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T Unuyh wfuwnwbpp hpwlwwgyt) b 3wdwfuwphwihl AGwwwhwywlwywh Iwunwnnegjwi (GEF) L 3wdwfuwphwhG
Pwbyh (WB) dbpwywbqbynn EGEpgbiinhywjh Spwahpb npwdwGnphwjhb 6pwaph (TF-056211) 2ppwlwlwbbpnud: REpdwé
npnuplbpp, GgpwlwgnipjniGbbpp L wopwownylbpp pwgwnwwbu wpunwhwjnnid G0 lunphnwwnnith ((AGGhy tGepgh
ukbGbeukhpL A/S, twbhw) tnbuwytwnbtpp L ywpnn G0 shwaGybb GEF/WB Ywd I4EES inbuwytuinbbiph htwn:

This project has been funded by the Global Environmental Facility (GEF) and by the World Bank (WB), under plan TF-056211.
The results, conclusions and recommendations expressed in this report represent the points of view of the Danish Energy
Management, A/S Denmark, and may not necessarily represent those held by GEF/WB, or by the R2E2 fund.



«dbGpwywbqbynn EtGGpgbwnphlwih qwpqwgiwl nintignigwihlG Sdpwaghpp», npp
wwwnpwuwnybip L hwbpnipjwb £ GGpYuwywgytip 3wjwunwbh dGpwlwbgqbynn EGGpgbGunhlwih
L tGGpgwhuGwynnnipjwb hhdGwnpwdh GwhuwdtnGnipjwip, yuplbnp Gauwbwynepjnia YniGGGw
atp tGGpquwhwiwlywpgh L, dwubwynpwwbu, JLGpwlwbqlynn EtGtpgbwnhlwih npnpuinh
hGunwqw qupqugiwb gnpéplpwgnty:

Lwnonud GY, np nintigniguwjhG wju dpwghpp ogunwywp Y hGh pninp Gpwbg hwdwp,
nypbp hGunwppppdwd GO Iwjwunwbh ybpwywbqbynn tGGpgbnhywih ninpunnud dbq htn
hwdiwagnpéwlygbint L GGpnpnudGGp ppwywlwgbbint hwpgnod:  «dGpwywbqbynn
tGGpqbunhywjh qwpqwgiwl nintgnigwjhlG» &pwaqghpp Ywplbnp £ GpwGny, np
hGwpwynpnipyntt £ wwipu wwwlybpwgnd Jwgib] Iwjwunwbh dJdGpwlwbqbynn
tGGpgtwnhywjh nGunbuwwbu hpwnbuwywb L $hbwbuwwbu whwybin yninbbghwh dwuha,
hUswtu Owblb uwhdwbnd t npnpnp qupqugiwl Gwwwwybbpp L npwlg hwubbpnt
wbhpwdbn pwytipp: Wu hujwjwdwyw] wpfuwwnmwbpp hpwywlwgybp £t dhowqqujhl
thnpdwaqbunlGGpph nL jwywanyb dwulwqbwnbtph Ynnihg: Iwdnqwé Gy, np «dGpwlwbqbynn
tGtpgtwnhywjh qupgwgiwl nintignigwihb» dpwahpp Ydwnwjh Guwwnmwyha:

3R Labpgtnhjwjh b phwlwl ywwnpbbph Gwhuwpwn
Upuka Unduhujw

The Renewable Energy Development Roadmap prepared and presented to public by
initiation of Armenian Renewable Resources and Energy Efficiency Fund will have an important
role in process of further development of our energy system, and particularly in the field of
renewable energy.

| think this Roadmap will be useful for all those who are interested in cooperating with us

and making investments in the area of renewable energy.
Renewable Energy Development Roadmap is of significant importance as it gives the
opportunity to get an idea about the economically feasible and financially profitable potential of
Armenia’s renewable resources, as well as defines the development targets of the sector and the
necessary steps to achieve them. This tremendous work was done by international experts and
the best professionals of the field. | am sure that Renewable Energy Development Roadmap will
serve its purpose.

RA Minister of Energy and Natural Resources
Armen Movsissyan



LQdunjjuumnutth Qubipuutnnipymumd dkpuljuliqnynn
Hutpqtinhjjuh qupqugdut mntgmgujht dpwqghn

Swjwuwnwbnwd Yybpwywbqbynn tGGpgbnhywih qupqugiwb ninbignigwyhb unyl dpwaghpp
(4E2N1L0") Gepywywglnid £ hwlpwwtwunnipynilnid nbfuGhywwbu hwuwbh, nbnbuwwbu L
Phlwluwwbu pwhwytin ytipwlwbqbynn tGGpghwjh (4k) GGpnudp, hGswtiu Gl uwhdwbned |
JdbE qupqugiwl Gwwwnwybtpp yupdwdwiybm (0hbas 2013p.), 0hplwdwaytin (0hbs 2015p), L
Gpywpwdwaytin (2020p. L hGwn) hGnwGlywpnid: WO hwdwenn GYwpwagpnid £ owyn
OwwuwnwybGphb hwubbnt hwdwp wohpwdtwn pwy tipp:

Swjwuwnwbp nibh uwhdwlwhwy powywb ywownbbp L wnpwun £ hwlwoén unbihpny: UG
hwpywnpwé t hwlwén wnwolwihb EGGpquyhpbtp GGpypG, nunp L qunbynud £ 97%
GGpypndwhb Ywhugwénipywb dto: Uwlw)h, Iwjwuwnnwbp Ywpnn £ oqunydb Gpypnid wnlw
Ytpwywhqbynn tGGpghwih qquih wwawnltiphg, npnlp L Jwpnn GG oguiwgnpéytip wpnh
tGGpabunhlywh Gptip hhdGwywh npnpunGGpned.

Eiywpwwh tGEpghwjh wpwwnpnipyni™ hhdGwé hhnpn L hnndw
tGGpgbwmhywyh, wpbqwllwiht $nunindniwnwihy EGGpgGnphlwih L Gpypwobtindwjhh
(qGnptipdw) nLyGhuwqubqywéh wnpjnipbtph Jypw;

Qipdwjhta taGpghwjh wpwmwnpnipyntd’™ hphdlGwé otipdwjhG wndwbiph,
wnbquybwyhb opwnwpwgnighsbtiph L Ythuwqubqywéh tabpghwyh wnpjnipltiph ypw;

Spwhuwnpwn (QwnpdhswhG Jwebihph wpnid)” hhiGwé Yahuwqubgwéhg WHwa
YGGuwpwithnGGEphg utnwgywé wpdhswyht ywrbihpGtnh ypw:

JdE2NLO-h twydwl dwiwlwy hwyyh GO0 wrGdt] 0h 2wpp qnpénGGtn, npnGp Ywpbih E
nwuwlwpqb| htnlyw] hhdbGwlwb fudptph.

* 3pdbwnpnipwiha qnpénbGtp (Owwwwybbp). pGnpnanud G0 hwbpwwbwnnipywb
tGGpabunpy hwiwlwpgh qupqugiwl wrwolwjlnipyntGbbpp EGGipgbnhy wayunwbgnipjw
L wolwhunipjwl dwlywpnwyh pwpdpwgned, tGGpghwih hGpGwpdtph Gjwqbtignid, pwpép
nbfubninghwGtph Yhpwnrdwl fupwlnid, 2ppwyw dhowdwph wwhwwlnid, hGswbiu Gwb
w2fuwphnid inGuGninghwywb L gnpéwpwp thnthnfunepntGGGphb wywwnwd wpdwaquwbpbnt
nLGwynip)nLG:

* UE inGfuGnpnghwbtpp, wjn pyntd’ thnpp hhnpnuwywGGtpp (®3tU-tipp), gwbgwjhb
hnndwtGbGpgtnmhlywh, wptqullwihlt $nuinniunnwihy (d4) thnpuwlybpwyndp L
opwwnwpwgniip, YGhuwywnbhpltpp, otpdwjhlG wndwbpp, hGswbu Gwbl EGEYnpwywh
inpwluwnpup, hhnpnynuinwyhs Yuwywbbbpp, ywhwGowpyh Yuwrwywnpdwb qnpéhplbpb no
tGGpqwiubuwynnnipyniln, opwéluwyhb nbnbunipinilp:

* hGuinhwmnighnGw) dYncbnipynilh b jntpwgned: EGGpgGunhy ninpunintd hGupwynn
thnthnfunipyniGbGGpp Ywpnn GO0 GGpwrb]p wGuGninghwlwb GJwaénidbtpp, Gnp
GGpypdwl/wpunwhwbdwbt hGupwynpnipyntGbtpp, hOswbu Gwb IwjwunwOnid L wdpnn
wfuwnhnid wpnnLbwpbpwlwb L nbunbuwlwb qupgqugnuibbph dhnnwdbtipn:

* bpwdw-opthunpwlwb qnpénGGEp, npnGp hptlGghg GGpJwjwglbnid GG
onptilunpwlwb dhongwnnidbtph thwpbp, nph Gywunwyd £ pwowbiptp L wowlygh
gnpowpwnnipjwlp, hOswbu OGwb dE wnGpuGninghwGbph Yhpwenepjwlp pGwysnipjulb L
gnpéwpwnnipjwl Ynnihg: 3ntpwpwbsnip dbE inbGfuGninghw wwhwGond E jnipwhwwnnty
dnuinbignid” wywydwbwynpywé 33 Gywwnwybbpny:

Swonpn tond giinbnywé GUuwp 1-p wdthnhnid £ wyu 4E2NL0 gnpénGGGpp:

Swiwdw)a YE2NL6-h hhuGwlwb wpnyniGpltph 2020p-h0 Iwjwuwnwbnid Yytpwlwbqlynn
wnpjnpbtph oqunwgnpédwl hhdwb Yypw wpunwnpynn tGGpghw GEpYwjhu dwlwpnwyh
hwitdww Ywpnn £ hGquwwuwyybl: 2010p-hb dE wnpjniplGtph hhdwb ypw Iwjwunwbnid
wpuwnnybi £ dnn 310 Gdind EGGpghw, 2015p.-hG wyu gnigwbhzp Ywpnn £ Ywqib dnin 740
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Qdund L 2020p.-h0 hwulbp 0hGsk 1500 Gdind dwlwnpnwyh: Ywplnp £ 262G, np wjuwhup
qwpquwgniip OGéwwbu wwjdwlwynpywé bt Owfu L wnpwy pwnwpwlwb pbniph
npnanidbbpny LdhongwnnidGbpny LWhGwnn dhwjl” nbGuGhywlwh pGnyph nuéncdbbpny:

Swpwuwbuwly wbhubninqhwbGtph wbuwGynitbhg Iwjwunwlnid dE whdhpwlw
qunpqwgiwl wnwyb| GGpnid nlGGG thnpp hgnpnepjwl (OhGsLk 10 Udwn) hhnpnbuywGGGpp
(®3tY-GGpp) L wplwihl ppwwnwpwgnighsGtipp, npnlp Juwptwdwiybn hGpwlywpnid
qUwhwuwnyb) GG npwbtiu wnwyb] gpuyhs nbuGninghwbtp: Ywbg whdhpwwbiu hGnbnid GO
gwlgwjhbhnniwtbtpgbnhlwb L otipdwihb yndwbpp:

Uptiquybwjhh nuinnyniinwihy L tipypwobipdwjhl EGywnpwlywb Yuwywbbtpp, hGswbu Gwb
gbiyniinqujhb hnwiphg YGGuwtpwlnih wpwnwnpnepjnilp (nGfuGngnghwGtph 2-pn L wytih
pwndn ubtipnilnObp), hwwnywwbu hpwwnbuwywb GG dhpGwdwaytwn hbnwblywnpned: buly
Gpywpwdwaytin htnwbywnpned Yahuwktpwbnh wpunwnpnipinip Ywpnn £ nlGGOw) hpwwbu
nwqliwywpwywb Ywplbnpnipyntl, hwwnywwbu Gpt hwdh wrGyh wjuwyhuh wpunwnpnipjw
wwwnwd yugiwybpwdwb ncpe wgnbignipynibp hwbpwwbwnnipjwb pwpépwnhp b hGrwynp
hwdiw)bGpbGpnid unghw-inGntuwlwb hpwyhdwyh pwpbwydwb Yypw:

Epywpwdwaiytn htnwblywnnid nhinwpyyb G0 Gwlb «9pwdluwhb tnGunGuncpjwb» tnwppbpn,
ophOwy” 9pwdéhbp WYHwi opwslwihb «Jurthpwht dwpwnyngbbpp» wjwlnwywb hwlwén
2wndhswhb Jwnb hpbtph thnfuwphGdwb hwdwn:

IhULUMNNF3PUSPL ANronuLen OreLUMNHI3NIL oreLuMMrNHE3NtL

EGtnghwyh wwhwlgwny (uwwnnnlbp), Gdnd Uwlwaltip onpn 3
npn 3hnpn

ElEGunpwywbnipynil Sbiptwyh tatpghw Spwluwnpwn QLuljh
2010: 4 500 2010: 11 400 2010: 7 900 MNwnwwnpnid optilipny 5
2015: 5700 2015: 11 900 2015: 10 350 nunynpiwjhy
2020: 6 600 2020: 12 600 2020: 13 600 SwnyuwjhG fupwlnLi Uplwyhl punwpwigntd

Ukluwdwntihp

LGGpqGwnhYy waywfunip)nth. UwpuwjhG fupwlnid Ukluwqubgwé
Ltpypniihg Ywfujweéntpjwl Gwqgbignid UpliwghG GwpnwpwwtnnipntG

Pwpblwwuwn

GwOuwynpnLd
tabipgbinhl hGpGwndtiph Gywqtigiwh wninkGghwy $h ynp SbnouhG wndubn
Swlgh dhwgnti

Pwpép wbfulnnghwywb wprnyniGwpbpnipjwl unbnéniy. tipyynniwbh hwadhsny
Glpwlwnnigywépltin, swnwjnipyntltin, Yppwlwl ElEhunpwlwl wywnndbptbwbtp

hwiwlwpgbp L wluwwnwnbinkp Utpinhdhywgned

hGwnbgpnid hwiwywngha,
ptinGJwénipjwlb Yuwpquynpnid

POwwwhwwOwywh ogniinGbip UnwlnwpwnGtp Spush
pwaonu,
3 ot , | Mwhw0
EGGnqEunfluyh wulningfalen nimpunh wnuwg (mutined | dentun e | wanatwnnis
thnthntunipyniltiph wpdwqulptijnt nLGwlwnip)nil poholin
ELENQPU3P NLNNPSNFU 30LUrUNr ONONINHA3NFLLEN

UpmyniGwpbpnipyntl b inGunbuncpjwl qupqugdwb dhinnedGlpp wjwunwnid b EGtinqtitnhy EpGYnhyYnLpnLG/
wfuwphntd fuGuwynnnipjntl

Lbpypdwd/UpunwhwGiwd hGwpwynpnipjntl Ubyniuwgned Puwatuhg
uLurzunJ_annui’ hwadwlwngh
nGYwdwnpnid

Stfulninghwlwh thnthnfunipyntGltpp Iwjwutnwbned b wpfuwnphnid

Lywnp 1. dE2NLS-h gnpénlbtpp




Nhunwnyybp 60 dpwbh Ynpgdwl nt wypdwb hhdwO pw b E4npwtbbEpghw wpunwnpbpnc
hGwpwynpnipyntGGEpp pwnwpwjhb 4nyn pwihnGbGtphg: Pwgh wyju, nhinwnyyti £ pGnhwbnin
ElGywnpwtGtpgtnhy npnpunnid ntdhdGtph pwpbiwydwb gnpéncd (£ GYwnpwlywh pteh Ynptbiph
nnnpytignid) db GGpnudh qGwhwwnnidp, ophGwy™ hhnpnyninwyhs  ElGYnpwlwjwbh
oqUnipjwip W/Ywd 4Gpolwlyw b uwywndwb ywrwywnpdwb dhongny:

Swiwdwja JdE2NFS wpnynibplbph, Iwjwunwlnid JdE nGubhlwwbu hwuwlbGih
qUwhwwnywé Gepnidp pbpyned EUnyniuwy 1-nLd:

Unniuwy 1. dbE inGlubGhlywwbu hwuwbGbih qGwhwnywé GEpnudp

$d >1000 Udn
InniwlwjwbbGnp 300-500 U4wn
Enlnwgtindw)hl Yuyw 25 Udun
hnpnlyuwywbGGp 250-300 Udwn
UpLuwjhG otipdnipynch >1000 Udn
Rbpdwjhb wndwbip >1000 Udwn
ULhuwdwnbhp wpdhswihb 100 hwg. wn./nwnh

Swjwunwbh Iwbpwwbinnipjwb YE2NL0-h ptiplu wnplnpwantyb wpnynilp £ hwGnhuwGnid
wpnh tGGpgbunhy ninpunp pnpnp Gpbp wuwwnpbqObpnud (B GYnpwywbnegincl, stipdwhG
tGGpghw, npwbuwnpw) ytipwlwbqbynn tGGpghwjh GGppwithwlgiwb dwlwpnwyh wgquwyhh
phpwfultph npn2nwdp: HYpwbp npnzybp G0 wyu nnpunbGGpnd uwywrdw b wdh Jubfuwwnbudwh
hwuwniy dGpnnGtph Yhpwenipjwip™ hhdGdwdé Gwfunpn 10 wmwphGGpht wpdwbwgpywé
wnnynibpbtiph Jpw: Ywlfuwwbunidbbpp hpwlwbwgytii GG Gptp ugbbGwnpGbtph
2nowlwybGpnd’ pwpép, gwén L hpdlwlywb wpwyb] hwwlwywb wsh wnGdwtph hwiwp:
COn npniy, npwbugh wwwhndyh tGGpgbunhy ninpinh tiptip hpdbwywb ninpunGtph hwdwn
hpwlwlwgywé hwpduplybbph wprnynibpbbph hwdwnpthnipynibp, dE2N6 hwpdwnylbpp
hpwlwbwgyb Ga EGGpghwjh dhwubwlwb swhnnuywbnipjwip’ Shquywn-dwiny (34w d):

Urynruwy 2-nud pbpdwé £ 3wjwuwnwbh EGGpgbnhywyh tGpbp ninpunGtpnd 2010 — 2020pp.
dwiwbwywhwwndwénd taGpghwh uwywrdwb Ywbfuwwnbunwdbtiph qGwhwwnwywbbbpp,
Jjncpwpwbsinip npnpunnd’ gnpépbpwgbtph hhdGwlwb ugbGwnbGph hwdwn:

Swnph, @dwnd

hhdlwYwG ugkGwphbp 2010p. 2015p.

Unniuwy 2. Uywndwl Jubjuwwnbuny

ElGyunpwywl EGEpghw 4500 5700 6 600
Qtipdw)hl tGGpghw 11 270 11 900 12 600
Cwpdhswyhb Jwnthp 7,593 8, 121 8, 659

JE2NFO-h 2ppwlwybtpnd yuwnmwpdwd niuncdbGwuhpnepynbGbtipp hwbqbiglnud G0 hGnlyw
hhdbwlwb wpnnibphb. tGGpgGwnpy ninpin JdbE GGppwthwlgiwl dwlywpnwyh hwdwn
wqquwjhb phpwfu GG hwbnhuwOned hnlyw gnigwbh2btinp. 2013p-h0° 2.4%, 2015p-h0" 3.1%
L 2020p-hG" 4.9% (nhwnwnpyndbtiph hpdbwywb ugtbwn): CaGn npny, Gpb hwadh G0 wrbGynid
dhohlG L OGS hgnpnipjwl hhnpnywjwGGtpp, hOswbu Gwl YGhuwqwlgywén, www 4k
GGppwihwlgiwl dwlywpnwyh hwiwwwunwufuwlb gnigwbhbtipp YYwaqitt hwdw-
wwwnwufuwbwpwn 17%, 15% L 16%:
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Ungniuwy 3-p dwlpwdwulnd £ JdE2NLO-h wpnynibplbpp: SYuwbbpp ptpdnd GG
Jwpdwdwiytinn (2011-13pp.), dhplGwdwdiytwn (2014-15pp.) L Gplwpwdwaytin (2016-20pp.)
hGnwOywpbtpnid: CGn npnud, wju  gnigwOh2GGpp hwlwwwwnwufuwbnud G0 GpJwo
dwiwlwlywhwundwsébtph qgnuiwpwiht wpdtplbphG: OppGwy 2016-2020 pp. 4t
wnpjnipbtphg EfGYwnpwywb EGGpghwih wpnwnpnepintbp wyn hhGg wwphGGph hwdwn
Yywquhgnidwpwihb44.9 hwqup G4dwnd:

Llwn 2-ntd wdthnthwé G0 hhdGwlwb ugblwph wprynibpGtinn:

Fhdbwywb ugbGwph hwdupybtpp Yuwnwpyb G0 hGunlyw) npnypltph hwdwn.

1. UwophOh wOwnwnwhwwnnidGbpnd wwydwlwynpywé Ythuwqubquwdéh GEplywjhu
6wywb0Gpp (2000 Q4dind hwiwpdtip) 2015p-h0 YaJwqbib dhGsl 773 Gdwnd, hGsp hwiwpdtp k
pawlwbnb wlhnwnwhwwnnidbtph dwywpnwyh;

2. Lnp, 1000 Udwn npwépwihlb hgnpnipjwdp UEYU-p Yuluph 2whwaqnpéytip 2017p-h
uyqphg’ hp npqwépwjhl hgnpnipjwip:

JE2NFO-p wnwowpynid £ ohGsk 2013p.-p Ywrnigt) Yahuwtpwlng wpnmwnpnn hgnpnipincb
tnwntywb dnn 18 hwgq. in. swdwny: Uj0 yuwwwhnyh Iwjwunwbnid wypynn wipnne pthghbh
Swywihb YyGhuwtpwlnih 10% fuwnbnuip (plGGnwydnpnudp), hGsp 10%-nd LOJwaqbigbh
ptGghGh 6wydwbGtph GGpypnidp: COn npnud, hwdwdw)t 4E2NFS  Ywlfuwwnbunidbbpph®
ptaghOh uwywrnidp Swjwunwbh Iwbpwwbnnignibnud GYnn wubwdjwynid sh wdh, huly
2wundhswyhb Jwnb hph ywhwGowpyh wép hhdGwywbnd yuwwwhndyp plwywb funwgywé
qwgh 0hongny: IGnbwpwp, YGhuwtpwlnh wpunwnpnipnibp Yobw dhLbnyb dwlwpnwyh
ypw' ptibghbh htwn 10% wwpunwnhp fuwnrGdwb dwwnpnwyhb: 2020p-hg htitnn Iwjwuwnwbh
Rwlpwwbwnipjntlnid YeGuwtpwlnny dGpLOwlGph wnnpdhnh &dLwynpnidp pnyyp Yuw
YGGuwtpwlnh wpunwnpnip)nilp hwuglb dhGslk 100 hwq. n. Lwpblwh dwywbGbph, hGsp
hGwpwynpnipynth YpGdtinh Yhpwnt dhbslk 85% YGGuwtpwlng wywpnibwynn 2wpdhswihG
Jwnb|hp:

JE2NLO-h nhinnwpyndbbph hwdwdw)b (hhdbwywb ugtiwp)’ ujuwé 2017p.-hg Iwjwunwln
yniGGGw dnin 2000 Qdund L GYwnpwtObEpghwih «wybigniy»*: ElGywnpwtGepghwih  wyu
wybignityp L Ywybjwglh 33-hg EGYwnpwywb tGepghwih wpunwhwGdwb Gbpnidp: Uyu
GGpnidh Jnipwgnidp EGYunpwtGGpqbunhwih wuwwpbtgnid Ywnpnn £ |nipo
nwpwowpowlwiht hwdwgnpéwygnipjwl hhdp hwlnhuwlwl, wnwohlG hGpphl’
Swjwunwl-Ppw b, Iwjwunwb-Ypwunwb, Iwjwunwb-[nipphw L wj) nunnnepjncbbtinny:

Llwp 2. 3pdbwlub ugblwphlb hwiwwwwnwufuwb JES-Gph wipunwnpnipynip dhGsl 2020 p.-n:
Lﬂ;Shph |.IJ|'I'|.|'PI].I|'HN'I|.:|&}‘1'II.1II:_| I.-a'-ltliil-idzn[ﬁ.-u-
Skl paiti

{ Hprypnlppuliip
! Zrompl bapubislip
J Eplypiimpt bl
L {1 Nlimusdush by rumd b
i P =i | X O b anday by
0L " w 1-= L6 a7 Opleghlpadnpaml

* Jwjwuwnwbh tGpgbnhy hwiwlwpgh nbwpenid “wdbgniypn” nw w)b b EyinpwtGtpghwih pwbwyt, np gnjwbnid £ hGwpwynp GdwquagneG
wpunwnpnipjwl pwlwyhg Ywluwnbugwséd uywniwb (Gwwnwlwpwpnidp gwlghl) pwlwlyp hwObihu: Udbgniyp hGs-np Yepy
soquwgnnpétint nbwpnid wlogniwn Yepwnd Yynpsh: IGwpwynp oguinwgnpéniip Ywnnn £ hG6(, ophGuly wpunwhwbnedp, Yuwd fEYunpwuywh

wywnndbptlwbbph hwdwywpgnid Yhpwenepynip:



UnnLuwy 3.
Jdt GEppwihwbgniip

2011-

2013pp

2014-

2016-

2015pp | 2020pp

Udpnnop
(2011-2020pp)

Upwnwnpnipyncl, Qding* 18 000 12800 | 44900 75 800
JdE wpwwnpnipjnilp” wnwg funynp

hhnpnjh, Gdind 1360 1380 6070 8800
JdE wpunwnpnipjwb dwulwpwdhGp 0 0 0 0
nGnhw0niph by, % * 2% 2:8% 4% 3.3%
Jdt wwhwaeynn Gepnpnudp, §;6. $ $130 $140 $ 450 $720

Upwwnpnigjncl, Gduind* 31600 23300 | 61700 116 500
JdE wpwnwnpnipynilp” wnwig

YGuwqubqqwsh, Gdnd 56 83 380 520
db wpnwnpnipjwl dwulwpwdhlp 0.08% | 0.17% | 0.26% 0.20%
pnGnhwGnipp dto, % *

Jt wwhw@Geynn Ghpnpncdp, 0;0. $ $32 $ 21 $ 54 $108

nGnhwOlniph by, % *

Upwnwnpnipjncl, Qding* 26 000 20100 | 61200 107 300
JE wpwnwnpnepntlp, 94duind 140 290 730 1150
Jb wpunwnpnipjw Swulwpwdhp 021% | 057% | 0.49% | 0.43%

Jt wwhwaeynn Gepnpnudp, 010. $

pGnhwGnLpp dtg, % *
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Renewable Energy Roadmap for Armenia

This first version of an Armenian Renewable Energy Roadmap identifies the economically and
financially viable potential of renewable energy (RE) in Armenia. It defines short (2013), midterm
(2015), and long-term (beyond 2020) targets for the development of RE as well as outlines
specific steps towards achieving those targets. Itincludes milestones to allow regular tracking of
progress towards the established goals.

As a country possessing few raw materials, Armenia has no direct access to fossil energy and
has to rely on their import (97% of prime energy sources). However, it can utilize different
sources of RE available within the country. RE can be grouped in the following three main
groupings:

electricity from small hydropower (SHPP), wind power, photovoltaics (PV),
geothermal power, and biomass;

heat from heat pumps, solar thermal power, geothermal power, and biomass;

energy for transportation (gas and liquid fuels extracted from biomass).

Several factors were taken into consideration during the development of the Roadmap, such as
targets, technologies, legislative measures, and possible impact on the environment.

The Roadmap targets set the priorities in the development of the RE and the energy
system such as energy independence, potential of lowering the energy costs, creation of high
tech industries, environmental benefits, as well as responsiveness to the technological and
business changes in the world.

The types of technologies available determine the potential for energy generation,
suitable management structures, pre-requisite infrastructure requirements, and how the use of
the generated energy can be optimised. These technologies include: small hydro, wind, solar
PV, solar hot water, biofuel, heat pumps and electric vehicles, pumped hydro storage, hydrogen
economy, demand-side management tools for load levelling, and also energy efficiency
technologies and measures. The global energy industry, technology, and business resemble a
dynamic field that develops fast and relies on technological, scientific, and business knowledge.

Preparedness for possible changes in the energy environment can be achieved through
planning and developing the appropriate capacities in these areas. The changes to the energy
environment may include technological developments, emerging export/import opportunities,
as well as overall industry and economic developments in Armenia and in the rest of the world.

RE legislation represents a package of legislative measures intended to encourage and
to support the business as well as the implementation of Renewable Energy Technologies (RET)
by the population. Each RE option or technology requires a specific approach stemming from the
Republic of Armenia targets. This set of variables serves as the catalyst for the RE development
in Armenia. Managing these important factors through proper planning and regular updates
would contribute to the achievement of the targets of the Armenian RE Roadmap.

Figure 1 on the next page illustrates the aforementioned variables.

According to the main results of the Armenian RE Roadmap project, the contribution of the
renewable electricity in Armenia can increase by fivefold in 2020 in comparison to the present
energy production from RE. In 2010 RE based generated was 310 GWh, and it is forecasted to
generate 740 GWh in 2015, and 1500 GWh in 2020. It is important to emphasise that the
achievement of targets is much more dependent on politically implemented measures than on
technical capabilities.

The findings of a comprehensive review of RE potential in Armenia have ranked SHPP (up to 10
MW) and solar hot water heaters as the most advanced RETs and the most economical for




The findings of a comprehensive review of RE potential in Armenia have ranked SHPP (up to 10
MW) and solar hot water heaters as the most advanced RETs and the most economical for
Armenia in the short to medium-term, followed by grid connected wind farms and the use of heat

pumps.

Photovoltaics, geothermal power, and biofuels, especially bioethanol from cellulosic feedstocks,
are ranked as more costly in today’s prices and are not expected to be commercially viable in the
short to medium-term, but may play a more important role in the longer term, and in the
development of RE high-tech industry.

Biomass was also considered for both heat and electricity production for the short term, under
several conditions, including re-planting of harvested trees and biofuels using fractionation
process. In addition, hydrogen was considered as a possible fuel for transportation in the longer
term. Finally, although not strictly a renewable resource, municipal solid waste in landfills was
considered a practical source for generating methane for power production near municipalities.
Table 1 presents the estimated RE technical potential in Armenia in accordance to the findings of
the Roadmap project.

Figure 1. The roadmap variables
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One of the most important results of the Renewable Energy Roadmap for Armenia project is the
establishment of the national targets for renewable energy technologies in all three energy
sectors. The targets are established using a special methodology, based on the consumption
data of the last decade. To that end, energy demand for Armenia in the of electricity, thermal
energy, and transportation sectors were developed for various scenarios including the base
case, where the demand can be fulfilled by utilizing a variety of energy sources such as
renewable energy, fossil fuels, and nuclear power.

Table 1. Estimated RE Technical Potential in Armenia

Technology Type Capacity
PV >1000 MW
Wind 300-500 MW
Geothermal 25 MW
Hydro 250-300 MW
Solar Thermal >1000 MW
Heat Pumps >1000 MW
Biofuel 100 thousand tons/year

In order to provide ease of comparison of the calculated results, GWh units are used for all three
sectors. Table 2 summarizes the demand forecast for the three energy sectors, using a base
case scenario for each sector.

Table 2. Base Case Demand Scenario Forecast

Year, Gwh

Sectors

Electricity 4500 5700 6 600
Thermal Energy 11 270 11 900 12 600
Transportation Fuel 7,593 8, 121 8, 659

One of the most important outcomes of the Roadmap related research indicate that for the base
case the national targets for RE penetration could be 2.4%, 3.1%, and 4.9% for the years 2013,
2015, and 2020, respectively. If renewable energy is considered in its classical meaning, i.e.
including large hydro and biomass (firewood), then the targets become 17%, 15%, and 16%,
respectively.

Table 3 presents the details of the Roadmap project results for all three energy sectors which are
for near term, 2011-13, midterm, 2014-15, and long-term, 2016-20, as well as for the decade,
2011-2020. The data are the cumulative values for the particular periods.




Table 3. RE Penetration for Different Years

Energy Type

2011-
2013

2014-
2015

2016-
2020

Udpnngp

(2011-2020pp)

Electricity

Generation, GWh 18 000 12800 | 44900 75 800
Renewable without large hydro, GWh 1360 1380 6070 8800
Percent of RE as of total generation* 2% 2.8% 4% 3.3%
Investment in RE, min. $ $130 $140 $ 450 $720
Generation, Gwh 31600 23300 | 61700 116 500
Renewable without biomass, Gwh 56 83 380 520
Percent of RE as of total generation* 0.08% 017% | 0.26% 0.20%
Investment in RE, min. $ $32 $21 $ 54 $108
Transportation
Generation, Gwh 26 000 20100 | 61200 107 300
Renewable, Gwh 140 290 730 1150
Percent of RE as of total generation* 0.21% 0.57% | 0.49% 0.43%
Investment in RE, min. $ $74 $ - $- $74
Total Generation, Gwh 67 900 49700 |149600| 267 200
Subtotal of RE generation, Gwh 1 560 1750 7170 10 500
RE percent of total generation* 2.3% 3.5% 4.8% 3.9%
Total RE supply with large hydro and biomass, 12 150 7 580 | 23.700| 43 400
Gwh ) ) ) )
Total RE with large hydro and biomass percent
of total generation* 18% 15% 16% 16%
Total Investment, min. $ $238 $161 $504 $903

* Total percentages are cumulative for the particular period

Figure 2 summarizes results of the base case scenario. The base case calculations are
performed based on the following two assumptions:

1. The illegal cuttings that could amountin 2010 up to the equivalent of 2000 GWh, in 2015
they should decrease to the legally allowed (and naturally balanced) levels and result in 773

GWh.

2. The new NPP with the 1000 MW installed capacity will start its operation at the

beginning of 2017.

The project suggests building a bioethanol capacity by 2013 that will provide 10% blend to
all of the gasoline used in Armenia, which could decrease the imports of the latter by

18,000 tons annually. It is anticipated that gasoline consumption would not increase in the future
but the growth of the demand for fuel would mainly be met by natural gas. Therefore, during
midterm, additional production capacity of biofuel may not be needed to satisfy the 10% blending
requirements. The creation of a fleet of cars operating on bioethanol after 2020, will allow the
increase of bioethanol production up to 100 thousand tons/year. This will create a possibility to
use up to 85% bioethanol blending.

In 2020, with the commissioning of the new NPP in 2017, there would be a power excess of more
than 2000 GWh. In addition, introduction and exploitation of a fleet of electric vehicles (EV) and

@



Figure 2. The Base Case RE Annual Production up to 2020
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1. The 100% dependency of the republic on the imported fuel would be eliminated.

2. Load levelling: since most of electric vehicles would be charging their batteries at night-
time, they will be using the excess power of the new electric generation capacities most
effectively, thus serving as a natural means of load levelling.

3. Environmental benefit by not releasing of approximately an equivalent of million tons of

CO, every year. The air quality would significantly improve in the major cities, due to the
substantial reduction of the emissions.
Development of various renewable energy sources and of industries associated with each of
them is slow. Most of the time on a cost basis they cannot compete with traditional energy
sources, with the exception of SHPP. Therefore, favourable laws and policies are necessary to
stimulate the deployment of clean energy technologies. In general, laws and regulations of the
RoA are adequately addressing issues related to renewable energy. However, a more
favourable regulatory environment is needed for the large-scale development of renewable
energy resources in Armenia in order to achieve the targets listed in Table 3.

Governmental interventions would be necessary to achieve targeted goals for the development
of RE. These interventions have been grouped into two main categories of legislation as well as
institutional development and education, each with a number of sub-categories. Table 4 on the
next page summarises the suggested interventions.

Business driven development and exploitation of the potential presented in the Table 1 is
possible only through appropriate legislative support. In the electricity generation it is possible
through adoption of the tariffs calculated in terms of the Roadmap project. The break-even
values of these tariffs (BET-s) that provide payback of expenses but no profit are presented in
the Table 5. This system of supportive tariffs plays a central role for the achievement of the RE
targets.

Several barriers that hinder the growth of RETs in Armenia are:




1.0btaining the necessary permits and licenses for SHPP and wind power generation is
cumbersome.
2.Coordination between different authorities in obtaining permits must be enhanced and
the problems related to little transparency in procedures, long lead-times and high costs
involved in obtaining permits or licenses must be solved
3.Turbines imported for small hydro power plants are free of VAT and customs duties;
however, the law does not specifically mention that generators and other related control
components are also exempt.
There are two main barriers to appropriately spreading the risk of investments in RE projects.
These are: (i) the duration of the water permit of only three years and (ii) the issuance of the
power purchase agreement.

Table 4. Intervention Summary Intervention

Near to mid-

term

Mid to long-

term

1 | Streamlining procedures for issuance of permits Vi

2 | Develop a road map to obtaining permits v

3 | Set up shorter deadlines for administrative decisions v

4 Establish a fast track procedure for smaller projects to significantly reduce /
transaction costs

5 | Establish a fast track procedure for land use category change v

6 | Extend water permits to 15 years to significantly reduce project risk v
Move issue time of electricity sales agreement to time of development permit

- by including provisions of construction period limit and anticipated electricity
generation to provide the utility company opportunity to plan the future demand v
and compensation in case of project cancelation or major delays.

8 The possibility for opening for purchasing licenses already given might have a /
positive impact on the collateral issues for financing projects.
Establish a time limit or a sunset clause for land lease for a site that is suitable

9 for SHPP development to prevent speculative activities. This means if a leaser /
does not start process of developing SHPP after a specified time, then the
lease will be voided.
Experience show that the main reason for the wide spread use of biofuel has

10 | been government established mandates. It is recommended that government v
institute a 10% mandatory blend of bioethanol in gasoline
Agree on a minor change in the law to exempt harvesting mature trees in these

11 | plantations from restrictions that apply to cutting mature trees in forests and v
green belts

12 Modify the VAT law to address the entire power generation train with its control
components instead of just listing turbines.
To improve the cash flow, VAT could be paid back over a number of years,

13 | based on a percentage of the electricity sold starting from fourth year of the v
electricity generation.

14 A tax holiday for particularly the large-scale wind farms could be an effective /
way of boosting project feasibility to foreign investors at a relatively low cost

15 | Eliminate import duties on solar thermal and heat pumps. v

16 | Eliminate customs duties on electrical cars. Vi




Table 5. Break-even Tariffs for Selected RETs

RE Technology 2011 2012 2013 2014 2015 2016 2017 2018 2019
Wind. cents/kWh 10,3/ 10,4, 10,5/ 10,7| 10,8/ 10,9 11,1 11,2/ 11,4 (11,8
Small hydro, cents/kWh 36| 41| 4853 | 59| 6,2, 65| 69|72 | 7,4
PV, cents/kWh 47,4 44,6 40,0 37,7| 38,0| 33,1 30,5| 28,2| 26,0| 24,0

Geothermal low cost,

cents/kWh - 39| 38| 3,8(/3,8| 3,837 3,7|3,7]| 3,6

Awareness raising and capacity building are ongoing efforts, needed to implement the above
recommendations as well as to facilitate a proper impact of the interventions. Incorporating
awareness raising and capacity building into each of the interventions is thus necessary.

Constant monitoring and evaluation of the roadmap is necessary to ensure and improve
effectiveness, efficiency, accountability, and capacity building. It is a key part of managing the
implementation of the renewable energy strategy. These include: measurable, published, and
legally binding targets as well as milestones and the identification of responsible parties are part
of the monitoring plan.

Even though the Roadmap sets out a first strategy to advance the use of RE in Armenia, it is
essential that along-term vision of the ideal Armenian energy situation be developed. Eventually,
binding national targets should be established to signal clearly, long-term government
commitment to the vision, and to ensure that strategies through time aim at a common long-term
vision.

The Time Bound Action Plan given in Appendix 1 of the Roadmap, reflects on the need for
ongoing and proper monitoring of the interventions as well as the need to ensure medium-term
evaluations to adjust the RE Strategy.

It is worth noticing that while during the second half of the 20th century the world experienced the
fastest growth in energy technologies, it is only during the last two decades that the development
of RETs has really taken off. The transition to increased use of RE while providing energy security
and flexibility to a country is improved by a sufficiently strong technological, scientific and
educational basis as well as an infrastructure, which is well integrated in the world RET
community.

Investment in the latter, could be very effective compared to any other area, taking into
consideration that the transition to RETs in the whole world has a 1000-fold growth potential.
Armenia can benefit from this and create capacities that shall allow the country to become a
credible playerin the world energy market.










