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EXECUTIVE SUMMARY 

lntroducfion 

There a currently sufficient electncal generatlon capacrty In Annetua for meeting ~ t s  low electncrty 
demands ' However, the peak electncity demand, dnven pnmanly by electnc space and water heatrng 
loads, 1s already puttlng severe pressure on the electr~c power system Once the lndustnal sector, 
whch 1s currently paralyzed due to shmkmg markets for their products, regains its financial viability, 
still lugher electnc~ty demands will cause add~tional stress on the system Furthermore, the 
Government of Armema plans to close down its nuclear power plant by the year 2005, whch will 
result m an increased gap between demand and supply 

As fbrther transition toward a market-based economy occurs in the country, substantla1 changes in 
the energy infrastructure w~ll be required The electncity sector has started malung progress In the 
right direction with structural, IegisIative and regulatory reforms, and a privatization program 
However, lugh electnc~ty intensities In all sectors need to be reduced in order to restore Armenia's 
competitiveness Measures to unprove energy efficiency -- both in the supply and the demand s~de -- 
are vltal and need to be addressed by the pollcy makers 

The US Agency for International Development (USAID) provlded fbndrng to assess vanous supply 
and demand optlons m the power sector Resource Management Assocrates of Madison, Inc (RMA) 
was contracted to explore and assess the opportumtres for energy efficiency improvements on the 
demand-side in the electnc power sector of Annenia 

'Armerua's total electnclty generabon in 1990 was over 10,000 GWh In the first half of 1990s 
followng the break up of the Sovlet Union, lt plummeted to an acutely low level of 3 218 GWh In 1994 
Electnc~ty was typically suppl~ed to most customers (except cntical enterprises such as hospitals, bakenes 
transport and water ubhbes) only for less than two hours per day, whlle there was no gas supply or central 
heahng The reduct~on has been dramabc in the ~ndustnal sector, where demand fell from 4,554 GWh in 
1988 to a low 583 GWh In 1993 @hmstry of Energy August 1997) In 1997, total electnclty generatlon 
was sbll below 6 000 GWh 

011 gas, and nuclear fuel for power generation are all Imported at present 

Dmng the Sovlet penod, Armema s electnc~ty Industry was developed as a part of the 
Integrated Trans-Caucas~an Power Network whch coordnated power supply among Armerua 
Azerbaijan and Georga The system-wde perspecbve tended to disregard the country-speclfic energy 
resources In favor of regonal supply objecbves As a result, natural gas fired plants were bullt In Arme~ua 
even though the country had to fully rely on Imported hel, manly from Turkmerustan (Ministry of 
Energy, August 1997) 

According to Government esbmates, a total of US$1 7 b ~ l l ~ o n  are requlred for rehabilltabon of 
the enbre energy sector, whch could prevent the potenbally huge techrucal problems and ensure 
uruntempted operabon of the system (Noyan-Tapan, 1998) 

Resource Management Assoc~ates of Mad~son Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 
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Ths report hghhghts the Importance of end-use energy efficiency In Armenla's electnc power sector, 
and ~dent~fies areas where cost-effect~ve Demand S~de  Management @SM) measures could be 
Implemented The supply and demand sltuatlon 1s exmned In deta~l, and the barners and dnvlng 
factors are analyzed for altemat~ve DSM options Recommendat~ons are provlded for short- and long- 
term strateges to facil~tate DSM ~mplementat~on in Armerua Some financ~ng strategies, requ~red In 
the short-term to make DSM vlable, and In the long-term to make them susta~nable, are also 
suggested 

In Armema, there are many inst~tutlons and orgmzat~ons that could play key roles In ~mplement~ng 
energy effic~ency projects and programs These include the government, energy sector entlt~es, 
educat~onal ~nst~tut~ons, donor agencies, and the pnvate sector At ths  t~me, there IS no spec~fic 
orgaruzatlon responslble for energy efficiency development and ~mplementat~on, although there is an 
Energy Effic~ency Law belng cons~dered by the Parl~ament The Law does not spec~fically address 
the Issue of how energy effic~ency would be Implemented through DSM or otherwise However, 
awareness about these Issues exlsts among the policy makers 

Benefrts of Demand-Srde Management 

In add~t~on to the general advantages of energy effic~ency through DSM (such as hgher cost- 
effect~veness, hgher rel~abhty, reduced enwronrnental ~mpacts, and ellmnat~on of h~gh transm~sslon 
and d~stnbut~on losses), DSM has the spec~fic benefits for Armenla dnven by the followng 

Annema has few or no fossll he1 resources of ~ t s  own, although ~t does have hydroelectnc and 
nuclear generatmg capzat~es The nsk of he1 supply uncertalntles for Armenia's thermal power 
plants exlst Imports could be blocked or sabotaged as a result of reg~onal confl~cts, whether 
duectly mvolvmg Armerua or not In fact, th~s has been the case In Armenla for some years, and 
prowded compelling reason for restart~ng the nuclear power stat~on 

The Armeruan Nuclear Power Plant (Medzamor), whch accounts for a substantial share of the 
electnc~ty supply, is considered to be a potent~al env~ronmental hazard of great magn~tude Thls 
creates a potentla1 nsk for Armenia and In the reglon, and could result In the power plant be~ng 
closed down at anytime Because of ths  and the age of the power stat~on, Medzamor IS planned 
for retirement m the year 2005, thereby creating the need for add~t~onal supply facll~t~es to meet 
the exlst~ng and nslng kture demand 

Currently, the complex and somewhat problematic situation in Armenla's electnc power system 
1s reflected in the generat~on and load charactenstics In the winter, nuclear power stat~on 
generation of about 375 MW contnbutes nearly half of the night-t~me load of about 800 MW 
Thus, a rught-t~me acc~dent can have unexpected consequences for the entlre system The 
Hrazdan thermal power plant, whch must continue worlung in the base load cond~t~ons because 
of expensive cold-starts, and to malntan system rel~abdity, results In h~gher fuel expenditure and 
lower power system effic~ency 

Dunng the summer season, the base load (rught-t~me) f d s  to below 400 M W  The nuclear power 
plant a run at 180 MW dumg ths tune, result~ng In power production cost 3 5 tlmes hgher than 
~f ~t would have generated 390 MW (because ~t could take advantage of re-fueling wth one full 

Resource Management Assoc~ates of Mad~son Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 
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load) On a summer night, the thermal power plant also uses only 30% of its capacity, whch is 
inefficient fiom the system's point of vlew 

e Armenia's neighbors, such as Georgia, Turkey and Iran, are potentially large markets for 
electncity exports Several sources reported the possibility of a 500 kV Regional Power Pool 
(Grid) within the Black Sea Region-Caucasus be~ng formed in the hture, thereby creat~ng an 
export market for Armema7s electncity Ignonng polit~cal considerations, Turkey could be a 
profitable electncity market at off-peak load 

Electr~crty Demand Characteristrcs 

The residential sector currently contnbutes the most to electnc~ty demand (see Table below) Because 
of the h t e d  avalabil~ty of distnct heat~ng and natural gas, residential customers rely more heavlly 
on electnc~ty for space heating, water heating and coolung Ths results in a hgher share for the 
resldent~al sector than would normally be the case 

Sectoral Electrrclty Consumptlon Character~stics 

Note "Othersn rncludes water and sewage pumprng systems, street lighting and electr~city usage In the 
commerc~al sector government bulldlngs, schools and hospitals etc 

End-Use Category Year 
(Units) 

1996 1997 
Total Consumpt~on (GWh) 451 8 4528 

4 8 

Residen tral End-Use Survey 

Transport (%) 

Industrial (%) 

Resrdential (%) 

Others (%) 

Exports (Oh) 

In order to develop more reliable and usefbl electncity distnbut~on and end-use load data, and to 
estlrnate the customer response to a possible res~dential DayNight tanff system, an electncity end-use 
saturahon survey of Yerevan's residential customers (a sample of 1,000 apartment un~ts) was camed 
out under thls project The results of t h~s  survey are presented in Appendix4 

The companson of electncity uses in the winter and summer obtained through the surveys of 1000 
dwellings are summanzed in the table below 

3 8 

18 0 
45 1 
23 6 

2 8 
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We~ghted Average Electricity Use by Appliance Type 

Space Heat~ng 
Electnc Stove 
L~ght~ng 
Hot Water 
Heat~ng 
Refngeratlon 
TV 
Ironing 
Other 

Winter 
42% 
13% 
12% 

Summer 
Not Applicable = Seasonal Savlng 
12% 
6% 

L~ghting, hot water heating, and refhgeration are the only appl~ances that have substantial 
differences between summer and winter use (subtracting out winter space-heating requirements) 
The differences In llghtlng and refhgerat~on can be easlly explained by seasonal vanatlon - longer 
daylight hours In the summer, warmer temperatures (in winter, some Items are stored on outside 
balcomes, rather than In refhgerators) The difference m hot water heatlng in the summer may be 
due to lower requirements for clothes washng, and to fewer hot water requirements for bathng 

Survey respondents were also asked whch appliances they would replace if they had any extra 
money The most common responses (In order) were TV (30%), refngerator (20%), washng 
machne (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately 20% of 
residents d ~ d  not reply to ths  question, slnce they d ~ d  not anticipate havlng any extra money for 
the purchase of new appl~ances These replacement expectations may have some impact on the 
select~on of potential informational type DSM programs and appliance standards and labellng 
pollc~es 

In the survey, residents were asked ~f they would shift their use of electncity ~f given a preferential 
t ang  and what level of tmff reduct~on would induce them to shft In all categories, 75% - 85% 
of the residents said that they would consider shftlng the~r electncity usage to night-time (2300 to 
700 hours) if glven a preferent~al tanff The~r responses to the level of Inducement necessary to 
influence such a shlfl is shown In the table that follows 

W~llingness to Sh~ft Electricity Usage to Night-Time (2300-700 hours) 
Based on Tar~ff Level (Percentage of Day-Time Tariff) 

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

- 
Resource Management Assoc~ates of Mad~son Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 
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Res~dents were also asked whch usages they would be w~lling to shfl to non-peak tlmes Most 
often ment~oned were bathng, clothes washng, Iromng, and coolung Bathng and clothes 
washng would affect the electnc~ty used In water heatlng As seen in Section 5 of t h s  Append~x, 
these are not the hghest electnc~ty usages as determned by the survey Together, they account 
for only 22% (summer) to 26% (wnter) of residential electnc~ty use Irorung only consumed 2% 
of electnc~ty use Furthermore, not all of the usage can be sh~fted to non-peak hours The uses 
that have the hghest electnc~ty consumption, I e refngerat~on and space heat~ng, are the least 
amenable to shft~ng the~r time of use and should perhaps be the focus of energy conservat~on type 
DSM programs 

The results of t h s  survey of household electnc~ty usage patterns prov~des information about the 
Importance and nature of vmous end-uses and potentla1 DSM strateg~es and programs 

Load Managemenf (Load-Shrffmg) DSM Opfrons 

In Armema, load-shlft~ng opt~ons (fiom day t~me to n~ght t~me) meet the objectlve of belng able to 
run Medzarnor nuclear power plant and the Yerevan thermal power plant more efficiently, dunng 
mght hours, part~cularly dunng the summer season Load-sh~ft~ng type of DSM programs will 
have to be simple (two-part) due to metenng costs They also have to rely pnmanly on behaworal 
change or changng the electncity end-use appl~ance or equ~pment usage patterns It should be 
noted here that a voluntary lndustnal TOU tanff system 1s aIready In place, and residentla1 TOU 
tanffs are be~ng cons~dered However, only 48 ~ndustnal consumers (rlcstly bread factones) are 
on ths  day/mght tmff system and the ~mpact on the load curve has been mmrnal thus far 
(personal cornmumcation) 

It was ev~dent fiom the d~scuss~ons w~th the M~nistry of Energy and other Government agencies 
that load shft~ng-type DSM programs are of significance to ut~litres and policy makers Ths  IS 

pnmanly dnven by the objective of increasing valley load levels whlch would result in hgher 
generation efficiency and lower generation costs, and lncreaslng exports dur~ng peak (day-time) 
hours A TOU tanff (DayINight tmff) is therefore an attractwe opt~on However, the former 

These are day-~ught tan& for the hgh voltage consumers wth the low rught tanffof 12 drams 
per kwh dunng 1 Ipm to 7am 

No speclfic analys~s has been done of the load sh~ft~ng Impacts that may have resulted from the 
voluntary DaylN~ght tanE However, the general oplnlon of persons consulted was that there has not been 
any speclfic load s m n g  that wuld be accounted for by the preferent~al mght tanff Th~s  is partly due to 
the " free-nder" effect, where the bread factones wh~ch would have operated at n~ght In any case are 
talung advantage of the savlngs (and the~r electnc~ty bill reducbon) wthout really changng then 
electnclty usage patterns 

7 It should be noted here that the lower generation cost advantages (and perhaps hlgher export 
m n g s )  resultmg from the load-sM~ng (to ~ught-tme) by TOU m f f  mechanism may be offset to some 

Resource Management Assoc~ates of Mad~son Inc PROJECT FINAL REPORT- DRAFT (Sept 1998) 
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objective 1s so appealing to offic~als that some proponents of ths  idea even suggested considenng 
ample valley-filling DSM programs (as compared to load-shfiing) The latter optlon could be 
Incorporated into strategic load growth DSM strategles 

Energy Reduction DSM Options 

Energy conservation DSM programs (that reduce the amount of electnc~ty for end-uses through 
effic~ency ~mprovements) Include energy audits and mformation, lncentrves and loans, direct 
~nstallation, and equipment supplier/vendor programs Unlike load management programs, energy 
conservation DSM programs almost always requlre monetary Investments, which are pad back in 
tIme through savlngs The investments can be made by the utility or the customer or a thtrd party 
l~ke an ESCO, and the programs create a market for efficient appliances and equ~pment ("market 
pull"), whch leads to market transformation 

DSM Program Recommendations and Strategies 

Based on a detaled analysls of various load management and energy conservation type DSM 
programs, a hst of vlable strateges and DSM action plan was developed The table (In the 
followng page) sumrnanzes the various actions and strategies that could be undertaken over the 
short- and long-term to implement energy efficiency improvements through DSM programs A 
balanced m x  of different programs, end-use technolog~es, sectors, and strateg~es would be 
des~rable 

In the short-run (up to 2005), the major factors that w~ll dnve the cho~ce of DSM strategies and 
policles are 

Annema Nuclear Power Plant (Medzamor) wlll be In operatlon 
Energy efficiency equipment market IS not filly developed 
Relatively smaller electnclty export market (due to technological and polit~cal barners) 
High transmssion and distribut~on, and commerc~al, losses 
Focus of programs will be In Yerevan area 

In the long-run (after 2005), the following charactenst~cs of the sector will dictate the mur of 
DSM programs and strateg~es 

Armema Nuclear Power Plant w111 not be In 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 w11 move from Yerevan to other areas of Armema 

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

Resource Management Associates of Mad~son Inc PROJECT FINAL REPORT- DRAFT (Sept 1998) 



Armenla Power Supply1 Conservation Program Demand S~de Management Measures - D0#28 7 

In add~t~on to speclfic DSM program ~mplementation, other complimentary strategies have to be 
developed through energy pollc~es Some of those energy efficiency pol~cy tools are 

+ Informat~on Dissemnat~on and Educat~on Strateg~es to increase awareness 
+ Compulsory Energy Audlts 
+ Strengthemng of Energy Effic~ency Standards and Introduction of Labellng System 
+ Trans~t~on to Ratlonal Cost-of-Semce Based Tanffs and Collect~on 
+ Facil~tatlng ESCO Businesses 
+ Establishment of a DSM Cell and traln~ng of ~ t s  staff 

The analys~s done In ths  project suggests that DSM could become sustarnable and prove to be a 
" w n - ~ m "  proposlt~on for Armenla 

a 

Resource Management Assoc~ates of Madison Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 
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Demand-S~de Energy EfTiclency Strategies and Recommendat~ons 
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- 
Pnmary 
0 b ~ e c t ~ v e  

Load Management 
DSM SMmg from 
Daytune to Nlghttlme 

Target End-Use 
Technologes 

Space Heatmg Hot 
Water Clothes 
Washtng Ironmg 
Coolung Behavioral 
Change 

Hot Water Clothes 
Washmg Iromg, 
C o o h g  Behavloral 
Change 

Energy intensive 
mdustnal process 
Move fiom Peak s M  
to Off Peak S M  
Operation 

Hot Water 
Replacement by 
Super ~nsulated 
Heaters 

Target End-Use 
Sector 

Residential LOW 
Consumpt~on (Low 
Income) 

Residenttal High 
Consumption (Htgh 
Income) 

Industrial such as 
bread factones 

Restdential Htgh 
Consumptton (High 
Income) 

Government 
or Ut111ty 
Benefits 
1 Savlngs due to 
mcreased nuclear/ 
thermal generation 
efictency 
2 Extra power 
avatlable for sale 
to neighbors 
dumg peak hours 

1 Savmgs due to 
mcreased nuclear1 
thermal generatton 
eficiency 
2 Extra power 
available for sale 
to neighbors 
dunng peak hours 
1 Savlngs due to 
tncreased nuclear/ 
thermal generation 
eficrency 
2 Extra power 
ava~lable for sale 
to netghbors 
dunng peak hours 
1 Savings due to 
increased nuclear1 
thermal generation 
efic~ency 
2 Extra power 
ava~lable for sale 
to neighbors 
dunng peak hours 

Program Oyt~on 
and Mechan~sm 

Tune-of use 
(Daymight) Tanff 
Voluntary 

Ttme-of Use 
(Daymlght) Tanff 
Voluntary 

Tune-of Use 
(Daymight) Tanff 
Voluntary 

T~me-of use 
(DayNlght) Tanff 

Consumer 
or Socletal 
Benefits 
Reduced bills 

Reduced bills 

1 Reduced 
production 
costs 
2 Increased 
compet~tiveness 

Reduced bills 

Program 
Costs 

TOU 
M e t m g  

TOU metenng 

TOU 
M e t m g  

1 TOU 
Metenng 
2 Appliance 
Replacement 

Implernentat~on 
Strateges and Posslble 
F~nanc~ng Mechan~srns 
1 M e m s t o b e f d b y t h e  
generation cost savlng (and export 
revenue dIfferenttals) to be passed 
by the GenCos to DISCOS 
2 Meters to be prowled under a 
World Bank program aumng to 
provldmg 1 p meters to 9% Yerevan 
Restdenttal sector by 200 1 

1 Meters to be partly f~nanced by 
the generatton cost savmgs (and 
export revenue m-als) and 
partly to be borne by the customers 
2 Meters to be provided under a 
World Bank program a t m g  to 
provldmg 1 p meters to 9% Yerevan 
Residentla1 sector by 2001 
1 3 p meters to be provlded to all of 
Yerevan under a World Bank 
Program 
2 ESCO s could provlde the 3 p 
meters wth shared s a m e  contract 
wtth the customers 

1 Meters to be flnanced by the 
generation cost savmgs (and export 
revenue dflerenttals) and 
appltances to be borne by the 
customers 
2 Metm to be provided under a 
World Bank program a m n g  to 
provtdmg 1 p meters to 9% Yerevan 
Res~denttal sector by 2001 
3 Appltance manufacturer could 
provlde mcentives (recovered 
throueh increased sales) 
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Strategc Load 
Growth DSM 

Strategc Energy 
Conservahon DSM 

Resldenttal 

Industrial non 
operat~onal Industna 
New Industnes 

Restdenttal 
Commerctal 
Government, Schools 
Hosp~tals 

Restdentla1 

Residential 

Residentla1 

Reschedulmg popular 
TV programs fiom 
everung (peak) to 
night 

Tune-of use 
(Day/Nrght) Tanff 

Llghtmg Appltance 
Vendor Development 
(CFL and Fluorescent 
lamps development) 

Incentives and Loans 

lnformatton Program 
(through newspaper 
and other media) 

Duect Installatton 

TV Behavroral 
Change 

Industrial processes 
allow mght sh*tt 
operation only to the 
revlvmg mdustnes 
g v e  mght kW load 
permrt only 

Llghtmg 

Water Heater Jackets 

Refhgerators TV 
(replacement of old 
appltances with new 
ones) 

Water Heater 
replacement wrth 
Solar Powered Water 
Heater 

1 Savmgs due to 
mixeased nuclear1 
thermal generatton 
efic~ency 
2 Extra power 
avallable for sale 
to n e r g h h  
dunng peak hours 
Savtngs due to 
mncreased nuclear1 
thermal generation 
eficlency 

1 Reduced need 
for addmg power 
plants tn the future 
2 Extra power 
avallable for sale 
to netghbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addlng power 
plants tn the future 
2 Extra power 
avatlable for sale 
to nerghbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addlng power 
plants m the future 

2 Extra power 
available for sale 
to neighbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addtng power 
plants m the future 

2 Extra power 
avallable for sale 
to nerghbors 
dunng peak and 
off oeak hours 

Reduced Brlls 

1 Lower brlls 
2 Increased 
competltrveness 
for market 

1 Reduced 
b~lls  
2 Reduced 
expensff 
3 Market 
Transformatton 

1 Reduced 
btlls 
2 Reduced 
expenses 

1 Reduced 
bllls 
2 Reduced 
expenSes 

1 Reduced 
bllls 
2 Reduced 
expenses 

TOU metenng 

Vendor 
mcenttve 

Incenttve 

1 Informat~on 
program costs 
2 Extra cost 
of efficient 
appl~ances 

Solar 
Powered 
Water Heater 
Cost 

- 

1 Meters to be f m c e d  by the 
generatron cost saw@ (and export 
revenue dIfferentrals) and the cost of 
applrances to be borne by the 
customers 
2 1 3 p meters to be provided to all 
of Yerevan under a World Bank 
program. 
Forergn firms collaborattng wlth 
local f m  and local manufacturers 
provlde the seed money 

Incentrves to be provlded by the 
utrllty (dlstnbutton company) 

Government should be mvolved m 
lnformatton dissermnation programs 
e g provldmg mcenttves to the 
medla for mcludmg the energy 
eficlency agenda m theu 
Programmi5 

Cost of solar water heater could be 
paid for by savlngs anslng out of 
zero electnclty consumpbon 
ESCOs could get lnvolved m tlus 
financmg actlmty 
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Commercral 
Government Bulldmg 
Schools Hospitals 
Commercial Schools 
and Hospitals 

Mumc~palttres 

Industries 

Industries 

Controls Lrghtmg 
improvements 

Bulldmg 
Weathenzatron 

Water Pumpmg, 
Street L~ghtmg 

EAiclent Motors 
Vanable Speed 
h v e s  

Capacitors for 
Power Factor 
Improvement 

Performance 
Guarantee1 Shared 
Savmgs Programs 
Duect Installation 

Duect lnstallatlon 

Energy Audrts and 
Information, Incentives 

Dlrect Installation or 
Incentrves/Rebates 

1 Reduced need 
for addmg power 
plants ln the b r e  

2 Extra power 
avallable for sale 
to neighbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addlng power 
plants m the &re 

2 Extra power 
avarlable for sale 
to nerghbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addlng power 
plants m the future 

2 Extra power 
available for sale 
to neighbors 
dunng peak and 
off peak hours 

1 Reduced 
expemes of the 
mumctpallty 
resultrng m 
lower ut~ltty 
costs for the 
customers 

1 Reduced 
Costs 
2 Increased 
competltlveness 
and larger 
markets 

1 Reduced 
Costs 

Replacement 
Cost 

1 Energy 
Audtt Cost 
2 
Replacement 
Cost 

Capacitor 
Cost 

ESCOs r a m  the money (through 
subsldlzed loans) and install the 
equrpment 
Fundmg could be done through 
multl lateral development banks 
and subs~dtzed loans 

ESCOs mse the money ( through 
subsldued loans) and ulstall the 
equipment. Investment recovered 
through performance guarantee 
based shared savmgs program. 

Agencies l ~ k e  ACAEE and other 
ESCOs could get involved m the 
energy audrt achrltles and do d free 
of cost wlth the assurance that they 
wll  be mvolved m the 
unplementatlon process 

T h ~ s  type of program 1s expected to 
have very low paybacks ESCO s 
could purchase and lease capamtors 
to customers on a performance 
guarantee and shared savmgs bas15 
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I INTRODUCTION 

The Government of Armerua, assisted by the U S Agency for International Development 
(USAID), IS ~nvestigat~ng optlons for electnclty supply to the Armeman Nuclear Power Plant, 
whch IS planned to close down In 2005 Several supply optlons are belng evaluated by Burns and 
Roe Enterpnses (BREI), under contract to USAID (Delivery Order #28, Armema Power 
Supply/Conservat~on Project) Ths reports looks at the demand-slde management (DSM) opt~ons 
for increasing the end-use efficiency in the power system Thls ~nvestlgatlon was done by 
Resource Management Associates of Madlson, Inc (RMA), under subcontract to BREI Much of 
the Armeman data contained m thls analys~s was prov~ded by the local counterpart orgamzations 
to the DSM study the mmstry of Energy and Fuels - Research and Development Departmefit 
(Mr Robert Khazanan) and the Energy Strategy Center @r Ruben Muradyan) 

The structure of the report IS as follows In Sect~on 2, there IS a d~scusslon of the reasons (or 
objectives) for irnplernentlng DSM - both those objectives that apply broadly across all countnes 
and those that are speclfic to Armetua Ths is followed In Sect~on 3 with an analysls of the 
electnc~ty sector supply and demand charactenstics in Armema, whlch forms the basis for spec~fic 
DSM strategies Section 4 presents an analys~s of electnc~ty tanffs In Armenla Thls is followed by 
Sectlon 5, whch Includes an overwew of the ~nfi-a-structural and organ~zatlonal aspects related to 
energy efficiency development and implementation In Armenla Sect~on 6 focuses on the 
development of DSM strategies and programs for Armema Section 7 deals with the heating load 
and opt~ons for replac~ng some of the electnclty demand wlth rehabil~tat~on of the natural gas 
and/or distnct heating systems Sectlon 8 descnbes options for financing DSM programs, both 
InternaIly and wth external sources of finance The report concludes w~th a d~scussion oflsiig- 
term DSM programs and recomrnendat~ons (Sectlon 9) 

The Wnlstry has since been renamed to the Mimstry of Energy 
-- 
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2 DSM PROGRAM OBJECTIVES 

In order for DSM programs to be attractive and have the potential to be successhlly 
~mplemented, ~t is necessary first to define clearly the objectives for DSM Ths sectlon descnbes 
the general objectives for implementing DSM that are common to many countnes, mdustnal~zed, 
trans~t~onal or developed Ths general descnpt~on of objectives is followed by a d~scussion of 
objectives spec~fic to Annerua, whlch make the case for Annerua even more compell~ng 

A General Objectives for lmplement~ng DSM 

In the Umted States, Demand-S~de Management @SM) got its start m the late 1970s, manly as a 
result of regulatory requirements and pressure fiom environmental groups The oil cnsis of 1973 
made Amencans aware of the unportance of energy in the economy, and Innovative strategies began 
developing whlch focused on the rat~onal use of energy DSM was a ma~nly utility-sponsored 
mechmsm through whch the use of energy (particularly electnc~ty) and the trmng of energy use by 
end-users (customers) were Influenced The u t~ l~ t~es  des~gned DSM programs to meet their own 
objectives of not adding power stations, as well as the broader socletal objective of cleamng up the 
environment Moreover, the techcal options that were put In place through DSM programs were 
cost-effmve compared to the supply-side optlons The utilities could thus share some of the money 
saved, by not addmg more expensive generation capacity, w~th the end-users in the form of customer 
~ncenoves to Implement DSM State regulators started mandating DSM in early 1980s because these 
strateges helped customers reduce the~r energy demand and use, thus savlng on energy costs These 
energy savings reduced the amount of energy an energy provlder (such as an electnc ut~lity) needs 
to provide in both the short and long term 

B DSM Objectives for Armenla 

Armenia's population of about 3 8 m~llion has a per caplta electncity consumption of over 1,180 
kwh, wh~ch is considerably higher than the world average for developing countnes The hgh per 
cap~ta electncity consumption has, in part, been caused by recent reliance on electnclty for meeting 
resident~al water heatmg and wnter space heat~ng demand This reliance IS common In all economc 
sectors, wth a large effect due to space heating needs in the resident~al sector, cornpnsed of 750,000 
formerly state-owned, but currently pnvat~zed, residential apartments 

The general standard of hvlng is expected to recover gradually fiom a current low income of US$294 
per cap~ta (m 1996) W~th hgher incomes, resident~al electnc~ty demand w111 grow In the f3ture as 
consumers purchase more electrical appliances Demand in other sectors, such as the comrnerc~al and 
industrial sectors, wrll also grow wth an Improved economy It is clear that the proper management 
of the energy industry, particularly the electncity sector, wll be a cruc~al factor rn Arrnema's 
continuing economc recovery and hture development process 

As in other transltlonal and develop~ng countnes, there IS enormous potentla1 for effic~ency 
Improvement m both the supply and demand components of Armenla's electncity sector A util~ty's 
motivation for developing DSM programs w11 vary, depend~ng on both the economic and energy 
supply conditions However, the benefits of DSM programs for the ut~lity and the customers are 
signdlcant under a vanety of circumstances In addltlon to the overall economc and environmental 
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benefits of DSM measures compared to trad~tional supply-side options, as d~scussed above, the 
rationale for ~mplementing DSM in Armerua has numerous compell~ng benefits 

Some of the objectives for ~mplement~ng DSM in Armema are common to many transitional and 
developing countnes that have recently adopted it, such as Thailand, Mexlco and Chna These 
general objectives for lmplementlng DSM are 

DSM measures have hgher cost-effectiveness than in the ~ndustnalized countnes because of 
hgher samngs potentla1 and hgher share of energy costs (over total costs and expenditures) 
DSM could effectively reduce the relatively faster growth of electricity needs (both kW and 
kwh) 

a Scarc~ty of cap~tal required for add~ng supply-side resources makes DSM optlons more attractive 
Supply options generally range from US$800 - $3,000 per kW, compared to DSM cost of 
US400 per kW on average 
DSM often helps unprove peak rehabil~ty of the system, thereby reducing the need for electnc~ty 
ratiomng and/or blackouts 
DSM helps reduce demand, ellrmnattng the need for power flow over the transmssion and 
d~stnbutron (T&D) network, thus creat~ng savlngs in generally high T&D losses associated wth 
power flow If 1 kW 1s saved at the end-user level through DSM, ~t in fact results In about 1 2 
kW samngs at the production level Ths  objective is particularly relevant for Armerua because 
electnc energy losses over the T&D networks are very hgh, as shown In Table 2 Z lo 

Table 2 1 
Transmrsslon arid Distrrbutron (T&D) Losses 

Source Mnlstry of Energy (Apnl 1998) 

* Environmental benefits of DSM are considerable, and especiaIIy valuable to society, when 
controls are not In place to mt~gate pollution from supply-s~de sources Th~s 1s the case In 
Armerua, where the power sector is in poor financial health and cannot afford expensive pollution 
controls 

Year 

T&D Loss (%) 

9Ame~ua's supply capaclty seems to be suffic~ent to meet the present demand But, as demand 
Increases over the next decades there wl l  be a growng need for add~ng new power plants The hlgh costs 
assoc~ated wth  thls ant~clpated expansion could be cost-effecbvely reduced through lmplementat~on of 
DSM opbons 

1994 

23 06 

lo According to recent Government estimates, currently the technological losses alone In the 
energy sector total 18 5% whlch 1s equivalent to 22 b~lllon drams (US44 m~ll~on) annually (Noyan- 
Tapan, 1998) The commercial losses are also qulte substanhal However, the Armenlan Government IS 
currently focusing largely on regulabon of energy W s  and enforcement of bllllng and b ~ l l  collecbon 
d~scipl~ne ~ncludrng drs-comect~ons due to non-payments, whch have led to Increase In total collemons 
from 35% In 1994 to 80% In 1998, resulhng is reducuon of commerc~al losses 

1988 

14 5 
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1993 

20 1 

1998 

18 1 

1996 

18 57 

1997 

18 5 
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In addition to these general benefits for transitional economes, five other dnving factors support the 
promotion of DSM specifically in the Armeruan electnc power sector 

* Lack of Ind~genous Energy Suppl~es Arrnema has few or no foss~l he1 resources of its own, 
although it does have hydroelectnc and nuclear generating capacltles (USEIA, 1996) The 
Armeman Mmstry of Underground Resources, in cooperation with the US Geological Survey 
(USGS), has also been explonng the quantity and quality of coal reserves In Armerua No studies 
have yet been done of the cost-effectiveness of using these reserves for power generation Thus 
overall, the nsk of fie1 supply uncertainties for Arme~ua's thermal power plants exlst Imports 
could be blocked or sabotaged as a result of reglonal conflicts, whether directly involwng 
Armenla or not In fact, ths  has been the case in Armerua for some years, and prowded 
compelling reason for restarting the nuclear power stat~on 

Nuclear Power Plant h s k  The Armen~an Nuclear Power Plant (Medzamor), whch accounts 
for a substantlal share of the electnc~ty supply, is considered to be a potential environmental 
hazard of great magmtude Ths creates a potential nsk for Armenia and in the region, and could 
result m the power plant being closed down at anytime Because of this and the age of the power 
station, Medzamor 1s planned for retirement in the year 2005, thereby creatlng the need for 
addit~onal supply facilities to meet the exlst~ng and nsmg future demand 

Power System Efficiency and Reliability Currently, the complex and somewhat problematic 
situation m Armema's electnc power system is reflected m the generatlon and load charactenstics 
In the wnter, nuclear power station generatlon of about 375 MW contnbutes nearly half of the 
mght-tlme load of about 800 MW Thus, a rught-t~me accident can have unexpected consequences 
for the entlre system The Hrazdan thermal power plant, which must continue worlung in the 
base load conditions because of expensive cold-starts, and to maintain system reliability, results 
in higher he1 expenditure and lower power system efficiency Figure 2 1 ~llustrates a typlcal 
charactenstic wnter day supply and load Shfting the peak loads to off-peak (night-time) hours 
will enable operating both the nuclear and the thermal units dunng off-peak hours closer to their 
full capacities and, therefore, more efficiently Load management almed at flattening the load 
curve (load shifting) 1s of vital importance for other reasons as well 
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0 4 8 12 16 20 24 

Hour of the Day 

Source M m t r y  of Energy (Apd 1998) 

Power Productzon Costs Dumg the summer season, the base load (mght-tune) falls to below 
400 MW The nuclear power plant s run at 180 MW dumg thls tune, resultmg m power 
produchon cost 3 5 tlmes hgher than If it would have generated 390 MW (because it could take 
advantage of re-hehg wth one full load) On a summer mght, the thermal power plant also uses 
only 30% of its capaaty, whch IS mefficient from the system's pomt of new Thus a load-sMmg 
type DSM program would be advantageous m bemg able to offset the revenue loss resultmg from 
the Merence m mght and day tanfEs with lowered generation costs " Ths "flattenmg" of the load 
curve through load sMmg can be done through DSM mechamms or through pumped hydro 
storage, where electnay produced at the nuclear power plant dumg the mght wdl be stored for 
use d m g  the day tune However, a feasibhty study shows that one 100MW, 1 mdhon cubic- 
meters, pumped-hydro storage unit with a 60% efficiency wdl cost $41 d o n  and pay back 
period wdl be 5 6 years (personal comm~~llcation) Comparatively, DSM opoons wdl have much 
lower payback penods of 1-2 years 

Export Potentzul Armem's neighbors, such as Georgia, Turkey and Iran, are potentdy large 
markets for electricity exports l2 There s a caveat that, although exportmg power could be one 

" For the current voluntary TOU tanff system, the rate is 21 Drams per kwh in the dayme and 
12 Drams at nlght-tune 

l2 Presently Armenia is connected with neighboring countries by 330-220-1 10 kV inter-system 
lmes The nng-shaped network forming the system has sufficient capacity and is able to provlde trans~t 
and inter-system flows of electric energy However, existmg 110 kV mterconnecbons wth neighbors, 
Georgia, Azerbatjan and Turkey, x e  not in operation A new 220 kV Double Clrcmt Transrmssion Lme 
that is being built between Armenia and Iran, was placed in servlce m early 1997 and can carry about 65 
MW (Mmistry of Energy, August 1997) 
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of the major attramons of lrnplement~ng energy efic~ency programs through DSM, only Georgia 
IS currently a viable export market In the short run But, Georgia also has lirmted financ~al 
resources to pay for the Imported electricity Several sources reported the possibility of a 500 kV 
Regonal Power Pool (Gnd) wthln the Black Sea Reg~on-Caucasus be~ng formed in the future, 
thereby creatlng an export market for Armema's electncity Ignonng polltical considerations, 
Turkey could be a profitable electncity market at off-peak load Turkey is ready to buy electnclty 
at 3 cents/kWh at mght, their own cost of supply Ths potentla1 export market exlsts because 
Turkey has an annual growth rate of 8 percent, and they are currently purchasing power from 
Bulgana at 3 5 cents per kwh 
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3 ELECTRICITY SUPPLY AND DEMAND ANALYSIS 

In order to identlf3r cost-effective DSM programs and implementation mechanisms, it is necessary 
to analyze the customer profiles, or end-use load curves Ideally, enough information IS available 
about customer energy end-uses and tlnung of demand to pinpolnt whlch DSM programs wll 
meet the utility-detemned objectives (kW and kwh reductions) Utility capacity requlrements 
forecast~ng begins wth a sector-by-sector look at the components of the base and peak -load 
reqwements Ths data IS gathered pnmanly from customer billing records, wh~ch are a reliable 
source of end-use demand data 

In the case of Armema, hlstonal end-use data based on electncity consumption (billing records) 
by sectors was not available It was necessary to infer end-use data from a vanety of sources 
Hourly electncity generation data for all of Armenia was prov~ded (by consultants under another 
USAID project) for the full year of 1997 (365 days) Th~s IS generation or system load data, as 
produced by the power plants, and glven In Appendlx I1 To illustrate this data, a typ~cal wnter 
and summer day (February 10, 1997 and August 10, 1997) are displayed In Frgure 3 1 Typ~cally 
these curves are referred to as "load curves," however, since these curves represent the 
generation data, they should be referred to as "system load curves " As the figure ~llustrates, 
electncal generation vanes dunng the day m response to the electrical demand of the country The 
figure also shows that the data for the wnter and summer are quite d~fferent in magrutude Ths 
aspect w11 be d~scussed later In ths  sectlon 
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Figure 3 1 
Summer and W~nter Sample Load Curves 
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The restructuring of the once vertically-integrated monopoly state enterpnse Ha~energo 
(Armenergo) m 1996 resulted m unbundl~ng of ~ t s  generatlon, transmlss~on and distribution 
functlons to cornrnercral tradlng entitles amenable to a market-based electnc~ty Industry 
Prlvatlzatlon of these entitles IS also currently under way, as legislated by the new Energy 
Regulatory Law of 1997 l3 At present, there are SIX major generatlon 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, m analyzing the electncal demand curves, ~t IS Important to also understand the actual 
generatlon s~tuatlon and how the system generatlon and demand interact The following passage 
IS taken from "Volume A Rehabilitat~on and Restructuring Plan for the Armeman Electrical 
Sector," prepared by EnergyInvest PI0 (Mmlstry of Energy, August 1997) 

"At present, Armenla's generatlng capaclty conslsts of a nuclear power plant, 
three large thermal power plants, two hydroelectnc cascades and numerous 
smaller resources Installed capaclty totals almost 3,500 MW, however, operable 
capaclty IS llmted to about 1,700 MW Fuel and water constra~nts hrther llrn~t 
avalable capacity such that on any glven day, about 1,000 MW are available " 

Thls report hrther states that the Medzamor nuclear power plant has an operational capaclty of 
4 0  MW Therefore, the non-nuclear dally capaclty 1s about 560 to 1260 MW 

As Figure 3 2 md~cates, the summer electncal demandi4 vanes from a low of about 375 MW to 
a peak of around 800 MW The winter day has two penods that are above the 1000 M W  value, 
pealung around 1200 MW The peak day (New Year's Eve) shows loads well In excess of the 
1000 MW level Based on the prevlous statement regarding the d~fficulty of prov~dlng power 
for loads above 1000 MW, the need to reduce the electncal load, especially in the wlnter, 
becomes apparent Figure 3 2 also shows that the wnter load completely exceeds the non-nuclear 
ava~lable capaclty of 560 MW by an average of 300 to 400 MW, while the summer load also 
exceeds the 560 MW level Therefore, m vlew of the non-ava~labllity of nuclear generatlon due 
to expected closing of the nuclear power plant (Medzamor) In 2005, a dlstlnct poss~bll~ty of 
electncity shortage exlsts DSM thus becomes an attractwe alternatrve for avoldlng an electncity 
crlsls Supplying the current system load IS already a s~gn~ficant challenge, slnce much of the 
generatlng capaclty IS unrel~able Meetlng new customer demand IS an even greater challenge 
when the system cannot rel~ably meet all of ~ t s  current load 

l3  This fuel swtch was influenced In part by dwndling resldent~al gas supplies and by a poorly 
fimcbomng central heating system 

l4 Unless othewse noted in the following d~scussions demand refers to system load (that w, 
includes system losses) 
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The discuss~on that follows is an analysis of the generation data, what the data lndlcates regarding 
users, and the potentla1 for reducing the customer load The sigruficance of the currently reliable 
generating capacity versus the hourly load curves IS also shown in Fzgure 3 2 

B Transm~ss~on and D~str~but~on Losses 

The data presented In Fig 3 1 and Fig 3 2 Includes not only the customer (end-user) load but 
also all of the system losses resulting from transmission and distnbut~on to the customers To 
analyze customer-only loads, the losses must first be removed from the system load data 
Transrmss~on and distnbut~on (T & D) losses have ranged from 18 to 23 percent over the past 
ten years (see Table 2 I), and have averaged about 21 percent for the past several years using 
this 21 percent average, the actual customer load was est~mated from the system load data as 
shown m Fig 3 3 Typical summer and w t e r  days displayed In Fig 3 3 are July 15 and February 
10, 1997 The T&D losses are significant, amounting to roughly 100 to 150 MW each hour 
during the summer and approximately 200 MW per hour dunng the winter These numbers 
become even more sigmficant when compared to the rel~able non-nuclear generation, whlch is 
only 560 MW These losses are more than double the typ~cal T & D losses in developed 
countnes, which are more typically in the range of 7-9 percent Whlle ~t is not possible to 
completely ellmrnate T&D losses, if the losses could be halved, the result would be slrmlar to 
gainlng an extra 50 to 100 MW of capacity Thls is a common problem and solution in other 
developing countnes also The Armeruan energy sector professionals are also aware of thls 
problem, and ~t IS clear that the elimination of excess T&D losses IS then h~gh pnonty, as 
demonstrated by theu negotiations with the World Bank and the Japanese Government for loans 
to rehabil~tate the T&D system In Yerevan 

Resource Management Assoc~ates of Madlson Inc PROJECT FINAL REPORT- DRAFT (Sept 1998) 



Armenla Power Supply1 Conservat~on Program Demand-S~de Management Measures Dm28 22 

F~gure 3 3 
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In the d~scuss~ons that follow, the est~mated customer load (generation adjusted for 21 percent 
T&D losses) is used in the demand analysis and the subsequent analysis of demand-side 
management @SM) targets and strategies 

@ Demand Analys~s 

To obtan a clear understanding of the customer demand, the best method 1s to graph the dally 
loads hour by hour There are several ways to do thls 

Ideally, every day of the year could be represented on the same graph, but ths  is not 
practical, slnce the graph would be extremely cluttered and imposs~ble to dec~pber 
One md-week (work) day a week for a full year could be selected and then graphed Ths 
graph would be best at illustrating seasonal changes 
A week could be selected and each day of the week graphed to illustrate the weekly load 
changes 
A rmd-week (work) day could be graphed agalnst a weekend day (holiday) to ~llustrate the 
changes In business and recreation that result dunng typical weeks 

Seasonal Load Varfatron 

Fzpre 3 4 illustrates the customer load for every Wednesday of 1997 Two maln observations 
are evldent from thls graph 

The load on New Year's Eve day is substantially h~gher than any other day 
The graph shows two distlnct load bands, one representing the summer penod and one 
representing the w~nter penod 
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The demand curve for New Year's Eve is espec~ally Interesting Wlule the shape of ths  curve 
IS consistent with the other curves, the curve IS shfted upward approximately 300 MW from 
the other wnter data From the graph, ~t appears that t h~s  hol~day penod has the greatest 
electncal demand Ths IS apparently a phenomenon that IS due only to the hol~day and is not a 
regular event 

F~gure 3 4 makes it obvlous that there IS a general seasonal lncrease in electncal demand 
dunng the winter months As can be seen, the summer load band has a fa~rly t~ght load 
d~stnbution However, the load for the winter months IS not so t~ghtly bunched, and the load 
vanes by as much as 200 MW at any part~cular hour Ths vanat~on In the wnter electncal 
load IS undoubtedly due to the temperature vanations at ths  t~me of year In general, 
however, the wnter load exceeds the summer load by 300 to 500 MW 

It IS easy to see that electnc~ty demand IS greatly ~nfIuenced by the seasons Ths seasonal 
increase is obv-~ously due to many factors, among which are Increased I~ght~ng, due to fewer 
hours of dayl~ght dunng the wnter, and Increased space and water heating needs, due to the 
colder wmter temperatures A large portion of the lncrease caused by add~tional heat~ng 
comes from the ~nd~vldual use of supplemental electnc space heaters Ths rel~ance on 
electncal heat~ng IS a result of distnct heating system shut-downs caused by insuffic~ent fuel 
supplies However, there is llkeIy also a small lncrease In electnc~ty demand from some 
operations of the d~stnct heat~ng system (in summer, only the domest~c water pumps operate, 
whlle In wnter a small number of the larger d~stnct heat~ng pumps are also In operat~on) In 
general, electncal usage in wnter would be expected to be hgher than In the summer months, 
slnce the populat~on tends to be Indoors more and there is greater use of televls~ons, radlos, 
and other household electncal equipment 

Other factors, such as the use of additional distnct heat~ng pumps, probably contnbute 
relat~vely less to the seasonal lncrease Whde there certainly are changes occumng In the 
economy in general, the maln reason for the wlnter shift is Increased electnc heat~ng It IS 

obvious that ths  cond~t~on places a huge load on an electrical system that was not deslgned to 
handle such demand (Muustry of Energy, August 1997) For Instance, the total dally energy 
demand for a typ~cal wnter and summer day IS shown below 

Winter day (211 2/97) 18,173 MWh 
Summer day (811 0197) 10.832 MWh 

Difference 7,341 MWh 

From these numbers, ~t can be seen that the seasonal dally d~fference of 7,341 MWh IS two- 
thlrds of the summer demand of 10,832 MWh The magrutude of this d~fference hghl~ghts the 
need to make this seasonal consumption a pnmary target for load reduction through DSM 
strategies 

Darly Load Varratron 
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Figure 3 5 exarmnes customer load for a full week to observe any vanatlon from day to day 
What IS stnlung about ths  graph IS the closeness of all of the curves There is very llttle 
vanatlon, 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 slrmlar The 
srgnlficance of ths  phenomenon wl1 be discussed later 

Analysls of Dally Load Curves 

The load curves illustrated In Fzgures 3 1 through 3 5 all have the same general shape Ths  IS 

true of the data for the entlre year, although the curve may be shfted on a seasonal basls 
Followng IS a revlew of the load curves for a typ~cal summer and wrnter day 

Summer C m e s  The early momng hours are relatlvely flat, although there IS a sllght decrease 
in consumptlon untll5 am From 5 am, the demand lncreases to the morning peak of 
approximately 650 MW between 8 and 9 am The demand is relatlvely level from 9 am untll 
about 7 pm, when the load lncreases sharply to the dally peak of over 750 MW at about 9 30 
pm After 9 30 pm, the demand decreases sharply untll the following mornlng valley 

Winter Curves At 1 am, the electncal demand IS decreasrng, although the value remans hlgh 
at almost 800 MW The curve cont~nues to decrease, but begrns to level off around 3 30 am at 
about 700 MW The wnter valley IS reached between 4 and 5 am at 725 MW From then, the 
load curve beglns to Increase rapldly unt119 am, when lt starts to fall off The penod between 
9 am and 12 noon shows a steep dpcl~ne In electncal consumptlon From noon untll7 pm the 
curve is relatlvely level The demand Increases to 1200 h4W at 9 pm, when the dally peak IS 

reached The demand remalns hgh but fluctuates for the next three to four hours, then it 
decreases rapidly 

Slnce the curves have the same general shape, we can illustrate several Important aspects of 
the data by uslng one day as typical of the data (see Fipr e 3 6)  Note that whlle the values 
and the speclfic hours of occurrence may vary from day to day, the general observations hold 
true Flrst, the lowest load of the day occurs between the hours of 3 and 5 am Thrs IS 

charactenzed by a valley or low polnt begrnn~ng around 5 or 6 am, then lncreaslng to a 
momng peak at around 9 am Each day, the load falls off sllghtly untll the early everung, 
when the load agaln lncreases at around 5 to 6 pm The evenrng load generally remalns hgh 
until around 9 or 10 pm, when the load agan decreases to the early morning valley 
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Figure 3 5 
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Figure 3 7 
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Applylng typical hourly ac t~v~t~es  (Flgure 3 7), we can begln to understand what act~v~tles 
contnbute to the load For instance, ~t is easy to see the dally "start-up" load as people wake 
m the mornrng and start to get ready for work or the day's normal actlv~t~es Ths IS 

charactenzed by an Increase In electncal consumption between the hours of 5 and 9 am The 
hours of 9 to 6 pm typically represent the worlung day It IS interesting to observe that these 
hours are charactenzed by an average lower electncal load than the mornlng peak load This 
momng peak could be caused by start-up demand for lndustnal customers The hours from 6 
pm to rmdmght are typically compnsed of residentla1 loads The load from mdnlght decreases 
substantially until about 5 am, when the pattern is repeated 

Another aspect of th: data can be illustrated by focusing on the daily low polnt or valley of the 
dally load curve Amounts below the valley level represent loads that are present 24 hours a 
day, whle the loads above ths  point represent the electncal end-uses that are ~nfluenced by 
the tlme of the day, by the resident~al, commerc~al, or ~ndustnal users We can draw a 
honzontal l~ne across the graph (at ths  valley level) to d ~ v ~ d e  the load curve Into a user- 
controlled area and a sunken load, as shown in Fzgure 3 8 The sunken load IS contr~buted by 
end-use act~vltles that are constant throughout the day, such as a comb~nat~on of mumcipal 
energy uses (street hght~ng, water pumplng, electnc transportat~on) Domest~c water and 
sewage pumps operate continuously and have been estimated at about 40 MW (calculated 
from energy data based on personal cornmurucation) Some of ths  sunken load could also be 
resident~al loads such as refhgerators, slnce they cycle on and off to ma~nta~n temperature 
Fzpre 3 9 shows the user load dlvided into dally act~vrties, along wth the base load, whch 
allows a more deta~led review of the load curve 
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Figure 3 8 
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An analys~s of the summer load curve indicates that the sunken load averages a llttle over 300 
MW Although then end-use efficiencies can be improved, it IS fairly reasonable to assume 
that the sunken load cannot be reduced by any s~mple cost-effective changes by the end-user 
Until a deta~led break-up and explanation of ths  sunken load can be developed, the end uses 
causlng thls sunken load should not be the focus of end-user efficiency Improvements to be 
implemented through DSM programs 

Dunng the summer, the morrung electncal load Increases between 5 and 9 am These increases 
would be attnbuted manly to residential increases plus some industnal start-up loads Another 
contnbutor could be the additional electnclty required for enhanced mumcipal water pumplng 
(building water pumps regulated by the water utility and operated fram 8 to 10 AM in the 
momngs) The residential load would be comprised of l~ghting, televlsron and radlo, electnc 
coolung, and general preparation activities pnor to indimduals going to work 

It is interesting to note that following ths  penod, the electncal load decreases by around 100 
MW until late afternoon, when a slight Increase begins Durlng these hours, the load has 
shfted mainly fiom a residentla1 load to a commerc~al/rndustnal load However, thls decrease 
In electncd load is not typical of industnalized nations The uncertainties withn the Armeman 
economy contnbute greatly to this phenomenon What ths  means IS that the daily combined 
~ndustnaVmumc~pal/comrnerc~al loads are less than the early morning residential load 

The evening hours indlcate that the electncal load IS qu~te stable unt~l around 8 pm, when it 
increases dramat~cally Ths is undoubtedly due to the summer weather, when there IS more 
sunllght and the pleasant weather encourages outdoor actlmties At n~gntfall, the electncal 
load Increases as indiv~duals go indoors and turn on televrslons, radros, and lights Dunng the 
summer, the duration of thls evemng peak IS also relatively short, indrcating a two- to three- 
hour penod of Intense usage 

The wnter curve resembles the summer curve, however the morrung load does not begln to 
increase until later in the rnornlng, indicat~ng that indrvrduals sleep later because of the 
increased darkness and colder temperatures The evening peak begrns much earller in the 
everung, around 5 pm Also, the peak has a much longer duratron, lasting five hours with a 
sl~ghtly lower demand for an addit~onal two hours Overall the evening peak duration IS 

roughly seven hours 

The magrutude of the Increase IS greater in the winter than In the summer, approximately 400 
MW to 300 MW, respectively Ths  increase is probably due to the use of electncal space 
heating throughout the entire soclety 

Summary of Load Characferrstics 

We have assumed a typical day to illustrate these basic points of the load curve However, 
there are bas~c drfferences between the dally loads For Instance, the base load (the load below 
the dally valley) tends to vary throughout the year Depending on the month, the whole load 
curve shifts up or down Fzgures 3 1 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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Reduclng the wnter everung peak should be of major concern to the utility In addit~on, the 
difference between the summer and wnter base load (mmmum consumption) IS of extreme 
interest For the summer penod, the base electncal demand IS about 3 15 MW, whle In the 
wnter t h s  value IS approximately 850 MW Determmng what contnbutes to thrs wlnter base 
load IS Important In deterrmrung lf ~t is poss~ble to reduce the total load 

Another extremely interesting fact is that there is very little difference In the md-week to 
weekend load curves, as shown In F p r e  3 5 The load curves are essent~ally the same, 
especially in the summer months Whlle there is generally good correlation for the summer 
months, the wnter months are more affected by weather conditions, and the dally curves tend 
to differ more (Since there are very few residential alr conditioners in Armenia, summer 
electncal energy usage does not tend to fluctuate with weather conditions) 

The simlanty of electncal demand data between weekdays and Sunday means that there is 
essentially little sectoral Impact on electncal load from day to day Typically, the load curve 
should show greater vanation because of Industry, wh~ch generally operates during the week 
but not on weekends The sim~lanty of the load data for weekday and weekend day however 
means that, in Armerua, e~ther industry operates at the same level every day or there is little 
Industry to Influence the load curve The latter is more likely the case, because the ArmenIan 
industry sector IS currently m a very bad shape One other possible explanation for thrs 
phenomenon could be that the rnagrutude of the weekday industrial plus cornmerc~al load is 
essentially the same as the weekend residential load, but th~s coincidence seems unlikely l5 
Since there IS very little end-use data whlch identifies what each sector consumes, the sectoral 
end-use consumptron of electnclty needs hrther ~nvestigclrion 

Sectoral End-Use Esfrmafes 

The lack of electncal meters, andlor their unreliability, as well as the hgh "commercial losses" 
in Armema means that much of the data that is normally used to analyze electrical loads IS not 
available The data that is available is not to the level of detall 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, est~mates based on figures provlded in a 
recent document IS shown in Tabie 3 1 

l5 In tlus case, the electncal end-use mrght change from day to day, but the overall quanhty does 
not change 
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Table 3 I 
Sectoral Breakdown of Electr~c~ty Demand 

Sector 

Res~dent~al 
Non-rndustnal 
Publ~c Sector 
lndustr~al 
Drrnk~ng water 
Commerc~al 
Urban Transport 
Agr~culture 
Ra~l Transport 
Constructton 

Source Mimstry of Energy (1 997) 

Percent of Total Annual 
Electr~cal ~ o a d ' ~  

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

l6 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 electncity, including 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 revlew of 
the above information would lndlcate that the residential sector should certanly be a pnonty, 
as ~t dormnates the consumption of electncal energy After that, the next highest users are 
non-industnal, publlc sector, and lndustnal Following IS a bnef discuss~on of what is known 
or can be assumed regarding electncity demand in the residential, industnal, and commercial 
sectors 

D lndustr~al Demand 

Refemng to Fzgure 3 9, ~t is firly safe to say that the industnaVcommerc~al load does not 
exceed 300-350 MW (the difference between the daily load curve and the sunken load from 
about 9 am to 6 pm) for the typical day shown For purposes of this analys~s, we will use a 
value of 325 MW as an average for the user controlled load between the hours of 9 am and 6 
Pm 

A TACIS report on Armeman industry (TACIS, November 1996) stated that "the electnc 
consumption of industry in 1994 is around 1,000,000 MWh according to Armenergo, and 
665,000 MWh according to the State Statistical Department " Assuming that Armeman 
industry has not slipped since 1994, industnal electncal consumption should remain at the 
levels stated or be hgher Generation data for 1997 indicates that there was a total of 
5,934,682 MWh proauced, wth transmssion/distnbution losses of approximately 21% Ths 
means that total consumption for 1997 was about 4,500,000 MWh Uslng the average of the 
1994 industnal values shown above (average of 1,000,000 MWh and 665,000 MWh is 
825,000 MWh), industnal consumption averages about 14 or 15 percent of total electncal 
production, or about 18 5% of the total customer consumption 

On the basis of a standard 5-day work week and fifty-two weeks a year, there are 260 work 
days in a year The normal work day is assumed to be elght hours long Using these values 
and the estimate above for industnal consumption, the average industnal electncal 
consumption dunng the worlung hours is 400 MW In reviewing the load curves (see Frgure 
3 8), none of the curves seem to indlcate a load of ths  magnitude between normal worlung 
hours (9 am - 6 pm) in relationshp to the base load (usually occumng around 5 am) In fact, 
the load difference between the standard worlung hours and the daily base is only in the range 
of 300 to 350 MW Ths load is certainly compnsed of sector loads, lncludlng industnal, 
commercial, and some residential From this analysis, it can be concluded that the 1994 
estimates of industnal consumption do not agree with the 1997 hourly generation data, and 
these prevlous estimates appear to overestimate the consumption by industnal customers 
Th~s would mean that the level of industnal energy use has fallen dramatically slnce 1994 l7 

l7 For Instance, one of the major lndustnal consumers near Yerevan wth a rated capaclty of 80 
MW was generally consuming a maxlmum of only 30 MW dunng the first quarter of 1998 (personal 
commumca~on) 
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Ths IS also consistent with the Government est~mates whch Indicate that, following the 
collapse of reg~onal trade, payment agreements, and severely shnlung markets for major 
industnal products in the Former Sovlet Umon countries, Armema's industry sector output 
has decreased by over 60% (hhmstry of Energy, August 1997) 

Even lf the Industry operated SIX rather than five days a week, the hourly load would be over 
333 MW Ths IS st111 larger than the typlcal dally data lndlcates The issue for the demand 
analysis, then, IS to Improve the estlmate of lndustnal consumption 

From the load analysis, we know that the penod fiom 9 am to 6 pm has ~ndustnal, 
co~~merc~al,  and resldential load components and that the hourly average IS about 3255 MW 
However, we don't know what quantlty each component consumes S u m n g  the electrical 
demand between the hours of 9 am to 6 pm for the entlre year yields 1,915,3 15 MWh If the 
base of approximately 350 MW fiom 9 am to 6 pm 1s subtracted from thls value, tlus load 
becomes 765,565 MWh (1,915,3 15 MWh mnus 365 days times 9 hours times 350 MW) 
Agan, thls IS for seven days a week and IS the total of all user-controlled loads (Table 3 2) 
Percentage values for the portlon of the load that would be resldential and commercial can be 
estimated to deterrmne what the industnal load would be 
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Table 3 2 
Estimates of Annual Electrlcity Consumptron (7-day week) 

Est~mated Percentaqe Annual Consurn~tron 

Res~dentral 10% 
Commerc~al 20% 
lndustnal 70% 

76 557 MWh 
153 113 MWh 
535,895 MWh 

Total 100% 765 565 MWh 

Assurmng that mndustry accounts for 70% of the electncal load between the hours of 9 am and 
6 pm, mt IS then obvrous, fiom the 1997 data, that the lndustnal load cannot account for more that 
535,895 MWh Agaln, thls estimate IS calculated for seven days a week If Sunday data IS 

removed fiom thls analysis, then the total consumption between the hours of 9 am and 6 pm IS 

659,223 MWh (765,565 MWh rmnus 106,342 MWh) Applying the same percentages as above 
ylelds the following results (Table 3 3) 

Table 3 3 
Est~mates of Annual Electrlcity Consumpt~on (Sundays not Included) 

65 922 MWh 
131 845 MWh 
461.456 MWh 

Total 100% 659 223 MWh 

Therefore, the mdustnal electncal consumptmon for SIX days a week from 9 am to 6 pm (assurmng 
an mndustrmal ratmo of 70%) IS 461,456 MWh, and for seven days a week, the value is 535,895 
MWh Smce the Ameman economy IS just beginning to rebound after the breakup of the former 
Sovlet Umon, ~t IS farly safe to assume that few industnes operate more than the standard one 
shmfi per day Therefore, the majonty of the mndustnal electncal load would occur between the 
hours of 9 am and 6 pm These numbers are substantmally below the estimated 1994 values clted 
earlmer by Armenergo and the State Statlstlcal Department 

The above values are based on the assurnptlon that the mndustnal load IS seventy percent of the 
total user controlled load dumg the hours of 9 am and 6 pm Thms is only a very rough estimate, 

and mn fact, ths  percentage could be much less Whrle the resmdentral load dunng this penod IS 

probably not too hgh, the commercmal load could be hgher than the twenty percent value shown 
As the commercial value mncreases, the mdustnal value would need to be lowered If the lndustnal 
value were SO%, the lndustnal load would be between 329,612 MWh for a SIX-day week and 
382,783 MWh for a seven-day week Slnce there is very lmttle accurate metenng, mt IS dmfficult to 
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be exact in ths  value However, it is probably safe to say that between the hours of 9 am and 6 
pm, the Monday through Saturday industnal load IS between 329,612 MWh and 461,456 MWh 

Representatives of the Energy Comrmssion have stated that m 1997, the industnal load accounted 
for about ten percent of the total load Using ths  information, the total annual lndustnal 
consumption would be 468,840 MWh (ten percent of the total annual load of 4,688399 MWh) 
Assumng an industnal work schedule of six days a week, the hourly value is then 167 MW per 
hour (468,840 MWh divlded by 52 weeks by 6 days per week by 9 hours per day) Ths  value 
Increases to 200 MW per hour if the work week averages five rather than six days per week In 
the prevlous analysis, user-controlled load between the hours of 9 am and 6 pm averaged 275 
MW Using seventy percent of ths  figure as the est~mated industnal load, the industnal load is 
193 MW Ths  value compares favorably with the values of 167 and 200 MW prev~ously 
calculated Therefore, the assumption of seventy percent of the load dunng the day being 
~ndustnal appears to be reasonable 

E Res~dent~al Demand 

The user-controlled load has been prev~ously defined as the difference between the total 
consumption curve mnus the base load of 3 50 MW each hour The data provided Indicates that 
the annual demand is 4,688,399 MWh Subtracting 3,066,000 MWh (350 MW for 365 days at 
24 hours per day) yelds a user controlled load of 1,622,399 MWh We have already shown that 
the consumption between the hours of 9 am and 6 pm IS 765,565 MWh, of whch an estimated 
lo%, or 76,557 MWh, was residenti~! The evenlng and mornlng 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 evenlng and monung start-up per~ods are dominated by the residential loads While there 
would be some cornrnerclal loads In the evening (restaurants, theaters, and other enterta~nment), 
the commercial mornlng load would be very small Therefore, the residential load IS assumed at 
85% percent for the evenlng and morning loads, wlth the remaining 15% being commercial and 
rmscellaneous loads 

Based on these assumptions, the res~dential load would be 

Everung and momng start-up penod 728,309 MW 
Dmly load (9 am to 6 pm) 76,557 MW 

Total residential load 804,866 MW 

F Commercral Demand 

S~nce lndustnal customers are belleved to consume 10% of the electnclty and res~dent~al 
customers consume 50%, ths  means that 40% IS unaccounted for Commercial customers and 
mscellaneous users have to account for thls forty percent, but it is d~fficult to look at the load 
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curves and see any dlscerruble pattern that would be obviously attnbuted to cornrnerc~al 
customers Nevertheless, the commercial load IS assumed to occur durlng the standard penod 
from 9 am to 6 pm 
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One of the most hndamental aspects of any busmess is that the revenues must be greater than the 
total expenses For Armema's electncal Industry the compmson of income and expenses is 
dficult to make because ofthe complexity of the generation of electnclty Ths is generally true 
for most utllitles, as they tend to have multiple generation sources However, the costs of 
generation and mantarrung the electncal system have been established by the Energy Regulatory 
Comrm~sion~~ of the Republlc of Armenla and are shown In Table 4 1 below 

Table 4 1 
Generating Costs by Plant 

Complex of the Vorotan Hydro power plants 1 37 drams1 K w h  
Cascade of Sevan-Hrazdan hydro power plants 4 21 dramsfkwh 
Pflvat~zed small hydro power plants 13 00 dramsfkwh 
Hrazdan thermal power plant 15 48 dramsfkwh 
Yerevan thermal power plant 1 6  26 dramsfkwh 
Armeman (Medzamor) nuclear power plant 12 37 dramsfkwh 

Source Energy Regulatory Comssion (1 997) 

The supphersZO sell power to one nat~onal carner Armenergo, that is responsible for operating the 
transnussion (1 10 1 220 kV) network in Armenia's six regions, and for dispatch,21 imports and 
exports' D~sLfibution of power to end-users (at 6/10 kV) IS done by eleven dlstnbut.on 
enterpnses, one in each of Armema's eleven provinces (marz), including one in the capital c~ty 
Yerevan (Yerevan Distribution Company) 22 Yerevan and several smaller cltles are malnly 
supphed by underground system, whle remander of the country by overhead d~stribut~on system 
Metenng on the distnbution system IS virtually non-ex~stent at present, result~ng In commerc~al 
losses 23 

18 Resolut~on No 6 dated August 1 1997 (Energy Regulatory Cornm~ss~on, 1997) 

l9 At the hme of wnbng thls report 1 US$ = 500 drams 

20 All suppller enterpnses except Armerua (Medzamor) nuclear power statlon, are golng to be 
pnvabzed The seven small hydropower stahons were pnvahzed In 1997 

*' Currently the hspatch b c h o n  a merely an al lmhon of exlstlng supply and not economc 
hspatch Operabon of the transrmsslon network as a radial system has also resulted In decreased system 
stablllty 

22 In July of 1998 these eleven d~stnbutlon companles were hrther consolidated Into only four 
reglonal (~ncludng one in Yerevan) dlstnbut~on companles (personal commun~catlon) 

zi A proposed World BankIOECF (Japan) program alms to prov~de multl-tanff meters on the 
hstnbubon system nodes (M~rustry of Energy, August 1997) 

-- 
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The costs shown in Table 4 1 represent average costs for operating each supply facility However, 
when the nuclear plant 1s operated dunng a summer night, it operates at partial load (at 
approximately 50% of its capac~ty) Estimates show that operating ths plant at partial load 
increases its operational costs 3 5 times the full load operating costs If the nuclear plant 1s to 
cont~nue m operation, it should be loaded closer to its rated capacity, which will help to keep both 
the nuclear plant operating costs and power system average costs low 24 

The Energy Act of 1997 estabhshed an independent Energy Regulatory Commission, whch sets 
tan£Fs for all sectors, issues production Ilcenses, and 1s responsible for creatlng equal conditions 
for all entities The Energy Regulatory Law, adopted in June 1997, defines the principles to be 
applied in setting energy pnces and tanffs The pncing reform aims to gradudly increase the 
tariffs to full recovery The electncal tartffs that different types of customers currently pay are 
shown in Table 4 2 

Table 4 2 
Electrical Tariffs (1997-98) 

Sales to dlstnbut~on networks (average) 15 34 dramsfkwh 
Sales to 35 kV and hgher voltage customers 16 dramskWh 
Sales to direct customers of 6-10 kV 20 drams kWh 
Sales to 0 4 kV customers 

Residential up to 100 kWhImonth 15 dramskWh 
Residential 100-250 kWh/month 22 drarrskWh 
Residential greater than 250 kwmonth  
and all other 0 4 kV customers 25 dramsfkwh 

Sales btn 1 lpm-7arn to high voltage customers on TOU 12 dramsfkwh 

24 As Qscussed earlrer there are soclal and pol~tlcal efforts to close t h~s  plant due to rmpendlng 
nsks anslng because of r t s  locahon on or near an earthquake fault zone In 1989 Medzamor nuclear 
power plant was shut down owng to the fears of sersmlc damage caused to the power statlon by the 1988 
earthquake One of ~ t s  440 MW u~uts  (Un~t 2) resumed operatron In late 1995 to overcome the acute 
electncrty cnsls and to help reduce over-rellance on hydropower that was (and st111 1s) lead~ng to senous 
lowenng of Lake Sevan Wmstry of Energy, August 1997) Armenla's government currently also has 
plans to reacuvate Medzamor s Umt 1 (USEIA, 1996), while ~t also pIans on the other hand, to close 
down the entlre nuclear fac~l~ty by 2005 
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Features of Tanffs and Costs 

1 Yerevan power plant has costs that exceed 16 drams/kWh Yet, some of the tanffs are below 16 
drams/kWh Without knowmg how much contnbution IS made by the Yerevan power plant to the 
total supply, lt IS d~fficult 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 night t h s  urut is 
operated at partla1 load (approximately 180 MW) Wnlstry of Energy and Fuels staff have 
indicated that the costs of operatlng thls unlt at partla1 load at 3 5 tunes the full load cost Ths 
would mean that the cost of operatlng this urut at full load would be about 5 5 dramskWh 

3 Residential rates are substantially more expenslve than the other rates, except for the lowest level 
of consumption wlch  IS pnced at 15 drams/kWh 2s This rate is potentially below the cost of 
supplylng electnc~ty as shown m Table 4 2 Resldent~al customers falling Into the other two rate 
categories contribute the most towards recovering the supply costs The breakdown of how many 
res~dential customers fall Into whch tanff category IS unknown However, many residential 
customers are very conscious of electncal use, and try to minlmlze ~t It 1s possible that the 
majonty of the customers are In the lowest tanff category, whlch may be below the cost of 
supply~ng electnclty 

4 The rate charged to d~stnbutlon companies is also below the cost of supplying electnclty 
5 The World Bank has been supporting the Idea of a 20 percent Increase in electrical tarlffs for over 

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

normal, especrally for industnal customers, and ths  type of tanff should be considered for 
Armerua 

An In-depth revlew of the electncal supply costs and tanffs IS beyond the scope of t l s  project Such 
an analysis 1s the focus of other USAID-fbnded efforts, lncludlng the work that one USAID 
contractor is dolng In establlshlng and enhancing the capabll~tles of the Energy Regulatory 
Comrmssion However, ~t 1s easy to see that from a purely technical viewpoint the tanffs need to be 
ra~sed The question is whether the 20 percent increase suggested by the World Bank 1s adequate 
However, raislng the tanffs would requlre a thorough analysls of what the tariffs should be as well 
as what the consumers can afford to pay Ra~sing the tarlffs may result in an Increase in non- 
payments, and Increased thefts of electr1clty26 It IS also a polltlcally and soctally unpopular move 27 

25 Due to cross-subsidles 

26 Technical and Econormc Analyses of Measures for Elpenditure Stab~l~zat~on and Tanff Regulat~on 
In the Power Sector of the Republlc of Armenla (Lahmeyer July 1998) 

*' In 1997 average tarrffwas ralsed by 40% from 3 3 cents per kwh to 4 6 cents per k W h  
(USEIA 1996) w~ th  lower pnces for the low-lncome customers Because tanffs are a heavy burden to 
most Armen~an famllles, there u a growng publ~c discontent (RFEW 1998) as the cost of product~on IS 

less than half thls figure (average generation cost IS about 2 3 cents per kwh accord~ng to Energy 
Regulatory Commlss~on 1998) but the h~gh  cost of supply 1s a result of dlsproportlonately large 
transmlsslon and distnbubon (T&D) losses In fact the supply costs are so h ~ g h  (6 cents per kwh) that 
the sector has to rely on government subs~d~es 
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5 ENERGY EFFICIENCY INFRASTRUCTURE 

In Armema, there are many institutions and orgamzations that could play key roles in 
implementing energy efficiency projects and programs These include the government, energy 
sector entities, educational institut~ons, donor agencies, and the pnvate sector At ths  time, there 
is no specific orgamzation responslble for energy efficiency development and ~mplementation, 
although there IS an Energy Efficiency Law being considered by the Parliament The followng 
paragraphs promde information on some of the organizations that are associated wth the energy 
efficiency actimties 

Armenran Government 

The Mmstry of Energy (MEF) has the most slgnlficant influence over the development and 
lmplementatlon of energy efficiency programs The MEF is responsible for managing the overall 
energy sector and for developlng long-term strategies Within the MEF there are three key 
orgamzations the Department of Research and Development, the Energy Institute, and the 
Energy Strategy Center In addltlon to the MEF, there are other speclfic governmental 
orgamzations charged with energy sector-related issues The following are descriptions of these 
government orgamzations 

Enerav Reaulatorv Cornrn~ss~on 
Established by the Energy Act of 1997, the Energy Regulatory Comm~ssion IS responslble for 
setting tanffs, issulng production licenses, and for creating equal conditions for all entitles 

Minlstw of Envlronment 
Mmstry of Envlronment regulates and monitors emissions, and monitors the water flow of Lake 
Sevan (associated wlth hydro power plants), which Impacts hydroelectnc production capaclty 

Mln~stry of industry and Trade 
The Mnlstry of Industry and Trade 1s currently lnvolved in restructuring vanous lndustnes to 
make them ready for privatization Key lndustnes are currently being surveyed, and part of the 
survey IS also to evaluate the energy usage *' 
Mln1str-v of Economy and Flnance 
Thls mmstry assists in developlng and momtonng the expenditures of the nat~onal budget, 
including making assessments of any credits that require sovereign guarantees 

Parliament 
The Parliament IS responslble for developlng and approving legislation, such as the Energy Act of 
1997 Under current parl~amentary discussion is an Energy Efficiency Law A draft of the law is 
included as Appendix - IV The draft law specifies that its purpose is to define the legal 
framework for implementation of state pol~cy in the energy eficlency sphere However, the draft 

28 Results of this ~ n i s t x y  of Industry and Trade survey mll  be ava~lable In October 1998 
(personal commurucatlon) 
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does not specifL the state agencies responsible for developing and implementing energy efficiency 
strategies, nor does it address the hndlng of energy efficiency mandates 

Mun~crpal~t~es and Other Local Government Entrt~es 
These entities control a substantial part of the market for energy efficiency projects Publlcly 
provlded semces such as distnct heatlng systems, street llghting, and waterisewer systems are, in 
part or whole, the responsibility of mun~cipalities In addition, these entitles are responsible for the 
many publlc bulldings such as schools and ofice bulldlngs 

Mlnrstrres of Education, Health, and Socral Servrces 
These mmstnes are In charge of many bulldings semng public needs such as uruversities and 
schools, hospitals, orphanages and elderly homes, and refbgee centers 

Electr~c Energy Sector Enfrt~es 

Energy Generat~on Companles 
Power plants such as the Armeman Nuclear Power Plant (Medzamor) have an Interest in runrung 
at peak capacity in order to increase its efficiency and decrease ~ t s  generat~on costs 

As dlstnbution companies are pnvatized, they will rely more on providing energy efficiency 
serwces in order to attract or keep customers, and maklng their own operatrons more efficient 

Techn~cal Un~versltres 
These have the capabll~ty of providing support for and coordination with other energy sector 
players Potent~al activities include research and development of energy-efficient appliances, 
information dlsseminat~on through conferences and workshops, energy auditing training, and 
energy efficiency design training 

Prlvafe Sector 

Energy Servrce Compan~es 
The Energy Semce Compames (ESCOs) are entitles that provlde services related to 
implementation of energy efficiency projects and market~ng for energy efficiency activities Some 
ESCOs have emerged in Armema but it is st111 a fledgling industry In do~ng energy eficlency 
implementation in certaln sectors, such as the commercial and bulld~ngs sector, ESCOs wlll have 
an enormous potentla1 and role to play In the future 

Eaurpment Manufacturers 
Some manufacturers, like the exlstlng llghtlng equipment manufacturer Luis Lamp Plant, IS a 
potential manufacturer of energy-efficient llghting Fore~gn companies, l~ke General Electnc, are 
also Interested in tapping this potentially large market for energy efficient lamps Other local 
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industries are also potential manufacturers of energy efficiency appliances, boilers, air 
condit~oners, motors, meters, etc 

Non-governmen fa Organizafions 

These orgamzations can play influential roles in research, policy development, training, creating 
publlc and government awareness for energy eficlency and In lnformat~on d~ssemnatlon 

Assoc~at~on of Enerav Enaineers 
Ths membershp orgamzation recently orgamzed and hosted an International Energy Conference 
in Yerevan whch was attended by some 200 local energy experts It is presently developing 
strategies for the distnct heating system and is active in developing renewable energy sources 

ECO-TEAM 
Thls group is involved wth energy-related env~ronmental issues 

Mulfinafional Developmenf 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 playing critical roles in 
assisting Armema's transition from a centrally planned economy 29 Most of the foreign investment 
cormng into Armema is channeled through the Government 

29 The reforms that have led to the revival of Armerua s electnclty sector thus far, have partly 
been supported by forelgn (pnmanly Western) a ~ d  
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6 DSM PROGRAM DEVELOPMENT AND STRATEGY ANALYSIS 

A S~gn~ficance of the Res~dent~al Sector 

As discussed in prevlous sections, the residential sector currently contnbutes the most to 
electncity demand (see Table 6 I) Because of the llrmted availability of distnct heatlng and 
natural gas, residential customers have started to rely more heavlly on electncity for space 
heating, water heating and coolung This results in a lugher share for the residential sector than 
would normalIy be the case 

Table 6 1 
Sectoral Electrlclty Consumpt~on Character~st~cs 

Note "Othersn includes water and sewage pumping systems, street l~ghting and electricity usage 
In the commerc~al sector, government buildings, schools and hospitals etc 

End-Use Category Year 
(Units) 

Source Mrustry of Energy (August 1997) 

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

1997 
4528 
4 8 

3 2 

14 5 
46 8 

27 3 

3 4 

1996 

Table 6 2 
Armenla Resldentlal Energy Tariffs 

Total Consumption (GWh) 
Agriculture (%) 

Transport (%) 

Industrial (%) 

Residential (%) 

Others (%) 

Exports (%) 

451 8 
6 7 
3 8 

18 0 
45 1 
23 6 

2 8 

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

Source Energy Regulatory Commission (1 997) 
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Type of Customer I Electricity Tariff in 1997 
Residential Customers on 400 
High Consumption (Higher than 250 kwh per month) 

Medium Consumpt~on (100-250 kwh per month) 
Low Consumption (Lower than 100 kwh per month) 
Average (weighted by total consumption) 

25 Drams per kwh 

22 Drams per kwh 
15 Drams per kwh  
21 Drams per kwh  



Armenia Power Supply1 Consetvat~on Program Demand S~de Management Measures DO#28 48 

It IS clear fiom Table 6 I that the resldentlal sector, as a slngle-consumer category, currently has, 
and will contlnue to have, a major role to play In d~ctatlng electnclty consurnptlon amounts and 
patterns (See Chapter 3 for a hrther dlscuss~on of load profile ) In ths  context, the s~gmficant 
questions to be answered are what end-use targets w thn  residentla1 sector needs Immediate 
attention and how Day/Nlght tmff based DSM programs can be Implemented In ths  sector The 
follourlng sectlons are an attempt to understand the end-uses, and detemne whlch of them would 
be the best candidate for the differentla1 tanff system 

A recent estimate of the end-use load profile done for Armenla's urban and rural areas, through 
an analys~s of household electnclty needs, appliance penetration rates and associated colncldence 
factors, IS presented m Table 6 3 The average consumptlon In urban areas IS remarkably hgher 
(almost double) than that of rural consumers Projected forecasts also lndlcate that Yerevan's 
electnclty consumptlon growth rates wlll be very hgh as compared to h e m a ' s  other ten 
"dtstnbut~on'~ regons over the next 8-10 years (Wnlstry of Energy, August 1997) Hence, 
potent~al resldentlal DSM programs In the short-term should focus on the Yerevan region 

Table 6 3 
Res~dent~al  Electr~cai End-Use Load Prof~le In Armenla 

Note Operation hours are co~nc~dent peak hours that IS hours of operation colncidlng w~th the power 
system peaks 

E n d - U s e  
Category 

Source Mlnlstry of Energy (August 1997) 

From Table 6 3, lt can be Inferred that the focus of load management (load shlftmg) should be on 
space heat~ng, water heatlng, cooklng and l~ghtlng end-uses However, In order to develop more 
rellable and useful electnclty dlstnbutlon and end-use load data, and to estlmate the customer 
response to a posslble resldentlal Day/Nlght tanff system, an electnclty end-use saturation survey of 
Yerevan's res~dentlal customers (a sample of 1,000 apartment un~ts) was camed out under ths  
project 30 The results of ths  survey are presented in Appendix-I 31 However, some of the Important 

Urban Area (Yerevan) 

30 Rellable energy end-use ~nformation is generally not available In Armenla (IVbn~stry of 
Energy, August 1997) 

Rural Area 

31 The complete results and analys~s of this residentla1 end-use survey will also be published as a 
separate report 
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results, that relates to the formulation of Daymight tanffs and target end-use technologies, are also 
included in the followng sectlons 

Reslden tral End-Use Survey 

The compmson of electncity uses in the wnter and summer obtained through the surveys of 1000 
dwell~ngs are summanzed in Table 6 4 

Table 6 4 
Weighted Average Electricity Use by Appliance Type 

Space Heatlng 
Electnc Stove 
Llghtlng 
Hot Water 
Heatlng 
Refrigeration 
w 
lronlng 
Other 

Summer 
Not Applicable = Seasonal Savlng 
12% 
6% 

Lighting, hot water heating, and refhgeration are the only appliances that have substantial 
differences between summer and winter use (subtracting out winter space-heating requ~rements) 
The differences in lightlng and refhgerat~on can be easily expla~ned by seasonal vanation - longer 
dayllght hours In the summer, warmer temperatures ( ~ n  w~nter, some Items are stored on outs~de 
balconies, rather than In refhgerators) The difference In hot water heatlng In the summer may be 
due to lower requirements for clothes washlng, and to fewer hot water requirements for bathng 

Table 6 5 sumrnanzes the appl~ance use data from the surveys for those appliances which have the 
hghest electncity consumption 

Table 6 5 
Appliance Electricity Usage Characteristics 
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Type of 
~ ~ ~ l l a n c e l  

Llghtlng 
Space Heatlng 
Hot Water Heat 
Telev~s~on 
Refngerator 
Electric Stove 

Average Hours 
of Use Per Day 

5 
3 

1 
6 

24 
2 

Typlcal Rated 
Wattage (kW) 

0 28 
2 8 
10 

0 10 

0 15 

1 0  

Typlcal kwh 
Consurnpt~on Per 
Day 

14 

8 4 
10 

0 6 

3 6 

2 0 

Penetration 
Rate 

100% 

60% 
94% 

96% 

88% 

85% 
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Notes 
1 Only lighting has more than one appllance per apartment wlth varylng slzes, e g , 40watts and 60 

watts All appllances, other than Ilghtlng, are one per apartment where thelr usage IS reported 
2 Penetration rate IS defined as the percentage of resrdents whlch own a given appllance 
3 Space heatlng and air cond~tloner use are seasonal 
4 The compressor of the refrigerator cycles throughout the day depending upon the amblent 

temperature and the number of tlmes the refngerator IS opened during the day The detalled estimate 
of the average number of hours per day was beyond the scope of the survey 

Survey respondents were also asked whch appllances they would replace ~f they had any extra 
money The most common responses (m ordtr) were TV (30%), refngerator (20%), washmg 
machne (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately 20% of 
residents did not reply to ths question, slnce they did not anticipate havlng any extra money for 
the purchase of new appliances These replacement expectat~ons may have some Impact on the 
select~on of potentla1 lnformat~onal type DSM programs and appliance standards and labeling 
policies 

In the survey, residents were asked if they would shlft their use of electricity if glven a preferential 
tariff, and what level of tanff reduction would induce them to shift Residents were given a choice 
of preferentlal tanff equal to 25, 50, and 75 percent of current tanffs In all categones, 75% - 
85% of the residents sa~d that they would consider shftmg their electncity usage to mght-time 
(2300 to 700 hours) if given a preferentlal tanff Thew responses to the level of inducement 
necessary to ~nfluence such a sh~ft is shown in Table 6 6 

Table 6 6 
Wllllngness to Shift Electrlc~ty Usage to N~ght-Time (2300-700 hours) 

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

25 Percent 50 Percent 75 Percent 
Single-Famlly 18% 8% 74% 
4-6 Story 45% 38% 17% 
9-12 Story 36% 45% 20% 
14-1 6 Story 45% 43% 12% 

Residents were also asked whch usages they would be willmg to shift to non-peak times Most 
often ment~oned were bathlng, clothes washng, iromng, and coolung Bathlng and clothes 
washng would affect the electncity used in water heating As seen In Section 5 of thls Appendix, 
these are not the h~ghest electncity usages as determined by the survey Together, they account 
for only 22% (summer) to 26% (wlnter) of residential electricity use Ironing only consumed 2% 
of electnc~ty use Furthermore, not all of the usage can be shlfted to non-peak hours The uses 
that have the hghest electncity consumption, I e refrigeration and space heating, are the least 
amenable to shfiing their time of use and should perhaps be the focus of energy conservation type 
DSM programs 
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The results of tlus survey of household electncity usage patterns provldes information about the 
Importance and nature of vanous end-uses and potential DSM strategies and programs 

B Load Management Programs, Barr~ers and Strategres 

Typically, load management (or changing the tinung of electncity usage for end-uses) is achleved 
through tmff mechamsms (programs such as time-of-use, real-time, and curtailable or 
interruptible tanffs) or direct load control Load management programs do not requlre hgh 
investments, except for metenng requirements For implementing load management-type DSM 
programs, the end-use has to be flexlble or "elast~c" (over tlme), whlch lirmts its fiaplication in 
many situations 

In Armema, load-shifting options (fiom day time to n~ght tlrne) meet the objective of being able to 
run Medzamor nuclear power plant and the Yerevan thermal power plant more effic~ently Load- 
shfttng type of DSM programs w11 have to be simple (two-part) due to metenng costs They also 
have to rely pnmanly on behaworal change or changlng the electnclty end-use appliance or 
equipment usage patterns It should be noted here that a voluntary industnal TOU tanff system IS 

already in place, and resident~al TOU tanffs are being considered 32 However, only 48 tndustnal 
consumers (mostly bread factones) are on ths  dayhight tanff system and the impact on the load 
curve has been rmmmal thus far (personal comrnumcation) 33 

It was evident fiom the discussions with the Mnistry of Energy and other Government agencles 
that load slufting-type DSM programs 1s of significance to ut~lities and policy makers Ths IS 

pnrnanly dnven by the objective of Increasing valley load levels which would result rn hgher 
generatlon efficiency and lower generatlon costs (this matter have been explained in the foregoing 
sections tn detzul), and increasing exports dunng peak (day-time) hours A TOU tanff @ay/Ntght 
t a n q  is therefore an attractlve option 34 

However, the former objective IS so appealing to the officials that some proponents of ths  idea 
even suggested cons~denng simple valley-filling DSM programs (as compared to load-shfting) 
The latter optlon could be ~ncorporated Into strateg~c load growth DSM strategies 

32 AS discussed earlier, these are day-rught t a d s  for the h ~ g h  voltage consumers mth  the low 
rught tanE of 12 drams per kwh dunng 1 Ipm to 7am 

33 NO specific analys~s has been done of the load shlfhng Impacts that may have resulted from the 
voluntary Daymight tanE However, the general oplnlon of persons consulted was that there has not been 
any speclfic load shf ing  that could be accounted for by the preferential n~ght tanff Thls is partly due to 
the " free-nder" effect where the bread factones whlch would have operated at n~ght in any case are 
talung advantage of the savlngs (and the~r electncity bill reduchon) wthout really changlng thelr 
electncity usage patterns 

34 It should be noted here that the lower generatlon cost advantages (and perhaps h~gher export 
eanungs) resulbng from the load-smng (to night-t~me) by TOU tanff mechanism may be offset to some 
extent by lowered revenues collected from the rate-payers (due to lower n~ght-tlme tanffs) 
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Residenfral Sector TOU Tariffs 

Even though space heating IS the largest end-use, except for the low Income res~dential consumers 
however, space heating is not cons~dered to be an end-use that is flexlble enough to respond to 
differentla1 pncing Thls was also ind~cated by survey respondents The tanff differential mght 
Influence low income customers (about a th~rd of residential customers) to shift the~r space 
heating usage patterns, but metenng constra~nts wll prevent them from do~ng that Differentla1 
tanff meters, wluch cost about US$200 each w~th payback penods of more than 8 years, are 
beyond the means of the low-~ncome customers Locally produced two-part meters are available 
at a cost of $90-$110 per unrt whch IS also beyond the reach of most low income res~dential 
customers 35 Household customers In the h~gh-income bracket may be able to afford the meters, 
however, energy cost shares for tlus category are relat~vely low and, therefore, thelr space heat~ng 
usage pnce is likely to be inelastic, as the survey also suggests These problems make d~fferent~al 
@ay/Night) tanff mecharusm dlficult to Implement In reduc~ng andfor sh~ft~ng space heatlng 
loads for most of the resrdential customers 

Nevertheless, Wn~stry of Energy offic~als estimate that 15%-20% load shift IS poss~ble by 
~mplementing TOU pnclng strategies T~me of use (DayN~ght) tanff IS potent~ally a v~able option 
because over 75% responses In the survey also lndlcated that they would be wllllng to opt for the 
preferential tanff if ths  system 1s Introduced Ths IS also due to the fact that electr~city costs 
have a substantla1 share (1 5%-25%) of the~r famlly incomes Usage pattern changes are poss~ble 
for the end-uses of hot water (showers and clothes waslung), ironlng and cooking However, 
these end-uses' share IS not very h~gh, so the cost-effectiveness would not be as great as In the 
case of space heatlng end-use And, the program ~mplementation cosAs (metenng costs) associated 
with the d~fferent~al tanff also In a barner 

According to some experts,  fa TOU tanff 1s Implemented In the res~dent~al sector, people will 
heat their water at n~ght and use it In the morning (for showers and other uses) It was learnt that 
there is some Itailan firm that produces equipment (super Insulated heaters) that can store hot 
water very efic~ently (est~mated to be only one deg cent~grade loss over 24 hours) If the 
appl~ance manufacturer (not yet contacted at the t~me of wrltlng th~s report) could be encouraged 
to prowde the heaters at a subsidized rate for the Day/Night Tar~ff program, th~s could be 
successhlly implemented The Incentwe for the manufacturer would 11e In making profits through 
hgher sales of ~ t s  product It was also suggested that load shifting will take place ~f the popular 
telewsion (TV) programs are moved from peak hours (even~ng) to off-peak hours (late n~ght) 
However, ths  approach could be problematic as ~t may d~srupt social schedules Moreover, 
energy consumption for TV is not very h~gh so the overall Impact would be minimal 

In case of res~dential customers, the meters could be financed by the generation cost savlngs (and 
perhaps add~tional export earnings due to excess electrlc~ty ava~lable during the peak hours) The 
average product~on cost 1s 11kely to come down by 3 cents per kwh even w~th 50 MW base-load 
filling (Lahmeyer, 1996) 

35 YDC 1s consldenng a plan to Introduce Day/N~ght tanff to low-lncome consumers and prov~de 
the meters to them (personal commumcahon) 
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Alternatively, the dlfferentlal (Daymlght) tanff strategy can be implemented In conjunction wth 
an upcomng Mmstry of Energy program through whch a World Bank Loan IS belng 
negotiated 36 The Japanese grant of a World Bank loan will pay for the revenue (customer) 
metenng that wll prowde single-phase meters at $1 10 per umt to 9 percent of Yerevan's 
residential sector by 2001, and 3-phase meters at $350 pr unlt to all of Yerevan by 2005 The 
cost of the meters wll be pad for by the commerc~al loss reduction and NOT by the consumers 
The WB part of the loan IS for system metenng 37 The current rationale is to pay for these meters 
through reductions In commerc~al losses, but additional benefits related to DSM and TOU tanffs 
from uslng these meters also exlst The DSM program based on a TOU @ay/Nlght) tanff 
program could ~mt~ally target the World Bank meter recipients In the long-term, financing of the 
TOU tmff meters could come from electnclty production cost sawngs or through hgher 
electnc~ty export eanungs 

Industry Sector TOU 

Load shfiing usually requlres some soclal or cultural adjustments, In that ~t can requlre lndustnes 
to change the way that they operate and lndlv~duals to alter the way that they llve Expenence 
wth the exlst~ng voluntary Day/Nlght tar~ffs available for lndustr~al customers Indicates very little 
impact Of the 48 lndustnes that use the rate, most are bakenes that would normally operate 
dunng the off-peak hours anyway The voluntary rate has produced l~ttle or no shlfilng of 
electncal demand In fact, lt has glven those customers already operating at n~ght a "free- 
ndershp" by reduclng thelr electnclty bllls 

To success&lly Implement an lndustrlal Day/N~ght tanff system, both off-peak and on-peak rates 
must be designed properly Industrial customers must slgn up for the rate and agree to stay on ~t 
for a speclfied penod of tlme This will reduce the number of customers who want to irutlally try 
the rate and then dec~de, after a bnef penod of t~me, that they want to go back to thelr prevlous 
rates Slnce Investments m Differential tanff meters for customers enrolling for thls rate have to be 
made , they need to be assured that they w111 not lose money by purchasing meters that are not 
used The TOU rates are deslgned so that the off-peak rate is attractlve to customers, 
substantially lower than the standard rate (25% lower IS a typical value) It should be attractlve 
enough to lndustnal consumers to entlce them to swltch thelr operations to the n~ght At the same 
tlme, the on-peak rates should be hlgher than the standard electncal rate Th~s would serve as an 

36 This program Includes metenng management Improvement, financial system Improvement 
measures, and prevenhng further accumulat~on of debt The current accrued debt 1s 45 bllllon Dr, which 
would be pad  for by (1) State budget (8 5 bllllon Dr) for essenhal supplles like dnnklng water budgetary 
orgaruzahons energy use etc , and (2) ~ncreased tanffs (8 5 billion Dr) plus 8 5 rnlll~on Dr In ~nflahon 
and exchange rates, for a total tanff Increase of 16 bill~on Dr in 1998 T h ~ s  wl l  result In an average ta& 
Increase from 21 Drams per kWh to 25 5 Drams per kwh (personal commun~cat~on) To offset t h ~ s  
Increase In t a d ,  cost mlninuzation measures need to be ~denhfied that, among other measures could 
Include s l f i n g  loads by means of a TOU tanff 

37 The Wnlstry has also requested US$50 m~llion from US Agency for International 
Development, rncluhng US$4 5 nulllon for system metenng and US$10 5 rnlll~on for revenue (customer) 
metenng for residenhal angle-phase meters to cover 45 percent of Yerevan (personal commun~cat~on) 
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d~slncent~ve for the customer to swtch back and operate dunng the day In additlon to the 
poss~bll~ty of financing the meters through Increased generation costs savlngs (or export earrungs), 
the ~mplementat~on of ths  program could also be done through Energy Serv~ce Compames 
(ESCOs), whereln the ESCOs could provlde and Install the 3-phase meters at the rndustnal s~tes 
and have a one- or two-year contract of shared 1 guaranteed savlngs w~th the cl~ent 

From a purely technical vlewpolnt, the Day/N~ght tanff should not be available to consumers who 
would normally operate at night anyway The purpose of the rate IS to have customers swltch to 
rught operations In order to reduce the on-peak loads Customers who operate at n~ght and are 
allowed to part~c~pate In the TOU rate are "free nders," tahng advantage of the lower cost rates 
but not benefitting the utility by shfilng any load 

C Energy Conservat~on DSM Programs and Strategies 

Energy conservation-type DSM programs (that reduce the amount of electnclty for end-uses 
through effic~ency lmprovements) Include energy aud~ts and ~nformat~on, lncentlves and loans, 
d~rect ~nstallat~on, and equlpment suppl~erlvendor programs Energy conservatlon DSM programs 
almost always requlre monetary Investments, whlch are pa~d back In tlme through savlngs The 
Investments can be made by the utll~ty or the customer or a th~rd party llke an ESCO, and the 
programs create a market for effic~ent appl~ances and equlpment ("market pull"), whch leads to 
market transformatlon That IS, In the long run, the end-use equlpment market IS gradually 
transformed to more effic~ent stock due to th~s "market pull " As a result of market 
transformatlon, the "market push" (by effic~ency equlpment manufacturers and vendors), 
mec'lamsm replaces "market pull" thereby malung energy conservatlon a sustslnsble effort 

Table 6 7 l~sts a broad array of appl~ances and equlpment that are generally targeted through 
different energy conservatlon type DSM programs In the Unlted States The effic~ency 
~mprovements are Implemented through programs whlch ranges from lncent~ves to d~rect 
lnstallat~on 

- 
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Table 6 7 
Energy End-Use Technologies for Eff~ciency Improvements through DSM Programs In 

the United States 

I I Haloaen lrahts I 

I Bulldlng Envelope 

Water heat1 ng 

drght~ng 

Space heating 

Controls 
L~ghting 

Motors and Motor 
Systems 

Ground-source heat pumps 
Atr-€a-Arr heat e changers 
Efflclent refrlgerators 
Efficient aii- conditioners 
Attlc, wall and floor insulation 
Double and t r ~ ~ l e - ~ a n e d  w~ndows 
Caulklng and weatherstrlpprng 
Efficient efedrrc water heaters 
Heat pump water heaters 
Compact fluorescent lights 
32-watt and 36-watt fluorescent tub 
Occupancy sensors and tlmers 
Drmmlna ballasts 
Ground-source heat pumps 
Air-to-aff heat a changers 
Efficient refrlgerators 
Doors covers on cases 
Efficient efec'rrrc water h-teate~s 
Heat pump water heaters 
Efficient air condltloners 
Occu~ancv sensors 
Attic- wali. and floor ~nsltlattan 
Double and triple-paned windows 
Caulking and weatherstrlpprng 
Energy management systems 
High-pressure sodium lights 
Metal halide itghts 
32-watt and 36-watt fluorescent fub 
Energy-efflcrent motors 

Multl-weed motors 
Ad ustable-speed drlves 
Energy management systems 
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Arrne~ua's energy end-use s~tuation is however, different from the end-uses shown In Table 6 7 
Agan, In Armenla the focus of energy conservatlon program, at least in the short-run, w11 l~kely 
be on the residentlal sector The following paragraphs descnbes the vanous end-uses for whlch 
lnforrnat~on was obtalned through meetings, discussions and reports over the course of the project 
and areas whch could be the target for design and ~rnplementat~on of energy effic~ency 
improvement programs 

Residen tral Sector End-Use Efficiency lmprovemen ts 

L~ghting improvements are estimated to have a savlngs potent~al 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 res~dent~al customers pay for 
electnc~ty supply (Lahmeyer, 1996) In ths  case, however, investments would be required to 
provlde ~ncentlves or rebates to customers to enable them to Implement the measure One of the 
strateg~es could be to work wth the local lamp manufacturer/vendor (vendor type DSM 
programs) to facilitate the development, manufacture, and ava~labil~ty of eEc~ent l~ghtlng 
products l~ke CFLs (market push actlvlty) Th~s should be both for fluorescent lamps and CFLs 
and posslbiy for motion-sens~tive lights (espec~ally for office bu~ld~ngs) 

Water Heat~nq 

Electnc water heater measures (lncludlng replacement wth efic~ent water heaters, install~ng heater 
jackets, etc) could be viable options for a energy conservatlon DSM strategy However, 
~mplement~ng ths  measure would requlre initial ~nvestments, whlch could be prov~ded through 
Incentives and loans For a water heatlng end-use (for instance In 14-story bu~ldlngs), YDC IS very 
interested In a solar water heaters program 38 

Refr~qerators and Televlsrons 

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 appl~ance replacement pr~onties, TV (30%) 
and refngerator (20%) are top on the llst Based on ths  data, it could be suggested that potent~al 
informat~on type DSM programs should be Implemented for these two categones of appl~ances In 
the long-run, the standards and label~ng pol~c~es could also be pnont~zed according to the 
appl~ance replacement projections determined through the surveys 

lndusfrial Sector Energy Conservation Options 

38 Once costs are ava~lable a benefit cost analysls of a water heater replacement program 
(through dlrect lnstallahon of solar water heaters In multl-story bulldlngs) could be conducted to 
deterrmne ~ t s  econonuc viability 
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According to Energy C o m s s ~ o n  officials, lndustnal users consume approxlmately ten percent of 
the total electncal load Representatives of the Mirustry of Industry and Trade ind~cate that lndustnal 
growth IS 3 to 5 percent per year However, these values are all estimates, as few stat~stics are 
accurately kept But a s s m g  that the ten percent industnal load is reasonable, the industnal load on 
a typlcal summer day IS about 1000 MW (the summer daly consumption is approxlmately 10,000 
MW) Some of these lndustnes operate at mght, whlle some, such as N m t  Chemical, operate twenty- 
four hours a day 

In most industnes, electnc motors make up the greatest use of electnc energy, often averaging 
between 60 and 70 percent of the total electnc load Since motors are so plentlfbl and typ~cally 
consume such a large amount of electnc energy, ~t is Important to examine motors careklly for 
energy savlngs opporturutles There are two maln improvements for motors 

Replacement wth an energy-efficient motor 
Implementing a vanable-speed dnve 

W e  these two technologes can have slgruficant energy savlngs, each application has to be carefklly 
examlned to deterrmne if technologies can be appl~ed A general summary of these technologies 
follows 

Enernv-Efficient Motors 

Ths  technology is very t .asicy s~mply replacing an exlstlng motor w~th a hgh-efficiency motor As 
motors age, they can lose some of the~r energy effic~ency If the motor was a standard effic~ency 
motor to beg~n with, the overall efficiency can be sigmficantly lower than that of energy-efficient 
motors And f the  motor has been rewound, the effic~ency would be fbrther reduced M l e  replacing 
motors IS very simple, the energy savlngs potential is dependent on the size of motor, the electnc~ty 
rate, and the annual operating hours Slnce the prerruum for hgh-efficiency motors can be substant~al, 
~t IS necessary to pay attention to these factors to optlmize the~r 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 1s extremely inefficient, the payback penod would be shorter For Instance, In the 
U S , average motors between 5 and 100 horsepower have a three-year or better payback when 
replaced wth a hgh-effic~ency motor if the average electncal rate 1s $0 04/kWh or greater and the 
motor operates at least 3,500 hours per year As a general rule, for motors 100 horsepower or 
greater, there is essentially no difference between a standard-efficiency motor and a h~gh-efficiency 
motor Effic~ency drfferences are normally between two to four percent, although w~th the smallest 
motors, the dlfferences are greater 

Many electncal utlllt~es have encouraged the use of h~gh-effic~ency equ~pment such as motors by 
offenng rebates to the customer to help offset the Incremental d~fference In pnce between a standard- 
and a hgh-effiaency motor The question, of course, IS how much of a rebate should be offered, so 
that ~t wdl encourage the industnal customers to purchase the hgher efficiency motors, yet not negate 
the anhc~pated electncal savings on the electncal system Th~s type of DSM program IS dependent 
on what equipment is avalable in the ArmenIan market and the cost of that equipment It's poss~ble 
that all motors would have to be imported to Armerua, so import tanffs would be relatlve But ~f 
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standard effic~ency motors are produced in Armetua and hgh-effic~ency motors are not, the Import 
tanffs added to the ~ncrementally h~gher cost of hgh-efic~ency motors would probably negate thls 
optlon 

Variable-Speed Drives 
Vanable-speed dnves (VSD) (also called adjustable-frequency dnves) are controls that monltor the 
motor load and reduce the energy to the motor, so that motor use IS opt~mzed Thls IS espec~ally 
effectwe for operat~ons where the load vanes s~gruficantly dunng the day These devlces save energy 
but do not save electncal demand, slnce ~t IS assumed that the motor st111 operates throughout its 
ent~re range of loads S~mlar to motor replacements, energy savlngs relate to the number of hours 
that the motor operates But more specifically, they are hnct~ons of the motor loads and the number 
of operatmg hours at each load Operat~ons that requlre a constant speed are not good cand~dates for 
VSD, slnce the potential savlngs w~ll be mrumal Potentlal energy savlngs can eas~ly be calculated, 
and many manufacturers provlde computer programs to demonstrate the annual energy savlngs and 
the payback penod Normally, the vanable-speed dnve equipment can be expenslve, so ~t IS Important 
that the appl~cat~ons are carefully selected 

Power Factor Correct~on (Reactwe Power Compensat~on) 
Us~ng electncal energy IS very baslc, but ~t can d~ffer from facll~ty to fac~llty "Power factor" IS the 
term that IS used to descnbe the "effic~ency" of the electncal use Low power factors (below 0 95) 
can sigruficantly add to the electncal demand placed on the power system For Instance,  fa customer 
has a load of one megawatt and a power factor of 0 95, the ut111ty actually has to prov~de 1 05 
megawatts of power to meet the load (1 d~vided by 0 95) But if the same customer had a power 
factor of 0 85, the demand would actually be 1 18 megawatts Therefore, tl-F. ut111ty has to prov~de 
an add~t~onal 0 13 megawatts, for thls one customer as a consequence of a low power factor Power 
factor correction requlres an englneer to determine the current power factor and to des~gn the 
appropnate capacltors to correct the load to at least 0 95 

The power factor m most of the ~ndustnes IS low, as a result of old, inefficient equipment and because 
the lndustrles operate at low, partla1 capac~tles (lndustr~es were deslgned to operate assumlng full 
production, but now theu production IS around 10°?) Whlle prov~dlng capacltors may be expenslve, 
this improvement's Impact is Immediate, lowering the electr~cal demand for the Industry To 
encourage ths ~mprovement, the utllity should glve senous cons~derat~on to ~mplement~ng a penalty 
In tanffs for ~ndustnes that operate at sub-90 per cent eficlency levels Charging a penalty would 
provide the ut111ty wth addit~onal finds and would also encourage the customer to make the 
necessary improvements themselves 

Enerqv Aud~t Program 
Industnal energy audlts are offered by many ut~l~ties In DSM programs The cost of the aud~t IS e~ther 
paid for or subsld~zed by the utility This type of activ~ty IS very good at identify~ng the inefficient 
energy users m ~ndustrles When implementing thls type of program, several bas~c factors should be 
cons~dered 

1 The auditors should be cert~fied or approved by the ut111ty to determine that they are 
indeed qualified to conduct a complete and proper energy audlt 

5 The utll~ty should establish the format of the audit report, so that the aud~ts are as un~form 
as poss~ble 

Resource Management Assoc~ates of Madlson Inc PROJECT FINAL REPORT- DRAFT (Sept 1998) 



Armenla Power Supply1 Conservatlon Program Demand S~de Management Measures - DO#28 59 

6 The recommendations of the audit should be standardized as much as possrble, in that 
sirmlar recommendations in one facillty should have slmilar savlngs and costs in other 
facilities 

7 All audits should emphasrze short-term Improvements or those recommendations that 
have payback penods of one year or less 

An energy audrt program 1s really an ~dentlfication program, m that it is intended to provrded techcal 
informatron to asslst the plant management in declding what systems or equipment should be 
improved or replaced To be successfi.11, the audt program should also have a mandatory requirement 
that all rmprovements wth a one year or less payback penod be implemented at the ~ndustnal plant 
within six months of completing the audit If the plant management fads to follow through on ths  
condrtion, they would be charged for the cost of the audit The rmportant thlng IS to get the customer 
to implement the energy savlngs improvements 

Commercial Sector Energy Conservation Programs 

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

Pnor to the Armeman energy cnsis, the space heatrng needs of the majorlty of buildings were met by 
the dlstnct heatlng system @HS) Entire buildrngs were heated by a piped radiator system The 
absence of mechmcal controIs meant that lndivldual room temperatures were controlled through the 
use of wndows and supplemental heaters 

Currently, only a smd portion of buildlngs are heated by the DHS, leaving the majonty of buildlngs 
to be heated by individual room space-heatlng devices (exceptions are newly remodeled or 
constructed small commercial buildlngs that typically use electnc-powered boilers) These devices 
are most commonly fieled by electricity or kerosene In some cases, space heating is also heled by 
wood- or coal-bumng stoves The exrst~ng space heatlng conditrons are controlled by each room's 
occupants 

The general physical condition of most bulldlngs in Armenia is poor, largely due to the lack of 
mantenance The public sector buildlngs are in especially poor condition Scarce budgetary resources 
have meant that little or no bullding maintenance IS being performed Many public bulldings are 
charactenzed by wndows and doors that are physically falling apart and do not close properly, 
allowng hlgh levels of outside alr Infiltration 

Bu~ld~nq Envelope Improvements 
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Types of bulldlng envelope unprovements Include weathenzatlon and reparrs of doors and wndows, 
caullung, and insulation of walls, ceilings, basements, and pipes Weathenzat~on of wlndows and 
doors Includes measures such as weatherstnpping, replacing broken or missing glass, replacing 
mlssing or broken hardware, and adjustments for better fit and operation Caullung ~ncludes the 
sealing of wlndow and door frames and other gapsfcracks in the extenor walls For the most bas~c 
levels of weathenzation, actlvltles Include replacing broken or msslng panes of glass and caullung 
the larger gaps in the bulldlng envelope The next level of weathenzatlon involves installing 
weatherstnpprng Tlus act~vlty often requlres adjusting or repalnng w~ndows and doors so that they 
operate properly This actlvity requires cons~derable carpentry and pa~nting because of the exlsting 
poor cond~t~on of many of the wndows and doors The cost of the reparrs can add $50 to $100 or 
more to each wrndow and door, greatly rncreaslng the payback of weathenzatlon However, wthout 
these repaus, the wmdows and doors would need to be totally replaced, at a much hlgher cost, some 
time in the fbture ~f the bullding is golng to be continually funct~onal and utllized 

In general, basic levels of weathenzation and caulklng have payback potent~al of one to three years, 
and tnsulat~on paybacks range for eight to twenty years 

Numerous studies over the last five years have been conducted on bulldlng envelope improvements 
In the FSU and EE Payback for ~mplementrng vanous energy efficiency measures are falrly consistent 
throughout these stud~es These paybacks are generally based on utlllzlng the DHS for space heatlng 
As the DHS is largely non-f5nctional In Armenla, ~t would not be accurate to est~mate potent~al 
energy sawngs using these studies 

Speclfic to Armerua, RMA has Implemented exte~slve weathenzatlon projects and morutored the 
results over the last five years Over the last two years, these projects have focused on publlc 
buildings such as schools, hosp~tals, orphanages, and elderly homes The work ac t~v~t~es  have gone 
beyond basic weathenzatlon to include necessary repalrs to the w~ndows and doors, wh~ch have 
Increased the est~mated payback penods The reported results Include the follow~ng examples 

Elderly House m Yerevan 

Actual Results 
Winter temperature lns~de weathenzed rooms is h~gher by 8-10 degrees C 
Heat losses fiom infiltrat~on at wlndows were reduced by 91 8% 
Theoretical Results 
Energy sawngs for monitonng penod = 536 5 m~ll~on BTUs 
Payback penod = 4 75 years 

Orphanage m Kharberd 

Actual Results 
Wlnter temperature inside weathenzed rooms is h~gher by 5-8 degrees C 
Heat losses from lnfiltrat~on at wndows were reduced by 90 3% 
Theoret~cal Results 
Energy sawngs for monltonng penod = 457 5 mill~on BTUs 
Payback penod = 5 6 years 

Resource Management Assocrates of Madrson Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 



Armenla Power Suppiyl Conservat~on Program Demand-S~de Management Measures D0#28 61 

School # 8, Yerevan 

Actual Results 
W~nter temperature Inside weathenzed rooms IS hgher by 5-8 degrees C 
Heat losses fiom ~nfiltrat~on at wndows were reduced by 60% 
Theoretical Results 
Energy savlngs for morutonng penod = 1 06 bllllon BTUs 
Payback penod = 3 6 years 

Matemr fy Hosprtal#4, Yerevan 

Actual Results 
W~nter temperature inside weathenzed rooms 1s hgher by 5-10 degrees C 
Heat losses fiom ~nfiltration at wndows were reduced by 84 5% 
Theoretical Results 
Energy savings for momtonng penod = 3 4 bllllon BTUs 
Payback penod = 1 16 years 

By m&tutmg a weathenzatlon program for all commerc~al and municipal bu~ldlngs In h e m a ,  it is 
est~mated that substantla1 sawngs could be made Mult~lateral banks have provlded hndlng for a 
number of bulldmng-related energy efficiency projects In the Former Sovlet Union (FSU) and Eastern 
Europe (EE) In Armerua there currently 1s a World Bank-hnded program, the Armenzarz Soclal 
Investment Fund An opportumty exlsts for a comprehensive build~ng envelope improvement project 
that would target bulld~ngs servlng the publ~c This project would emphas~ze cost-effect~ve enera 
effrc~ency lmprovements and necessary repalrs to the build~ng The hnds for the work would be 
repad through the sawngs generated by the bu~lding's lower energy costs 

Enerav Manaaement Systems 

Studies have shown that budding controls and insulation improvements can result In savlngs at 3 to 
5 year payback penods In bulld~ngs such as hotels wh~ch run on commerc~al bass, these savlngs are 
qu~te  attractive Smart energy management systems can be Installed by ESCOs In commerclal 
buddlngs like hotels and bars, and Implemented through performance guarantee based shared savlngs 
contracts Ths same pnnc~ple could be applied for commercial l~ghtlng lmprovements in a w~der 
range of build~ngs 

Water Heatrnq 

Significant commerc~aVmumc~pal users of hot water include publlc lnstitut~ons such as hospitals, 
orphanages, and elderly homes, and commerclal enterprises such as hotels, laundries, and food 
servlce firms 

Energy Conservat~on m Munrcrpai Sector 

Street L~qhtlnq 
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Pnor to the energy cnsls In Armerua, street l~ght~ng was common throughout Armema Dunng the 
energy cns~s, very l~ttle street lighting or publ~c lighting of any lund was vlsible Over the past few 
years, as the supply of electricity has mcreased, essential streets and Important public areas tn Yerevan 
have been provlded wth  llght~ng Street and h~ghway l~ghting and the illununatlon of other public 
areas are the responstbtltty of local and nat~onal government ent~t~es that have scarce financ~al 
resources, h t m g  the amount of l~ghting prov~ded and reduclng the maintenance necessary to keep 
the systems In good operat~ng cond~tion 

30% of Yerevan's 90 major streets have some level of street I~ghting, utlllzlng energy ~n-effic~ent 
hydrogen bulbs The remalrung areas of Yerevan, as well as the rest of Armema, have virtually no 
current street llghtlng As economc cond~t~ons Improve in Armerua, more areas wll gradually see 
street l~ght~ng restored, lncreaslng the demand for electnc~ty Yerevan's current street l~ghting 
schedule is restncted in hours of operation because of lnsuffic~ent funds to pay for the energy 
consumpt~on and mscellaneous expenses assoc~ated with ma~ntenance and repalrs The current 
l~ghtlng schedule 1s separated Into wnter and summer tlme hours 

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

The Yerevan City Llghtlng Company (YCLCO) 1s responsible for the operat~on and system 
mantenance of, and payment for, electnc~ty utll~zed for the street 11ghting In Yerevan The YCLCO 
1s knded by the Murucipahty of Yerevan, whch receives its hnd~ng form the Federal Government 
If YCLCO falls to pay for electnc~ty, the local electric d~stnbut~on w~ll disconnect the servlce 

The current annual electrical consumption for all 30 Yerevan streets prov~ded with l~ghtlng 1s 
estimated by YCLCO to be 3,000,000 kWh RMA estimates that replac~ng the exlst~ng hydrogen 
bulbs w~th  hgh-pressure, sodium-vapor bulbs could result In sawngs of 40% of the current 
consumptlon, or 1 2 mlll~on kWh annually 

Water and Sewer 

Wafer Supply System Electnc~ty utilized In the water supply system can be separated Into two 
categones the maln supply system and bu~ld~ng level pumps Water pumps supplying Yerevan 
account for 70% of Armerua's total water supply volume and consume a s~mrlar percentage of 
Armema's electnc~ty ded~cated for water supply The city of Yerevan is located at an elevat~on of 900 
to 1,450 meters above sea level Seven water pumplng stat~ons are located In elevations hlgher than 
Yerevan, and three stations are located at lower elevat~ons The pumplng capaclty of all the statlons 
comb~ned is much h~gher than currently needed because of severe economlc cond~t~ons that have 
resulted m most lndustnes closlng or operat~ng at a much reduced capaclty Dunng the last ten years, 
water supply system maintenance and repairs have been rmnimal, resulting In severe system 
detenorat~on It IS estrmated that the water loss due to poor techcal condition of the system 1s 60%- 
65 % 

Yerevan water supply pumps work 24 hourdday all year and consume 220 million kWhlyear A total 
water volume of 13,867 I~ters/second is suppl~ed to Yerevan, 60% (8,100 Iiters/second) of whch 1s 
suppl~ed by the water pumplng statlons Yerevan Mun~c~pal Water engineers calculate that 24% of 
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ths  amount (1,950 hterdsecond) could be supphed by a gravity-fed system, Instead of electnc pumps, 
resultmng In savlngs of 24 rmll~on kWh/year A report prepared by the Mun~cipal Water Utility also 
states that if the entlre Yerevan water supply system was reconstructed according to an energy- 
effic~ent des~gn, energy savlngs totallng 1 10 rmllion kWh/year would result from decreased water 
losses, reductions to the amount of water supply required, and a more energy-efficient dellvery 
system 

The water pressure level supphed to Yerevan 1s purposely low to 11mt the amount of techrucal losses 
and reduce hrther damage to the network Because of the low water pressure, almost all bulldlngs 
taller than 4-5 stones requlre supplemental water pumps There are 1,100 regtstered bulldlng pumps 
regulated by the water uthty Theu hours of use are 8- 10 am and 6-8 pm, all year, and they consume 
10,000,000 kWyea r  There are also an est~mated 1,000 unofficial bulldlng pumps, wth  the~r 
schedule of operatlon and electncal consumptlon unknown 

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

In June 1998, the World Bank approved a $30 mllion cred~t to Armenla to lmprove the Yerevan 
water supply system The project wll (1) make emergency short-term lmprovements In the water 
supply system to lmprove the dnnking water supply, (2) tmprove the efficiency, management, 
operatlon, and dellvery of water and wastewater servlces for the Yerevan servlce area, and (3) lay 
the groundwork for sustmable involvement of the pnvate sector In the overall management of these 
semces In Armema 

The cost est~mate prepared by the Yerevan Munrc~pal Water Ut~llty for total reconstruction of the 
water system IS $246 mill~on 

D DSM Program Recommendations and Strategies 

Based on the foregoing dlscuss~ons, Table 6 8 summarizes the varlous actlons and strategles that 
could be undertaken over the short- and long-term to Implement energy effic~ency lmprovements 
through DSM programs A balanced mix of d~fferent programs, end-use technolog~es, sectors, and 
strategles would be desirable 

In the short-run (up to 2005), the major factors that will drlve the cho~ce of DSM strategles and 
pollaes are 

a Armema Nuclear Power Plant (Medzamor) will be ~n operat~on 
Energy effic~ency equipment market is not hlly developed 
Relatively smaller export market (due to technological and pollt~cal bamers) 

a H~gh transrmssion and distnbut~on, and commercial losses 
Focus of programs w~ll be In Yerevan area 

In the long-run (after 2005), the following charactenstics of the sector w~ll dlctate the rmx of DSM 
programs and strategtes 
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8 Armerua Nuclear Power Plant wll not be In operation 

• Energy effic~ency equlpment/appltance market wlll have developed because of market 
transformation 
A larger export market for electnc~ty wll exlst 
Focus of programs wll move from Yerevan to other areas of Armema 

0 In add~t~on to spec~fic DSM program ~mplementat~on, other complimentary strategles have to be 
developed through energy pol~cies Some of those steps are 

8 Information Dissemnation and Education Strategies tc lrcrease awareness 
Compulsory Energy Audits 

0 Strengthenrng of Energy Effic~ency Standards and Introduction of Label~ng System 
• Trans~t~on to Rational Cost-of-Se~ce Based Tanffs and Collect~on 

Facilitating ESCO Businesses 
Establ~shment of a DSM Cell and tralning of ~ t s  staff 

8 
These strategles are d~scussed In deta~l In Chapter 9 
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Table 6 8 
Demand-S~de Energy Eff~c~ency Strateg~es and Recomrnendatrons 
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Primary 
Ob~ect~ve 

Load Management 
DSM S M m g  from 
Daytime to Nighnlme 

Target End-Use 
Technologies 

Space Heat~ng Hot 
Water Clothes 
Washlng Iron~ng, 
Cooking Ekhav~orar 
Change 

Hot Water Clothes 
Washmg, Ironing, 
Cook~ng Ekhav~oral 
Change 

Energy lntenslve 
industrial process 
Move from Peak shift 
to Off Peak Sh& 
Operatton 

Hot Water 
Replacement by 
Super ~nsulated 
Heaters 

Target End-Use 
Sector 

Res~dential Low 
Consumpt~on (Low 
Income) 

Res~dential Hlgh 
Consumption (HI& 
Income) 

Industrial such as 
bread factones 

Res~dential HI& 
Consumpt~on (HI& 
Income) 

Program Optlon 
and Mechan~sm 

Time-of use 
(Daym~ght) Tarlff 
Voluntary 

Time-of Use 
(DayM~ght) Tanff 
Voluntary 

Tuneaf Use 
(Day/N~ght) Tanff 
Voluntary 

T~me-of use 
(Day/Night) Tariff 

Implementat~on 
Strateges and Poss~ble 
F~nanc~ng Mechanisms 
1 Meters tobef inandbythe  
generation cost savings (and export 
revenue dlfferent~als) to be passed 
by the GenCos to DISCOS 
2 Metem to be provlded under a 
World Bank program a m g  to 
provld~ng 1 p meters to 9% Yerevan 
Res~dent~al sector by 200 1 

1 Meters to be partly financed by 
the genemuon cost savlng (and 
export revenue dBerent~als) and 
partly to be borne by the customers 
2 Meters to  be provlded under a 
World Bank program alnung to 
provldrng 1 p metem to 9% Yerevan 
Res~dential sector by 200 1 
1 3 p meters to be provlded to all of 
Yerevan under a World Bank 
P r o m  
2 ESCO s could provide the 3 p 
meters w ~ t h  shared savmgs contract 
wtth the customers 

1 Meters to  be frnanced by the 
generation cost savmgs (and export 
revenue dflerentials) and 
appliances to be borne by the 
cuslorners 
2 Meters to be provlded under a 
World Bank program a lmng to 
prov~dlng 1 p meters to 9% Yerevan 
Res~dential sector by 2001 
3 Appl~ance manufacturer could 
provlde mcentives (recovered 
throueh Increased sales) 

Government 
or Utlllty 
Benefits 
1 Savlngs due to 
increased nuclear1 
thermal generat~on 
effic~ency 
2 Extra power 
ava~lable for sale 
to neighbors 
dunng peak hours 

1 Savmgs due to 
~ncreased nuclear1 
thermal generat~on 
efic~ency 
2 Extra power 
available for sale 
to ne~ghbors 
dunng peak hours 
1 Savmgs due to 
~ncreased nuclear1 
thermal generation 
eEclency 
2 Extra power 
ava~lable for sale 
to ne~ghbors 
dunng peak hours 
1 Sav~ngs due to 
increased nuclear1 
thermal generation 
effic~ency 
2 Extra power 
ava~lable for sale 
to neighbors 
dunng peak hours 

Consumer 
or Socletal 
Benefits 
Reduced b~lls  

Reduced bills 

1 Reduced 
product~on 
costs 
2 Increased 
competlt~veness 

Reduced b~lls 

Program 
Costs 

TOU 
Metenng 

TOU metenng 

TOU 
M e t a g  

1 TOU 
Metenng 
2 Appliance 
Replacement 
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Res~dentral 

Res~dential 

Res~dent~al 

Incent~ves and Loans 

Informat~on Program 
(through newspaper 
and other med~a) 

Direct Installat~on 

Water Heater Jackets 

Refngerators TV 
(replacement of old 
appl~ances w ~ t h  new 
ones) 

Water Heater 
replacement w ~ t h  
Solar Powered Water 
Heater 

d u m g  peak and 
off peak hours 
I Reduced need 
for addmg power 
plants in the future 
2 Extra power 
ava~lable for sale 
to ne~ghbors 
dunng peak and 
off peak hours 
1 Reduced need 
for addmg power 
plants ~n the future 

2 Extra power 
ava~lable for sale 
to ne~ghbors 
dunng peak and 
off peak hours 
1 Reduced need 
for add~ng power 
plants ~n the hture 

2 Extra power 
avatlable for sale 
to ne~ghbors 
dunng peak and 
off neak hours 

Transformat~on 

1 Reduced 
b~lls  
2 Reduced 
expenses 

1 Reduced 
b~lls 
2 Reduced 
expenses 

1 Reduced 
b~lls 
2 Reduced 
expenses 

Incent~ve 

1 Informat~on 
program costs 
2 Extra cost 
of efiaent  
appl~ances 

Solar 
Powered 
Water Heater 
Cost 

Incentives to be provided by the 
ut111ty (d~stnbut~on company) 

Government should be involved m 
~nformatron d~ssermnat~on programs 
e g providmg mcenttves to the 
med~a for mcludmg the energy 
efiaency agenda m thew 
Pro-g 

Cost of solar water heater could be 
p a ~ d  for by savlng ansmg out of 
zero electnctty consumphon 
ESCOs could get mvolved m t h s  
financmg acttvtty 
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A Natural Gas Supply Rehab~lltat~on Plans 

Pnor to the 1988 earthquake and the subsequent energy cnsis nearly 84% of Armema was served by 
natural gas lines The annual consumption of 480,000 customers in the 1980s was approx 7 27 
bdhon cubic meters The gas supply system is m extreme disrepair and requires substantial repars 39 

The Republic of Armema has established a program to restore the natural gas supply system to its 
former level 

Current Status of the Gas Supply System 

Armema IS currently supplied 2 to 2 5 mllion cublc meters/day The followng chart illustrates the 
customer rmx 

Customer Breakdown 

power plants 1 64-2 05 mcdday (82%) 
lndustry 0 226-0 3 mcmlday (1 1 8%) 
commercial and food production 0 058-0 1 mcdday (2 9%) 
residential 0 044-0 055 mcdday (2 2%) 
other 0 022-0 0275 mcdday (1 1%) 

The current tanff is 56 drdms/cubic meter 

Resforatlon and Expansron Plan 

The plan objective IS to complete the supply system restoration by 2001 Modernization of the whole 
system is planned lncludlng u t h g  modem technologes and equipment, and implementing structural 
changes and ~nstalling operat~onal systems to ensure economical and efficient gas consumption The 
main requ~rernents for restonng the gas supply system are secunty and the rellable collection of 
payments 

The supply of natural gas wdl be restored to 100,000 cltlzens of Armenia by the end of 1998 30,000 
citlzens were reached last year By the year 2001, total lengths of gas supply prping are to be 10,000 

39 Only 10% is currently suppl~ed of the total estlrnated annual gas demand of 16 blllion m3, as a 
result of prpel~ne blockages (en-route ne~ghbonng Republlc of Georgia) and damages or payment 
problems Most of the gas goes to fuel power generauon A newly-formed joint venture (wth Russian and 
Itallan firms) Armrosgazprom (Harrusgazard) has started to reestablish a gas supply to the housing 
sector As of early 1998, only 30,000 resldenhal customers in Nork d~stnct, one of Yerevan s twelve 
dlstncts have access to gas supply (it should be noted here that using gas fired space heaters in 
apartments that were not designed for them [~nsufficient ventllatlon] entalls the potential nsks of 
explosions also) 
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km, wth 1,800 pressure regulation stations Ths restoratlon plan wlll rehabil~tate the gas distnbut~on 
network in 43 towns and 343 villages, and serve 483,000 customers 

The total projected investment of the restoratlon plan is $78 rmlllon and the year by year projected 
expenditures are as follows 

There are no current marketing/promot~onal plans for expand~ng customer base as it is not bel~eved 
to be necessary The projected fbture tanffs are unknown 

B Distr~ct Heating System Rehab~litation Plans 

Background 

The Armenlan D~stnct Heating Systems were deslgned to provide space heat and hot water for 
Arrnema Respons~bhty for system operat~on IS spread amongst four groups the Mmstry of Energy, 
City of Yerevan, provlnclal cornrnmty orgaruzatlons, and the power plants According to the "Fuel- 
Energitic Complex" report prepared for the the Mmstry of Energy (July 1998), the system IS 

cornpnsed of three major thermal power plants (Yerevan, Vanadzor, and Hrazdan), a boiler house 
In Gumn, 10 regonal heat supply stations tn Yerevan, 23 large boller houses, and hundreds of low-to- 
medlum-capacity boller houses MEF stat~stlcs from the "Expend~ture Stablllzation and Tanff 
Regulat~on" report show that dunng the 1980s 

1 The three thermal power plants In Yerevan, Vanadzor, and Hrazdan prov~ded consumers wlth 
up to 6 5 Gcal(7 56 blll~on kWH) of energy annually 

2 The remalnlng thermal demand for Armenla was 15- 17 mllllon Gcal (I  7 5 - 19 8 bln kwh) and 
supplled by the other bollers l~sted above 

The report also states that the current production of all the systems is 1 0 - 1 5 mll~on Gcal(1 16 - 
1 7 bln kwh) 

Current S~tuation 

The overall exlsting condlt~on of the DHS, the extent of needed repars, and accurate DHS 
rehabllltatlon cost estimates are unknown 40 Best-guess current cost estrmates of DHS 

There 1s l~ttle opportunity for costeffectwely retrofitting Armema s currently non-funct~onal 
central heaung system compnslng of &stnct heaung from co-generahon plants, from large heat only 
boller houses, and small decentralized baler houses (TACIS 1996) Lack of financ~al resources required 
for retrofits is also a major constrant 
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rehabihtat~on/upgrade range from US $1 5 - $2 b~llion Even if the DHS was fbnct~orung normally, 
many major components are near the end of the~r des~gned usehl l~fe and will require upgrading 
andlor replacement Even wthout accurate DHS rehabll~tation cost estimates, the MEF understands 
the costs will be substantially above what the GOA would be able to finance The MEF currently 
beheves the solution is to pnvatlze the energy sector, and let the pnvate market place establish tanffs 
suEc~ent to finance DHS rehabhtabon and upgrades DHS rehabllttattonlupgrade concepts currently 
berng discussed wthn the MEF include two DHS optlons (1) rehabilltation of ent~re network, or (2) 
r e p m g  only the poaons of the network that are less damaged, and replac~ng the remalnlng portions 
of the network wth a comb~nat~on of systems such as de-central~zed hghly efficient bo~lers, heat 
pumps and geothermal sources The Armenian Chapter of the Assoclat~on of Energy Engneers 
(ACIAEE) comttee on heat supply has proposed to the MEF a plan to more accurately assess the 
condition of the DHS and to prepare DHS rehabilitation cost est~rnates The proposal lncludes 
excavating and ~nspecting representatwe port~ons of the system to determ~ne the actual cond~t~on 
The proposal is being considered by the MEF 

The status ofthe DHS m Armema is that only two districts of Yerevan were served last wlnter Nor 
Sebastia/Lucashm and Nor Nork The tanffwas 1,450ldramfsq meterheating season There are no 
plans for expand~ng service areas for the upcomlng winter 
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A Internal Sources of F~nance 

Utildy Frnancrng 

Attractwe to ut111ty because Increases efficlency and lowers generation cost, program of incentives 
and rebates 

Customer Frnancrng 

There are few sectors of the Armenian economy that are actually dolng well and growlng However, 
one of these IS the cornrnerc~al/retad sector There has been tremendous growth In the retall sector 
(shops, restaurants, hotels) over the past two to three years, mainly In Yerevan Banks are another 
growth sector The extent to which these facil~t~es are consldenng energy (spec~fically electnclty) use 
In m h g  theu purchasing dec~sions a unknown Energy costs can be a h~gh percentage of operating 
costs for restaurants and other retall shops 

One option would be to survey the reta~l/commerc~al sector to determine what thelr current 
awareness of energy efficlency IS, and to tallor an incentwe program for the~r needs Not much IS 

known about their speclfic end-uses and equipment efficlencles An energy awareness and 
lnforrnatlonal campalgn undertaken by the dlstnbutlon company would be one place to start It 
appears that these small to medium-sized establrshments could afford to Invest in energy effic~ency 
improvements Ifconv~nced that these investments would pay for themselves In a short penod of tlme 

Frnancrng through Exports 

As was pointed out In Chapter 2 and 3, increasing energy efficrency through DSM programs would 
make power avalable to export to neighboring countr~es This IS one of the compell~ng DSM 
objectives for h e m a  At the current time, export opportunities are constrained because of polltical 
problems and non-payment Issues However, assuming these can be worked out In the medium term, 
export earnlngs can be used to krther Increase the efficiency of electricity consumption In key 
sectors, such as the muruc~paVinstitut~onal sector At the current time, local governments are paylng 
the cost of lnefficlent use of electricity If financing became available through export earnings, these 
publlc sector Investments would benefit everyone through lower budgetary requirements In ths  
sector 

B External Sources of F~nance 

Donor Organlzafions 

Donor orgaruzatlons can play a crucral roIe In developing confidence In energy efficiency programs 
and projects Successfbl pilot projects can provlde best-case examples and documentation of energy 
savlngs Information on current donor actlvitles and Interests In energy efficiency and other areas 
related to the energy sector are explained later m thls Chapter These funding sources should be 
utlllzed to the maxlmum extent possrble In plann~ng energy sector dlrect~ons and Investments 
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ESCO F~nancrng 

Fmancmg through Energy S e ~ c e  Comparues (ESCOs) IS one optlon for cons~deration in Annema 
ESCOs m ths  context mean financlng of energy effic~ency lmprovements through a performance 
contract m wluch the savmgs are guaranteed and the Investment is pa~d back through the savlngs For 
background informat~on, a paper prepared for the ArmenIan Internat~onal Energy Conference IS 

Included as Appendix - V Ths paper addresses the prospect of financlng energy efficiency 
lmprovements through ESCOs m Armema, Including a dlscuss~on of barners and prerequlsltes for 
successfU1 pnvate ESCO operation In thls section, three ESCO models w~ll be presented and their 
applicabil~ty to Armema d~scussed 

Pr~vate Sector Models 
In the U S market, the majonty of energy effic~ency projects Implemented by ESCOs are financed 
usmg pnvate sector models for h c m g  and ~mplementation In some cases, the market was pushed 
through government mcent~ves or regulation The ESCO Itself can be several d~fferent types of firms 
(utrlity, equ~pment manufacturer, financ~al lnstltut~on, A&E company or special~zed firm) The 
common charactenst~c IS that they all have pnvate sector ownership that operates In a stable and 
predictable busmess enwonment In well-developed market economies, the barr~ers faclng each type 
of firm wll be the same In the pnvate sector, the types of financlng mechan~sms that are used to 
implement energy efficiency projects Include 

Clrent Serf--nancmng - Uslng Internal hnding sources to Implement projects 
Client Debt Frnancrng - Borrowng the money to Implement energy eficlency 
Lemng - Ownership of the equipment generally stays with the equ~pment provlder for some 
penod of t~me wth an optlon to purchase at the end of the agreed lease penod 
Thrrd-~Jinancrng wrthpe~omance guarantees - ESCO financing or bank financing that 
1s pa~d back over some penod and t~ed to the energy savings 

Because of the many bamers (see dlscuss~on in Append~x - V), a solely prlvate sector model faces 
unsurmountable constralnts In the short run In Armenla A more real~stlc approach IS one that 
comblnes publlc sector ownersh~p w~th pnvate sector ownership, or a pubilc sector program w~th 
eventual pnvat~zat~on These models are d~scussed below 

Publ~c Pr~vate Partnersh~p 
In countries that are transit~onal and where both government plays a more dormnant role in the 
market, such as Armenla, a m~xed publiclpnvate effort to mobll~ze cap~tal for energy effic~ency may 
be more successfLl m overcormng the barners Another way of charactenzlng bamers IS to say that 
they are nsks to the investorlfinanc~er The Incentwe for government involvement In encouraging 

energy effic~ency IS that ~t IS a lower-cost alternative to Increasing supply Government support wlll 
be cruclal to reduce nsks whlch are unacceptable to the pnvate Investor Due to exlstlng market 
dlstort~ons, pnvate Investment In energy effic~ency makes sense In only very l~m~ted circumstances 

One method belng used to overcome the nsk of financlng 1s to requlre sovereign guarantees to 
internat~onal financlng mnstltutlons, wluch lowers the interest rate because of lower project nsks For 
example, the World Bank and EBRD are the only financing organlzatlons prov~ding large-scale 
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h d m g  for energy system unprovements m Russia The World Bank wlll provide finding only under 
the condition of a sovereign guarantee Russia has taken out loans for over $360 rmllion for distnct 
heatmg system unprovements to date, and IS developing another $300 rmllion loan EBRD is loolung 
at a mechamsm that would provlde hnding for energy improvements with a regional and municipal 
guarantee, but wlthout a sovereign guarantee 

Another mechamsm by whlch hnd~ng IS being provlded for energy efficiency projects is through 
multi-project facilities to large foreign ESCOs In these projects, the multilateral development bank 
takes both a debt and equity position in the ESCO, whch spreads out the project nsk between the 
corporate ESCO and the bank Recently, EBRD approved loans to two ESCOs that will be operating 
in Russia (Honeywell and Landis & Staeffa) Other such loans are being considered for Russia and 
other countnes of the FSU 

A thxd model that mvolves the public sector in accepting project nsks IS one where the government 
(national, regonal, or local) becomes a partner in a company that is establ~shed to undertake energy 
efficiency projects Ths model is being used in Russia in the Nizhny Novgorod region Here, the 
ESCO partners are the regonal government, a fore~gn corporate partner and the bank All three have 
an equity stake in the company and an actlve role in overseeing its operation The regronal 
government benefits through lower expenditures for subsldy payments in the residentla1 and munrc~pal 
sectors 

Publ~c Sector Model 
In Ukraine, the government is establishng an ESCO to identrfy and implement industrial sector 
energy efficiency projects The ESCC financing is being 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 withln a two-year 
period, after receiving trairung and assistance fiom an EU technical consultant However, it IS too 
early to tell whether this w11 be successfLlly completed withrn the two-year time frame 

Pofentral Sources of Financing in Ongoing Programs 

Thts section descnbes a number of ongorng activities in the energy sector and other sectors that could 
be tapped as a source for financmg the DSM recornmendatlons Each of the following programs was 
contacted regarding therr interest in energy eficlency and, for the most part, responded very 
favorably Utilizing these programs/sources would leverage the Impact of USAID energy sector 
finding 

Caucasus Enterpr~se Fund 
The Caucasus Enterpnse Fund is a USAID-fbnded project belng implemented by Shore Bank of 
Chcago It 1s comprised of a mcro-lendmg program (loans under $1 OOO), being managed by a Shore 
Bank subcontractor, Finca Bank, with offices in Washngton, DC, and a small-to-medium lending 
program (loans up to $200,000) managed by Shore Bank rtself Shore Bank is in the process of 
settlng up an Armenian office All loans will be administered in Armenia through Armeman banks 
(I e , interested borrowers should apply direct to the ArmenIan banks), which are settlng up 
apphcation procedures and have full responsibil~ty in approving loans Interest rates for these loans 
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are expected to be in the neighborhood of 15% Eligible borrowers are restncted to small, pnvate, 
local enterpnses 

Recommendatzons Ths Fund looks to be a potential good source for ESCO operating hnds for 
implementmg DSM projects usmg performance contracting USAID could prowde support In the way 
of techcal assistance to help develop bankable projects, including wnting business plans if required, 
successfLlly filling out bank applications for Enterprise Fund loans, educating banks on the viability 
of the performance contracting method of financing projects, and managing projects such that loans 
are repad USAID mght possibly also prowde fund~ng m order to buy down Interest rates for energy 
efficiency projects or to prowde seed money for efficiency contracts such that borrowers would not 
be requlred to borrow 100% of the knds needed for implementing energy efficiency projects 

Contact Susan Berger, ENI/ED/SB, Tel 202-7 12-4 194 Ms Berger was very Interested in the use 
of the Enterprise Fund for energy efficiency projects and said she would mention such projects to 
Shore Bank She was also enthusiastic about cross-cooperat~on across USAID programs and Invited 
USAID to work with her to help evaluate how the Fund could be used In implementing energy 
efficiency projects 

Eurasla Foundation 
The Euras~a Foundation has grant and loan programs It takes applications for the grant program on 
an ongoing basis for both Arme111an and US-based projects It has two grant programs the open-door 
grant system, whlch wdl entertam any lund of proposals, and the competitive grants program, whch 
is talored for particular sectors The Foundatlon also has a small lending program that is admnlstered 
m Armenia 

Contact Marsha McGraw-Olive, Eurasia Foundatlon, Vice President for Grant Programs, tel 202- 
234-7370, ext 1 14, Horton Beebe-Center, Eurasia Foundation, tel 202-234-7370, ext 132, Laurens 
Ayvanan, Eurasia Foundation, regonal dtrector In Yerevan, Mark Sm~th, US AID, tel 202-7 12-45 12 

European Bank for Reconstruction and Development 
At present,the Energy Effic~ency Umt FEU) at the EBRD is not doing anythng in Armenia, pnmanly 
because of the unsure political situation there Nonetheless, the Bank's policy may change at any time, 
and the EEU is very interested in any preliminary and/or background work that may be done by 
USAID and ~ t s  contractors in the area of energy effictency, and would review any project proposals 
that would take into account Bank policy as descnbed below 

In general, EBRD energy efficiency projects tend to be m the $5 to 20 million range, prefemng larger 
projects because of hgh overhead costs For private sector rlsk projects, EBRD will prowde up to 
one-thud of the financing, for sovereign guarantee projects, EBRD will provide 80-100% of the 
financing but ~ 1 1  also ask for some contnbution by the local government 

For example, as concerns a dtstnct heating project, assumng the system is municipally owned, EBRD 
would requue a sovereign guarantee or, preferably, a pnvate sector part~clpant who would be granted 
concessionary treatment by the government to revamp the system In general, however, distnct 
heat~ng projects are considered to be hlgh-nsk w~th low cash flow and a long project life cycle 
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Any sort of ESCO project of Interest to the Bank would most l~kely be in the industnal sector in 
which energy efficiency is a component of the investment requ~red The cntena for a good client 
would be a cred~t-worthy industry w~th aud~ted accounts and s~gmficant hard currency eanungs (as 
a rule, the amount of annual hard currency turnover for the Industry should be equivalent to the 
amount borrowed) However, the Bank has found that industries in these countnes have a weak cash 
flow and rely to a sigmficant degree on barter 

When considemg the nature of possible fbture projects in Armema, the EBRD EEU has a strong 
preference for pnvate sector projects In order for them to cons~der a publ~c sector project, there 
would have to be an urgent need and/or have a strong trans~t~on Impact beyond the scope of the 
project The Bank is presently capital-constrmed and not ~n the posltlon to invest in a project simply 
for the sake of energy efficiency 

Recomrnendat~ons Despite rather stnngent cond~t~ons for lending In Armema, the EEU is very 
interested m becormng more lnformed about the energy efficiency s~tuation in Armenia and pursuing 
projects there They are also quite mterested m collaboration wth other donor orgamzatlons EBRD 
should be e~ther invlted to the bnefing In Armema on the results of th~s report In September 1998 or 
should be prowded a copy of thls report USAID mght want to pursue with the EEU the inclusion 
of an energy efficiency component for poss~ble future Industry restructuring loans that the Bank may 
develop In Armenla and prowde pre-loan assistance In the form of accounting ass~stance andfor 
energy audit~ng 

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

Overseas Private Investment Corporat~on 
OPIC disburses the other tranche of the Caucasus Enterpnse Fund OPIC-adm~mstered Funds are to 
be used for very large projects of $1,000,000 or more and can be used by US companies do~ng 
busmess m the Caucasus Sinular finds m other countnes have been concentrated mostly in real estate 
or agnbus~ness The OPIC Caucasus Enterpnse Fund shouId be operat~onal by the end of September 
1998 

Recomrnen&trons Energy effiaency improvements could be ~ncorporated Into real estate projects 
using OPIC Fund loans USAID could prov~de techmcal ass~stance In the form of engineering work 
requ~red to ~ncorporate energy-effic~ent technolog~es in build~ng renovat~on andlor construction 

Un~ted States Energv Assoc~atron 

As of May 1998, no USEA-sponsored electnc or gas partnerstvps are In place for Armenla The 
closest association appears to be between Armgaz and Western Kentucky Gas No USEA ac t~v~t~es  
wth the Armemans have covered energy effic~ency or DSM Armenergo has been reorgamzed and 
separated into separate transmss~on, d~stnbutron, and generatlng companies There are about 30 
generatmg comparues The largest generatlng company, and the one to be pnvat~zed first (sometime 
"soon"), 1s the Yerevan City Network (contact Robert Nessaryan) Commonwealth Electnc 
(contact W~lliam Poist, now ret~red) of Massachusetts was set up to make ~ t s  first tnp to Armema 
to Investigate a possible partnersh~p th~s  month, but the Arrnen~ans balked at hav~ng to sw~tch to 
International accounting standards (supposedly because of w~de-scale cormptlon and graft), so the 
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tnp was postponed Commonwealth is now undergoing restructuring and moving ~ t s  corporate 
headquarters Polst has retired, so ths  project is on hold 

A collection of ret~red Pacific Gas and Electnc Company executives (~ncluding Charles Tadeossian 
and W~lmer Kapulhan) are Interested m worlung wth the Armeruans under a "virtual partnership " 
They would pull together a number of experts in vanous general management areas (b~lling, 
collect~ons, accounting, etc) and arrange for a semnar in San Francisco with a follow up vislt to a 
power plant Ths would be a very general program for electric, gas, dlstnbutlon, generation, or 
transmssion 

Armgaz and Western Kentucky Gas Armeluans made a pre-partnershp tnp to Kentucky in 
November 1997 Next a group of executives fiom Western Kentucky Gas were to go to Yerevan 
end of June 1998 to discuss more particulars of a partnershrp agreement This is still In the very 
prelimnary stages 

In conjunmon wth Hagler-Badly's work in establislung an independent regulatory comssion, two 
commission staff members spent one month wth the Kentucky Public Service Commssion in 
Frankfort, Kentucky, late last year In March 1998, some of the Kentucky staff, lncludlng one 
comssioner, went to Yerevan In May-June 1998, four Armen~ans from the staff were to return to 
Kentucky to work on regulatory issues 

The World Bank 
Energy Sector Unit for Europe and Central Asla The Energy Sector Unit IS presently managlng two 
loans Power Mamtenance and Transrmss~on and Distnbutlon (T&3) The Power Malntenance loan 
wd be completed in December 1998, the T&D loan IS presently on hold (has not made lt to the board 
yet) because of changes m the Armenxi.n government A Power and Gas Restructuring loan has been 
exmned as well as a Power Pnvatlzation loan It has been dec~ded that at the present tlme there is 
no scope for a gas project, particularly consldenng the posslble sale of transmission fac~litles to 
Gasprom The Pnvatlzation loan may go fonvard providing the Bank has good results wlth the T&D 
loan The Energy Sector Unlt has declded that there has been too much damage to the dlstnct 
heatlng system fiom its long Idleness to rehabilitate in a cost effectlve manner Therefore, a dlstrlct 
heating loan is not presently belng considered elther In general, rnonles for energy projects are t~ght 

However, the energy strategy for the Europe and Central Asla department is to Include energy 
efficiency whenever posslble In general, the best strategy is to approach the Environmental Sector 
Umt wth energy efficiency suggestions, whch wll rase the funds, including "free" GEF money, and 
come to the Energy Sector Umt for implementation Now is a good tlme to try to identify grant 
money for pilot projects and the Environmental Sector Unlt 1s the appropnate office to talk to (see 
below) 

Contacts Salman Zaheer (T&D loan task leader - tel 202-712-1 185), Jonathan Walters (tel 202- 
473-2468), and Jan Masterson (Power Malntenance loan task leader - tel 202-473-5005) 
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Environment Sector Unzt for Europe and Central Asza The Envlronment Sector Urut is finaliwng 
its Nahonal Envlronrnental Action Plan (NEAP) for Armerua the last week of August Ths and the 
Lake Sevan Action Plan d be used to develop an Env~ronmental Sector Loan, whlch is now rn the 
pipehne The loan will include bilateral, GEF, and World Bank components The Bank 1s rnterested 
in including RMA findings on energy efficiency optlons for Armecua in both the NEAP and 
Enwonmental Sector Loan For example, GEF hnds could be used to develop prlot programs rn the 
houslng sector or hospitals and schools as part of t h s  loan The World Bank has ~dent~fied the 
res~dential sector as the second hghest polluter In Armerua (transportation be~ng the first) It is also 
loolung Into heatrng opt~ons and the use of geothermal energy in the distnct heatlng system 

At the end of October 1998, the World Bank w11 he on missron in Armerua The first week of the 
mission wll be devoted to presentrng the NEAP The second week w111 be devoted to ~dentifylng 
project components The World Bank has asked that USAID send a representatwe on ths  mssron 
to help ~dent~fjr energy efficrency components In addit~on, the Bank is Interested in sendrng ~ t s  
counterparts In the Mirustry of Envlronment to the USAID/RMA bnefing on DSM optrons for the 
least-cost plan to be held In September In Yerevan 

Recommendatrons One no-cost optron for USAID is to prov~de the Env~ronmental Unit the 
recommendat~ons m ths report as candidates for mclus~on m its upcomng Envlronmental Sector loan, 
particularly pilot project Ideas In the hous~ng sector for GEF fbndrng USATD could also leverage 
some of ~ t s  fbnds by provrding techrucal assrstance in the development of energy eficrency 
components of the loan, begimlng wth the partrcipatron In the World Bank missron to Armenia In 
October and examnation of heat~ng opt~ons, including geothermal, for Armenia 

Contact San Soderstrom, World Bank, Envrronment Sector Unrt for Europe and Central Asla (tel 
202-473-8726) 
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9 LONGER-TERM ENERGY EFFICIENCY POLICIES FOR ENHANCING 
SUSTA~NABILIN 

In the short term, because ofthe lack of financ~al Incentives from utilities or the government, and the 
absence of hnds avdable wth the customers to Implement energy-savmg measures, there is a strong 
need for international development agencies, or even pnvate sources (given the potentially large 
market) to step in and promde the money for ~mplementlng DSM projects Pilot-scale or 
demonstration projects in the end-use areas identified m the sections above should be conducted 

In the long term (year 2000 onwards), however, several policy tools have to be formulated to make 
the DSM strategy sustainable, som? of whch are descnbed In the followng sectlons 

A Information Disseminat~on and Education Strategres 

Ths strategy apphes to all sectors Customers have to be made aware of energy effic~ency products, 
their costs, and their advantages through vanous ways, including TV, radio, and newspapers 
Semnars and conferences about energy efficiency should also be held at regular tntervals to keep the 
energy efficiency cornrnututy at pace wth the advances in the field Electrlc utility can also help in 
d~ssemmating dormation m the form of lnformat~onal flrers along wlth regular monthly electnc bills 
to the customers 

B Compulsory Energy Audits 

Mandatory audits of industnal facil~tles and large commercial and government bulldings could be 
made a part of the Energy Efficiency Law currently betng legislated Facilities not meeting the 
rmnunum effic~ency standards should be penalrzed ~f they take no corrective actlon wlthln a reasonable 
penod of time 

C Energy Efficiency Standards and Labeling 

Energy effiaency standards ( m m u m  efficiency, maxlrnum consumption, or maximum losses) ensure 
that the products (end-use equipment and apphances) in the market move from an inefficient to 
efficient stock Ths market transformation takes place through a market push activity, where the 
manufacturers are required to produce effic~ent equipment and "push" them into the market 
However, to do ths, adequate testlng facilities for energy efficiency are required Also, the standards 
should be progressive m nature and keep pace wth the technolog~cal advances golng on in the field 

Energy effiaency labels, whch could be either voluntary or mandatory, are also helpfbl in creating 
a demand or "market pull" for energy-efficient appliances The labels have to be properly designed 
to convey the information to the consumer who can then make a dec~slon based on that information 
Comparative labels seem to be more effective than endorsement labels In developing countnes 

D Government-Supported Research and Development of Energy-Efficient 
Applr ances 
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The Armeruan government should prowde hndlng for research In energy efic~ency ~mprovements, 
e~ther at the~r national laboratones or to the pnvate rnanufactunng sector Expenence shows that 
technologes have to be adapted to the local cond~t~ons and factors (such as power qual~ty) and locally 
developed technologies are often more cost-effective In sawng energy than IS Imported equipment 

E Ratlonal Tar~ffs and Collect~on 

In 1997, the average tanffwas rased by 40%, fiom 3 3 cents per kwh to 4 6 cents per kwh (Oxford 
Analyt~ca, 1998, USEIA, 1996), \nth lower pnces for the low-~ncome customers 41 Because tanffs 
are a heavy burden to most Armeman famhes, there IS growng publlc discontent @FE/RL, 1998) 
as the cost of production 1s less than half ths  figure (average generation cost 1s about 2 3 cents per 
kwh accordrng to ERC, 1998) The margin IS unjustifiably hlgh and 1s a result of d~sproport~onately 
large trarasmss~on and drstnbut~on (T&D) losses The sector, however, st111 has to rely on government 
subs~d~es because the total supply costs to customers are in the range of 6 cents per kwh 

Government 1s currently focuslng largely on regulation of energy tanffs Enforcement of bllllng and 
blll colIect~on dlsc~pllne, lncludlng d~sconnectlons for non-payments, have led to Increases In total 
collect~ons from 3 5% m 1994 to 80% In 1998, resulting 1s reduct~on of commerc~al losses 

For the promotion of the country's energy efic~ency, the application of econom~cally substantiated 
pnnc~ples 1s of key unportance The pmclples of tartEpo11cy are associated w~th ensunng a long-term 
development ofthe energy sector and absolute exemption of d~scnmnat~on among different groups 
of populat~on The first pnnc~ple 1s connected to the demand for pan:c1llar types of &el and 
lnvestlgatlon of the sector development and plannlng Three maln methodological approaches are 
used In the formation of tanff polrcy 

Accounted costs only retrospective Indexes of sector actlvltles are used Tanff 
resulting fiom th~s  approach IS lim~ted to dlstrlbutlon of average costs among 
consumer groups, without taklng Into cons~deration development projects, 
Investment requirements, and potentla1 prlces 

Economzc costs changes In scope and structure of demand among d~fferent groups 
of consumers is taken Into conslderat~on, as well as change m demand on the bas~s 
of long-term, seasonal, and dally Indexes Such Items, as amortlzatlon of fixed 
assets, expenses on ecology, and safety of worlung cond~t~ons are also Included in 
economc costs The man component of the economic cost based approach 1s the 
calculat~on of Incremental costs of pnmary energy sources (gas, mazut, water, 
nuclear hel, etc ) The economlc cost based approach has l~m~tat~ons, whch are 
charactenst~c for med~um-term (3-5 year) forecast methods 

41 Nevertheless the decision to rase electnclty pnces was made in accordance wth 
recornrnendat~ons by the World Bank and other ~nternational lend~ng instltutlons (USEIA 1996) 
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Margnal costs t h s  is the most rmproved method of detemmng long-term costs 
m developed countnes, whlch takes into account, rn addrtion to the costs 
mentroned above, such ~tems as the present he1 cost (mcluding dynamic rent, 
possibrlrty of pnce contrngency of &el rn the market), maxlmum growth of 
demand, marglnal costs of generation, transmissron and distribution of an 
additional umt of energy, ~nter-departmental interaction of he1 pnces, regulat~on of 
load schedule, and energy savlng 

F Establ~shment of a DSM Cell 

As seen in other developing countnes embarlung on the DSM scene, it IS always prudent to form 
a dedicated group of energy experts who are responsrble for desigmng, developing and 
implementing DSM programs Tlus DSM cell could be formed wth~n  the util~ty, ideally the 
drstnbut~on utrlity whch has d~rect interactions wth the customers The cell usually cornpnses of 
staffwth backgrounds In energy engineenng, energy audlts, benefit-cost analysis, financial 
analysrs, and customer interaction Over time, the DSM cell members should be trained in the use 
of DSM state-of-art software programs (such as DSManager and IRPManager) that are 
commonly avarlable in the market 

G Facll~tat~ng ESCO Businesses 

Consumers must be aware of energy supply and demand alternatives and relatlve costs In order to 
make informed decisions, rncluding decisrons about energy efficiency In order for an ESCO market 
to develop, energy pnces must be high enough for 1nvcs:tnent in energy eficrency to be profitable 
Dunng ths trans~tron penod to a market economy, there are many d~stort~ons in the energy market 
Instead of subsidlzlng inefficient energy use, the governments (federal, regional, and local) would be 
better off rasmg energy pnces and only subsidizing energy for those who truly cannot afford market 
prices The higher energy costs would encourage people to invest rn energy efficiency, and make 
ESCOs sustanable and profitable In the short run, ~t may be necessary for the publlc sector to take 
an active role in demonstrating the effectiveness of energy efficiency investments 
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RESIDENTIAL END-USE SURVEY REPORT 
by 

Mary Wonala and Dr Zohrab Mel~kyan 

The residential end-use survey was desrgned and implemented in rmddle to late summer 
1998, as one plece of the analysis that RMA conducted in the Demand-Srde Management 
Opt~ons Analysis for USAID Because of trme and budget constra~nts, the analysis on the 
survey is not as complete as could be accomplrshed wth  the data whch that gathered In 
the survey W~th the overall contract expiratron date of September 30, this report IS being 
included as an append~x to the maln DSM report Add~tional analys~s may be conducted 
between the issuance of the draft and the final Issuance of the DSM report The results 
contained herein may be mod~fied wth  ths  addit~onal analysis 

The report's co-author, Dr Zohrab Mel~kyan, Pres~dent of the AEE Chapter and 
Professor at the Inst~tute of Archtecture and Construction, led the survey team In 
Yerevan Dr Melikyan, in part~cular, played a crucial role m recruiting the surveyors, 
direct~ng the field activities, and In the data input design Without the contnbutions of 
several other ~ndividuals m Yerevan, the survey would not have been possible Mr Ara~k 
Zakaryan, who des~gned the database and supervised the data mput, and Dr Gourgen 
Mehkyan, who assisted in troubleshoot~ng wrth the database, deserve specla1 mention 

We hope that this survey mil provlde a sigmficant and usefbl contr~butron to the policy 
dralogue w t h n  the energy community The conclusions are stnctly those of the authors 

As one portron of the DSM analys~s, RMA conducted a survey of 1000 res~dences In 
Yerevan Ths  was an Important aspect of the work, slnce almost half of electnc~ty IS 

consumed In the residentla1 sector It IS important to understand the end-uses of electnclty 
and the t~rmng of res~dential electnc~ty use In order to be able to detemne whether there 
are poss~b~lities to either s h e  the t~mng  or reduce the amount of electnc~ty consumed In 
the res~dent~al sector The overwhelrmng contnbut~on of the resrdent~al sector to electnc~ty 
demand is due to several factors peculiar to Armenla of the 1990s 

1 Others sectors, particularly the rndustnal sector, are not fknct~omng at a normal level 
Therefore, the total electncal consumption IS very low Ths makes the share of 
residential electncity use relatively h~gher than in previous t~mes In more normal 
times, pnor to this transrtion penod, the residential sector consumed 25-30% of 
electncity 
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2 Electncity is the only reliable energy source available to the residential sector in 
Arrnerua these days Natural gas was formerly imported for providing distnct heating 
in the wnter, and for coolung and space heaters in the residential sector The supply of 
natural gas has been very limted in Armema for the past several years because of 
difficultres in Georgia that have interrupted supply, and payment problems The lrmted 
amount of natural gas being imported currently, is berng used almost exclusively by 
the thermal power plants 

3 The distnct heating system has been inoperative for several years, whch has led to a 
domnant reliance on electncity for space heating Thrs contnbutes heavily to a much 
hgher wnter demand for electncity than in the summer 

The pnmary purpose of conducting the survey IS to understand the current srtuatron of 
electncity use in the residential sector There is very lrttle data available regardrng the 
specific components of end-use electncity in the residential sector I3stoncallyy residential 
electncity use was not metered at the apartment level, and collections were not stnctly 
enforced With electncity being the dominant energy source available to the residential 
sector, the survey is intended to identify the largest end-uses and those end-uses 
cornciding wth the system peak loads Thls data wrll be used to desrgn residentla1 demand 
management programs 

Ths survey is umque in Armema by vlrtue of its comprehensive nature and scope With its 
heavy reliance on electncity for all end-uses, and increasingly ngorous metenng and 
collections system, the energy sltuatlon is also umque to countries of the former Soviet 
Uruon Payments for electncity consume a very hgh percentage of household income 
However, as other transitional economes move closer towards cost of servrce tanffs, 
energy becomes a more important issue at all levels of society In thrs way, Armenia may 
be vlewed as a case study wth some applicabrlity to other transltron economes 

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 Melikyan), and key persons wtlun the Armeman energy commumty 
First, the key issues and questions that were to be addressed were discussed and a sample 
survey developed After considerable revrew, the survey was tested on a small sample of 
apartments in Yerevan Some revlsions were made based on the field testing, and the 
survey form was finalized The final survey is shown as Frgure I 

The sample size selected for the survey was 1000 dwellrngs, wh~ch reached a populatron 
of close to 4,000 inhabrtants The sample srze was selected in part to accommodate time 
and budgetary constraints Four types of buildings were selected as being representative of 
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the most common types of res~dential buildings in Yerevan Resldent~al building 
" r ep re~en ta t~~ene~~~ '  Includes charactenstlcs such as age of the bullding, number of stones, 
constructlon matenal (concrete block or tufa), and locat~on in the city 

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

S~ngle-Fmly Homes 100 Surveys 
4-6 Story Multi-Farmly Bulldlngs 300 Surveys 
9- 12 Story Multl-Farmly Bu~ldlngs 300 Surveys 
14-16 Story Multi-Fanuly Bulldlngs 300 Surveys 

Once the survey design was finalized, a meeting was held wth the surveyors to explain the 
survey questlons and to tram them on how to conduct the survey Thls was done so that 
the manner In whlch the questlons were asked would be consistent, and to make sure that 
the surveyors understood the questions Dr Zohrab Melikyan selected and tralned all of 
the surveyors, many of whom were graduate students at the Unlverslty of Architecture 
and Construction Locations for conductlng the surveys were selected, including streets 
and specific apartment buildings, In order to get the desired mix of bulldlngs and residents 
(The locations are ~dentlfied In the maps in Section 3 of thls Appendix) 

The surveyors completed all of the surveys over a penod of three weeks In July 1998 
Surveys were conducted in person wth an adult resldent of each apartment surveyed On 
average, surveyors needed to make contact w~th four apartments In order to complete one 
usable response (25% response rate) Thus, In order to complete 1,000 surveys, the 
surveyors made contact wth people in 4,000 dwellings The surveyors encountered 
cons~derable resistance, slnce people in Armenla are not accustomed to belng asked to 
provlde such information, and were susplc~ous of the reasons glven for conductlng the 
survey Many of the residents refbsed to give income data In add~tlon, the survey IS qulte 
comprehensive and took 15 mlnutes to 112 hour to complete each one Surveyors walked 
through the apartments to record data on appliances Survey data was hand-recorded on a 
survey form In ArmenIan and transferred manually to an Engl~sh survey form (see Flgure 
1) The accuracy and completeness of each survey was verlfied by Dr Mellkyan prlor to 
complllng the results 
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Electrlclty Consumptlon 

Resource Management Assoc~ates of Mad~son Inc PROJECT FINAL REPORT DRAFT (Sept 1998) 

29 Who malntalns the llghtrng of common areas 

30 Who pays for common areas llghtlng bill 

3 1 If you had extra money whlch electrrcal appliance would 
you replace first 

32 If n~ght electrlclty rate IS cheaper, how would you use ~t 

33 Is your house connected to ctty gas d~strlbutlon system 

34 Have you centralized gas supply 

35 Is your house connected to the dlstnct heat supply 
system 

36 Is your apartment suppl~ed by heat 

37 Would you use more electr~clty than usual at n~ght (23"- 

7") lnstead of day (7"-23") ~f the tarlff for electr~c~ty was 

38 If the answer 35 1s "yesn do you need any supplemental 

Heatlng In your apartment 

Total use of 
energy, kWh/day -l 

yeslno 

yeslno 

yeslno 

yeslno 

o 

o 

75% of dayt~me tariff------yes, no 

yeslno 

Summer I W~nter I 
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17 a tchen  comblne 
18 Washing machme 

19 Other 

Total 
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All of the data was input by the graduate students into Excel spreadsheets designed to 
capture most elements of the survey Each survey was entered into its own worksheet, 
wth a "totals" worksheet by street name and type of buildlng Street totals were comp~led 
into a totals worksheet for each bullding type The totals worksheets are shown In 
F1gure.s 2 through 5, one for each building type Analysis of the survey was done by RMA 
and is included in thls report Budget and time limitations d ~ d  not allow for a complete 
analys~s of the survey data, 1 e regression analys~s, correlation of vanables, vanance 
analysis, etc The full database is available ftom the authors of ths  report 
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F~gure 2 Energy Consumpt~on for 100 S~ngle Famlly Homes, Yerevan (100 surveys ) 

1 Energy total consurnpllon Winter 0 17622949 
per rq &per day Sumner 0 111Q3669 

2 Energy lotal consurnpllon Winter 0 04259158 
per cub &per day Su-r 0 02698874 

3 Energy total conrumptlon Winter 2 62097696 WNper, 
per personlper day Summer 1 6974612 

) Dlslrlbullon system 
"1 Dlstrlbutlon Heating syslern 

1 Day tlme 
Wlnler kwh "' Summer kwh 
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F~gure 4 9 to 12 STORY BUILDINGS Total Energy Consumpt~on In 64 Selected Bu1ld1ngs1303 Apartments In 
Yerevan (303 surveys) 

1 Energy consumplaon 
per sq mper day Summer 

2 Energy consumpllon 
per cub nuper day Summer 

3 Energy consumpllon Winter 2 608801 
per personlper day Summer 

) D~slrlbullon syslem 
J Dtslrlbullon Healing system 
J Day llrne 
J Wlnter kwh 

Summer kwh 



Figure 5 14 to 16 STORY BUILDINGS Total Energy Consumpt~on In 64 Selected Burld~ngs/ 300 Apartments m 

1 Energy consumption Winter 
per sq mper  day Summer 

2 Energy consumption Wlnler 
per cub nvper day Summer 

3 Erlrryy consur pllon Wlnlcr 
per personlper day Summer 

) D~strlbullon syslem 
) D~slribullon Heallng system 
) Day tlme 
) w m e r  k w h  

Summer k w h  
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3. DESCRIPTIVE CHARACTERISTICS OF THE SAMPLE 

The buildings were selected to be representative of different geographcal areas of the city 
w t h n  the four types of buddings selected The city of Yerevan is quite dispersed and has 
varylng topography wth  some areas of the city exposed to windy conditions at vanous 
times of the year Also, Yerevan's share of total electncity consumption is the largest in 
Armema, about 30% Generally, the hlgh-nse, multi-story apartment buildings are found 
in the outlylng areas of the city, with lower-story buildings in the c~ty center Single- 
famly homes can be found throughout the city 

Income distribution cannot be generalized by area of the city, since apartments were 
assigned, m past years, more on the basis of status on the waitlng list or proxlmty to a 
workplace It would not be uncommon to find all levels of income in the same apartment 
block Although formerly State-owned, the majonty of apartments in Yerevan are 
currently privatized, mcludmg almost all of the apartments surveyed Another factor in the 
selection was connection to those portions of the city's distnct heatlng system whch are 
operational 

The map in the followmg page shows all of the buildings surveyed in the city Following 
are the d~stncts included in the survey by building type, total population of Yerevan, and 
sample size 

Districts Included in Survey Ajapruak, Avan-hnj, Dav~tashene, Kanaker, 
Nerlclne Shengavit, Nor Malatia, Nor Nork, Nor 
Sebastia, Nor Zeitun 

Population of Yerevan 1 2 rmllion (1996 Armema Human Development 
Report,UNDP) 

Sample Slze 3,994 people 
Usable Responses 1000 dwellings 
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Single 
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General Charactenst~cs of the Dwell~ngs Surveyed 

The res~dents of the 1000 dwellings surveyed were asked certain quest~ons regarding 
energy use charactenstlcs as well as general charactenstics of the apartment and its 
residents These charactenstlcs have been used in the analysis to better understand 
residential electricity use and to detemne whch elements have the greatest Impact on 
energy use Some general charactenstics of the sample are reported In Table I 

Table I 
General Characteristics of Sample 

Notes 
1 Tufa, a volcan~c rock, IS a common bulld~ng mater~al In Yerevan It has varying dens~t~es 

and good thermal conductlvlty 
2 Glazlng Rate IS the proport~on of surface area of the windows to surface area of the 

outs~de walls, expressed as a percentage 
3 Number of wlndow panes IS an average of all w~ndows 

Slngle-farmly homes are on average the largest in slze and have the highest occupancy 
levels In the multi-story bulldings, the average size of the apartments increased over time, 
a pattern consistent wth the data shown m Table I The larger bulld~ngs were built more 
recently The range of inhabitants 1s qulte large, however, the average 1s consistent wth 
data fiom other sources, e g TACIS Buildings Report, November 1996 showed a mean 
urban f m l y  size of 4 5 persons 

Slngle-famly homes and 4-6 story buildings were constructed of both tufa and concrete 
block, whle the larger buildings were all of concrete block construction Ths 1s 
attnbutable mainly to the age of the bulldings, where tufa was used almost exclusively as a 

9-12 Stor~es 

2 41 

3 97 

1-1 1 

67 

1204 

Concrete 100% 

27% 

1 97 

4-6 Stor~es 

1 95 

3 61 

111 

54 5 

1 083 

Tufa 69% 
Concrete 31 % 

30% 

I 74 

Average Number of Bed Rooms 

Average Number of 
PersonslDwelling 
Number of PersonslDwell~ng - 
Range 
Average S~ze (square meters) 

Total # of Persons ~n Survey 

Typical Construct~on Matenal ' 
Average Glaz~ng Rate 
Number of W~ndow Panes 
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14-16 Stor~es 

2 79 

4 16 

111 

808 

1 248 

Concrete 100% 

25% 

2 0 

S~ngle-Fam~ly 

3 34 

4 59 

1-12 

94 2 

459 

Tufa 89% 
Concrete 1 1 % 

17% 

I 61 
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building matenal in build~ngs constructed pnor to the 1960's in Armema The typical 
height of the buildings increased over time, 1 e the 14- to 16-story bulldlngs are newer 
than the 9- to 12-story buildings 

The data also shows that the newer the bullding, the more l~kely that the wlndows are 
double-paned rather than single-pane While double-paned windows are generally more 
energy-efficient than single-pane wndows, lt is also widely observed that in the countnes 
of the former Sowet Umon building maintenance has been neglected, consequently, the 
construction does not hold up weil over time Large cracks between the window and the 
fiame, rmsslng glass panes, and ill-fitting windows and doors are common in Armenla and 
elsewhere Residents were asked in the survey if they had weathenzed their wndows, and 
very few indicated that they had 

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

Table 2 
Wall Thickness Percentage by Buildlng Type 

As seen In Table 2, there is greater vanation In outside wall thickness In s~ngle-famly 
homes than In the multi-family apartment bu~ldtngs Th~s IS due part~ally to the 
construction matenals used (tufa vs concrete blocks) and to the standardization of 
bulld~ng designs The hgher-story bulldlngs were built according to the standard Soviet 
construction norms in use throughout the former Sowet Uruon 

Wall Th~ckness 
Less than 30 cm 
30 cm 
40 cm 
50 cm 
60 cm 
More than 60 cm 

lncome and Electr~c~ty Expense Characteristics 

Residents were asked to report thelr average monthly famly mcome, however, a very 
sigruficant number decllned to give ths  information The percentage not reporting monthly 
lncome IS as shown 

Single-Farmly 45% 
4-6 Story 24% 
9-12 Story 53% 
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Single-Fam~ly 
10% 
7% 

35% 
38% 
2% 
8% 

9-12 Story 

18% 
82% 

None 
< 1% 

None 
None 

4-6 Story 
1% 

30% 

43% 
8% 

18% 
None 

14-16 Story 

15% 
65% 
15% 
5% 

None 
None 
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Even for those who did report average monthly income, the reported figure is hlghly 
suspect Residents are not likely to report all of their monthly earmngs because of 
concerns over tax l~abillty Many res~dents have unreported sources of mcorne, such as 
work done for unrecorded cash payment, or money sent fiom relatives and fhends outside 
of Arrnema 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 m the state sector and 20,775 drams in the non-state sector Thrs is the most 
recent data that was ava~lable (Armerua Econormc Trends, May 1998) Reported income 
data fiom the survey is shown in Table 3, is much lower than the official data 

The survey also contained a question about average monthly electncity bill Residents in 
general seemed very aware of their electncity use and its cost Almost all reported the 
monthIy cost Even when residents declined to give the~r monthly income, they wllingly 
reported the amount pa~d for electncity When the billing is compared to Income, one can 
see that, at least as reported, electncity costs are a hlgh percentage of the monthly income 
However, as noted above, income is undoubtedly under-reported 

Table 3 
Family lncome and Electrrctty Expense Character~stics 

Note 500 Armenran drams =  US$^ 

It is difficult to draw any conclusions regard~ng income and expense charactenst~cs since 
many of the residents did not report income The average income in the table above is 
determned by only those apartments that d ~ d  report lncome The reported monthly famly 
income figures ranged f?om less than 5,000 drams to more than 100,000 drams There 
seemed to be no correlation in the data between reported income and type of building, 

Average Monthly lncome per 
Dwelllng (drams) 

Average Monthly lncome (drams) 

Average Electnc~ty 6111 per 
Dwelllng (drams) 
Average Electnc~ty Brll per Cap~ta 
(drams) 
Electnc~ty Expense as % of 
Income 
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9-1 2 
Stones 

22 658 

6 275 

4 596 

1,157 

20% 

Single- 
Fam~ly 

31,181 

6,805 

4,705 

1,025 

15% 

14-1 6 
Stones 

23 116 

5,559 

5 776 

1,388 

25% 

4-6 
Stones 

16,892 

4,680 

3,859 

1,069 

23% 
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most llkely because of the way that apartments were asslgned in the past However, the 
average size and average bedroom numbers data (Table I) IS conslstent wlth the average 
income data Table 3 l3gh income residential customers llved In larger homes and vlce 
versa Electnclty consurnptlon (blll) for each category IS also conslstent with the slze of 
the homes as well as wth Incomes (reported), with the exception of slmple famly homes 
As expected, the electnc~ty expense (as a share of Income) was the hghest for low income 
customers (4-6 stones), slmlar to that observed m other countnes 

Electnclty consumption was detemned m two ways Flrst, res~dents were asked lf they 
knew what thelr monthly electnc~ty consumptlon was, as well as thelr monthly electnc bill 
The value that residents reported as their average monthly consumption was converted to 
average druly consurnptlon per dwelllng Thls reported consumptlon IS compared to 
electnclty consurnptlon, whlch was calculated by aslung questions about speclfic 
appllances and the~r hourly use Slnce the survey dlfferentlates between summer and 
winter usage in appllances, electnclty consumption is calculated for the two penods as 
well These values are compared m Table 4 below 

Table 4 
Average Electricity Consumpt~on (kwh) 

In all of the bulldlng types, the reported electnclty consurnptlon falls between the 
calculated summer and wnter consumption values Thls 1s an lndlcatlon that residents 
have a good awareness of how much electnc~ty they are consuming 

( Single-Fam~ly 1 4-6 Story ( 9-12 Story I 14-16 Story 
I 

Per Cap& Total Dally 
Consumpt~on 
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Reported 

Calculated 
Summer 
Winter 

1 96 

1 62 

2 61 

1 78 

1 60 

2 52 

2 38 

1 76 

3 35 
Totat Electnclty Consumpt~on per 
square meter per day (calculated) 

1 85 

1 54 
3 03 

Summer 
Winter 

11 
18 

18 

36 
17 

27 

17 

32 
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T~me of Electricity Usage 

In addrtlon to the overall consumptlon levels, lt 1s also ~mportant to look at the time of 
usage Several graphs below show the plcture of the t~m~ng  of electnc~ty consumptlon 
One graph per bulldlng type is d~splayed, which shows both summer and wlnter usage on 
the same graph It IS ~nterestlng to note that the tlme-of-use patterns are relatively s~rmlar 
In summer and winter, but that the magmtude of consumptlon 1s much hlgher In the 
wnter, presumably because of heatlng and addlt~onal llghtlng needs 

On each of the graphs, there are two peak usage penods that are evldent The first IS 

gradually nsing electncity use between 6 and 8 am, with an lntenned~ate peak occumng 
between 8 and 10 m the momng Thls IS the penod when people are getting ready for 
work m the momng and beglmng darly act~vlties in the household The second peak 
corresponds to the end of the work day, urlth electnc~ty use nslng In the 4-to-6 pm penod 
to ~ t s  dally peak of around 8 to 10 pm After 10 pm, electnc~ty usage begins to drop off as 
people go to bed 

If the summer and wnter usage between the bulldlng types IS compared, the difference In 
the summer and urlnter peaks IS much hlgher In the 14- to 16-story buildlng types In 
general, the difference IS mostly due to the load required for space heatlng The difference 
In thls buildlng type may be a result of the fact that a smaller percentage of bulldlngs of 
this type that were included in the survey are connected to operat~onal distnct heatlng 
networks, or uslng natural gas heatrng This Issue IS discussed more fully In Sectlon 6 
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One of the major objectives of the survey was to deterrmne whch appliances are currently 
in use, their penetration rates, and their hours of use Thls data vvlll be used to design 
DSM programs whlch wll have the greatest cost-effectiveness and meet the other DSM 
objectives Residents were asked in the survey about their usage of I6 appliances, plus an 
"other" category The only item reported in the "other" category was electnclty used for 
coolung These values have been included in the "electric stove" category Residents were 
also asked about clectncity use for elevators and for water pumping, but no one reported 
any expense for these uses 

The graphs on the followng four pages show the percentage of electncity whch is 
consumed by each type of appliance in both summer and wnter, by building type The 
values for electncity consumption were calculated using the appliance load requirement 
(rated wattage) and the hours of reported usage In the pie charts for summer appliance 
use, a category "seasonal savlngs" is inserted to represent the usage of electnclty for space 
heating in the winter by buildlng type Thls is done so that the usage of appliances (other 
than space heating) can be directly compared from wnter to summer The companson of 
electncity uses in the wnter and summer are also shown in Table 5 

Table 5 
Vve~ghted Average Electrlclty Use by Appl~ance Type 

(Total of 1000 Dwellings) 
Wlnter vs Summer 

Space Heatrng 
Electric Stove 
Lighting 
Hot Water 
Heating 
Refrigeration 
TV 
Ironing 
Other 

Summer 
Not Applicable = Seasonal Saving 
12% 
6% 

Lighting, hot water heating, and refngeration are the only appliances that have substantial 
differences between summer and vvlnter use (subtracting out winter space-heatlng 
requirements) The differences in lighting and refngeration can be easily explained by 
seasonal vanation - longer daylight hours in the summer, warmer temperatures (in wnter, 
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some ~tems are stored on outside balcotues, rather than In refrigerators) The difference m 
hot water heating in the summer may be due to lower requirements for clothes washlng 
(people wear fewer clothes), and to fewer hot water requ~rements for bathng 
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Electric~ty Use for 100 Single-Fam~ly Homes by Appliance Type 
Other WINTER 

I L~ght~ng 

H Heat~ng 

OHot Water 

UTV 

Refrigerator 

El Electric Stove 

E Flat Iron 

Other 

11% 

Type SUMMER 

E i  Electric Stove 

IISeasonal Savings 
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Electr~city use by Appl~ance Type for 300 Unlts In 4- to 6-Story 

Other Bulldlngs WINTER 

El L~ght~ng 

El Heat~ng 

UHot Water 

nTV 
Refrigerator 

IB Electrlc Stove 
Flat lron 

El Other 
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Electrlcty Use by Appliance for 300 Units In 4- to 6-Story Bu~ldlngs 
SUMMER 
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Hot Water 
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Electrlcrty Use for 300 Un~ts In 9- to 12-Story Burldlngs by 
Appliance Type WINTER 

Other 
3% 1 

Hot Water 

E l  L~ghtrng 
Heating 

OHot Water 
TV 

W Refr~gerator 
Bl Electric Stove 
R Flat lron 
mother 

Electrlc~ty Use for 300 Un~ts in 9- to 12-Story Bulldings by 
Appl~ance Type SUMMER 

I Lighting I 
'% Hot Water - 

I 

I 

Seasonal Savings 
37% 

El Light~ng 
I3 Hot Water 
I3 TV 
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Ill Seasonal Savings 
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Electric~ty Use for 300 units rn 14- to 16-Story Buildrngs by Appliance 
Type WINTER 

Other 

a 
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eatlng 
45% 

Electr~c~ty Use for 300 Un~ts in 14- to 16-Story Bulldings 
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Table 6 surnmanzes the appllance use data fiom the surveys for those appliances whlch 
have the hlghest electnclty consumption 

Table 6 
Appl~ance Electr~c~ty Usage Characterlst~cs 

Notes 
1 Only llghtrng has more than one appl~ance per apartment wlth varylng srzes e g , 40watts 

and 60 watts All applrances, other than light~ng are one per apartment where thelr usage IS 

reported 
2 Penetratlon rate IS defined as the percentage of resldents which own a glven appllance 
3 Space heatlng and alr condltloner use are seasonal 
4 The compressor of the refngerator cycles throughout the day depending upon the ambrent 

temperature and the number of tlmes the refngerator IS opened dunng the day The detalled 
estlmate of the average number of hours per day was beyond the scope of the survey 

Type of 
~ppllance' 

Llghtlng 

Space Heatlng 
Hot Water Heat 
Televlslon 

Refngerator4 
Electnc Stove 

Appl~ance Replacement 

Residents were asked whch appliances they would replace rf they had any extra money 
The most common responses (in order) were TV (30%), refrigerator (20%), washng 
machne (20%) and other (vacuum cleaner, audio center, etc - total 30%) Approximately 
20% of resldents did not reply to ths  questron, since they drd not anticipate having any 
extra money for the purchase of new appliances These replacement expectations may 
have some impact on the selectron of potentral applrance standards and labellng programs 

Typical Rated 
Wattage (kW) 

0 28 
2 8 
1 0  

0 10 
0 15 
1 0  

6 RESPONSE TO TOU INCENTIVES 

One important DSM strategy whch is being discussed locally IS that of installing time-of- 
use meters in residences and offenng a preferentral rate for shiftrng electnclty usage to 

Average Hours 
of Use Per Day 

5 
3 
1 
6 
24 
2 

non-peak times In the survey, residents were asked if they wouldshift thelruse of 
elec&crty if gven a preferen& tanR and what level of tariff reduction would induce 

Typrcal kWh 
Consumption Per 
Day 

1 4  
8 4 
1 0  
0 6 
3 6 

2 0 

them to shlfi Residents were Bven a choice of preferential tanff equal to 25, 50, and 75 
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Penetration 
Rate 

100% 

60% 
94% 
96% 
88% 
85% 
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percent of current tmffs In all categones, 75% - 85% of the residents said that they 
would consrder shfting the~r electncity usage to mght-time (2300 to 700 hours) ~f given a 
preferential tmff Their responses to the level of inducement necessary to influence such a 
shift IS shown in Table 7 

Table 7 
Willingness to Sh~ft Electr~c~ty Usage to N~ght-T~me (2300-700 hours) 

Based on Tar~ff Level (Percentage of Day-Time Tariff) 

25 Percent 50 Percent 75 Percent 
Single-Farn~ly 18% 8% 74% 
4-6 Story 45% 38% 17% 
9-1 2 Story 36% 45% 20% 
14-16 Story 45% 43% 12% 

Resrdents were also asked whch usages they would be wlling to shft to non-peak times 
Most often mentioned were bathng, clothes washng, lromng, and cooklng Bathng and 
clothes washng would affect the electncity used in water heatrng As we saw In Sectron 5 
of ths  Appendrx, these are not the hlghest electncrty usages as determined by the survey 
Together, they account for only 22% (summer) to 26% (wnter) of res~dential electncrty 
use Iromng only consumed 2% of electncity use Furthermore, not all of the usage can be 
shfted to non-peak hours The uses that have the hlghest electncity consumption, I e 
refhgeration and space heatrng, are the least amenable to shrftlng therr tlme of use 

7 ELECTRICITY USE FOR HEATING 

Space heatrng IS a significant factor rn wnter electncity consumption All categones of 
buildings reported hgher electncity usage in the winter than summer The followrng table 
(Table 8) reports the average electncity use in wlnter, summer and the difference, whch IS 

attnbutable manly to space heatrng requrrements 
Table 8 

Wlnter vs Summer Electricity Requirements 
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Summer Total Consumpt~on (Wh) 

Winter Total Consumption (Wh) 

Difference in Summer vs Wlnter 

Heating Consumpt~on (kwh) 

% Difference Due to Heating 

S~ngle- Farn1ly1 

733 

1157 

424 

41 9 

99% 

4-6 Stones 

1 663 

3286 

1 623 

1 567 

97% 

9-12 Stories 

1954 

31 41 

1187 

1139 

96% 

14-16 Stories 

21 92 

41 76 

1984 

1937 

98% 
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NOTE 
1 The s~ngle-fam~ly-homes category ~ncluded 100 surveys only, wh~le the other bullding 

categories are for 300 surveys In each category The figures reported are average for 
each category 

As can be seen from the table above, nearly all of the difference In electnc~ty use in wnter 
vs summer is due to the use of electnc space heaters It IS also ~mportant to note that an 
average of only 60% of res~dents in the survey reported uslng electnc space heaters If ths  
is broken down by buildrng type, the percentage vanes cons~derably 

Bu~ldlng Type % Reporting Use of Average Reported Wlnter 
Space Heaters Temperature lns~de 

S~ngle-Farnlly 23% 16 24 
4-6 Story 37% 16 16 
9-12 Stow 65% 15 56 
14-16 Story 85% 14 78 

The restdents were also asked whether they were connected to the distnct heatrng or 
natural gas dlstnbution systems, and whether they were currently (or In the case of d~stnct 
heatlng, In the wnter 1997-98) being supplied with either d~stnct heat or natural gas 
Table 9 shows the responses to these questions Finally, residents were also asked whether 
they used any renewable sources of energy for heatlng or other uses Of the 1000 
apartments surveyed, none reported usrng any renewable sources of energy 

Table 9 
Other Potentral Heat Sources 
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Singleiamily 14 16 Stor~es 4-6 Stories 

300 

100% 

56 
19% 

36% 

132 
44% 

Connect~ons to D~stnct 
Heatrng 

Number 
Percentage 

Supplled wlth Heat In 
Winter 1998 

Number 
Percentage 

If Supplled, Also Used 
Add~tlonal Heat (%) 

Connect~on to Natural Gas 
D~stnbutlon 

Number 
Percentage 

9-12 Storles 

290 
96% 

103 
34% 

93% 

265 
88% 

I 
4 
4% 

0 
0 

NIA 

85 
85% 

259 
86% 

135 
45% 

84% 

269 
90% 
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In multi-farmly residentla1 buildings, a vast majonty of the res~dents were connected to the 
city's distnct heating systems Only about one-thrd of residents who were on the d~stnct 
heat~ng system were supplred wth some d~stnct heat dunng the wnter of 1998 In a vast 
majonty of cases m the 4- to 6- and the 9 to 12-story buildings, the heat was insufficient 
to meet their total heating requirements In the 14- to 16-story buildings, the heat 
provlded by the distnct heating system was adequate for about two-thrds of the residents, 
i e only 36% of the residents requ~red supplemental heating In single-farmly homes, only 
a very small percentage were connected to the c~ty's distnct heatlng network 

Nearly 90% of the residents were connected to the natural gas distnbution system, but 
almost none were receiwng natural gas supplies If natural gas or d~stnct heating could 
replace electricity as the dormnant source of heat, there would be a significant Impact on 
the amount of electnc~ty required In the wnter As the survey data shows, the use of other 
sources to prowde heat could reduce the winter load to more nearly match the summer 
load 

0% 

It IS also relevant to note that Indoor tem2eratures are not necessanly comfortable, 1 e 
residents might prefer a more moderate temperature Residents were asked the average 
temperature lns~de thelr apartments In wnter and In summer The average temperature In 
the wmter tlme was reported to be about 14-15 degrees C, while in summer tlme the 
average temperature was reported to be 26-27 degrees C A more comfortable 
temperature would be 22 degrees C in both summer and winter In order to acheve ths  
level of comfort, more electnc~ty would be needed for heating In the wrnter and coollng In 
the summer Only a very small number of residents surveyed (less than 1%) currently had 
a r  condlt~omng As the Armetuan economy Improves, ~t is antlc~pated that more people 
wll purchase air conditioners to mantam a higher comfort level 

Percentage Suppl~ed w~th 
Natural Gas 

A s~gmficant soc~etal problem in all countnes of the former Soviet Union, lncludlng 
Armenia, IS the use and maintenance of common areas In multi-story restdentla1 units 
Tlus would include elements such as sta~nvays, elevators, l~ghtlng in the common areas, 
and pumps for water d~stnbut~on E-fistoncally, these areas were maintained by a c~ty 
mantenance department, whch also budgeted for their upkeep and expenses Now that 
the apartments have been pnvat~zed, res~dents are not certaln of who is respons~ble for the 
upkeep of these areas and for paying the energy use charges attr~butable to these areas 

0% 2% 
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In the survey, residents were asked who was responslble for maintaimng and payng the 
electnclty use for these areas Overwhelrmngly, residents said that apartment owners were 
responslble for paying for electnclty use resulting from lighting needs for stairways and 
hallways In fact, thls cost IS usually split by those resldents who can afford to pay, and are 
wlling to bear ths expense Many hallways are simply not lit at mght, due to residents' 
unwrlllngness to pay for ths expense There seems to be no systematic shanng of cost or 
respons~blllty for paylng for llghting the common areas 

Residents were also asked about payments for electnclty for rumng the elevator and for 
water pumping No residents reported paying any amount for elther elevator or water 
distnbution Ths electnclty usage should be part of the bulldlng operating expense, 
however, lt appears at ths time that resldents are not responsible for ths payment It is 
probable that the expense for ths electnclty is bllled to each of the dlstncts wthm the clty 
of Yerevan Because resldents are not payng for the use or maintenance of elevators or 
water pumps, these serwces are frequently out of order, and no one takes responslblllty 
for repanng them If resldents took respons~b~lity for these services, it is more llkely that 
they wouId be continuously operating (assumng they could afford the cost of maintenance 
and operation) 

The major conclus~ons of the resldentlal end-use survey (based on preliminary analysls 
only), and the directions they provlde for energy efficlency implementation strategles, 
including through DSM, could be summanzed as follows 

Awareness about electnclty use, and ~ t s  associated costs, exlsts among the 
customers, in general, 
Space heat~ng, water heatlng, lighting, coolung and refrigeration have the major 
share of electnclty consumptlon, and should be the focus of efficlency 
Improvements, 
Tlme of use @ay/Nlght) tanff IS potent~ally a viable optlon because over 75% 
responses Indicated that they would be wrlling to opt for the preferential tanff if 
ths system 1s Introduced Thls is also due to the fact that electricity costs have a 
substantial share (15%-25%) of their famly incomes, and 

@ Potential lnforrnatlon DSM programs and standards and labellng pol~cies could be 
pnont~zed according to the appliance replacement projections determned through 
these surveys 
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The followng appliance information was gathered from 2 stores in Yerevan that carned a wde 
vanety of residential appliances Survey was conducted the first week in August, 1998 

Overmew is that all products are imported from Europe, comparable in pnce to the US, and are 
manly electnc wth the exception of some lutchen stoves that have both electnc and gas burners 
In response to question about customers concern wth energy efficiency/consumption vs Pnce of 
product, both store managers wthout hesitation clamed consumers are only concerned wth 
irutial purchase pnce, energy efficiency of appliances almost never is a buyng decision 

Shop Name Locatlon 

Aray Shop Konutas Street 
Electrolw Sayat-Nova 

APPLIANCE TYPE BRAND NAME TECHNICAL INFO PRICE 

Stoves 
Elecmc only Sanyo and &taclu 1 3-2 kw $350-600 US 
Gas and Electnc $982 
(These stoves wl l  use both propane and natural gas by adjusting the slze of the gas outlet valve) 

MEC 
MEC 
Nauonal 

12,000 BTUhour 3 5 kw 
18,000 BTUhour 5 2 kw 
2 08 kw normal use-2 5 kw maximum 

Space heater only 
011 filled floor stanchng type-2 kw 

Space heaters/AC comblnatlon 

ktachi 

Washers 

Sanyo 
Sanyo 
&on 
Indeslt 
Anston 

fitachl 
sharp 
Hltaclu 

650 llters 175 watt 
4 15 liters 175 watt 
7 liters 175 watt 
'7 liters 110 watt 



APPLIANCE TYPE BRAND NAME TECHNICAL INFO * 
Dryer 

Bosch 2 2  kw 130 watts 

Vacuum cleaners 
Bosch 1  1-1 3 kw 
fitachl 1 2 k w  
Rowenta 1 1-1 2  kw 
NauonaI 1 2 k w  
Electrolux 1 l k w  

Mlcro waves * Teba 
Bosch 

Water Heaters 
Anston 1 2  kw 80 l~ters 
Anston 2 0 kw 500 11ters 

L~ght bulbs 
Pkhps florescent screw in type avalable m market place 

Pluhps 60 watt 

PRICE 





filr name 08Olenefdoc 

Draft 
08 01 98 

ENERGY EFFICIENCY 
LAW 

OF THE REPUBLIC OF ARMENIA 

Th~s Law defines the state policy malung pnnc~pals wth regard to the energy efficlency 
sphere of the Republ~c of Armenia and state management system for the~r 
~mplernentat~on 

SECTION I 

GENERAL PROVISIONS 

Article 1 M a ~ n  Definitions 

The man definit~ons used In the Law 

Energy EGcrency - a system of legal, organ~zat~onal, sc~ent~fic, production, techn~cal 
and economical mechanisms whlch IS dlrected to the efficient utllizat~on of energy 
resources, 

Energy EGc~ency Sphere - a system of actlv~tles camed out In all spheres of 
economy, when lmplementat~on of legal, orgaruzat~onal, sc~entlfic, product~on 
technical and economical mechna~sms leads to the energy efficiency, 

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

Eficlent ut~lrzation (acquuitlon) of Energy Resources - in the contemporary stage 
of technology development economcally justlfied utilizat~on (acqulsttlon) of energy 
camer provided the satlsfact~on of environmental requ~rements 

Energy Efficiency Indicator - absolute or relatlve value of utrlizat~on of the energy 
resources for any type of product In compl~ance w~th the normative documents, as well 
as with the natlonal standards 

Art~cle 2 Purposes of the Law 

The purpose of this Law 1s to define the legal framework for lmplementat~on of state 
pollcy In the energy efficlency sphere, 



Artlcle 3 Scope of the Law 

This Law shall regulate the act~wties and the relat~onships among state bodies, legal 
and phys~cal persons In the energy efficlency sphere of the Republic of Armenla 

Artlcle 4 Appltcat~on Sphere of the Law 

The Energy Effic~ency Sphere shall be the appl~cation sphere of the Law, ~clud~ng 

a Acquisition, transportatmn, conversion, storage and use of the energy resources, 

b Recording, metro'logy of the energy resources and development and approval of 
the norms for their consumption (losses), 

c State management and supervlslon over the energy effic~ency, 

d Development, product~on, Import and use of energy efficient machinery and 
equ~pment, as well as l~ght construct~ons and insulat~on matenals whlch produce, 
transport, convert, store and use the energy resources 

e Selection, development, production and ~mplementation of energy effic~ent 
construction and schemes of techn~cal systems (including I~ght~ng, heating, air- 
condit~oning, water supply and water removal complexes), which use energy 
resources select~on and use of efficient types of the energy resources to be used In 
that systems, 

f Development, des~gn, production, import and use of measurement equipment, 
technlcal means regulating the control and consumption of the energy resources, 

g lrnplementat~on of the orgaruzat~onal, product~on scient~fic-research, design 
expert testing, ~nstallation, callbration and repair operat~ons for the effic~ent use of 
energy resources 

Article 5 Legal Regulation of Energy Efticrency Relations In the Republlc of 
Armenla 

1 The relations wth regard to the energy efficlency in the Republ~c of Armenia shall 
be regulated pursuant to the Energy Law of the Republic of Armenla, th~s Law and 
other legal statutes 

2 If the prowslons set forth In International Treaties of the Republ~c of Armenla are 
in conflict with the provlsions prescribed in th~s Law, the provlsions of 
International Treaties shall prevail 



Art~cle 6 State Pohcy Princ~ples w ~ t h  Regard to the Energy Efficiency 
Sphere 

The state pollcy principles wth regard to the energy efficiency sphere are to be 

a Ensunng pnonty of energy efficiency ~mplernentation In all spheres of economy of 
the Republic of Armerua, 

b Supenority 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 Armenla, 

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

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

SECTION I1 

STATE MANAGEMENT WITH REGARD TO THE 
ENERGY EFFICIENCY SPHERE 

Article 7 Irnplernentat~on of State Pollcy In the Energy Efiictency Sphere 

The authonties responsible for implementation of state policy wrth regard to the enegy 
efficiency sphere shall be the Government of the Republ~c of Armenra and state 
management bod~es authonzed by the Government of the Republic of Armenia 
(hereafter Authonzed Bodres) 

ArtlcIe 8 State Management wtth Regard to the Energy Effic~ency 

The state management with regard to the energy efficiency are to be 

a Establishment of the state management system (state management and supervision 

bodies, complex of the nonnative legal statues and standards, certification 
procedures, technical rnechamsms) to promote the effic~ent use of energy resources 
in the terntory of the Republlc of Armenla, 

b Ensunng the energy efficiency policy objectives in the state projects to develop the 
spheres of economy of the Republic of Armerua, 



c Accounting for the energy resources produced and used according to the 
procedure defined by the Government of the Republrc of Armema, 

d Creatlon of economc, legal and moral conditrons to encourage energy efficrency 
among the state regulated entlt~es perform~ng In the sphere of energy eficlency, 
wrth the conslderatlon of Interests of energy resource producers, suppliers and 
consumers 

e Ensunng state management of the energy efficiency by the appllcatron of the 
econormc methods, and lmplementatlon of normatlve and technical requirements 

and conditrons, 

f Incorporating energy efficrency tndicators into the state standards for 
constmctrons (resldentlal, publrc and etc ), faclIrtles, equrpment, materlals, and 
transportation means accordlng to the procedures defined by the Government of 
the Republlc of Armerua, 

g Certlficatlon of the equipment converting and consumng energy resources and 
thelr testrng facll~ties, 

h Ensunng accuracy and validlty of unrfied metenng and accounting for the energy 
resources 

I Development and appllcat~on of state standards for energy eficlency and the set of 
normatlve and technlcal documentation fcr prudent speclfic consurnpt~on of 
energy resources 

Article 9 Standardlzatron In the Efficlency Sphere 

The system of normatrve acts, as well as nat~onal standards shall be established to 
define energy efficlency ind~ces for the energy generation and convertlon equlprnent 
and energy consumption product~on (products) 

The indicators for energy efficlency of development, production, processing, 

converslon transportation, storage and consumptlon of energy resources and 
rndlcators of energy consumptlon for bu~ldlngs' heatlng, tllumnat~on, ventllat~on and 
hot water supply and production process shall be Incorporated in the normative- 
technlcal documentation accordlng to the order defined by the Government of the 
Republlc of Armerua 

The standardization wth regard to energy efficrency sphere shall be carrred out by the 
Authorized Body of the Government of the Republrc of Armenla 

Artlcle 10 Cert~ficatlon in the Energy Efficlency Sphere 



Product items and energy fac~lit~es consumlng energy resources are subject to 
certificat~on accord~ng to appropnate standards for energy effic~ency due to the order 
defined by the Government of the Republic of Armenla 

The llst of energy faclllt~es subject to certification shall be defined by the Government 
of the Republ~c of Armema due to the subrmsslon by its Authonzed Aody 

The compliance of household appliances and other devlces consumng electricity w~th 
requirements defined by normative acts and national standards, In terms of energy 
consumptlon ind~cators, shall be approved by mark~ng (mark of accordance) the glven 
devices 

Article 11 Metrology in the Energy Efficrency Sphere 

The authonzed bodies shall cany out metrology testlng to clan@ the energy effic~ency 
sltuatron (level) at the energy facrllties of the legal and physlcal persons 

Article 12 Implementatron of State Supervrs~on rn the Energy Efficiency 
Sphere 

The state supemslon over the energy effic~ency sphere shall be camed out by the 
authorized bod~es of the Government of the Republic of Armenla 

The Government of the Republic of Armenla shall define the l~st of act~vitles, subject to 
the state supervision, perfcmed by the legal and phys'cal persons In the energy 
effic~ency sphere, 

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

a Irnplementatlon of the energy testing and examination of legal and physical persons' 
facilities, whlch are subject to control, according to the order defined by the 
Government of the Republic of Armenia, 

b Defin~tion of the specrfic consumptlon of energy resources In energy consumlng 
productions (products) and test~ng the~r compllance with the normative legal acts 
and national standards defined by the Government of the Republic of Armerua, 

c Control over the compliance wth the normatwe techrucal standards of technical 
means and systems used for the determinat~on of the qualitatwe and quantitative 
ind~ces of the energy resources, 

d Energy testing of the des~gn and constructlon documents and constructlon 
technologies wth regard to the new ent~tles and thew compliance wth the 
normative acts, as well as national standards, 

e Implementat~on of the energy expertise of projects and programs, directed to the 
development of the economy branches and testing their compllance with ths  Law 
and the other legal statues proceeded from thrs Law 



ArticIe 13 Accounting, Follow-up and Statlst~cs of the Energy Resources 

Energy resources and their quantlty and quahty, whch are developed, produced, 
processed, converted, transported, stored and used shall be subject to account and 
control accordlng to the order defined by the Government of the Republlc of Armenla 

The technical spec~fications (parameters) of the quahty, consumption, account I ng of 
the energy resources, the structure of the metenng systems and the techn~cal 
cond~tlons shall be defined by the authonzed bod~es 

Art~cle 14 Econom~c Provls~ons for Energy Efficiency Promot~on 

The economlc provision of energy effic~ency shall be camed out by the following 
mechan~sms 

a The legal and phys~cal persons using the energy installat~ons w~th lnd~cators 
exceeding the standards and norms In force and the secondary and alternative 
energy resources shall be glven a loan, tax and customs duty pnv~leges accordlng 
to the legislatlon the Republ~c of Armenla 

b The indlvlduals and worlung staff, eflic~ently uslng the energy resources, shall be 
rewarded accordlng to the Legislation of the Republ~c of Armenla 

Article 15 Financing of the Energy Efliciency Undertaklngs 

The actlvltles in the energy efficrency sphere shall be financed From the state budget 
bank loans means of legal and physlcal persons, local and forelgn Investments 

Sc~ent~fic-research developments and act~vities wrth regard to the energy eEc~ent 
modern technolog~es, the use of the alternative and secondary energy resources shall 
be financed from the state specific financial sources 

Article 16 Screntlfic Research, Tralnrng and Education with Regard to the 
Energy Emcrency Sphere 

To develop the complex of scientific researches and the bases for the contemporary 
energy efficient processes and technolog~es In the energy efficlency sphere, the state 
management authonzed bodles are to 

a Plan the courses on energy efficiency in the educat~onal programs of the Armeman 
secondary and hgh techrucal instltutlons of the Republ~c of Armenia, as well as 
appropnate sc~ent~fic-research actlvitres, 

b Dedlcate the trainlng courses for the englneenng staff wth regard to the energy 
effic~ency prlnc~ples and techmque, as well as to the maln provlslons for the use of 
alternative and other energy resources 



c Plan the spec~al tralmng courses on energy efficiency for the management staff of 
the energy fac~lit~es wth 2000 kwh thermal and/or 1000 kwh electncal Installed 
capaclty The authonzed body shall grant the energy manager qualificat~on (energy 
manager cert~ficate) to those ~ndivlduals who have completed these courses 

Artrcle 17 Energy Eflic~ency Propaganda 

Propaganda of the energy efficiency state pol~cy among the population of the Republ~c 
of Armerua shall be camed out through 

a Publlc d~scuss~ons of the energy effic~ency programs, broadcast~ng and propaganda 
of the env~ronrnental, economc and soc~al advantages of energy effic~ency, 

b Informat~on about the exlst~ng energy effic~ent energy facll~t~es and energy 
efficiency illustrative projects, 

c The orgamzatlon of the ehbitions of energy efficiency technolog~es, machlnes and 
energy facilities, 

d The propaganda of the necessity and advantage of the effic~ent use of energy 
resource 

SECTION III 

INTERNATIONAL COOPERATION 

Art~cle 18 Internat~onal Cooperatron 

The maln d~rect~ons for internat~onal cooperat~on of the Republ~c of Armenla in the 
energy efficiency sphere are the follow~ng 

a Exchange of energy efEiclent technologies and dev~ces, 

b Compl~ance of the energy efficiency ~nd~cators wth normat~ve documents, as well 
as wtth nat~onal standards and mutual recognltron of cert~ficat~on results 

c Exchange of ~nformat~on with regard to the energy effic~ency sphere, 

d Part~cipat~on of legal and physlcal persons of the Republic of Armenla In the 
international energy efficiency projects 
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Abstract 

As part of the strategy for mtigaung the Impact of the plamed closure of the Armenian Nuclear Power 
Plant, Resource Management Associates has been Inveshgahng the potenhal for energy efficiency 
Improvements In electncd end-uses Many potenha1 areas In all economc sectors have been IdenMled 
A major constraint in implemenhng energy eficiency In Armema and in other countnes of the former 
Somet Union IS the lack of available financing Thls paper looks at potenhal financing mechanisms for 
implemenung energy efficiency, based on the authors experiences in Armerua Russla and other 
countnes One such mechasm whch has been used successfidly in other countnes IS the establishment 
of energy semce compames (ESCOs) Bamers and constmnts to the development of ESCOs as a viable 
financing mechamsm are dscussed Recornmendauons are made on amons wh~ch can be taken to 
Increase the fundng avalable for energy efficlency 

The countnes of the former Sovlet Umon In general and Armema In pamcular, face unprecedented 
challenges to revamp thelr energy econonues fistoncally low energy pnces created energy systems 
whch are charactenzed by over-consumphon and waste Centralized decis~on-makrng has contnbuted to 
a "cook~e-cutter' approach to the deslgn of energy systems The past and continulng economic impact of 
these ineficlent energy systems has been wldely observed and analyzed A general conclus~on is that 
under-investment In energy eficlency has led to an over-investment In energy supply and a negative effect 
on economlc growth 

The problem In Armenia has been compounded by an energy supply shortage in the past several years 
Unreliable energy supply led to the declsion by the government of Armerua to reopen the Armeruan 
Nuclear Power Plant (ANPP) In 1996 l%s decision u not a popular one on the part of Armerua's 
neighbors or others In the world cornmuruty Concerns about the safety of the nuclear reactor, and the 
potenhal for earthquake damage to the nuclear plant have led to negohahons regarding closure of ANPP 
The Govenunent of Armerua has agreed to close the ANPP by the year 2004, and IS cons~denng ophons 
for replacement generation capacity whlch can be developed In the penod 2000-2004 

A proven alternahve to supply slde Increases is to Improve the end-use effic~ency of consumers In the 
US demand-slde options (Increases In energy efficlency) have been found to be significantly lower in cost 
than supply-slde ophons (lncreaslng generation capacity) The cost of saved energy has averaged 
$400ikW as opposed to an average cost of $1,50O/kW for lncreaslng the supply of energy Energy 
efficlency ophons are also attrachve in that they have poslhve enmronmental benefits reduce the need for 
Imports, and allow the same end-use benefits (Ilghhng, heaung, etc) at lower cost A compamon paper 
prepared by Dr Ashok Sarkar of RMA discusses further the technical ophons and the rat~onale for 
implemenhng a DSM program m Armenla 



The financlng requrements for ~mplemenhng DSM ophons, whle lower cost per kW, are a l l  beyond the 
means of most mn&mdual consumers In Armema Thls paper mll lscuss the some ophons for moblllvng 
scarce cap~tal resources to energy efficlency, uslng examples from the authors' experience m other 
countries of the former Sovlet Umon and elsewhere Parhcular emphas~s wll be placed on financlng 
through ddferent ESCO approaches 

What Is An ESC09 

An Energy Semce Company (ESCO) In the most genenc sense IS a company wh~ch suppl~es a range of 
s e ~ c e s  to cllents to lmprove the~r energy efficiency However, the term ESCO IS wdely used wth 
varylng lnteqretabons, so lt IS necessary to offer a more preclse defimhon of what seMces ESCOs 
commonly promde There are generally two types of ESCOs 

Semce ESCO - An orgmzabon whch performs englneenng and financlal analyses but does not provlde 
project financlng or guarantees The types of s e ~ c e s  prowded Include energy aud~ts, 1dentC1cahon of 
cost-effectwe energy effic~ency measures, equ~pment Installahon and maintenance, and morutonng of 
eqrupment operahon and energy samngs 

F~nanclal ESCO - An orgmzabon whch provldes the full range of energy semces lncludmg energy 
audIhng and financlal analysis of energy efficlency measures, project financmg, equipment lnstallahon 
and mantenance motutonng of equ~pment operahons and energy savlngs, and tralnlng of faclllty staff 
A financlal ESCO also prowdes a guarantee of energy or cost savlngs 

In the US, and to some extent internahonally, the term ESCO has come to be convenUonally defined as 
the financlal ESCO ESCOs have been used successfully In the US to provlde energy effic~ency project 
financlng, largely for lnfituhons wluch have ddiculty financlng energy projects through budgetary 
resources or convenhonal bank financlng Most commonly, ESCO o~ollcahons have been wth schools 
and government bu~ld~ngs whch are typically unable to secure energy project fimdlng through therr 
normal budget process The energy projects are ~mplemented under an arrangement known as 
performance contrachng In performance contrachng, the ESCO guarantees a level of energy savlngs 
and the cl~ent makes payments to the ESCO over hme on the basis of how well the project performs 
relative to the energy sawngs guarantee In the US and Europe, ESCO ownerslup and operation can take 
on several dfierent forms lncludlng utrl~t~es equipment manufacturers financial Inshtut~ons and 
energyteng~neenng consulhng firms There are advantages and disadvantages to different types of 
ownershp for both the owner and the cl~ent but in the US, ESCOs are generally pnvately-owned and 
prowde slmlar semces 

The Barners to F~nanc~al ESCOs In Armenla 

W~th the tremendous potenhal for energy effic~ency Improvements, one m~ght speculate that ESCOs In 
Annema and other parts of the former Sovlet Umon would be t h m n g  T h s  sechon wll  d~scuss the 
barners whlch face ESCO development, wth a pamcular emphasls on Armenla Followng each bamer 
IS some d~scusslon of the authors finhngs In work throughout the former Sovlet Uruon 

1 Energy Pnc~ng - Low energy tanffs wl1 make energy efic~ency projects unattractive due to a 
payback penod whch IS too long to be a good Investment T h s  IS a s~gn~ficant problem In d~stnct heahng 
In the res~denfial sector, where 70% of the tar~ff IS subs~d~zed by the munlc~pal government The level of 
the subs~dy IS not deterrmned on a needs basls (Income dependent), but rather IS detemuned at the 
nahonal level In Armema, where dlstnct heahng was suspended due to lack of natural gas suppl~es 
electnclty has been the domnant energy source for heating purposes Wlule elecmclty pnces have nsen 
substanhally In recent years, the tanff IS shll well below the cost of semce Incomes for the average 
person have not kept up wth lncreaslng costs resulting In non-payment problems 



Rabonal energy pnclng IS one of the most dtff~cult bamers to overcome on a soc~etal level wthout senous 
soclal &slocabon It IS one of the most crucial bamers to overcome slnce unless the resource cost of 
energy 1s truly reflected In tts market cost, there u no lncenhve for greater efficiency The true resource 
cost should reflect not only the operahonal costs, but also the ongolng nmntenance, replacement and 
soc~etal costs of energy (e g enwronmental externahbes such as harmful a r  emsslons or storage of spent 
nuclear fuel) If all of these costs are factored Into the taniT, much of the res~denhal sector would not be 
able to afford to pay for their energy use The way thls situabon 1s addressed in the US is through 
targetted assistance to those who truly can not pay Governments and uhlmes offer specla1 assstance to 
vulnerable groups, and programs to Improve the energy efic~ency of then homes and apartments 

Even under the exlstmg pnclng Qstofions, there are o p p o m h e s  for costeffecbve energy effic~ency 
based on current pnces In Armema, a good target mght be cornrnerclal bwldlngs wch as banks and 
retar1 stores In Russ~a the authors 1denM1ed many ~ndustnal sector projects In sectors whch were 
pnvabzed and thnwng, e g food processing In the near term, ESCOs need to ~ d e n m  those 
opportuxubes and demonstrate that the technologes wll  work to encourage repllcahon 

2 Metenng - Metenng for electnclty and gas at the res~dent~al level IS llm~ted (for dlstnct heahng 
metenng IS nonexistent), but almost universal at the ~ndustnal and commercial levels If energy use IS 

not metered, lt IS ~ l c u l t  to establ~sh a baselme energy usage, and to measure the sawngs unless the 
project Includes addlhonal Investments reqwred to Install meters Ths  In effect dnves up the cost of the 
project wthout addlng to the savlngs Lack of metenng also contnbutes to a general Ignorance of energy 
cost and usage 

In Armema where wthout the ANPP, there IS a senous energy deficlt, the electnc hstnbuhon uh11hes 
have ~nshtuted aggressive programs of metenng and blll collechon l k s  program a based on apartment 
level metenng In most cases In some locahons there IS bu~ldlng level metenng, wth one of the res~dents 
achng as the collemon point If bllls are not pad the enhre bwldlng 1s cut off W a t  appears to have 
happened wth bmldlng level metenng IS that those who are able to pay pick us the cost for those who are 
truIy unable to pay There 1s sbll a problem wth supplyng electrrclty to common areas such as stanwell 
Ilghbng, elevators, etc No one In the bulldlng cons~ders themselves as be~ng respons~ble for these areas, 
so they are unserved In many cases (e g no light In the hallways) Armgazprom recently began 
resupplyng natural gas to homes and Installed gas meters to 50,000 residences 

3 Ownersh~p of Bulldlngs - The ownersh~p IS very unclear for many bulldlngs In the former Soviet 
Un~on lncludlng residential houslng, schools hospitals and to some extent ~ndustnal and cornrnerclal 
estabI~siunents In most cases, there u a proposal or plan on the books to pnvatlze all of these structures, 
but the ~mplementat~on dates and consequences are not wdely known and understood With the 
uncertanbes, nelther the current owners nor the potentla1 owners want to make Investments until they are 
c e m n  they wll  be the ones to benefit For readenha1 bu~ldlngs, pnvahzahon Increases the owners costs 
as they take on the added expense of maintenance and actual ublmes consumed T h s  u a d~sincenbve to 
ownershp, pamcularly for those on fixed Incomes 

As d~scussed above there is an unwlhngness for apartment owners to take respons~b~l~ty for common 
areas of a bulldlng Currently, these are supposed to be ma~nta~ned by the mumc~pal bu~ldlng authority 
whch IS part of the c~ty government One way to address tlus problem mlght be the establ~shrnent of 
condomn~um assoclahons to malntaln the common areas under a fee bas~s A condomlruum assoclahon 
wll  ram the hous~ng cost when Incomes are already stretched and there are many other pnontles 

Most structures have accumulated years of deferred mantenance, and were poorly des~gned to bepn wth 
m terms of energy use cons~derabons Thus, m many cases, ln order to make an energy project successful, 
other Items of mantenance need to be Included For example, a weathenzahon project at a school mght 
have a good payback penod, but m order to susmn the project, one would need to fix the lealung roof 
first 



Clear ownerslup is a prerequisite for encouragng better property maintenance, slnce othemse there is no 
~ncenhve In ad&hon enforcement mecharusms such as bullding codes and a bullding inspect~on system 
could encourage better rmntenance of propefies The danger w t h  more ngorous enforcement 
mechmsms is that tlus 1s the old way of doing business in the former Sowet system Enforcement led to 
opportumhes for graft and comphon as a way to augment low salanes of enforcement officials 

5 LocaI Matenals and Labor - Energy efficient matenals, equ~pment and slulled labor are often not 
readly avalable on the local market The equipment whlch is available is generally imported and 
expenslve relahve to the d o m m c  alternahves Wtule the labor pool is hghly slulled in techrucal terms, 
energy efficiency has not been a part of t h ~ s  tra~xung Local labor also lacks marketing, management and 
slulls necessary to run a successful business 

Major involvement of local resources and dulls played a crucial role in the success of RMA ESCO 
development projects In Armema Latvla and Russ~a Trairung in project management, economcs and 
financial analysis was prowded to enhance local techrucal slulls In Armerua, ~ m t ~ a l  ongolng project 
management assistance was provided dmng  the lnstallahon penod Gradually, more of the overs~ght was 
being provlded locally as the slulls of the personnel developed In the latest phase, all of the local 
Installahon wl l  be overseen and managed by a local ESCO Thrs ESCO wll  also provlde traimng to 
others in project management coshng and b ~ d l n g  Use of local matenals wl l  enhance the sustamab~lity 
as well 

One way to overcome the lack of necessary slulls is to Involve an expenenced corporate partner in the 
formahon of an ESCO part~cularly lf the ESCO IS to provide financing The corporate partner provldes 
the required m m n g  and oversight in the early years, and develops the local capability to operate the 
busmess In the longer term T h s  approach is being tried by major companies (Compagme Generale de 
ChaufTe Honeywell Landls and Staeffa) involved in energy efficiency projects In Eastern Europe 

6 Lack of Informahon - There is in general a lack of awareness of energy usage and the economc 
and financial cost of overuse Kstoncally under-pnced and undervalued energy has led to h g h  energy 
Intensity In all sectors There is a growng awareness of the value of energy supplies In areas wluch are 
expenencing energy shortages, and in those sectors where the cost is approaching market levels 

Shanng of informahon is an Important factor in developing a market for energy efficlency technology and 
semces In Armerua, the local AEE Chapter fac~lltates the l ssem~nat~on of lnformatlon on energy 
alternatives and isa focal polnt for information on technology pol~cy dlscusslon and new developments 
The Chapter is also used as a forum for spreading results of energy efic~ency programs and to encourage 
the adopt~on of more efficient technologies and prachces 

7 Uncemn Pollhcal Economc and Business Envlronments - All of the countnes of the former 
Sovlet Umon have expenenced senous economc &slocation as they make the transltlon to a more market- 
onented economy The econonuc condhons are unstable and pnclng dlstomons common Pohhcians 
struggle to make market-onented changes wlule mxntairung a safety net for the general populahon The 
rules of business conduct are in many cases not transparent Bribery of publlc offic~als and arb~trary 
applicahon of penalties for wolatton of laws has unfortunately become common T h ~ s  situahon makes ~t 
dE~cult,  d not ~mpossible to conduct business in a predictable manner W~thout major reform in these 
aspects it w l l  be acult to attract any but the most nsk prone investors to Armenia and other countnes 
of the former Sovlet Umon 

8 Unstable Energy Suppl~es - Some countries are experiencing dlsruptlons in energy supply due to 
non-payment for energy imports or pol~hcal turmoll, e g Ukraine and Armenla The energy sltuahon in 
Armema and neighbonng Georga, as well as some regons of Russla, has been unpredictable for several 
years When the supply of energy is uncerkun, there 1s no basis for establlshng baselme energy use or for 
~mplemenhng energy improvements whch are guaranteed by energy savings On the other hand where 
there is uncemn energy supply, there is a greater interest in energy efficlency which uhllzes scarce 



resources more appropnately 

Cost-effmve opporhmhes exlst In developing renewable and alternahve energy supply systems For 
example, the potenhal for using geothermal heat pumps In Armema for meehng the heahng and cool~ng 
loads In res~denhal bwlhngs is qulte h g h  Solar, wnd, b~omass and geothermal sources may be more 
costeffectwe than rehabrlitahng exlshng energy systems US comparues have a lot to offer In t h ~ s  area, In 
jolnt partnerslups w t h  compaxues in the FSU 

9 F~nanclng - The lack of Investment capital IS a wdely c~ted bamer to investments In energy 
efficiency Interest rates In these countnes are typically very h g h  (15-30%) and commercial financlng u 
avalable only for short term projects of less than one year (somehmes months) Energy effic~ency projects 
are not economc under these conhhons Compehng demands for capital mean that only urgent-needed 
projects w l l  receive pnonty h h n g  

Successful energy effic~ency projects w11 be those where there a an ongolng, measurable financial 
lncenhve for energy effic~ency This may seem to the reader to be an obmous statement, one whch should 
not need to be m d  However, ~mtially, nahonal governments and targetted development asslstance can 
play a crucial role In overcomng some of the bamers whlch are discussed here Small-scale 
demonstrahon projects can provlde successful examples of low-cost energy improvements whch have 
short payback penods USAID has funded small and large-scale demonstrabon programs, such as 
prowded energy efficient and enmronrnental control technologies to ubl~hes In Russia Successful 
demonstrahon programs show that speclfic technolog~es work, and can lead the way to repllcahon whch 
is h d e d  Internally In order for tlus strategy to be successful, dissemnahon of results and lessons 
learned 1s a crucial element of asslstance 

ESCO F~nanclng Models 

Pnvate Sector Models 

In the US market, the majonty of energy effic~ency projects lmplemented by ESCOs are financed using 
pnvate sector models for financlng and lmplementat~on In some cases the market was pushed through 
government incenhves or reguiahon The ESCO Itself can be several different types of firms (uhl~ty, 
equlpment manufacturer financ~al lnstltutlon A&E company or spec~alized firm) The common 
charactenstic IS that they all have pnvate sector ownership which operate in a stable and predictable 
business enwronment In welldeveloped market economies the bamers facing each type of firm wl l  be 
the same In the pnvate sector the types of financlng mechanisms that are used to implement energy 
effic~ency projects Include 

Client Self-financing - uslng Internal fundlng sources to Implement projects 
Cl~ent Debt Financing - Borrowng the money to lmplement energy eficlency 
Leasing - Ownershp of the equlpment generally stays with the equlpment prowder for some 
penod of &me w t h  an ophon to purchase at the end of the agreed lease penod 
Third-party financing w t h  performance guarantees - ESCO financing or bank financlng whch 
are p d  back over some penod and hed to the energy sawngs 

Because of the barners dscussed In the prewous sechon, a solely pnvate sector model faces 
unsurmountable constraints in the short-run In Armema and other countnes In translhon A more 
realishc approach IS one whch comblnes publlc sector ownersh~p w~th  pnvate sector ownershp, or a 
publlc sector program w t h  eventual pnvahzahon These models are discussed below 

Publlc Pnvate Partnersh~p 

In countnes that are translhonal and the government plays a more domnant role In the market, such as In 
the former Sovlet Un~on, a mixed publ~clpnvate effort to mobll~ze capltal for energy effic~ency may be 



more successll in overconung the barners Another way of charactenvng barners 1s to say that they are 
nsks to the ~nvestor/financ~er The mcenhve for government involvement In encouragng energy 
effictency 1s that lt u a lower cost alternahve to mcreaslng supply Government support wll  be crucral to 
reduce the nsks whch are unacceptable to the pnvate Investor Due to exlshng market dlstorbons, pnvate 
Investment In energy efic~ency makes sense In only very llnuted circumstances 

One method whch u belng used to overcome the nsk of financ~ng u to reqmre soverelgn guarantees to 
~nternahonal financ~ng lnshtuhons, whch lowers the Interest rate because of lower project nsks For 
example, the World Bank and EBRD are the only financ~ng orgamzatlons provldlng large-scale fundlng 
for energy system lmprovements m Russla The World Bank wll provlde fund~ng only under the 
condlhon of a soverelgn guarantee Russla has taken out loans for over $360 null~on for dstnct heahng 
system Improvements to date, and 1s develop~ng another $300 null~on loan EBRD 1s loolang at a 
mechmsm whch would provlde funhng for energy lmprovements wth a regonal and mwclpal 
guarantee, but urlthout a sovereign guarantee 

Another mechmsm by whch fundlng u belng provlded for energy eficlency projects 1s through mulh- 
project faclllhes to large foreign ESCOs In these projects, the multlIatera1 development bank takes both a 
debt and equlty poslhon In the ESCO, whlch spreads out the project nsk between the corporate ESCO and 
the bank Recently, EBRD approved loans to two ESCOs whch wll be operating In Russ~a (Honeywell 
and Landls and Staeffa) Other such loans are bang considered for Russla and other countnes of the 
FSU 

A k r d  model whch Involves the publlc sector m accephng project nsks IS where the government 
(nahonal, r e~ona l  or local) becomes a partner In a company whch 1s establlshed to undertake energy 
efficlency projects m s  model 1s be~ng used In Russla In the Nlzhny Novgorod reglon Here, the ESCO 
partners are the regional government a forelgn corporate partner and the bank All three have an equ~ty 
stake In the company and an acme role m overseeing ~ t s  operahon The reglonal govenunent benefits 
through lower expenditures for subs~dy payments m the readenha1 and munlclpal sectors 

Publlc Sector Model 

In Ukmne, the govenunent 1s establlshng an ESCO to Iden@ and Implement lndustnal sector energy 
eficlency projects The ESCO financ~ng IS bang guaranteed by the natlonal government to EBRD In 
Ukralne the project nsk u too great to attract pnvate or publ~clpnvate financ~ng without a soverelgn 
guarantee The ESCO whlch u establlshed 1s supposed to be pnvat~zed wlthln a two year penod after 
recelvlng tralnlng and assistance from a EU techmcal consultant However lt u too early to tell whether 
tlus wlIl be successfulIy completed wtlun the two-year hmeframe 

Consumers must be aware of energy supply and demand alternatives and relatlve costs In order to make 
informed declslons lnclulng decls~ons about energy efic~ency In order for an ESCO market to develop, 
energy pnces must be hlgh enough for Investment In energy efficlency to be profitable Dunng tlus 
translhon penod to a market economy there are many dstomons in the energy market Instead of 
subsldlvng inefficient energy use, the governments (federal, reglonal and local) would be better off 
m a n g  energy pnces and only subs~&zlng energy for those who truly can not afford market pnces The 
hgher energy costs would encourage people to Invest In energy effic~ency, and make ESCOs sustainable 
and profitable In the short run, lt may be necessary for the pub11c sector to take an actlve role In 
demonstrabng the effkmveness of energy efficiency Investments 
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