Investor/finanCier The Incentive for government Involvement In encouragIng
energy effiCIency IS that It IS a lower-cost alternative to IncreaSIng supply Government support wIll
be CruCial to reduce rIsks which are unacceptable to the prIvate mvestor Due to eXIstmg market
distortIOns, pnvate Investment In energy effiCiency makes sense In only very hmlted circumstances

•

•

•

•

•
•
•
•

Clzent Self-financmg - USIng mternal fundIng sources to Implement projects
Clzent Debt Fmancmg - Borrowmg the money to Implement energy effiCiency
Leasmg - Ownership ofthe eqUIpment generally stays With the eqUl~i11ent proVider for some
perIod of tIme WIth an optIon to purchase at the end of the agreed lease penod
Third-partyjinancmgwlth peiformance guarantees - ESCO finanCIng or bank finanCIng that
IS paId back over some penod and tIed to the energy savmgs

• One method beIng used to overcome the rIsk of finanCIng IS to reqUIre sovereign guarantees to

mternatlOnal financmg InStitutIOns, wluch lowers the Interest rate because oflower project rIsks For
example, the World Bank and EBRD are the only finanCIng orgamzatlOns provldmg large-scale
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fundmg for energy system lffiprovements In RUSSIa The World Bank: wdl proVIde funding only under
the condItIon ofa sovereIgn guarantee RUSSIa has taken out loans for over $360 mIlhon for dIstnct
heatmg system lffiprovements to date, and IS developing another $300 mIlhon loan EBRD IS lookmg
at a mecharusm that would proVide fundIng for energy Improvements wIth a regIOnal and muruclpal
guarantee, but Without a sovereIgn guarantee

Another mecharusm by wruch funding IS beIng prOVIded for energy effiCIency projects IS through
multI-proJect facIhties to large foreIgn ESCOs In these projects, the multdateral development bank:
takes both a debt and eqUlty positIOn In the ESCO, wruch spreads out the project nsk between the
corporate ESCO and the bank Recently, EBRD approved loans to two ESCOs that Will be operatmg
In RUSSia (Honeywell and LandIS & Staeffa) Other such loans are bemg consIdered for RUSSIa and
other countnes ofthe FSU

A thrrd model that mvolves the pubhc sector m acceptmg project nsks IS one where the government
(nattonal, regIOnal, or local) becomes a partner In a company that IS estabhshed to undertake energy
effiCIency projects ThIs model IS bemg used In RUSSIa In the Nlzhny Novgorod regIOn Here, the
ESCO partners are the regional government, a foreIgn corporate partner and the bank All three have
an eqUlty stake In the company and an actIve role In overseemg ItS operation The regIonal
government benefits through lower expendItures for subsIdy payments 10 the reSIdential and mumcipal
sectors

Public Sector Model
In UkraIne, the government IS establIshIng an ESCO to IdentIfy and Implement mdustnal sector
energy effiCIency projects The Esro financmg IS bemg guaranteed by the national government to
EBRD There, the project nsk IS too great to attract pnvate or publIc/pnvate finanCIng Without a
sovereIgn guarantee The ESCO that IS establIshed IS supposed to be pnvatIzed withm a two-year
penod, after receIvmg traIrung and aSSIstance from an EU techmcal consultant However, It IS too
early to tell whether thIS wIll be successfully completed withm the two-year tIme frame

Potential Sources ofFmancmg in Ongomg Programs

ThIs sectIOn descnbes a number ofongo1Og actiVities 10 the energy sector and other sectors that could
be tapped as a source for financmg the DSM recommendatIOns Each of the followmg programs was
contacted regardIng their mterest m energy effiCiency and, for the most part, responded very
favorably UtIlIZIng these programs/sources would leverage the Impact of USAID energy sector
fundIng

Caucasus Enterprise Fund
The Caucasus Enterpnse Fund IS a USAID-funded project bemg Implemented by Shore Bank of
Clucago It IS compnsed ofa ffilcro-Iendmg program (loans under $1000), bemg managed by a Shore
Bank subcontractor, Fmca Bank, With offices m Waslungton, DC, and a small-to-medlUm lendmg
program (loans up to $200,000) managed by Shore Bank Itself Shore Bank IS In the process of
setting up an Armeruan office All loans wIll be admimstered In Armema through Armeman banks
(I e, Interested borrowers should apply dIrect to the Armeman banks), whIch are setting up
apphcatIOn procedures and have full responslblhty m approvmg loans Interest rates for these loans
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are expected to be m the neighborhood of 15% Ehglble borrowers are restncted to small, pnvate,
local enterpnses

RecommendatIOns Thts Fund looks to be a potential good source for ESCO operatmg funds for
Implementmg DSM projects usmg performance contractmg USAID could proVIde support m the way
oftechrucal asSIstance to help develop bankable projects, mcludmg wntmg busmess plans If reqUired,
successfully fillmg out bank apphcatIOns for Enterpnse Fund loans, educatmg banks on the VIablhty
ofthe performance contractmg method offinancmg projects, and managmg projects such that loans
are repaId USAID nught pOSSibly also proVIde fundmg morder to buy down mterest 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 Implementmg energy effiCiency projects

Contact Susan Berger, ENIJED/SB, Tel 202-712-4194 Ms Berger was very mterested m the use
of the Enterpnse Fund for energy effiCIency projects and saId she would mentIOn such projects to
Shore Bank She was also enthUSIastIc about cross-cooperatIOn across USAID programs and mVlted
USAID to work WIth her to help evaluate how the Fund could be used m Implementmg energy
effiCIency projects

EuraSIa Foundation
The Eurasia FoundatIOn has grant and loan programs It takes apphcatIOns for the grant program on
an ongomg basiS for both Armeman and US-based projects It has two grant programs the open-door
grant system, whtch will entertam any kmd of proposals, and the competitIve grants program, whtch
IS tattored for partIcular sectors The Foundation also has a small lendmg program that IS admlmstered
mArmema

Contact Marsha McGraw-Ohve, 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
Ayvazlan, EuraSia FoundatIOn, regIOnal director In Yerevan, Mark Smith, USAID, tel 202-712-4512

European Bank for Reconstruction and Development
At present,the Energy EffiCiency Urnt (EEU) at the EBRD IS not domg anythtng m Armema, pnmanly
because ofthe unsure polItical situation there Nonetheless, the Bank's poltcy may change at any time,
and the EEU IS very mterested m any preltmmary and/or background work that may be done by
USAID and ItS contractors m the area ofenergy effiCiency, and would review any project proposals
that would take mto account Bank poltcy as descnbed below

In general, EBRD energy effiCiency projects tend to be mthe $5 to 20 nullton range, prefemng larger
projects because ofhtgh overhead costs For pnvate sector nsk projects, EBRD wIll proVIde up to
one-thIrd of the financmg, for sovereIgn guarantee projects EBRD wIll proVide 80-100% of the
financmg but wIll also ask for some contnbutlOn by the local government

For example, as concerns a dIstnct heatmg project, assurrung the system IS mUniCipally owned, EBRD
would reqUire a sovereign guarantee or, preferably, a pnvate sector participant who would be granted
conceSSIOnary treatment by the government to revamp the system In general, however, dIstnct
heatmg projects are conSidered to be hlgh-nsk, WIth low cash flow and a long project hfe cycle
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Any sort of ESCO project of Interest to the Bank would most hkely be In the Industnal sector m
whIch energy efficIency IS a component of the Investment reqUlred The cntena for a good chent
would be a credIt-worthy Industry WIth audIted accounts and sIgmficant 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 Industnes In these countnes have a weak cash
flow and rely to a sIgrnficant degree on barter

When considenng the nature of pOSSIble future projects In Armerua, the EBRD EEU has a strong
preference for pnvate 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 IS presently caPItal-constramed and not In the pOSItIOn to Invest IP a project sImply
for the sake ofenergy effiCIency

RecommendatIOns DespIte rather stnngent condItIons for lendmg m Armerua, the EEU IS very
Interested m becommg more Informed about the energy effiCiency SituatIOn In Armerua and pursuing
projects there They are also qUlte mterested m collaboratIon With other donor orgaruzatIons EBRD
should be eIther inVIted to the bnefing In ArmenIa on the results of thIS report In September 1998 or
should be proVIded a copy oftms report USAID mIght want to pursue WIth the EEU the InclUSIOn
ofan energy effiCIency component for pOSSible future mdustry restructunng loans that the Bank may
develop In ArmenIa and proVIde pre-loan assistance m the form of accountmg aSSIstance and/or
energy audltmg

Contact Energy EffiCIency Urnt, EBRD (tel 44-171-338-6737)

Overseas Private Investment Corporation
OPIC dIsburses the other tranche ofthe Caucasus Enterpnse Fund OPIC-admirnstered Funds are to
be used for very large projects of $1,000,000 or more and can be used by US comparues domg
bUSiness m the Caucasus Sirntlar funds In other countnes have been concentrated mostly In real estate
or agnbusmess The OPIC Caucasus Enterpnse Fund should be operatIOnal by the end of September
1998

RecommendatIOns Energy effiCIency Improvements could be mcorporated mto real estate projects
usmg OPIC Fund loans USAID could proVIde techmcal assistance m the form of engmeenng work
reqUIred to mcorporate energy-efficIent technologIes m bUlldmg renovation and/or constructIOn

United States Energy ASSOCiatIon

As of May 1998, no USEA-sponsored electnc or gas partnerships are m place for Annerua The
closest association appears to be between Anngaz and Western Kentucky Gas No USEA actiVIties
Wlth the Anneruans have covered energy effiCiency or DSM Annenergo has been reorgaruzed and
separated mto separate transrrusslOn, dlstnbutlOn, and generatmg companIes There are about 30
generating compames The largest generatmg company, and the one to be pnvatlzed first (sometIme
"soon"), IS the Yerevan CIty Network (contact Robert Nessaryan) Commonwealth Electnc
(contact WIlham POlst, now retIred) ofMassachusetts was set up to make Its first tnp to Armema
to mvestlgate a pOSSible partnershIp thiS month, but the Armemans balked at havmg to SWitch to
mternatlOnal accountmg standards (supposedly because of wIde-scale corruptIOn and graft), so the
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tnp was postponed Commonwealth IS now undergomg restructunng and movmg Its corporate
headquarters POiSt has retired, so thIs project IS on hold

A collectIOn of retired Pacific Gas and Electnc Company executives (mcludmg Charles Tadeosslan
and Wl1mer Kapulhan) are mterested m workmg WIth the Armemans under a "VIrtual partnershIp It

They would pull together a number of experts m vanous general management areas (bl1hng,
collectIOns, accountmg, etc) and arrange for a semmar 10 San FranCISCo With a follow up VISit to a
power plant ThIs would be a very general program for electnc, gas, dlstnbutIOn, generatIOn, or
transrrusslon

Armgaz and Western Kentucky Gas Armemans made a pre-partnershIp tnp to Kentucky 10
November 1997 Next a group ofexecutives from Western Kentucky Gas were to go to Yerevan
end of June 1998 to dISCUSS more particulars of a partnershIp agreement ThIS IS stdl 10 the very
prehrrunary stages

In conjunction WIth Hagler-Batlly's work 10 estabhshIng an 10dependent regulatory COmrruSSIOn, two
commISSion staff members spent one month WIth the Kentucky PublIc Service Comrrusslon 10
Frankfort, Kentucky, late last year In March 1998, some of the Kentucky staff, 1Oclud1Og one
comnussloner, went to Yerevan In May-June 1998, four Annemans from the staff were to return to
Kentucky to work on regulatory Issues

The World Bank
Energy Sector Umtfor Europe and CentralASIa The Energy Sector Dnlt IS presently manag10g two
loans Power Mamtenance and TranSmlSSIOn and DlstnbutlOn (T&D) The Power Ma10tenance loan
will be completed 10 December 1998, the T&D loan IS presently on hold (has not made It to the board
yet) because ofchanges 10 the Annenlan government A Power and Gas Restructunng loan has been
exarruned as well as a Power PnvatIzatIOn loan It has been deCided that at the present time there IS
no scope for a gas project, particularly consIdenng the pOSSible sale of transmission faCIlIties to
Gasprom The Pnvatlzatlon loan may go forward proVIdmg the Bank has good results WIth the T&D
loan The Energy Sector Dnlt has deCided that there has been too much damage to the dlstnct
heatmg system from ItS long Idleness to rehabilitate 10 a cost effective manner Therefore, a dIstnct
heatmg loan IS not presently bemg conSidered either In general, momes for energy projects are tight

However, the energy strategy for the Europe and Central ASia department IS to 10clude energy
effiCiency whenever pOSSible In general, the best strategy IS to approach the EnVironmental Sector
Unit WIth energy effiCiency suggestIons, whIch wIll raIse the funds, 10cludmg "free" GEF money, and
come to the Energy Sector VOlt for ImplementatlOn Now IS a good tIme to try to IdentItY grant
money for pdot projects and the EnVIronmental Sector VOlt IS the appropnate 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 Ma10tenance loan task leader - tel 202-473-5005)
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EnvIronment Sector Umt for Europe and Central ASIa The EnvIronment Sector Urnt IS finalIzmg
ItS NatIOnal EnVIronmental ActIon Plan (NEAP) for Armerna the last week of August ThIs and the
Lake Sevan Action Plan will be used to develop an EnVironmental Sector Loan, which IS now m the
plpelme The loan wIll mclude bIlateral, GEF, and World Bank components The Bank IS mterested
m mcludmg RMA findmgs on energy effiCiency options for Armerna 10 both the NEAP and
EnVIronmental Sector Loan For example, GEF funds could be used to develop pilot programs 10 the
housmg sector or hospitals and schools as part of thIs loan The World Bank has Identlfied the
reSidentIal sector as the second hIghest polluter m Armerna (transportatIOn bemg the first) It IS also
looking mto heatmg options and the use ofgeothermal energy m the dlstnct heatmg system

At the end of October 1998, the World Bank will be on mission m Armerna The first week ofthe
mission will be devoted to presentmg the NEAP The second week will be devoted to IdentIfymg
project components The World Bank has asked that USAID send a representative on thiS mISSIOn
to help Identify energy effiCiency components In addItion, the Bank IS mterested 10 send109 ItS
counterparts m the MIrnstry of EnVironment to the USAIDIRMA bnefing on DSM optIOns for the
least-cost plan to be held 10 September 10 Yerevan

RecommendatIOns One no-cost option for USAID IS to proVide the EnVironmental Urnt the
recommendatIons 10 thIs report as candidates for 1Ocluslon 10 ItS upCOmIng EnVIronmental Sector loan,
partIcularly pilot project Ideas 10 the housmg sector for GEF fundmg USAID could also leverage
some of ItS funds by provldmg techrncal aSSIstance m the development of energy effiCiency
components of the loan, begmnmg WIth the partICipatIOn 10 the World Bank miSSIOn to Armerna m
October and exammatIOn ofheatmg options, mcludmg geothermal, for Armema

Contact San Soderstrom, World Bank, EnVironment Sector Umt 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 tenn, because ofthe lack offinancial Incentives from utIlities or the government, and the
absence offunds avaIlable With the customers to unplement energy-saVing measures, there IS a strong
need for International development agencIes, or even pnvate sources (gIven the potentIally large
market) to step In and proVide the money for ImplementIng DSM projects PIlot-scale or
demonstratIon projects In the end-use areas IdentIfied In the sectlOns 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, somt" of whtch are descnbed In the follOWing sectIons

• A Information Dlssemmatlon and Education Strategies

•

•

•

ThIs strategy applIes to all sectors Customers have to be made aware of energy effiCIency products,
their costs, and theIr advantages through vanous ways, IncludIng TV, radiO, and newspapers
Semmars and conferences about energy effiCIency should also be held at regular Intervals to keep the
energy effiCiency comrnuruty at pace WIth the advances In the field Electnc utilIty can also help m
dissemmatmg information 10 the form of Informational flIers along WIth regular monthly electnc bills
to the customers

8 Compulsory Energy Audits

Mandatory audIts of mdustnal facll.I.l\5s and large commerCIal and government bUIldIngs could be
made a part of the Energy EffiCiency Law currently beIng legIslated FaCIlItIes not meetIng the
mmunum effiCIency standards should be penalized Ifthey take no correctIve action wlthtn a reasonable
penod of tIme

C Energy EffiCiency Standards and Labeling

Energy effiCiency labels, which could be either voluntary or mandatory, are also helpful m creatmg
a demand or "market pull" for energy-effiCient applIances The labels have to be properly deSigned
to convey the mformatlOn to the consumer who can then make a deCISion based on that mformatlOn
Comparative labels seem to be more effective than endorsement labels m developmg countnes

Energy effiCiency standards (mInImum effiCIency, maxImum consumptlOn, or maxImum losses) ensure
that the products (end-use eqUIpment and appliances) m the market move from an IneffiCIent 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 mto the market
However, to do tlus, adequate testmg faCIlities for energy effiCIency are reqUIred Also, the standards
should be progressIve 10 nature and keep pace WIth the technological advances gomg on 10 the field

•

•

• o Government-Supported Research and Development of Energy-EffiCient
Appliances

•
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The Anneruan government should proVIde fundmg for research m energy efficiency Improvements,
either at their natlOnallaboratones or to the pnvate manufactunng sector Expenence shows that
technolOgies have to be adapted to the local conditions and factors (such as power quahty) and locally
developed technologies are often more cost-effective m savmg energy than IS Imported eqUIpment

E Rational Tanffs and Collection

In 1997, the average tanffwas raIsed by 40%, from 33 cents per kWh to 4 6 cents per kWh (Oxford
AnalytICa, 1998, USEIA, 1996), With lower pnces for the low-mcome customers 41 Because tanffs
are a heavy burden to most Armeruan famIlIes, there IS groWIng pubhc discontent (RFEIRL, 1998)
as the cost of productIOn IS less than half thIs figure (average generatIOn cost IS about 2 3 cents per
kWh accordIng to ERe, 1998) The margm IS unjustifiably hIgh and IS a result ofdisproportIOnately
large transffilsSlon and distributIOn (T&D) losses The sector, however, stIll has to rely on government
SubSidies because the total supply costs to customers are m the range of6 cents per kWh

Government IS currently focusmg largely on regulatIOn ofenergy tariffs Enforcement ofbdhng and
bill collection dlsclphne, mcludmg disconnectIOns for non-payments, have led to mcreases m total
collectIOns from 35% m 1994 to 80% m 1998, resultmg IS reduction ofcommerCial losses

For the promotIOn of the country's energy effiCiency, the application ofeconomically substantiated
prmclples IS ofkey Importance The pnnclples oftanffpohcy are associated With ensunng a long-term
development ofthe energy sector and absolute exemption of dlscnmInatlOn among different groups
of populatIOn The first pnnclple IS connected to the demand fOJ particular types of fuel and
mvestlgatlOn of the sector development and planrung Three mam methodological approaches are
used m the formatIOn of tarIff pohcy

Accounted costs only retrospective mdexes ofsector activIties are used Tanff
resultmg from thiS approach IS limited to dlstnbutlOn ofaverage costs among
consumer groups, Without takmg mto consideratIOn development projects,
mvestment reqUIrements, and potential pnces

Economic costs changes m scope and structure of demand among different groups
ofconsumers IS taken mto consideratIOn, as well as change m demand on the baSIS
oflong-term, seasonal, and dally mdexes Such Items, as amortizatIOn of fixed
assets, expenses on ecology, and safety ofworkmg conditions are also mcluded m
econOmIC costs The mam component of the economic cost based approach IS the
calculatIOn of mcremental costs ofpnmary energy sources (gas mazut, water,
nuclear fuel, etc) The economIC cost based approach has lImItations, whIch are
charactenstlc for medIUm-term (3-5 year) forecast methods

41 Nevertheless, the deCISion to raise electrICity pnces was made In accordance With
recommendatIons by the World Bank and other mtematlOnallendmg mstItutIons (USEIA, 1996)

•
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•

• F

Margznal costs thIs IS the most Improved method ofdetemurung long-tenn costs
m developed countnes, whIch takes mto account, m addItIOn to the costs
mentIoned above, such Items as the present fuel cost (mcludmg dynamIC rent,
pOSSIbIlIty ofpnce contmgency offue! m the market), maximum growth of
demand, margmal costs ofgeneratIon, transmISSIOn and dIstnbutlOn ofan
addItIOnal urnt ofenergy, tnter-departmental mteractIOn of fuel pnces, regulatIOn of
load schedule, and energy saVIng

Establishment of a DSM Cell

•

•

•

•

•

•

•

As seen mother developmg countnes embarkIng on the DSM scene, It IS always prudent to fonn
a dedIcated group ofenergy experts who are responSIble for desigrung, developmg and
Implementmg DSM programs ThIs DSM cell could be fonned WIthIn the utIlIty, Ideally the
dIstnbutIOn utIlIty whIch has dIrect InteractIOns With the customers The cell usually compnses of
staffwIth backgrounds m energy engmeenng, energy audits, benefit-cost analYSIS, finanCIal
analYSIS, and customer mteractlOn Over tIme, the DSM cell members should be tramed m the use
ofDSM state-of-art software programs (such as DSManager and IRPManager) that are
commonly avaIlable m the market

G Facilltatmg ESCO Busmesses

Consumers must be aware of energy supply and demand alternatIves and relatIve costs m order to
make mfonned decISIons, mcludmg deCISIons about energy effiCiency In order for an ESCO market
to develop, energy pnces must be htgh enough for mvestme-t 'n energy effiCIency to be profitable
Dunng tills tranSItion penod to a market economy, there are many distortIons In the energy market
Instead ofsubsldlZlng IneffiCient energy use, the governments (federal, regIOnal, and local) would be
better offrmsmg energy pnces and only SUbsidIzmg energy for those who truly cannot afford market
pnces The hIgher energy costs would encourage people to mvest In energy effiCIency, and make
ESCOs sustamable and profitable In the short run, It may be necessary for the publIc sector to take
an actIve role In demonstratmg the effectiveness ofenergy effiCIency Investments

•
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RESIDENTIAL END-USE SURVEY REPORT
by

Mary Worzala and Dr Zohrab Mehkyan

PREFACE

The resIdentIal end-use survey was desIgned and Implemented m mIddle to late summer
1998, as one pIece of the analysIs that RMA conducted m the Demand-SIde Management
OptIOns AnalySIS for USAID Because of tIme and budget constramts, the analySIS on the
survey IS not as complete as could be accomphshed WIth the data wruch that gathered m
the survey WIth the overall contract eXpIratIOn date of September 30, trus report IS bemg
mcluded as an appendIx to the mam DSM report AddItIOnal analysIs may be conducted
between the Issuance of the draft and the final Issuance of the DSM report The results
contamed herem may be modified WIth this addItIOnal analysIs

The report's co-author, Dr Zohrab Mehkyan, PresIdent of the ABE Chapter and
Professor at the Institute ofArcrutecture and ConstructIOn, led the survey team m
Yerevan Dr Meltkyan, m partIcular, played a crucIal role m recruItmg the surveyors,
directmg the field actIvItIes, and In the data mput deSIgn WIthout the contnbutIOns of
several other mdiVIduals m Yerevan, the survey would not have been possIble Mr Armk
Zakaryan, who desIgned the database and superVIsed the data mput, and Dr Gourgen
Mehkyan, who assIsted m troubleshootmg WIth the database, deserve speCIal mentIOn

We hope that thIs survey WIll provIde a sigruficant and useful contnbutlon to the poltcy
dIalogue Wltrun the energy commuruty The conclUSIOns are stnctly those of the authors

I. INTRODUCTION

As one portIOn of the DSM analYSIS, RMA conducted a survey of 1000 resIdences m
Yerevan Trus was an Important aspect of the work, smce almost halfof electncity IS
consumed m the residentlal sector It IS Important to understand the end-uses of electnclty
and the tImIng of resIdential electncity use m order to be able to deterrntne whether there
are posSlbllltles to either sluft the tlmIng or reduce the amount of electncity consumed m
the resIdential sector The overwhelnung contnbutIOn of the residential sector to electncity
demand IS due to several factors peculIar to Armerna of the 1990s

1 Others sectors, partIcularly the mdustnal sector, are not functIOrung at a normal level
Therefore, the total electncal consumption IS very low This makes the share of
reSIdentIal electncity use relatively higher than m prevIOUS tImes In more normal
tImes, pnor to thIS tranSItIon penod, the reSIdential sector consumed 25-30% of

electnclty

•
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2 Electnclty IS the only relIable energy source avallable to the residential sector In
Armerua these days Natural gas was formerly Imported for proVIdmg dlstnct heatmg
m the wInter, and for cookIng and space heaters m the resIdential sector The supply of
natural gas has been very Imuted m Armerua for the past several years because of
dIfficultIes m GeorgIa that have mterrupted supply, and payment problems The lmuted
amount of natural gas bemg Imported currently, IS bemg used almost exclUSIvely by
the thermal power plants

3 The dlstnct heatmg system has been moperatlve for several years, wruch has led to a
dommant rehance on electnclty for space heatmg Trus contnbutes heavlly to a much
higher wmter demand for electnclty than m the summer

The pnmary purpose of conductmg the survey IS to understand the current SItuatIOn of
electnclty use m the reSIdentIal sector There IS very little data avaIlable regardmg the
speCIfic components ofend-use electnclty m the reSIdentIal sector HIstoncally, reSIdentIal
eIectncity use was not metered at the apartment level, and collectIOns were not stnctly
enforced WIth eIectncity bemg the dommant energy source avaIlable to the reSIdentIal
sector, the survey IS mtended to IdentIfy the largest end-uses and those end-uses
comcldmg With the system peak loads ThIS data w1l1 be used to deSIgn resIdentIal demand
management programs

This survey IS uruque In Armerua by VIrtue of ItS comprehenSIve nature and scope WIth ItS
heavy rehance on electnclty for all end-uses, and mcreasmgly ngorous metenng and
collectIOns system, the energy SItuatIOn IS also uruque to countnes of the former SOVIet
Uruon Payments for electnclty consume a very high percentage of household Income
However, as other transItional econOmIes move closer towards cost of servl-Ce tanffs,
energy becomes a more Important Issue at allleveIs of SOCIety In thIS way, Armerua may
be VIewed as a case study WIth some apphcablhty to other tranSItIOn economIes

• 2 DESCRIPTION OF THE SURVEY METHODOLOGY AND THE SAMPLE

•

•

The survey format was developed In an IteratIve process WIth RMA staff, the survey team
(led by Dr Zohrab Mehkyan), and key persons withm the Armeman energy commumty
First, the key Issues 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 m Yerevan Some reVISIOns were made based on the field testmg, and the
survey form was finahzed The final survey IS shown as Figure 1

The sample SIze selected for the survey was 1000 dwellIngs, whIch reached a populatIOn
of close to 4,000 mhabltants The sample size was selected m part to accommodate tIme

and budgetary constraInts Four types of bUlldIngs were selected as bemg representative of

•
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the most common types of reSIdential bUildmgs 10 Yerevan ReSIdential bUildmg
"representativeness" mcludes charactenstics such as age of the buildmg, number of stones,
constructIOn matenal (concrete block or tufa), and location 10 the CIty

The types ofbUildlOgs and the number of surveys conducted 10 each survey category are
as follows

• Smgle-FamIly Homes
4-6 Story MultI-Family BUIldmgs
9-12 Story MultI-FamIly BuIldmgs
14-16 Story Multi-Farmly Buildmgs

100 Surveys
300 Surveys
300 Surveys
300 Surveys

•

•

•

•

•

•

•

Once the survey deSIgn was finahzed, a meetmg was held WIth the surveyors to explam the
survey questIOns and to tram them on how to conduct the survey ThIs was done so that
the manner 10 whIch the questIOns were asked would be conSIstent, and to make sure that
the surveyors understood the questIons Dr Zohrab Mehkyan selected and tramed all of
the surveyors, many ofwhom were graduate students at the Uruversity ofArchItecture
and ConstructIon LocatIOns for conductmg the surveys were selected, mcludmg streets
and specIfic apartment buIldmgs, m order to get the deSIred rmx ofbUIldmgs and reSIdents
(The locatIOns are IdentIfied m the maps m SectIOn 3 of thIS AppendIX)

The surveyors completed all of the surveys over a penod of three weeks In July 1998
Surveys were conducted m person With an adult reSIdent ofeach apartment surveyed On
average, surveyors needed to make contact ,wIth four apartments m order to complete one
usable response (25% response rate) Thus, m order to complete 1,000 surveys, the
surveyors made contact With people m 4,000 dwellmgs The surveyors encountered
conSIderable reSIstance, sInce people In Armerua are not accustomed to bemg asked to
proVIde such mformatIOn, and were SUSpICIOUS of the reasons gIVen for conductIng the
survey Many of the reSIdents refused to gIve Income data In addition, the survey IS qUIte
comprehensIve and took 15 mmutes to 1/2 hour to complete each one Surveyors walked
through the apartments to record data on apphances Survey data was hand-recorded on a
survey form m Armeruan and transferred manually to an Enghsh survey form (see Figure
1) The accuracy and completeness of each survey was venfied by Dr Mehkyan pnor to
compIlmg the results
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Figure 1
Armenia Residential End-use Electricity Consumption SURVEY

1 Address of the bUilding/House Str NO ap Na

2 Numbers of stones of the House

3 Ownership of the house self-owned rented state -owned other

4 Tvpe of the house multl-storv, slnQle family,

5 Orientation of the house S-N I W-E I SE-NW I SW-NE

6 Floor of location of the apartment MId, Last

7 Number of rooms of the apartment / house

8 L,ving/ Total surface of apartment m2 / m2

9 HelQht of apartment m

10 Total Volume of apartment m3

11 Total surface of external walls m2

12 Total surface of wmdows m2

13 Glazing rate of the apartment

14 Number of glass panes single / double

15 State of wmdows Weatherized / Non Weatherized

16 Construction of walls Concrete blocks, Tufa stone

17 Thickness of walls m

18 Heat transfer coefficient of walts Wtlm2aC

19 Number of people living In the apartment

20 Number of people being at home slmultaneouslv day / night

21 Time of day of maximum consumption of electricity 6_800 8_1000 10-1200 12-1400 14-1600

16-1800 18_2000 20-22°0 22_2400 0- 2°0

22 AveraQe monthlv consumption of electrlcltv kWh

23 Average monthlv electncrtv bill Drams

24 Maximum monthly consumption of electrlcltv Winter kWh / Summer kWh

25 The average temperature In the apartment Winter, ac, Summer ac

26 The avera!=le Income of the famllv dram

27 Use of renewable enerQV Sources

28 Use of natural or lIaUid aas (monthlv consumption)
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29 Who maintainS the lighting of common areas

30 Who pays for common areas IiQhtmQ bill

31 If you had extra money which electncal appliance would
yoU replace first

32 If n1Qht electriCity rate IS cheaper, how would you use It

33 Is your house connected to Cltv Qas dlstnbutlon system yes/no

34 Have you centralized gas supply yes/no

35 Is your house connected to the dlstnct heat supply yes/no
syStem

36 Is your apartment supplied by heat yes/no

37 Would you use more electricity than usual at night (2300
_ 2 0 0

700
) Instead of day (700_2300

) If the tanff for electnclty was o 0 0

75% of davtlme tanff------yes no

38 If the answer 35 IS "yes" do you need any supplemental yes/no

Heating In your apartment

Electnclty Consumption

Type of EI apphances Total Installed Power, used Hours of Simultaneous use of DuratIOn of Total use of
power, W, simultaneously, Energy simultaneous use of energy, kWh/day

W Energy, h/day

Summer WInter Summer WInter Summer WInter

1 Llghtmg

2 Heatmg

3 Hot water

4 TV

5 Computer

6 Audio-Center

7 Refngerator

8 Pumps
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Residential End Use Survey (APPENDIX I to the Armenia Demand Side Management Measures 00#28 Report) Page 1-6

9 AIr condItioner

10 Elevators

11 Fans

12 Electnc stove

13 MIxer

14 Flat-Iron

15 Vacuum cleaner

16 Floor cleaner

17 KItchen combme

18 Washmg machme

19 Other

Total
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All of the data was mput by the graduate students mto Excel spreadsheets desIgned to
capture most elements of the survey Each survey was entered mto ItS own worksheet,
Wlth a "totals" worksheet by street name and type ofbUlldmg Street totals were compIled
mto a totals worksheet for each buIldmg type The totals worksheets are shown m
Figures 2 through 5, one for each bUlldmg type AnalySIS ofthe survey was done by RMA
and IS mcluded m thIs report Budget and tIme hnutatIOns dId not allow for a complete
analysIs of the survey data, 1 e regressIOn analySIS, correlatIOn ofvanables, vanance
analysIs, etc The full database IS avaIlable from the authors of thIs report

•
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076 076 076 04 08 06 06 426 1902 6668 6412 64 66 2023

~ 66036 ..244 27168 01731 161 089048 468 211 211 21 01 062 U8 U8 348 388 117 6166 60 S6 1462

lot.al lotal .....erIOe averaae ayerlDe lot.'
2 Healing

3024 3023 3023 349 398 309 319 30<8 279 '82 '34 369 4196

0 0 0 0 0 0 0 0 0 0 0 0 0
Total Total Totll aoneetl Hive you Conne!;' II your Use of

Hotwilter
76 76 76 11 13382 12692 8 II 9322 11882 20 T62 .,,3,04 ••• 130614

Monthly monthly Income to gil c:enU gill to night elea
3

apart 76 76 76 " 16 <462 10702 7 II 10 I< 104 382 2' 644 1290-4 76. 136 624
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5 Computer

0 0 0 0 0 0 o01a 0018 0018 1 2 0 3064

rtporl«l Itponled rtporl.. oOO/, % 0 0 0 0 0 0 0018 0018 0018 2 , 0 3054
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0 0 0 0 002 0648 1012 2824 3791 2344 0688 0'64 11691

Need In 0 0 0 0 002 0398 0802 2974 3941 2344 0688 0 .... 11 711

supplemonlary 7 Refrlge,ato,
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o 0 o~" 8 Pumpo
018 018 018 018 018 018 018 018 018 018 018 0'8 218

0 0 0 0 0 0 0 0 0 0 0 0 0

9 Air conditioner
0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 OS 08 08 08 0 0 0 29

10 Elevators 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

11 Fans
0 0 0 0 2 1J o ~09 0132 0865 034 0106 1693 0 6486

0 0 0 0 213 0261 012 0867 034 0236 , A63 0 5417

12 Elect,lc otove
3 3 3 3 661 1023 1904 17 298 16866 366 31 0 70694

1 Energy lotal consumplion Winter 017522949
kWhlm'da

0 0 0 0 111 6 '3 In 19298 14 336 382 3' 0 48284

per 'q mlper day Summer o11103669
13 MI.e,

0 0 0 0 0 0032 0366 048 0092 0075 0052 0 1087

0 0 0 0 0 0064 03801 048 0116 0075 00... 0 1 1991

2 Energy lolal con6umplion Winter 004259158
kWhlm'per 14 Flat~,on
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16 Vacuum c\eaner 0 0 0 0 1416 01'8 0'86 0298 030 1166 0098 0 3935

3 Energy total con,umptlon Wlnler 252097596 0 0 0 0 1416 0148 0458 o :!S8 0'1:26 1155 0095 0 3917

per person/per day Summe, 159701512 Whlpers d
16 Floo, cleane,

0 0 0 0 0 0368 0046 0 0 036 01. 0 0933

0 0 0 0 0 0366 0045 0128 0 036 015 0 1061

17 Kitchen combine
0 0 0 0 0 0092 0 0 0 004 0 0 0132

) Dl,trlbutlon sy6tem 0 0 0 0 0 0092 0 0 0 004 0 0 0132

") Dlslrlbutlon Healing system 18 Washing machine
0 0 0 018 1.34 2014 0834 1206 ,ot 25 "44 o 6~ 11602

) Day lime 0 0 0 018 ,.34 2538 0834 1206 lot 2304 11... 063 1133
Wlnler kWh

19 Cooking
0 0 0 0 0 0096 0 0 0 0 0 0 0096

) Surrrner IlWh 0 0 0 0 0 0096 0 0 0 0 0 0 0096

Tota'
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Figure 2 Energy Consumption for 100 Single Family Homes, Yerevan (100 surveys)
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~Ightlno .'" .78 .78 ". '''' 172 I ... 2A >4...2 109 11 111.8S 8514 362022

~I l2ot.l1 1fl343 UJ,SO 1t 030 17. 108 1083 , o. , 07 167 .~ 278 172 ,... 2A 2.82 778 827 '842 20662

-, -, . .... I .rag .... -I 2 HUlin; 08 87 87 11016 13837 103..33 9961 107.31 U186 245 !l-4 25116 11101 ,666868

• 0 • 0 .14 • • • • lA • 0 ,..
tataL tata' t"", Conntctlon Ha )'DU ConMCl. ")'Ou' u.. ..

3 Hot water " " " 8 .. 18.216 '4 !3J 210447 30, 20" 8017 74M9 1111 29979-<

"""'."1' "''''''''1' ,"'- "0" untr D" '" pan. n~tn.~ 0 • • 0" 21 92~ 21863 23667 t3 23 2408 57 )8 n: 329 8" 260 ,04

..... '" MrtbUl ..... 0" ppIy OHS - .ppI'" -tthedL-
4 TV 072 072 07\ 00' 4 ~81~ 8 .. H ~ 116 " 015 tt""5 6!1~) 4$"" 201 6276

at ..(t. .AtrtOf.m tammn by"'" la'" 097 097 097 ..0 4 3225 0 .. )06 2'" 888 43986 6268 46995 1

51'9'" 116Un )II!1U!lO 28t 0 2" 13' 3176 5 Computer • • 0 0 • • 0 0' O. • • • 11- ,- rtpol1t'd .. ..,. % • • 0 • • • • 1 01 0 0 0 11

8 Audlo-Center
011 • I' 01 .3. 19'3$ 1 '3 2773 2163 3 '14 18" 3.388 ,.... 20723

Need In '" 011 011 '.2 180 ,.. 2673 :z 6J1 3 J7t 2.... ) 158 1.B'J'J 2036.

supplementary 7 Refrigerator 2' 28 , 281 2B.B~ 28..856 28..8~6 28.976 25.216 2'.216 29.216 29.216 29.216 348 '2'

tluUna '0 '0 .. ..... ...... .,.... ...... .,... ...... .,.... ...... 4..... 660 .9.

1148-4.L.,. 8 Pumps
0 0 • • • 0 • 0 • • • 0 0
0 0 0 • 0 0 • 0 • 0 0 0 0, Air conditioner 0 0 0 • 0 1 • .. 13 , 1 o. 63
0 0 0 0 • • Q 198 ,>4 1115 '" 08 0 .9-<3

10 Elevators • • 0 0 • 0 0 • • 0 0 0 0
0 0 • 0 • 0 • 0 0 0 0 0 0

11 Fans
0 0 0 0576 15 3235 1.928 0921 18.. ... 2.8:>1 1.213 0002 163606

• 0 0 0575 1.,4895 1.833 0921 'An 1.07 2124 "71 0002 16.2646

12 Ele-cttlc l10ve
0.2 '.2 0.2 .... "7 240416 2'83' 3882 80..... 10109 n.t21 • 326672

1 Energy consumption WInter 03,6'786
kWh/m!d.y

0.2 '.2 0.2 .to 4085 19366 115i.836 4217 53.515 96.686 16i25 ,. 29' 297

per Iq mlper day Summer 0180592
13 Ml.r.er 0 0 0 '13 0 ..9 0071 10.. tlAO:' tlOU 1.31 0 ... 0 316

0 • 0 013 0069 0072 1096 0.,4185 0025 1.2615i 0'" 0 3 "96
2 Energy consumpllon Winter 00767782

kWh/m'day 14 Flat..jron 01 01 0' lA8 .... 1362 875 8.292 1.888 18.261 12M3 4.J76 7' 303
pcor cub m/per day Summer 00383.77 • 0 • ,.. 8725 U.24 714 • 602 • .8215 17...1 • 623 "" 16343

15 Vacuum c1elner 0 0 • 0515 3911 6.214 .", a 7J7 • .82 ,'8 0506 • 17 416

3; Energy consumption Winter 30332392
kWh/pers day

0 0 0 Ofl15 3735 I J58 3697 0625 ...2 108 'A" 0 ,72'9
~r ptflonfper day Summer 1 636777

16 Floor cluner
0 • 0 008 00409 , 31' 00>4 0308 '1' 0365 0.272 • 2937
0 • 0 '0' Q (1( 1315 0012 ~l:l.OIS 01. o~6f) tI.272 0 2986

11 Kltcnen combine
0 0 • 2 • '13 '05 0035 113 )fl6fI 30815i 0 10995

) OISUlb U n sy'tem 0 0 0 " 75 013 005 Dan 113 1565 '.48~ 0 20396
-J Distribution HUtlng Iystem

18 WIShing machine • 0 0 0.2.. 3748 '09' 3.9. 3... 3 1t~ 2090 1012 0633 2217'
-IOayume • 0 0 0232 3867 4.308 3377 3170t .032 2.87 1012 058. 22236
-I Winter kWh

19 Cooklno
0 0 0 • 0 • 0 0 0 • •.2. 0 02.

Summer kWh • 0 • 0 • • 0 0 0 0 0.2. • 02.

To\a' '025 101 -4 10" 16\ 2 260 5 209 1 '95' 229. 3'87 6516 59<\ 3 353 " 3284 998
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Figure 3 4 to 6 STORY BUILDINGS Total Energy Consumption In 300 Selected Apartments In Yerevan (300 surveys)
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ProDer1.les of 8Datfments Energy ConsumptJon kWhlkWh (estimated/calculated by sUrYeyorsj

Numb 01 LIvIng TOlal Total Cilatlng Numb 01 h al Un' Number or AoolJances Hours or day

loom, s r1'1l;e surface 01 me t t. glass ~Not wall habitants 24-2 2-4 4-6 68 8 10 10.12 1214 14-16 16 18 1820 20.22 22 24 TOlal

In apt m' m' m' avefaoe p nu W/m C In .lI.pan
1 Lighting

3 28 2S 25005 219-46 0 0 o 7B 26795 1069 1262 95191 413 626

731 '1415-29 202'08' 64760 64 027 '97 21B 1204 364 3 B3 3 B3 15675 12 0 0 0 004 "2 7"3 104 OB 20B 34

lOla I IOUI a erage .I et ge averag<e lotal
2 Heating

1174 1113 1173 6055 6666 464 464 501 7666 2137 3057 23345 113669

0 a 0 0 0 0 0 0 0 0 0 0 a
Tot L- Total Total onn c:uo .. e vou Connect Is your U't:O(

3
H H 36 "1216 ... 62 , .. 74 146 17 29 23045 951& 1051 34 107 371304HoC water

mOnthly monthl)' I come 10 gas tnll ga to Ipan night elect 09 08' o B' '016 5636 1174 1067 1504 27073 B611 64 66 22336 325711
consum elect Dill of the DIS supply DHS- .uppll~ .tthedt - .4 TV 1 B7 187 161 0436 6825 7576 3696 133 6266 6502 8221 80064 203 B66
ofelKt AtmOtam lamlllel by heat tatlN 199 199 199 0436 7'25 7636 3756 123 242 4126 7064 634'5 203866

706B6 '3'26'8 3376000 265 2 29<l 103 3637
6 Computer

0 0 0 0 0 0 0 046 04 02 09 0 196

re-pont"d reponed reponed 8748% 0661. 957'% 3399% % 0 0 0 0 0 0 0 046 04 02 09 0 196

6 Audlo-Center
002 001 001 0382 0"'9 0944 2732 2991 3663 4494 4977 2002 22624

Need In 000' 0007 0 0502 0729 1014 2762 2761 3403 .. 469 5164 2024 22 856

supplementary 7 Rerrlgeralor 25' 251 25 25'92 25477 26677 2566 2566 25577 267 2527 26192 304 338

heallnq 50 50 49 60015 49915 60 015 6002 60 02 50 015 5032 601 60 015 599415

'S9Jlol. 8 Pumps
0 0 0 0 0 0 0 a 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 a

9 Air Conditioner
0 0 0 0 0 003 003 o OJ 003 003 003 00'6 a 195

004 005 005 0 0 01 017 417 '52 02 1215 0155 949

10 Elevators
0 0 0 0 015 0 0 0 0 0 005 0 02

0 0 a 0 015 0 a 0 0 0 005 0 02

11 Fans 0 0 0 1253 5667 1942 1 ... , 0273 2251 6436 3851 0397 2351
0 0 0 1423 60<2 2296 0677 0262 2261 6994 3339 0427 22933

12 Electric stove
0 0 0 33 7925 2432 2304 17 63 56616 '663 8945 992 5189725

1 Energy consumption Winter a 273623
kWhlmlda

066 066 066 30 B6 7591 1773 2766 1616 46653 1674 6394 676 6412925

per sq mlper day Summer a 170248
13

0 0 0 0012 0668 031 0623 0064 0423 1561 0362 0016 39275Mller
0 0 0 00'2 0612 031 0293 0054 0333 1366 0362 0015 33785

2 Energy consumption Winter 0057359
kWhlm)da 0 a 0 2032 113 7536 1673 6805 4642 20 31 a991 3229 61748

Summer a 035688
14 Flal..jron

per cub nllper day 0 0 0 2032 679 7463 136 64315 4117 1659 1048 2594 59501

16 Vacuum cleaner
0 0 0 059 6346 2696 1176 1001 072 2366 043 001 14357

J Energy consumpllon Winter 260B801 0 a 0 059 6976 4025 0926 1001 072 2359 043 001 16037Whlp_.. d
per person/per day Summer 1623191 0 0 a 014 0946 03 a OOB 001 005 0687 003 0 2 17116 Floor cleaner

0 0 a 014 0996 03 0008 001 0 o 6B9 003 0 2 113

17 Kitchen combine
0 0 0 011 022 001 005 0 a 02 16 a 2 09

J Distribution system 0 0 0 011 122 001 o OS 0 0 02 15 0 309
I DistributiOn Healing system

18 WashJng machine
0 0 0 ) 117 B 133 345 1679 1046 052 7401 0661 0108 23 174

) Day time 0 0 0 0177 a 135 346 , .. 65 1285 0622 6136 0601 0'06 23 879

) Winter ~Wh 0 0 0 0 0 a 0 0 a 0 02 0 02
Summer kWh

19 COOking
0 0 0 0 0 0 0 0 0 a 02 0 02

Total 4523 451 45 161 2734 1358 1247 1248 228 736 5 756 4638 3140 997
5743 574 564 112' 2202 1061 9995 1009 1423 3625 365 2S4 1954 322
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Figure 4 9 to 12 STORY BUILDINGS Total Energy ConsumptIOn m 64 Selected BUlldmgs/303 Apartments In

Yerevan (303 surveys)
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Prooertles of aoartments Energy CorrsumptJon kWh/kWh (usC/mated/calculatod by surveyors) --

N mb 01 Lt mg Total Tot I GI Ling Numb or hut (cans' Number or Appliances Hours of day

rooms s r111ce surface volum~ ratl!! glass oceN ot willi habitants 24-2 2-4 4-6 68 610 1().12 1214 14-16 16 18 1820 2().22 22 24 TOlal

In apt m' m m pan s WJmJC In .pan
1 Llghltng

11 11 11 119 1S 24 02' 0 0 1936 1172 134 10245 '0464
636 1292101 2'2'622 6583608 025 200 219 12.8 306 308 308 50. 101 06 0 0 0 244 6206 12037 22076

lot I lotal averZige a...ell~ge average 101.11
2 Heating 964 96333 96333 111 a 2.27 151 799 96 967 3664 '973 267 1937 33

0 0 0 0 0 0 0 0 0 0 0 0 000
Tot L Tol I Tot I onnl:ctlO Have you Connec:;t Is your Use ot 354 35333 35333 1566 336 2666 3026 3336 4776 1396 9509 25695 46032

3 HoC water
montnly monthly Income togas cenU 9 s 10 apart night elect 32 32 32 1356 4037 256 229 3236 37 '6 1199 6337 2.02 40935

consum elect bill of the OIS s pply DHS- suppll d .lIthe d I ....
4 TV 09 09 09 02 378 82. 3146 115 527 7091 6411 60796 24030

01 elect ArrnDlam tamllleS by hut tarltr 964 963 983 0 H 709 3496 126 • 65 5549 7569 64 631 21895
2593696 1732681 4808145 132 0 301 66 3767

5 Computer
0 0 0 0 0 018 036 0.6 0 166 2 '2 062 580

reported reported reported 1867% 'I 0 0 0 0 0 06 026 034 0 17 242 052 576

6 Audlo-Center
0 0 0 0'9 2207 1644 3.34 7094 3997 2223 3946 '813 2705

Need m 008 008 008 0412 2196 2061 2321 7166 6069 2063 3826 1717 2713

supplementary 7 Refrigerator
2614 2613 2613 26172 2617 26'7 2617 2617 2617 2617 2617 26172 31399

heatmc '634 ...633 '633 "'8178 4848 .857 .862 4837 '827 .827 ...a 26 4a ,78 67985

20 35 J, 4 8 Pumps
0 0 0 0 0 0 0 0 0 0 0 0 000

0 0 0 0 0 0 0 0 0 0 0 0 000

9 Air conditioner
0 0 0 0 0 1 0 06 12. 1 I 06 624

0 0 0 0 0 0 171 361 6.8 266 012 012 1360

10 Elevators 0 0 0 0 3 3 3 3 6 306 0 0 2106

0 0 0 0 3 0 0 0 6 01 0 0 9 10

II Fans
0 0 0 0609 ... 332 6734 094 0991 144 2949 2,aa 0""9 2080

0 0 0 0809 4616 7276 066 0361 16 2399 1894 0213 1997

12 Electrac sto .... e
0 0 0 259 6732 3763 1075 10,8 1032 9896 '964 676 68880

1 Energy consumption Winter 032
kWh/m'day

0 0 0 229 6662 3218 1081 966 999 7564 4477 776 54227

per sq ITVper day Sunvner 017 I--- 0 0 0 0076 0825 0697 0275 1834 '861 1 13 0639 011 74513 Mlx('(
0 0 0 006 0626 0563 026 186 0852 1121 0709 0126 638

2 Energy consumption Wmler 005
kWh/mlday Flat Iron 0 0 0 1 16 7016 7771 6 '6 65 5 '7 901 2527 3892 7127

Summer 003
14

per cub mlper day 0 0 0 1 159 9276 6651 573 609 566 9316 2162 33 6880

16 Vacuum cleaner
0 0 0 0435 7323 " 385 0602 005 0 0616 0641 0 1375

3 Energy consumplion Wmter 336 0 0 0 0436 7119 4385 0502 005 001 0646 0685 0 1363

per person/per day Summer 178
kWh/pers da

0 0 0 037 1 "'85 061 001 017 262 06 067 0 534
16 Floor cleaner

0 0 0 037 1485 061 001 017 182 092 067 0 596

17 Kitchen combine
0 0 0 0646 '" 1401 , 125 006 .64 7887 012 0 2029

) Distribution system 0 0 0 1045 623 1392 "25 006 2 76 6 147 012 0 1990
) Distribution Heating system

10 Washing machine
0 0 0 0126 6266 6447 3636 0359 08 2907 5 '6 034 2633

) Day lime 0 0 0 01 6373 666 2556 1442 065 3217 5664 034 2584

) Winter kWh
19 Cooking

0 0 0 0 0 0441 016 016 338 0.6 O. 012 612
Sununer kWh 006 008 008 0082 0082 O. 0062 0242 1792 0342 0362 0202 383

Total
41 ~2 .,SO .,SO ,"" .. 0111665 286 24 ""'.., 27761 3"969 65268 9291011 01196 0111 4175 83
1)462 ...0 "60 9.. 1~ 16906 , .. 11 198 41 19881 222'1 3"06 312 01 U14g 2218 79

:::0

~
CD
:a
!!!..
m
:l
a.
C
8l
(Jl
c
~

~
""0
""0
mz
a
~
S'
:T
CD

~

3
CD
:l
iii
o
CD
3
Dl

5-
(Jl

~
~
:l
Dl

CD
3
CD
:a
~
CD
Dl
(Jl
C

m

Total Energy ConsumptIon In 64 Selected BUlldlngs/ 300 Apartments In14 to 16 STORY BUILDINGS

""0
:::0o...
m
()
-;
."
Z
~
r-
:::0
m
""0
o
:::0
-;

C

~
-;

en
CD
-g.
~



Residential End Use Survey (APPENDIX-I to the Armenia Demand Side Management Measures - 00#28 Report) Page 1-12

•

• 3. DESCRIPTIVE CHARACTERISTICS OF THE SAMPLE

•

•

•

•

Location of BUildangs

The bUildmgs were selected to be representatIve ofdIfferent geographical areas ofthe CIty
WIthm the four types ofbutldmgs selected The CIty ofYerevan IS qUite dIspersed and has
varytng topography WIth some areas ofthe CIty exposed to wmdy condItIOns at vanous
times ofthe year Also, Yerevan's share oftotal electrICIty consumptIOn IS the largest m
Armema, about 30% Generally, the lugh-rIse, multi-story apartment bUildmgs are found
m the outlymg areas ofthe CIty, WIth lower-story bUildmgs m the CIty center Smgle
famIly homes can be found throughout the CIty

Income dIstrIbutIOn cannot be generalIzed by area ofthe CIty, smce apartments were
aSSIgned, m past years, more on the baSIS of status on the waItmg lIst or proXimIty to a
workplace It would not be uncommon to find all levels ofmcome m the same apartment
block Although formerly State-owned, the majorIty ofapartments m Yerevan are
currently pnvatIZed, mcludmg almost all of the apartments surveyed Another factor m the
selectIOn was connectIOn to those portIOns ofthe CIty'S dIstrIct heatmg system which are
operatIonal

The map m the followmg page shows all of the buIldmgs surveyed m the CIty Followmg
are the dIstrIcts mcluded m the survey by buIldmg type, total populatIOn of Yerevan, and
sample SIZe

•

•

•

•

•

DIstrICtS Included m Survey

PopulatIOn ofYerevan

Sample SIze
Usable Responses

Resource Management ASSOCiates of Madison Inc

Ajapmak, AVan-AAnj, Davitashene, Kanaker,
Nerkme ShengavIt, Nor MalatIa, Nor Nark, Nor
SebastIa, Nor Zeltun
1 2 mIllIon (1996 Armema Human Development
Report,UNDP)
3,994 people
1000 dwellIngs

PROJECT FINAL REPORT - DRAFT (Sept 1998)
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General Characteristics of the Dwellings Surveyed

The residents of the 1000 dwellIngs surveyed were asked certain questiOns regardmg
energy use charactenstlcs as well as general charactenstlcs of the apartment and Its
reSidents These charactenstlcs have been used m the analySIS to better understand
reSidential electnclty use and to determme which elements have the greatest Impact on
energy use Some general charactensttcs of the sample are reported m Table 1

Table 1
General Charactenstlcs of Sample

Smgle-Famlly 4-6 Stones 9-12 Stones 14-16 Stones

Average Number of Bed Rooms
334 195 241 279

Average Number of
459 361 397Persons/Dwelhng 416

Number of Persons/Dwelling -
1 12 1 11 1 11RanQe 1 11

Average Size (square meters)
942 545 67 808

Total # of Persons m Survey 459 1083 1204 1248

Typical Construction Matenal 1 Tufa 89% Tufa 69%
Concrete 11 % Concrete 31 % Concrete 100% Concrete 100%

Average Glazmg Rate 2 17% 30% 27% 25%

Number of Wmdow Panes 3 161 174 197 20

Notes
1 Tufa a volcaniC rock, IS a common bUilding matenal In Yerevan It has varying denSities

and good thermal conductiVity
2 Glazmg 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 IS an average of all Windows

Smgle-farntly homes are on average the largest III size and have the highest occupancy
levels In the multi-story bUIldmgs, the average size of the apartments Increased over time,
a pattern conSIstent With the data shown In Table 1 The larger buIldmgs were buIlt more
recently The range ofmhabitants IS qUIte large, however, the average IS conSIstent WIth
data from other sources, e g TACIS BUIldmgs Report, November 1996 showed a mean
urban famIly size of4 5 persons

Smgle-farntly homes and 4-6 story buIldmgs were constructed of both tufa and concrete
block, whtle the larger bUlldmgs were all ofconcrete block constructiOn ThIS IS

attnbutable mamly to the age ofthe butldmgs, where tufa was used almost exclUSIVely as a

•
Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT - DRAFT (Sept 1998)
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budding matenal m buIldings constructed pnor to the 1960's In Armerua The typiCal
height ofthe buIldings Increased over time, I e the 14- to 16-story buIldmgs 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 smgle-pane WhIle double-paned wmdows are generally more
energy-efficient than smgle-pane Windows, it IS also Widely observed that In the countnes
of the former SOVIet Uruon buIlding mamtenance has been neglected, consequently, the
CG"1struetlOn does not hold up well over time Large cracks between the Wlnoow and the
frame, filssmg glass panes, and Ill-fittmg Windows and doors are common m Armema and
elsewhere ReSidents were asked In the survey If they had weathenzed their Windows, and
very few mdtcated that they had

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

Table 2
Wall Thickness Percentage by BUilding Type

Wall Thickness Smgle-Famlly 4-6 Story 9-12 Story 14-16 Story

Less than 30 em 10% 1% 18% 15%

30 em 7% 30% 82% 65%

40 em 35% 43% None 15%

50 em 38% 8% < 1% 5%

60 em 2% 18% None None

More than 60 em 8% None None None

As seen In Table 2, there IS greater vanatlOn m outside wall thickness In smgle-famIly
homes than m the multl-fafilly apartment bUIldmgs ThiS is due partially to the
construction matenals used (tufa vs concrete blocks) and to the standardizatIOn of
buIldmg deSigns The higher-story bUIldmgs were buIlt accordmg to the standard SOVIet
eonstructlOn norms In use throughout the former Soviet Umon

Income and Electnclty Expense Charactenstlcs

ReSidents were asked to report their average montWy famIly lUcome, however, a very
SIgnIficant number declIned to gIve tills mformatlOn The percentage not reportmg montWy
mcome IS as shown

•
Smgle-Fafilly
4-6 Story
9-12 Story

45%
24%
53%

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

• 14-16 Story 31%

•

•

•

•

•

•

•

Even for those who did report average monthly Income, the reported figure IS highly
suspect Residents are not hkely to report all of theIr monthly earrungs 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
ofArmenta It IS stIll an InterestIng number to evaluate and compare to OffiCIal statistIcs
For companson, In the 4th quarter of 1997, average monthly wage was reported to be
8,924 drams In the state sector and 20,775 drams In the non-state sector ThIs IS the most
recent data that was avaIlable (Armenta EconOmIC Trends, May 1998) Reported Income
data from the survey IS shown In Table 3, IS much lower than the OffiCIal data

The survey also contained a questIOn about average monthly electnclty bIll ReSidents In
general seemed very aware of their electnclty use and ItS cost Almost all reported the
monthly cost Even when reSidents declined to give theIr monthly Income, they wIlhngIy
reported the amount paId for electnclty When the bIllIng IS compared to lUcome, one can
see that, at least as reported, electnclty costs are a hIgh percentage of the monthly Income
However, as noted above, Income IS undoubtedly under-reported

Table 3
Family Income and ElectriCity Expense Characteristics

Smgle- 4-6 9-12 14-16
Family Stones Stones Stones

Average Monthly Income per
Dwelling (drams) 31 181 16,892 22,658 23116

Average Monthly Income (drams)
6805 4,680 6275 5,559

Average ElectriCity Bill per
Dwellma (drams) 4,705 3859 4,596 5,776

Average ElectriCity Bill per Capita
(drams) 1025 1,069 1157 1,388

Electnclty Expense as % of
Income 15% 23% 20% 25%

Note 500 Armenian drams =us$1

It IS dIfficult to draw any conclUSIons regardmg lUcorne and expense charactenstlcs smce
many of the reSidents dId not report mcorne The average mcome m the table above IS
determmed by only those apartments that dId report Income The reported rnontWy famIly
Income figures ranged from less than 5,000 drams to more than 100,000 drams There
seemed to be no correlatIon m the data between reported mcome and type of buddmg,

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT - DRAFT (Sept 1998)
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most lIkely because of the way that apartments were assIgned m the past However, the
average SIze and average bedroom numbers data (fable 1) IS consIstent With the average
mcome data Table 3 High mcome resIdentIal customers lIved m larger homes and Vice
versa Electncity consumptlOn (bill) for each category IS also consIstent With the SIze of
the homes as well as With mcomes (reported), With the exceptiOn of sImple farruly homes
As expected, the electnclty expense (as a share ofmcome) was the htghest for low mcome
customers (4-6 stones), sundar to that observed mother countnes

4 ELECTRICITY USE CHARACTERISTICS

Electncity consumption was determmed In two ways FIrst, reSidents were asked If they
knew what theIr monthly electncity consumptlOn was, as well as theIr monthly electnc b111
The value that reSIdents reported as theIr average monthly consumptiOn was converted to
average daIly consumption per dwelhng Tills reported consumptiOn IS compared to
electncity consumptlOn, wluch was calculated by askmg questiOns about specIfic
applIances and theIr hourly use Smce the survey dIfferentIates between summer and
Winter usage m apphances, electncity consumptlOn IS calculated for the two penods as
well These values are compared m Table 4 below

Table 4
Average Electricity Consumotlon (kWh)

Smgle-Famlly 4-6 Story 9-12 Story 14-16 Story

Per CapIta Total Dally
ConsumptIOn

Reported 1 78 1 85 1 96 238

Calculated

Summer 160 1 54 162 1 76

Winter 252 303 261 335

Total Electnclty Consumptron per
square meter per day (calculated)

Summer 11 18 17 17
Winter 18 36 27 32

In all of the bUlldmg types, the reported electnclty consumptiOn falls between the
calculated summer and Winter consumptiOn values Tills IS an mdlcatiOn that reSIdents
have a good awareness of how much electnclty they are consummg

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Time of Electricity Usage

In addItIon to the overall consumptIOn levels, It IS also Important to look at the tIme of
usage Several graphs below show the pIcture of the tImmg ofelectncity consumptIOn
One graph per buIldmg type IS displayed, which shows both summer and wmter usage on
the same graph It IS mterestmg to note that the tIme-of-use patterns are relatIvely sImIlar
m summer and WInter, but that the magrutude of consumptIOn IS much hIgher m the
WInter, presumably because ofheatmg and addItional IIghtmg needs

On each of the graphs, there are two peak usage penods that are eVIdent The first IS
gradually nsmg electncity use between 6 and 8 am, WIth an IntermedIate peak occumng
between 8 and lOIn the morrung ThIs IS the penod when people are gettIng ready for
work In the morrung and begInrung dally activIties In the household The second peak
corresponds to the end of the work day, WIth electncity use nsmg In the 4-to-6 pm penod
to ItS dally peak of around 8 to 10 pm After 10 pm, electncity usage begInS to drop off as
people go to bed

If the summer and WInter usage between the buIldIng types IS compared, the dIfference In
the summer and Winter peaks IS much higher In the 14- to 16-story bUildIng types In
general, the difference IS mostly due to the load reqUlred for space heatIng The dIfference
In thIS buIldIng type may be a result of the fact that a smaller percentage ofbUlldIIJ~s of
this type that were Included In the survey are connected to operatIonal dIstnct heatIng
networks, or usmg natural gas heatIng This Issue IS discussed more fully In SectIOn 6

•
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•

• 5. ApPLIANCE USE

•

•

•

•

•

One ofthe major ObjectIves of the survey was to determIne whIch appliances are currently
m use, theIr penetratIon rates, and theIr hours ofuse ThIs data wdl be used to desIgn
DSM programs whIch wdl have the greatest cost-effectIVeness and meet the other DSM
ObjectIves ReSIdents were asked m the survey about theIr usage of 16 applIances, plus an
"other" category The only Item reported m the "other" category was electncity used for
cooking These values have been mcluded m the "electnc stove" category ReSIdents were
also asked about electncity use for elevators and for water pumpmg, but no one reported
any expense for these uses

The graphs on the follOWing four pages show the percentage of electncity whIch IS
consumed by each type ofapplIance m both summer and Winter, by buddmg type The
values for electncity consumptIOn were calculated usmg the applIance load reqUirement
(rated wattage) and the hours of reported usage In the pIe charts for summer applIance
use, a category "seasonal saVIngs" IS mserted to represent the usage ofelectncity for space
heatmg m the Winter by buddmg type ThIs IS done so that the usage ofapplIances (other
than space heatmg) can be dIrectly compared from Winter to summer The companson of
electncity uses m the Winter and summer are also shown m Table 5

Table 5
Weighted Average ElectriCity Use by Appliance Type

(Total of 1000 Dwellings)
Winter vs Summer

•

•

Space Heatmg
Electnc Stove
Llghtmg
Hot Water
Heating
RefngeratlOn
TV
Iromng
Other

Wmter
42%
13%
12%

11%
10%
7%
2%
3%

Summer
Not Applicable = Seasonal Saving
12%
6%

8%

17%
6%
2%
3%

•
Lightmg, hot water heatmg, and refngeratIOn are the only applIances that have substantIal
dIfferences between summer and Winter use (subtractmg out wmter space-heatmg
reqUIrements) The dIfferences mlIghtmg and refrIgeratIOn can be eaSily explamed by
seasonal vanatlon -longer daylIght hours mthe summer, warmer temperatures (m wmter,

•
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some Items are stored on outside balcorues, rather than In refngerators) 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 batlung

•
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Electricity Use for 100 Smgle-Famlly Homes by Appliance Type
Other WINTER
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•

•

•

•
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17%
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IIHeating
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OOther

•

•

•

•

Electricity Use (kWh) for 100 Smgle-Famlly Homes by Appliance
Type SUMMER

Lighting

13%

Seasonal Savings
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36% DHot Water

DTV
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II Electric Stove
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• Seasonal Savings

18%
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• ElectriCity use by Appliance Type for 300 Umts In 4- to 6-Story
Other BUildings WINTER
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•
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Electricity Use for 300 Units In 9- to 12-Story BUildings by
Appliance Type WINTER
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Electricity Use for 300 umts In 14- to 16-Story BUildings by Appliance
Type WINTER
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Table 6 summanzes the applIance use data from the surveys for those apphances whIch
have the hIghest electnclty consumptlOn

Table 6
Appliance Electnclty Usage Charactenstlcs

Type of Typical Rated Average Hours TYPical kWh Penetration
Appllance1 Watfage (kW) 2 of Use Per Day Consumption Per Rate

Day

Llghtmg 028 5 1 4 100%

Space Heatmg 3 28 3 84 60%

Hot Water Heat 1 0 1 1 0 94%

TelevIsion 010 6 06 96%

Refngerator 4 015 24 36 88%

Electnc Stove 1 0 2 20 85%

Notes
1 Only IIghtmg has more than one appliance per apartment With varymg sizes e g. 40watts

and 60 watts All appliances, other than IIghtmg are one per apartment where their usage IS

reported
2 Penetration rate IS defined as the percentage of residents which own a given appliance
3 Space heatmg and air conditioner use are seasonal
4 The compressor of the refngerator cycles throughout the day dependmg upon the ambient

temperature and the number of times the refngerator IS 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 wInch apphances they would replace If they had any extra money
The most common responses (m order) were TV (30%), refngerator (20%), washing
machIne (20%) and other (vacuum cleaner, audIO center, etc - total 30%) ApproXimately
20% of reSIdents did not reply to tIns questIOn, SInce they dId not antlcipate haVIng any
extra money for the purchase of new applIances These replacement expectatlOns may
have some Impact on the selectIon of potentIal applIance standards and labelIng programs

• 6 RESPONSE TO TOU INCENTIVES

•

•

One Important DSM strategy wInch IS beIng dIscussed locally IS that of InstallIng tIme-of
use meters In reSIdences and offenng a preferentIal rate for shiftIng electnclty usage to
non-peak times In the survey, reSidents were asked If they would ShIft theIr use of
electnclty IfgIven a preferenttal tanff, and what level of tanff reduction would mduce
them to shIft ReSIdents were given a chOice ofpreferenttal tanffequal to 25, 50, and 75
Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT - DRAFT (Sept 1998)
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percent ofcurrent tanffs In all categones, 75% - 85% ofthe resIdents saId that they
would consIder shIfting theIr electnclty usage to rnght-tlme (2300 to 700 hours) IfgIVen a
preferential tanff Their responses to the level of Inducement necessary to Influence such a
shIft IS shown m Table 7

Table 7
Willingness to Shift Electnclty Usage to Night-Time (2300-700 hours)

Based on Tanff Level (Percentage of Day-Time Tanff)

•

•

Single-Famlly
4-6 Story

9-12 Story

14-16 Story

25 Percent
18%

45%

36%

45%

50 Percent
8%

38%

45%

43%

75 Percent
74%

17%

20%

12%

ReSidents were also asked whIch usages they would be wIllmg to shIft to non-peak tlITles
Most often mentIOned were bathIng, clothes washIng, Irornng, and cookIng BathIng and
clothes washIng would affect the electnclty used In water heatIng As we saw m SectIOn 5
ofthIs Appendix, these are not the lughest electnclty usages as determIned by the survey
Together, they account for only 22% (summer) to 26% (wInter) of residential electncIty
use Irornng only consumed 2% of electnclty use Furtnermore, not all of the usage can be
shIfted to non-peak hours The uses that have the lughest electnclty consumptIOn, I e
refrIgeratIon and space heatmg, are the least amenable to shIftmg their time of use

•

• 7 ELECTRICITY USE FOR HEATING

•

•

•

Space heatmg IS a slgmficant factor m wmter electnclty consumption All categones of
bUlldmgs reported lugher electnclty usage In the WInter than summer The followmg table
(Table 8) reports the average electnclty use m wmter, summer and the difference, wluch IS
attnbutable maInly to space heatmg reqUIrements

Table 8
Winter vs Summer Electnclty ReqUirements

Smgle Family' 4-6 Stones 9-12 Stones 1416 Stones

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

Healing Consumption (kWh) 419 1567 1139 1937

% Difference Due to Heallna 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 m each category The figures reported are average for
each category

• As can be seen from the table above, nearly all of the dIfference m electnclty use m Winter
vs summer IS due to the use of electnc space heaters It IS also Important to note that an
average ofonly 60% of reSidents m the survey reported usmg electnc space heaters If tlus
IS broken down by bUlldmg type, the percentage vanes conSiderably

The reSidents were also asked whether they were connected to the dlstnct heatmg or
natural gas dlstnbutlon systems, and whether they were currently (or m the case ofdlstnct
heatmg, m the Winter 1997-98) bemg supplIed With either dlstnct heat or natural gas
Table 9 shows the responses to these questIOns Fmally, reSidents were also asked whether
they used any renewable sources of energy for heatmg or other uses Ofthe 1000
apartments surveyed, none reported usmg any renewable sources of energy

•

•

•

BUlldmg Type

Single-Family

4-6 Story

9-12 Story

14-16 Story

% Reporting Use of
Space Heaters

23%
37%
65%
85%

Average Reported Winter
Temperature InSide

1624
1616
1556
1478

•

•

•

•

Table 9
Other Potential Heat Sources

Smgle.famlly 4-6 stones 912 Stones 14-16 Stones

Connections to Dlstnct
Heatmg

Number 4 259 290 300

Percentage 4% 86% 96% 100%

Supplied With Heat m
Wmter 1998

Number 0 135 103 56
Percentaae 0 45% 34% 19%

If Supplied Also Used
Additional Heat (%)

N/A 84% 93% 36%

Connection to Natural Gas
Dlstnbutlon

Number 85 269 265 132

Percentaae 85% 90% 88% 44%

Resource Management ASSOCiates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998)
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Percentage Supplied with
Natural Gas

2% 0% <1% 0%

In multl-fanuly residential buddmgs, a vast maJonty of the residents were connected to the
city's dlstnct heatmg systems Only about one-thIrd of residents who were on the dIstnct
heatmg system were supplIed With some dIstnct heat dunng the Winter of 1998 In a vast
maJonty ofcases m the 4- to 6- and the 9- to 12-story buddmes, the heat was msufficient
to meet their total heatmg reqUirements In the 14- to 16-story buddmgs, the heat
proVIded by the dIstnct heatmg system was adequate for about two-thIrds of the resIdents,
1 e only 36% ofthe resIdents reqUired supplemental heatmg In sIngle-famdy homes, only
a very small percentage were connected to the CIty'S dIstnct heatIng network

Nearly 90% ofthe reSIdents were connected to the natural gas dlstnbutIOn system, but
almost none were receIvmg natural gas supplIes If natural gas or dIstnct heatmg could
replace electncity as the dommant source ofheat, there would be a sigruficant Impact on
the amount of electncity reqUired In 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 IS also relevant to note that mdoor temperatures are not necessanly comfortable, I e
reSIdents mIght prefer a more moderate temperature ReSIdents were asked the average
temperature InSIde theIr apartments m Winter and m summer The average temperature m
the Winter tIme was reported to be about 14-15 degrees C, whde m summer tIme the
average temperature was reported to be 26-27 degrees C A more comfortable
temperature would be 22 degrees C m both summer and Winter In order to achIeve thIs
level ofcomfort, more electnclty would be needed for heatmg m the Winter and coolmg In
the summer Only a very small number of resIdents surveyed (less than 1%) currently had
aIr conditIOrung As the Armeruan economy Improves, It IS antiCIpated that more people
Will purchase air condItIOners to mamtam a hIgher comfort level

8 COMMON SPACES

A sigruficant SOCIetal problem In all countnes of the former SOYlet UnIon, mcludmg
ArmenIa, IS the use and mamtenance ofcommon areas In multi-story reSidential UnIts
Thts would mclude elements such as stauways, elevators, hghtmg m the common areas,
and pumps for water dlstnbutlon Htstoncally, these areas were maIntaIned by a CIty
mamtenance department, whtch also budgeted fOf thelf upkeep and expenses Now that
the apartments have been pnvatlzed, reSIdents are not certam ofwho IS responSIble fOf the
upkeep of these areas and for paymg the energy use charges attnbutable to these areas

•
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In the survey, resIdents were asked who was responsIble for ma1Ota101Og and pa)'lng the
electnclty use for these areas Overwhelm1Ogly, resIdents Said that apartment owners were
responsIble for pa)'lng for electncity use result10g from lIght10g needs for staIrways and
hallways In fact, thIS cost IS usually split by those reSIdents who can afford to pay, and are
wIllIng to bear thIs expense Many hallways are SImply not lit at rught, due to reSIdents'
unwIllIngness to pay for tills expense There seems to be no systematIc shanng ofcost or
responsIbIlIty for pa)'lng for IIght10g the common areas

ReSIdents were also asked about payments for electnclty for ruflIllng the elevator and for
water pump10g No reSIdents reported pa)'lng any amount for eIther elevator or water
dlstnbutIOn Tills electnclty usage should be part of the buIld10g operat1Og expense,
however, It appears at thIs time that reSIdents are not responsIble for tills payment It IS
probable that the expense for thIs electnclty IS bIlled to each of the dlstncts WithIn the CIty
of Yerevan Because reSIdents are not pa)'lng for the use or ma10tenance ofelevators or
water pumps, these servIces are frequently out oforder, and no one takes responsIbIhty
for repainng them If reSIdents took responsIblhty for these servIces, It IS more hkely that
they would be contmuously operat1Og (assum1Og they could afford the cost ofma1Otenance
and operatIon)

9 MAJOR CONCLUSIONS

The major conclusIons of the reSIdential end-use survey (based on prehmmary analysIs
only), and the dIrectIons they proVIde for energy effiCIency ImplementatIOn strategIes,
1Oclud1Og through DSM, could be summanzed as follows

•

•

•

•

•
•

•

•

Awareness about electnclty use, and ItS associated costs, eXists among the
customers, 10 general,
Space heat1Og, water heat1Og, hght1Og, cooking and refngeratIOn have the major
share ofelectnclty consumption, and should be the focus of effiCIency
Improvements,
TIme ofuse (DayINIght) tanffls potentially a VIable optIOn because over 75%
responses 10dicated that they would be wIlhng to opt for the preferentIal tanff If
tills system IS 1Otroduced Tills IS also due to the fact that electnclty costs have a
substantIal share (15%-25%) oftheir famIly mcomes, and
Potential mfonnation DSM programs and standards and labelIng pohcles could be
pnontlzed accordmg to the apphance replacement projections detenruned through
these surveys

•
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•
RESIDENTIAL END-USE ApPLIANCE SURVEY

•
The followmg apphance mformatlOn was gathered from 2 stores m Yerevan that camed a WIde
vanety of residential apphances Survey was conducted the first week m August, 1998

OvefVlew IS that all products are Imported from Europe, comparable In pnce to the US, and are
• mamly electnc With the exceptIon of some kI.tchen stoves that have both electnc and gas burners

In response to questIOn about customers concern WIth energy effiCIency/consumptIOn vs Pnce of
product, both store managers Without hesitatlOn claimed consumers are only concerned With
ImtIaI pure'lase pnee, energy effiCiency ofapphanees almost never IS a bUyIng decisiofl

• Shop Name

Aray Shop
Electrolux

LocatIOn

KOlll1tas Street
Sayat-Nova

• APPLIANCE TYPE BRAND NAME TECHNICAL INFO PRICE

•

Stoves
ElectrIc only Sanyo and HItachI I 3-2 kw $350-600 US
Gas and Electnc $982
(These stoves wIll use both propane and natural gas by adjusting the size of the gas outlet valve)

•

AJr conditioners

Space heater only

MEC
MEC
National

12,000 BTUthour 3 5 kw
18,000 BTU/hour 52 kw
208 kw nonnal use-2 5 kw ffi3.Xlmum

011 filled floor standmg type-2 kw

$660
$920

•

•

•

Space heaterslAC combmatlOn

Refngerators

Washers

HItachi

Sanyo
Sanyo
Aftron
Indeslt
Anston

HItachi
Sharp
HItachI

12,120 BTU/h
15,360 BTUth

650 bters
415 bters
? hters
? bters

130-135 kw

355kw
45kw

175 watt
175 watt
175 watt
110 watt

$1,060

$1468
700
540

400-600
600-1000

$ 280

220
490



•
APPLIANCE TYPE BRAND NAME TECHNICAL INFO PRICE

•
Dryer

Bosch 22kw 130 watts $620-1,100

Vacuum cleaners

• Bosch I I-I 3 kw $100-150
HItaclu 12kw 100
Rowenta I 1-12 kw 130-160
NatIonal 12kw 2;10
Electrolux 11 kw 180

Microwaves

• Teba $160
Bosch 500

Water Heaters
Anston 12 kw 80 liters $130
Anston 20kw 500 lIters 1,600

• Light bulbs
Pluhps florescent screw lD type aVailable lD market place

PhilIpS 60 watt $10

•

•

•

•

•

•
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ENERGY EFFICIENCY
LAW

OF THE REPUBLIC OF ARMENIA

This Law defines the state policy malang pnnclpals with regard to the energy efficiency
sphere of the Repubhc of Armerua and state management system for their
ImplementatIOn

SECTION I

• ArtIcle 1

GENERAL PROVISIONS

MalO DefimtlOns

•

•

•

•

The malO defimtlons used In the Law

Energy Efficiency - a system of legal, orgamzatlonal, sCientific, productIOn, techmcal
and economical mechamsms which IS directed to the efficient utlhzatlon of energy
resources,

Energy EfficIency Sphere - a system of activities camed out 10 all spheres of
economy, when ImplementatIOn of legal, orgamzatlonal, SClentlfic, production
technical and economical mechnmsms leads to the energy effiCiency,

Energy Resources - energy carner currently under usage, or to be used 10 future

EffiCient utilizatIOn (acquISItIOn) of Energy Resources - 10 the contemporary stage
of technology development economically Justified utlhzatlon (acquIsitIOn) of energy
carner proVIded the satisfactIOn of enVIronmental reqUirements

Energy EffiCiency Indicator - absolute or relative value of utIhzatlOn of the energy
resources for any type of product 10 comphance with the normative documents as well
as with the natIOnal standards

The purpose of thiS Law IS to define the legal framework for ImplementatIOn of state

pohcy In the energy effiCIency sphere,•

•

Article 2 Purposes of the Law



•
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 Armema

Article 4 Apphcatlon Sphere of the Law

•

•

•

•

•

The Energy Efficiency Sphere shall be the app!lcatIOn sphere of the Law, Icludlng

a AcqUiSition, transportatlon, converSIOn, storage and use of the energy resources,

b Recording, metrology of the energy resources and development and approval of
the norms for theIr consumptIon (losses),

C State management and superVISion over the energy efficiency,

d Development, productIOn, Import and use of energy efficient machmery and
eqUIpment, as well as !lght constructions and InSUlatIOn matenals which produce,
transport, convert, store and use the energy resources

e SelectIOn, development, productIOn and ImplementatIOn of energy effiCIent
constructIOn and schemes of techmcal systems (Including lIghtIng, heating, aIr
conditIOning, water supply and water removal complexes), which use energy
resources, selection and use of effiCIent types of the energy resovces to be used In

that systems,

f Development, deSIgn, productIOn, Import and use of measurement eqUIpment,
techmcal means regulatIng the control and consumptIOn of the energy resources,

g 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
Armenta

•

•

•

The relations WIth regard to the energy effiCiency In the RepublIc of Armema shall
be regulated pursuant to the Energy Law of the RepublIc of Armema thiS Law and
other legal statutes

2 If the proVISIOns set forth In International TreatIes of the Repubhc of Armema are
In conflIct WIth the proVISIons prescnbed In thiS Law, the proVISIOns of
International TreatIes shall prevail



•
Article 6 State Pohcy Prmclples with Regard to the Energy Efficiency

Sphere

•

•

•

•

•

The state polIcy pnncipies With regard to the energy efficIency sphere are to be

a Ensunng pnonty of energy efficIency ImplementatIOn In aU spheres of economy of
the Repubhc of Armema,

b Supenonty of the energy efficIent use of energy resources over theIr Import and
export,

C 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 In the Republic of Armema,

e Promotion of the efficIent use of the energy resources In the temtory of the
RepublIc of Armema,

f ForeseeIng of the speCIfic expenses In the state budget to finance energy effiCiency
projects

SECTION II

• Article 7

STATE MANAGEMENT WITH REGARD TO THE
ENERGY EFFICIENCY SPHERE

ImplementatIOn of State Pohcy m the Energy EffiCiency Sphere

•
The authonties responsIble for Implementation of state policy WIth regard to the enegy
effiCIency sphere shall be the Government of the Repubhc of Armenta and state
management bodIes authonzed by the Government of the Republic of Armenta
(hereafter Authonzed BodIes)

The state management WIth regard to the energy effiCIency are to be•
Article 8 State Management With Regard to the Energy EffiCiency

•

•

a EstablIshment of the state management system (state management and supervISion
bodIes, complex of the normatIve legal statues and standards, certIficatIOn
procedures, techmcal mechamsms) to promote the effiCIent use of energy resources
In the temtory of the Repubhc of Armema,

b Ensunng the energy effiCIency policy objectIves m the state projects to develop the
spheres of economy of the Repubhc of Armenta,



•

•

•

•

•

•

c AccountIng for the energy resources produced and used accordIng to the
procedure defined by the Government of the RepublIc of Armenta,

d Creation of economiC, legal and moral conditIOns to encourage energy effiCiency
among the state regulated entities performmg m the sphere of energy effiCiency,
with the consideration of Interests of energy resource producers, suppliers and
consumers

e Ensunng state management of the energy effiCiency by the applicatIon of the
econOmIC methods, and Implementation of normative and technIcal reqUIrements
and conditIOns,

f Incorporatmg 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 Armerua,

g CertificatIOn of the equIpment convertIng and consummg energy resources and
their testIng facIlIties,

h Ensunng accuracy and vahdlty of umfied metenng and accountIng for the energy
resources

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 an 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 convertlOn equIpment
and energy consumptIon productIOn (products)

The mdlcators for energy effiCiency of development, productIOn, processmg
converSion, transportation, storage and consumptIOn of energy resources, and
mdlcators of energy consumptIOn for bUIldIngs' heating dlumInatlOn ventilatIon and
hot water supply and production process shall be Incorporated In the normatlve
techmcal documentatlOn accordmg to the order defined by the Government of the
Republic of Armema

The standardIzatIOn With regard to energy effiCiency sphere shall be carned out by the
Authonzed Body of the Government of the Repubhc of Armerua

•

Article 10 Certification m the Energy EffiCIency Sphere



•

•

•

Product Items and energy faclhtles 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 Armenta

The Itst of energy facIlities subject to certification shall be defined by the Government
of the Republic ofArmenta due to the subnusslon by Its Authonzed Aody

The comphance of household apphances and other deVIces consunung electnclty with
reqUIrements defined by normative acts and national standards, In terms of energy
consumptIOn Indicators, shall be approved by markIng (mark of accordance) the given
devices

The authonzed bodies shall carry out metrology testIng to clanfy the energy efficiency
situatIOn (level) at the energy facIhties of the legal and physIcal persons

•

•

Article 11

Article 12

Metrology 10 the Energy Efficiency Sphere

ImplementatIOn of State SupervISIon m the Energy Efficiency
Sphere

•

•

•

•

•

•

The state supervISion over the energy efficiency sphere shall be camed out by the
authOrIzed bodIes of the Government of the RepublIc of Armema

The Government of the RepublIc of Armema shall define the hst of actIVItIes, subject to
the state supervisIon, performed by ~he legal and phystcal 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 eXamInatIon of legal and physIcal persons'
faCIlIties, whIch are subject to control, accordIng to the order defined by the
Government of the Repubhc of Armenta

b DefimtlOn of the speCIfic consumption of energy resources In energy consumIng
productIOns (products) and testing their comphance With the normative legal acts
and national standards defined by the Government of the Repubhc of Armerua,

c Control over the comphance WIth the normatIve techrucal standards of techrucal
means and systems used for the determination of the quahtatlve 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 their 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 testmg their compliance WIth thIs Law
and the other legal statues proceeded from thiS Law



•
Article 13 Accountmg, 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 accord1Og to the order defined by the Government of the RepublIc of Armema

The techmcal specIficatIOns (parameters) of the qualIty, consumptIOn, account1Og of
the energy resources, the structure of the metenng systems and the techmcal
conditIOns shall be defined by the authonzed bodies

The economic provIsion of energy effiCiency shall be camed out by the followmg
mechamsms

•
Article 14 Economic PrOVISions for Energy EffiCiency PromotIOn

•

•

a The legal and phySical persons us10g the energy mstallatlOns WIth 1Odlcators
exceedmg the standards and norms 10 force and the secondary and alternative
energy resources shall be given a loan, tax and customs duty pnvileges accordmg
to the legislation the RepublIc ofArmema

b The mdlvlduals and workmg staff, effiCiently usmg the energy resources, shall be
rewarded accordmg to the Legislation of the RepublIc of Armema

Article IS Fmancmg of the Energy EffiCiency Undertakmgs

•

•

The actiVities m the energy effiCiency sphere shall be financed from the state budget,
bank loans means of legal and phYSical persons, local and foreign mvestments

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, Trammg 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 10 the energy effiCIency sphere the state
management authonzed bodIes are to

a Plan the courses on energy effiCiency m the educatIOnal programs of the Armeman
secondary and high techrucal 1OstltutIons of the RepublIc of Armema, as well as
appropnate sCientific-research actiVities,

b DedIcate the tram10g courses for the engmeenng staff WIth regard to the energy
effiCIency pnnclples and techruque, as well as to the mam proVISions for the use of
alternative and other energy resources



•

•
c Plan the specIal trammg courses on energy efficIency for the management staff of

the energy facIlities With 2000 kWh thermal and/or 1000 kWh electncal mstalled
capacIty The authonzed body shall grant the energy manager qualification (energy
manager certIficate) to those mdlVlduals who have completed these courses

Propaganda of the energy efficIency state polIcy among the population of the Republic
of Armema shall be camed out through•
Article 17 Energy Efficiency Propaganda

•

•

•

•

a Public dIScussIons of the energy effiCiency programs, broadt-astmg and propaganda
of the envIronmental, econormc and SOCIal advantages of energy effiCIency,

b InformatIOn about the eXisting energy effiCIent energy faCIlities and energy
effiCiency Illustrative projects,

c The orgamzatIon of the exhibitIOns of energy effiCiency technologies, machmes and
energy facilities,

d The propaganda of the necessity and advantage of the effiCIent use of energy
resource

SECTION m

INTERNATIONAL COOPERATION

Article 18 InternatIOnal CooperatIOn

•

•

•

•

The mam directIOns for mternatlonal cooperation of the Republic of Armema m the
energy effiCiency sphere are the followmg

a Exchange ofenergy effiCient technologies and deVices,

b ComplIance of the energy effiCiency mdlcators With nonnatIve documents, as well
as With national standards and mutual recogmtlOn of certificatIOn results

c Exchange of mformatlOn With regard to the energy effiCiency sphere,

d PartiCipation of legal and phYSical persons of the RepublIc of Armema In the
mternational energy effiCIency projects



•

•

•

•

•

•

•

•

•

•

•

FINANCING ENERGY EFFICIENCY IN ARMENIA

Mary E Worzala
Resource Management Associates of Mawson, Inc

Macbson, WI USA

and

Gourgen Z MellkIan
Energy Consultant

Toronto, Ontano, Canada

Abstract

As part of the strategy for ffilbgatmg the Impact of the planned closure ofthe Armeman Nuclear Power
Plant, Resource Management Associates has been mvesbgabng the potential for energy effiCiency
Improvements m electncal end-uses Many potenbal areas In all econoffilc sectors have been IdentIfied
A major constraInt m Implemenbng energy effiCiency m Armema and In other countnes of the former
SOVIet Umon 1S the lack of aVaIlable finanCIng ThIs paper looks at potenbal finanCIng mechalUsms for
Implemenbng energy effiCiency, based on the authors' expenences In Armema, Russ1a and other
countnes One such mechaIUsm whIch has been used successfully In other countnes IS the establIshment
of energy serVIce compalUes (ESCOs) Barners and constraInts to the development of ESCOs as a Viable
finanCIng mechalUsm are discussed Recommendabons are made on actIOns whIch can be taken to
Increase the funding aVaIlable for energy effiCiency

Introduction

The countnes of the former SOVIet Umon In general and Armema In parucular, face unprecedented
challenges to revamp their energy econOffiles HIstoncally low energy pnces created energy systems
whIch are charactenzed by over-eonsumptlOn and waste Centrahzed declslon-makmg has contnbuted to
a "cookle-eutter' approach to the deSign of energy systems The past and contInumg econOffilC Impact of
these mefficlent energy systems has been WIdely observed and analyzed A general concluslOn IS that
under-mvestment In energy effiCiency has led to an over-mvestment In energy supply and a negative effect
on econoffilc growth

The problem In Armema has been compounded by an energy supply shortage In the past several years
UnrelIable energy supply led to the deciSion by the government of Armema to reopen the Armeman
Nuclear Power Plant (ANPP) In 1996 ThIs declSlon IS not a popular one on the part of Armema's
neighbors or others In the world commumty Concerns about the safety of the nuclear reactor and the
potenbal for earthquake damage to the nuclear plant have led to negobatIons regardIng closure of ANPP
The Government of Arrnema has agreed to close the ANPP by the year 2004 and IS consldenng optIons
for replacement generatIOn capacity which can be developed In the penod 2000-2004

A proven alternatIve to supply Side mcreases IS to Improve the end-use effiCiency of consumers In the
US demand-Side optIOns (mcreases In energy effiCIency) have been found to be slgmficantly lower m cost
than supply-side opbons (mcreasmg generatIOn capaCIty) The cost ofsaved energy has averaged
S400lkW as opposed to an average cost of Sl,5001kW for mcreasmg the supply ofenergy Energy
effiCiency opbons are also attracbve In that they have posItIve enVironmental benefits, reduce the need for
Imports, and allow the Sallle end-use benefits (hghtmg, heatIng, etc) at lower cost A compamon paper
prepared by Dr Ashok Sarkar ofRMA wscusses further the technIcal optIOns and the ratIOnale for
ImplementIng a DSM program III Armema



•

•

•

•

•

•

•

•

•

•

•

The financIng reqUIrements for ImplementIng DSM optIons, wlule lower cost per kW, are stIll beyond the
means of most llldIVidual consumers m Armema ThIs paper Will discuss the some optIons for mobilIzIng
scarce capItal resources to energy efficiency, usmg examples from the authors' expenence mother
countnes of the former SOVIet Umon and elsewhere Particular emphaSIS wIll be placed on financmg
through dtfferent ESCO approaches

What Is An ESCO"

An Energy SerVIce Company (ESCO) m the most genenc sense IS a company wluch supphes a range of
serVIceS to clIents to Improve theIr energy effiCIency However, the term ESCO IS Widely used With
varymg mterpretatIons, so It IS necessary to offer a more precise defimtIon of what serVIceS ESCOs
commonly proVide There are generally two types ofESCOs

SerVIce ESCO - An orgaruzatIon wluch perfonns engmeenng and finanCial analyses but does not prOVide
project finanCIng or guarantees The types of serVIceS prOVided mclude energy audits IdentIficatIOn of
cost-effectIve energy effiCiency measures, eqUipment InstallatIon and mamtenance, and morutonng of
eqUIpment operatIon and energy saVings

FinanCial ESCO - An orgaruzatIon wluch proVides the full range ofenergy serVIces mcludmg energy
auditIng and finanCial analysIs of energy effiCIency measures, project financmg, eqUipment mstallatIon
and mamtenance, momtonng of eqUIpment operatIons and energy saVings and trammg of facIhty staff
A finanCial ESCO also prOVides a guarantee ofenergy or cost saVings

In the US and to some extent mternatIonally, the term ESCO has come to be conventIOnally defined as
the finanCial ESCO ESCOs have been used successfully m the US to proVide energy effiCiency project
financmg largely for mstItutlOns wluch have dIfficulty financmg energy projects through budgetary
resources or conventIonal bank financmg Most commonly, ESCO applIcatIons have been With schools
and government bUIldmgs wluch are typically unable to secure energy project fundmg 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 ofenergy saVings
and the chent makes payments to the ESCO over tIme on the baSIS of how well the project performs
relatIve to the energy saVmgS guarantee In the US and Europe, ESCO ownershIp and operatIOn can take
on several dIfferent forms mcludIng utIhtIes, eqUipment manufacturers finanCIal InstItutIOns and
energy/engmeenng consultmg firms There are advantages and dIsadvantages to dIfferent types of
ownerslup for both the owner and the chent but In the US ESCOs are generally pnvately-owned and
proVIde SImIlar servIces

The Barriers to Fmanclal ESCOs m Armema

With the tremendous potentIal for energy effiCIency Improvements one might speculate that ESCOs m
Annema and other parts of the former SOVIet Vmon would be thnvmg ThIs sectIon wIll dtscuss the
barners whIch face ESCO development, With a particular emphaSIS on Annema Followmg each barner
IS some dtscusslOn of the authors findtngs m work throughout the former Soviet Umon

I Energy Pncmg - Low energy tanffs Will make energy effiCiency projects unattraclIve due to a
payback penod whIch IS too long to be a good Investment ThIs IS a sIgmficant problem m dtstnct heatIng
m the reSIdentIal sector, where 70% of the tanff IS SUbSIdIzed by the mumcipal government The level of
the subSIdy IS not determmed on a needs basIS (mcome dependent) but rather IS deterrruned at the
natIonal level In Armema where dlstnct heatIng was suspended due to lack of natural gas supplIes,
electnclty has been the dommant energy source for heatmg purposes WhIle electnclty pnces have nsen
substantIally III recent years, the tanff IS stIll well below the cost of servIce Incomes for the average
person have not kept up With Increasmg costs, resultmg m non-payment problems
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RatIonal energy pncmg IS one of the most dtfficu1t barners to overcome on a societal level Without senous
SOCIal d.tslocatIon It IS one of the most CruCIal barners to overcome smce unless the resource cost of
energy IS truly reflected m Its market cost, there IS no mcentIve for greater effiCiency The true resource
cost should reflect not only the operatIonal costs, but also the ongomg mamtenance, replacement and
SOCIetal costs ofenergy (e g envIronmental externalItIes such as hannful aIr effilsslons or storage of spent
nuclear fuel) If all of these costs are factored mto the tanff, much of the reSidentIal sector would not be
able to afford to pay for their energy use The way thts SItuatIon IS addressed m the US IS 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 apartInents

Even under the eXIstIng pncmg d.tstoruons, there are opportunItIes for cost-effectIve energy effiCIency
based on current pnces In Annema, a good target ffilght be commerCIal bUIld.tngs such as banks and
retaIl stores In RUSSIa, the authors IdentIfied many mdustnal sector projects m sectors whIch were
pnvatIzed and thnvmg, e g food processmg In the near tenn ESCOs need to IdentIfy those
opportunItIes and demonstrate that the technologIes wIll work to encourage replIcatIon

2 Metenng - Metenng for electncity and gas at the reSIdentIal level IS lIffilted (for dIstnct heatIng
metenng IS non-eXIstent), but almost umversal at the mdustnal and commercial levels If energy use IS
not metered, It IS dtfficult to establIsh a baselIne energy usage and to measure the savmgs unless the
project Includes addItIonal Investments reqUIred to mstall meters ThIs In effect dnves up the cost of the
project Without addIng to the savmgs Lack of metenng also contnbutes to a general Ignorance of energy
cost and usage

In Annema where Without the ANPP, there IS a senous energy defiCIt, the electnc dIstnbutIon utIlItIes
have InstItuted aggreSSIve programs of metenng and bill collectIon ThIs program IS based on apartment
level metenng In most cases In some locatIons there IS buIldIng level metenng, With one of the reSidents
actIng as the collectIon pomt IfbIlls are not paId the entIre bmldmg IS cut off What appears to have
happened With bUIldmg level metenng IS that those who are able to pay pIck US the cost for those who are
truly unable to pay There IS stIlI a problem With supplymg electncity to common areas, such as stauwell
lIghtIng, elevators, etc No one m the buIldIng conSiders themselves as bemg responsIble for these areas
so they are unserved m many cases (e g no lIght m the hallways) Anngazprom recently began
resupplyIng natural gas to homes, and mstalled gas meters to 50,000 reSidences

3 OwnershIp ofBUIldIngs - The ownershIp IS very unclear for many bmldmgs m the fonner SOVIet
Umon mcludmg reSidentIal housmg schools hospitals and to some extent mdustnal and commerCial
establIshments In most cases, there IS a proposal or plan on the books to pnvatIze all of these structures
but the ImplementatIon dates and consequences are not Widely known and understood With the
uncertamtIes, neIther the current owners nor the potentIal owners \\ant to make mvestments untIl they are
certam they WIll be the ones to benefit For reSidentIal bUIldmgs, pnvatIzatIon mcreases the owners costs
as they take on the added expense of mamtenance and actual utIlItIes consumed ThIs IS a dlsmcentIve to
ownershIp, partIcularly for those on fixed mcomes

As dISCUssed above there IS an unwtlhngness for apartment owners to take responsIbIlIty for common
areas ofa bmldmg Currently these are supposed to be mamtamed by the muruclpal bmldmg authonty
wIuch IS part of the City government One way to address tIus problem mIght be the establIshment of
condorntruurn aSSOCiatIons to mamtaIn the common areas under a fee baSIS A condorntmum asSOCiatIon
WIll raIse the housmg cost, when mcomes are already stretched and there are many other pnontIes

Most structures have accumulated years of deferred maIntenance and were poorly deSIgned to begm With
In tenns of energy use consIderatIons Thus, In many cases, In order to make an energy project successful,
other Items of mamtenance need to be mcluded For example, a weathenzatIon project at a schoollllight
have a good payback penod, but m order to sustam the proJect, one would need to fix the leakIng roof
first
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Clear ownership IS a prereqmslte for encouragmg better property mamtenance, smce otherwIse there IS no
mcenuve In add1uon enforcement mechamsms such as bmld1ng codes and a bmldmg mspect10n system
could encourage better mamtenance of properues The danger Wlth more ngorous enforcement
mecharusms IS that tills IS the old way of domg busmess m the former SOYlet system Enforcement led to
opporturuues for graft and corrnpuon as a way to augment low salanes ofenforcement offiCIals

5 Local Matenals and Labor - Energy effiCient matenals, eqmpment and skilled labor are often not
read1ly available on the local market The eqmpment whIch IS avadable IS generally Imported and
expensive relatlve to the domesuc alternauves Whtle the labor pool IS hIghly skilled m techrucal tenus,
energy effiCIency has not been a part of tills tralmng Local labor also lacks marketmg management and
sktlls necessary to run a successful busmess

Major mvolvement of local resources and sktlls played a crucial role 10 the success of RMA ESCO
development projects m Armema, LatVla and RUSSIa Tfalmng 10 project management, economics and
finanCIal analysIs was proYlded to enhance local techrucal sk1l1s In Arrnema, Imtlal ongomg project
management assistance was proYlded dunng the mstallatlon penod Gradually more of the oversight was
bemg proYlded locally as the sktlls of the personnel developed In the latest phase, all of the local
mstallatlon Wlll be overseen and managed by a local ESCO This ESCO Wlll also proYlde tralmng to
others 10 project management, cosung and blddmg Use of local matenals Will enhance the sustamability
as well

One way to overcome the lack of necessary skIlls IS to mvolve an expenenced corporate partner 10 the
formauon of an ESCO, particularly lithe ESCO IS to proYlde financmg The corporate partner proYldes
the reqmred tralmng and oversight m the early years, and develops the local capabilIty to operate the
busmess 10 the longer term ThIs approach IS bemg tned by major compames (Compagme Generale de
Chauffe Honeywell Land1s and Staeffa) mvolved m energy effiCiency projects m Eastern Europe

6 Lack of Informauon - There IS m general a lack ofawareness of energy usage and the econoIDlc
and finanCIal cost of overuse HIstoncally under-pnced and undervalued energy has led to illgh energy
mtenslty m all sectors There IS a groWlng awareness of the value ofenergy supplies 10 areas whIch are
e"'1JCnencmg energy shortages, and 10 those sectors where the cost IS approachmg market levels

Shanng of InformatIOn IS an Important factor m developmg a market for energy effiCiency technology and
semces In Armema the local AEE Chapter facIlitates the dlssemmatIOn of InformatIOn on energy
alternatIves and lsa focal pomt for InformatlOn on technology policy dlSCUSSlOD and new developments
The Chapter IS also used as a forum for spreadmg results of energy effiCiency programs and to encourage
the adoptIOn of more effiCient technologies and practlces

7 Uncertam PolItlcal, EconOIDlC and Busmess EnYlronments - All of the countnes of the former
SOYlet Umon have expenenced senous econoIDlc dislocatIOn as they make the transltlon to a more market
onented economy The econoIDlc condltlons are unstable and pncmg dlstortlons common PolitICIans
struggle to make market-onented changes willie mamtammg a safety net for the general populatIon The
rules of busmess conduct are m many cases not transparent Bnbery of publIc offiCials and arbitrary
applicatIOn of penalues for vlOlatlon of laws has unfortunately become common ThiS sltuauon makes It
dIfficult Ifnot ImpoSSible to conduct busmess m a predictable manner Without major refonn m these
aspects It WIll be dIfficult to attract any but the most nsk prone mvestors to Annema and other countnes
of the former SOYlet Umon

8 Unstable Energy SupplIes - Some countnes are expenencmg dlsruptlOns m energy supply due to
non-payment for energy Imports or polItIcal turmOIl, e g Ukrame and Armema The energy situatlon m
Armema and nelghbonng GeorgIa, as well as some regIOns of RUSSIa, has been unpredictable for several
years When the supply ofenergy IS uncertam, there IS no baSIS for establIshIng baselIne energy use or for
Implementmg energy Improvements which are guaranteed by energy saYlngs On the other hand, where
there IS uncertam energy supply, there IS a greater mterest m energy effiCiency which utllIzes scarce
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resources more appropnately

Cost-effective opportumtIes eXIst In developmg renewable and alternatIve energy supply systems For
example, the potentIal for USIng geothermal heat pumps m Armema for meetmg the heatIng and coohng
loads m resIdentIal bmldmgs IS qmte lugh Solar, WInd, blOmass and geothennal sources may be more
cost-effectIve than rehabIhtatIng eXIstIng energy systems US compames have a lot to offer In tlus area, In

Jomt partnerslups Wlth compames m the FSU

9 Fmancmg - The lack of Investment caPital IS a Wldely Cited bamer to mvestments In energy
effiCiency Interest rates In these countnes are typically very hIgh (15-30%) and commercial financmg IS
available only for short term projects ofless than one year (sometlmes months) Energy effiCiency projects
are not econOmIC under these conditIons CompetIng demands for caPital mean that only urgent-needed
projects Wlll receIve pnonty funding

Successful energy effiCIency projects Wlll be those where there IS an ongomg, measurable finanCial
IncentIve for energy effiCIency ThIs may seem to the reader to be an ObVIOUS statement, one wluch should
not need to be saId However, Imtlally, natlonal governments and targeued development assistance can
playa CruCIal role m overcomIng some of the bamers which are discussed here Small-scale
demonstratlon projects can proVide successful examples of low-eost energy Improvements wluch have
short payback penods USAID has funded small and large-scale demonstratIon programs, such as
proVided energy effiCient and enVironmental control technologIes to utlhlles m RUSSia Successful
demonstratlon programs show that specific technologies work, and can lead the way to rephcatlon wluch
IS funded mternally In order for tlus strategy to be successful, diSSemInatlon of results and lessons
learned IS a CruCial element ofasSistance

ESCO FInanemg Models

Pnvate Sector Models

In the US market, the maJonty of energy effiCiency projects lmplemented by ESCOs are financed usmg
pnvate sector models for financmg and ImplementatIOn In some cases, the market was pushed through
government mcentlves or regulauon The ESCO Itselfcan be several different types of finus (uuhty,
eqUIpment manufacturer, financlallnsutuuon, A&E company or specmhzed finn) The common
charactensuc IS that they all have pnvate sector ownershIp which operate III a stable and predictable
bUSIness enVironment In well-developed market economies, the bamers facmg each type of firm Wlll be
the same In the pnvate sector the types of financmg mechamsms that are used to Implement energy
effiCIency projects Include

Chent Self-finanCIng - usmg lllternal fundmg sources to Implement projects
Chent Debt Flnancmg - BorrOWIng the money to Implement energy effiCiency
Leasmg - Ownerslup of the eqUIpment generally stays WIth the eqUipment proVider for some
penod ofume With an opuon to purchase at the end of the agreed lease penod
ThIrd-party financ10g With performance guarantees - ESCO finanCIng or bank financ10g wluch
are paid back over some penod and tIed to the energy saVIngs

Because of the bamers discussed 10 the preVIOUS sectIOn a solely pnvate sector model faces
unsurmountable constramts m the short-run m Armema and other countries m transluon A more
realistIc approach IS one whIch combmes publIc sector ownershIp WIth pnvate sector ownerslup, or a
pubhc sector program With eventual pnvatlzauon These models are discussed below

Pubhe Pnvate Partnership

In countnes that are tranSItIOnal and the government plays a more domInant role m the market, such as In
the former SOVIet Umon, a mIxed pubhc!pnvate effort to moblhze capital for energy effiCiency may be
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more successful m overconung the bamers Another way ofcharactenzmg barners IS to say that they are
nsIcs to the mvestor/financler The mcentlve for government mvolvement m encouragmg energy
effiCiency IS that It IS a lower cost alternatlve to mcreasmg supply Government support WIll be cruCIal to
reduce the nsIcs whIch are unacceptable to the pnvate mvestor Due to eXlstmg market dtstoruons, pnvate
mvestment m energy effiCiency makes sense In only vel)' Iumted circumstances

One method whIch IS bemg used to overcome the nsk of financmg IS to reqwre sovereign guarantees to
mternatIOnal financmg InstltuUOns, whIch lowers the mterest rate because of lower project nsks For
example the World Bank and EBRD are the only financmg orgamzauons provIdmg large-scale fundmg
for energy system Improvements m RUSSIa The World Bank wIll proVIde fundmg only under the
condttlOn ofa sovereIgn guarantee RUSSia has taken out loans for over $360 nulhon for dtstnct heanng
system Improvements to date, and IS developmg another $300 mIlhon loan EBRD IS lookmg at a
mechamsm whIch would prOVIde fundtng for energy Improvements With a regIOnal and mumCIpal
guarantee, but Without a sovereign guarantee

Another mechamsm by whIch fundmg IS bemg proVIded for energy effiCiency projects IS through multl
project facIhUes to large foreign ESCOs In these projects, the multIlateral development bank takes both a
debt and eqwty posIUon m the ESCO, which spreads out the project nsk between the corporate ESCO and
the bank Recently, EBRD approved loans to two ESCOs whIch Will be operatmg m RUSSia (Honeywell
and Landis and Staeffa) Other such loans are bemg considered for RUSSia and other countnes of the
FSU

A thIrd model whIch mvolves the pubhc sector m accepung project nsks IS where the government
(nauonal, regional or local) becomes a partner m a company which IS estabhshed to undertake energy
effiCiency projects ThIs model IS bemg used m RUSSia In the Nlzhny Novgorod regIOn Here, the ESCO
partners are the regional government, a foreIgn corporate partner and the bank All three have an eqwty
stake In the company and an acUve role m overseeIng ItS operaUon The regIOnal governmeI1t benefits
through lower expendttures for SUbSIdy payments In the residenUal and mumclpal sectors

Public Sector Model

In UkraIne, the government IS estabhshIng an ESCO to IdentIfY and Implement mdustnal sector energy
effiCiency projects The ESCO finanCIng IS bemg guaranteed by the natIOnal government to EBRD In
Ukrame, the project nsk IS too great to attract pnvate or pubhc/pnvale financmg Without a sovereign
guarantee The ESCO whIch IS estabhshed IS supposed to be pnvatlzed wlthm a two year penod after
receiVIng trammg and assistance from a EU techmcal consultant However It IS too early to tell whether
this Will be successfully completed WItiun the two-year tlrneframe

ConclUSIOn

Consumers must be aware ofenergy supply and demand alternatives and relatlve costs m order to make
mformed deciSIOns mcludIng decISIOns about energy effiCiency In order for an ESCO market to develop
energy pnces must be hIgh enough for Investment In energy effiCiency to be profitable Dunng tlus
transition penod to a market economy there are many distortIons In the energy market Instead of
subSIdiZIng IneffiCient energy use the governments (federal regIOnal and local) would be better off
raiSIng energy pnces and only subSIdiZIng energy for those who truly can not afford market pnces The
htgher energy costs would encourage people to Invest In energy effiCiency and make ESCOs sustaInable
and profitable In the short run It may be necessary for the public sector to take an active role In
demonstraung the effecnveness ofenergy effiCiency Investments

",
It'



•

•

•

•

•

•

•

INFORMAnON SOURCES

Meetmgs and DIscussIOns

USAIDIYerevan
Dr Blll Snuth
Mr Artashes Kazakhetsyan
Ms Nune Mrktchyan
Mervyn Farrore

Mmlstry of Energy
Dr Garen GaIustlan, Deputy DIrector
Robert Khazanan

World Bank Electrical TransmissIOn and DistrIbutIOn Project Implementation DOlt
Armen Yegmazaram

Energy Research Institute
Dr Levon Yegmazaryan, DIrector
Victor Sahakov, Head ofResearch

Energy Strategy Center
Dr Ruben Muraydlan

Energy Center Project ImplementatIOn DOlt
TIgran Gnuru
Souren Shatvonan

Energy Regulatory CommIssion
MeIs Avagyan
Jun Budagman
Ashot Hovsepyan

• NlkolaI Gregonan

•

•

•

Yerevan Dlstnbutlon Company
Hakob Bashuglan
GagJ.k Khazanan

MInIstry of Industry and Trade
Dr Vdctona Ter-Nlkoghosyan
Rueben Shalunyan
Aram KarapetIan

Naird ChemIcal Factory
Khachtk Zarganan



•

•
Markanah FidouSI
Reuben Sagatehan

Armgas State Company
Rueben Rubenyan, DIrector

ArmRusGasProm
• Rolan Adonts, DIrector

World Bank MUDlcipal Development Project Implementation Umt
Andraruk Mankyan, Deputy DIrector
Varazdat Avoyan, ChtefEngIneer

•
Yerevan MUDlclpal Water UtilIty
Hovhannes Gngoryan, Director

Armeman Chapter of the ASSociatIOn of Energy Engmeers
• Dr Zohrab Mehkyan, PreSIdent

Yerevan Computer Institute
SargIs SargisIan, DIrector
GagIk HovhannIsyan, Deputy Director

• Advanced Control Systems
WIlham Blomeyer, VIce-PresIdent
Gary OckweIl, Busmess Vmt Manager
Tak Ozsan, Systems Engmeer

• Aray Shop -Korrutas Street
Electrolux -Sayat Nova Street

Hagler BaIlly
• Dr JamshId Heidanan

Gaglk Hovhanmsyan
Helmut Merklem
Bagrat Safaryan

• Convector Consultmg
Mark Germer

•

•

Caucasus Enterprise Fund
Susan Berger

EuraSia Foundataon
Mark Snnth



•

•

•

•

European Bank for Reconstruction and Development
Peter Hobson

Overseas Private Investment Corporation

Dnates States Energy AssociatIOn

World Bank, Energy Sector
Salman Zaheer

ECO-Team
Artashes Sarlasslan

Documents Reviewed and/or Cited In this Report

•

•

•

•

•

•

•

•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

•
•

•

•

•

•

Electnclty TanffTables, Energy Regulatory COmmISSiOn, 1998
1997 ArmenIa Power System Hourly Load Data Tables, Hagler Badly, 1998
Armenergo/State StatIstical Report, 1994
Energy Regulatory Law, June 1997
WeathenzatIon Program Impact Assessment Report, Resource Management Associates,
1996-1998
US Energy InformatIOn AdmInIstratIOn Country Study Report, 1996
Least Cost Power Investment Report, Lahmeyer GmbH, 1996 Update
TACIS Industry Report, Nov 1996
TACIS BUlldmg Report, Nov 1996
TACIS DIstnct Heatmg Report, Nov 1996
Armema Investment Chmate Report, MInIStry of Industry, Draft 1998
Armema Foreign Investment GUIde, MInistry ofindustry, 1996
Tanff Study Document, Energy Regulatory Commission (1997)
Energy EffiCIency Law Draft 1998
Comments on the Energy EffiCiency Law of the Repubhc of Armema, Latham and
Watlans, Feb 23, 1998
Electncity and Thermal Energy Tables, MinIstry of Energy (1997)
RehabilItatIOn and Restructunng Plan for Armeman Electnclty Sector, MImstry ofEnergy,
August 1997
Expenditure StablhzatIOn and Tanffs Regulation In Energy as SOCial TenSIOn DecreaSIng
Means In Society Mtrustry ofEnergy Apnl 1998
Techrucal and Economic Analyses ofMeasures for ExpendIture StabIlizatIOn and Tanff
RegulatIOn In the Power Sector of the Repubhc ofArmerna, Laymeyer International
GmbH, July 1998
1996 Update ofLeast-Cost Power Investment Program, Lahmeyer InternatIOnal GmbH,
1996

RFEIRL Armenta Report on "Armeman Energy OffiCIals Chum Greater EffiCiency", May
1998



•

•

•

•

•

•

•

•

•

•

•

•

•
•

Fuel-EnergetIc Complex ofthe RepublIc ofArmema, MImstry ofEnergy, Robert
KharazIan, July 1998
Armerua Pnvatlzmg Power, World Bank, October 1997
Noyan-Tapan - The HIghltghts, Noyan-Tapan Press Agency, 1998


