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One of the most important
indicators of SDG 7 is to

“strengthen international
cooperation by 2030 to facilitate
access to clean energy research
and technologies, including
renewable energy (RES), energy
efficiency and advanced clean
technologies for the use of fossil
fuels, as well as promoting
investments in energy
infrastructure and environmental
technologies stand energy”.

BaxHenwum nHamkatopom LIYP 7
ABNSIETCA CneayroLWwmnn:

«K 2030 2ody yKpenums
MexdyHapoOHoe compyoHuU4Yecmeo @
uensix ob6riecyeHus docmyna K
uccsiedogaHUssIM U MEXHOJIo2UsIM 8
obrracmu 4Yucmou 3Hepauu, eKItoYas
BUDJ, 3Hep203ahhekmueHoCMb u
nepedoeblie 3KOJIO2UYECKU  4Yucmbie
mexHoJsioauu Uucrnosib308aHus!
UckoriaeMbix eudoe morsiuea, a makKxe
codelicmeausi uHeecmuuusim e
3Hep2emu4yecKyro uHgpacmpykmypy u
mexHoJsiIo2uU  3Kosilo2U4YeckKu 4ucmou
3Hep2emuKu».
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In 1981, at the UN Conference on
New and Renewable Energy Sources
in Nairobi, Kenya, the Decision on
the establishment of the International
Renewable Energy Agency (IRENA)

Today, with the active participation of

more than 170 member states,
including all CIS member states,
IRENA  promotes the use of

renewable resources and
technologies as a basis for transition
to a sustainable future and helps
countries use their potential in the
field of renewable energy.

B 1981 rogy Ha KoHdepeHuun OOH no
HOBbIM U BO30OHOBNSIeMbIM UCTOYHUKaM
3Heprum B Hampobu, ObINIO NPUHATO
PeweHne o co3paHuM MeXAayHapoAHOoro
areHTCTBa no MCNONIb30BaHUIO
BO30OHOBNAEMbIX MUCTOYHUKOB 3HEpruu
(IRENA).

CerogHsi Npu akTUBHOM Yy4acTum Gornee

170 rocyaapcTB-4YJieHOB, B 4yucrno
KOTOpbIX BXOOAT BCe rocypapcrBa-
yyactHukn CHI, |IRENA copenctByet
MCMNONb30BaHUIO BO30OHOBMNSAEMbIX

pecypcoB M TExXHONorun B Ka4vecTBe

OCHOBbl nepexoga K YCTOM4YMBOMY
oyoywemy m nomoraeT  cTpaHaMm
ucnonb3oBaTb CBOM MNOTeHUuan B

obnactun BUD.




November 20, 2013 By the decision of
the Council of CIS Heads of
Government, the Concept of

Cooperation of the CIS Member States

in the Use of RES and the Plan of
Priority Measures for its
implementation were approved

Among the goals and main objectives
of cooperation of the CIS member
states in the use of renewable energy,
the study and dissemination of
international experience and
experience of the CIS member states,
ensuring the availability and
unification of statistical data in the
field and the unification of statistical
data are considered to be necessary
step of creating a favorable market
environment for the development of
renewable energy.

20 HosI6psa 2013 ropa PeweHuem CoBeTa
rnae npasutensbcTB CHI Obinn
yTBepxaeHbl KoHuenuusa
coTpyAHU4YecTBa rocyaapcrB-y4aCcTHUKOB
CHI B obnactu ucnonb3oBaHusa BUI u
lNnaH nepBooYepeaHbIX MEPONPUATUNA MO
ee peanunsauuu.

Cpeau uene W©N OCHOBHbLIX 3agad
COTpyAHMYEeCTBa rocygapcrB-y4aCcTHUKOB
CHI' B cdepe wucnonb3oBaHua BUD

n3yvyeHue 7 pacnpocTpaHeHue
MeXAYHapoAHOro onbiTa UM onbiTa
rocyaapcTB-y4aCTHUKOB CHI,
obecneyeHue AOCTYMHOCTHU n

YHU(pMKALMU CTaTUCTUYECKUX AaHHbIX B
obnactu BWUI paccmaTpuBaloTca Kak
Heo6XoAMMbIA NepBbIA LWar co3gaHuA
GnaronpuATHOM pPbLIHOYHOW cpeabl Ans
pa3BUTUA BO3OOHOBNIAEMOWU 3HEPreTUKM.




In 2015, within the framework of
this Concept and the Plan of Priority
Measures for its implementation, the
CIS Electric Power Council began to

form a “Roadmap” of renewable
energy development in the CIS
member states.

One of the principal results of the
first stage of the development of the
Road Map was the awareness of

“to continue work on the
formation of a unified methodology
for assessing the energy potential of

RES consistent with the global
approach used by the IRENA in the
development of Global and Regional

Atlases of RES ”.

B 2015 roay B pamKkax AaHHOM
KoHuenuuun n NnaHa nepBoovepeaHbIX
MeponpuATUA No ee peanusauumn
AnekTpoaHepreTnyeckmn Coset CHI'
npucTynun K coopmMmnpoBaHuIo
«[JopOXXHOW KapTbl» pa3BUTUA
BO30OHOBAEMOMN dHEPreTUKn B
rocyaapcrtBax-y4actHukax CHI.

OaHUM 13 NnpyHUMNUanbHbIX
pe3ynbTaTtoB NepBOro atana pa3paboTku
«[1opoXXHOM KapTbi» CTario 0OCO3HaHue
HeobxogumocCTH

«npodosnKuUmMb pabomy no
¢ghopmuposaHur0 eOuHoU memodosiocuu
OUEHKU 3Hep2emu4yecKux mnomeHyuasos
BNU3, coomeemcmeyroweli MuposoMy
nooxody, ucnosb3yemomy |IRENA npu
pa3spabomke mo6anbHo20 u
peauoHasnbHbIXx amsacoe BUI».
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into account the largest scale of
development of wind and solar energy, this
work covers these renewable energy sectors

Content

1. Methodologies for assessing the potentials
of solar and wind energy in the CIS
countries: development of atlases, problems
and suggestions

2. General provisions of the proposed
methodology

3. Assessment of natural resources, gross and
technical potentials of solar energy

4. Assessment of natural resources, gross and
technical energy potential of wind energy

5. Assessment (accounting) of fuel and
environmental  potentials  (effects) of
renewable energy

6. Methodological bases and principles for
the development of regional programs for
uptake of wind and solar energy potentials

Conclusion
Appendix

C yuyerom HauOOJBIIMX MACIITA00B Ppa3BUTHS

Y V

BETPOBOM M COJIHEYHOM JHEPreTUKU JAaHHAS

padora 0XBATbHIBAET ITH ceKTopa
B0300HOBJIsIEMOM JHEPIreTUKH

Conepxanue
1. MeTonosoruu OLIEeHKH NMOTEHI[HAJIOB

COJIHCYHOI M BeTpPOBOii 3Hepruu B crpanax CHI':
pa3paloTka aTyIacoB, NP00JieMbl U MPEIJI0KeHUSI

2. Oo0mue
METO10JI0T N

10JI0’KEeHUSA npeaiaraeMou

3. OueHka NPHUPOIHBIX PeECypcoB, BaJOBOTO H
TeXHUYECKOI0 MOTEHINAJIOB COTHEYHO JHEePrUuu

4. OueHka TNPHUPOAHBIX PeCypcoB, BAJIOBOIO H
TeXHHYECKOI0 MOTEeHIMAJIA JHEPTUH BeTPa

5. OneHka TOIJIMBHOIO H ?JKO0JOrHYECKOIo

norennuanos (3¢gdexron) BUI

6. Metogosiornyeckue OCHOBbI W NPHHIMIIBI
Pa3BUTHA PerHOHAJBbHBIX IPOrPaMM peaau3auumn
NOTEHIMAJI0B BETPOBOM U COJTHEYHOM JHEPIrum

3akiouenmne

Ipuiaoxenue




Main principles of the methodology for estimating
the natural resources, gross and technical
potentials of RES

. Using the experience of the CIS countries in
assessing potentials and developing atlases
of renewable energy;

. Using IRENA's experience in developing a
Global Atlas of RES;

. Using of NASA DB and GWA DB as basic
information about natural resources of
renewable energy sources;

. Using of representative data of long-term
measurements of meteorological, upper-air
and actinometric stations;

. Using of official statistical data on the
operation of the power systems of the CIS
member states, including data on specific fuel
consumption for electricity generation at
thermal power plants, greenhouse gas
emissions and pollutants in thermal power
plants, losses in electrical networks, etc.;

OCHOBHbI€ NPUHLMNbI METOLO0NOMMN OLIEHKU
NPUPOAHLIX PecypcoB, BarloBOro U TeXHU4YECKOro
noteHunanos BUJD

Ucnonb3oBaHue onbita cTtpaH CHIC no oueHke
noteHunanoB 1 pa3paboTke atnacos BUD

Ucnonb3oBaHue onbita IRENA no paspaboTtke
Mo6anbHoro atnaca BUD

Ucnonb3oBaHne B NASA u IRENA B kKayecTBe
gclznxg,qﬂoﬁ MHcopMaL M 0 NPUPOAHbLIX pecypcax

Ucnonb3oBaHue penpe3eHTaTUBHbLIX AaHHbLIX
MHOrOoJ1IieTHUX M3mepeHvu7| MeTeopOoJIOrn4eCKux,
Al3pPOSIOrM4YeCKNX U aKTUHOMEeTpU4eCKnxX CtaHunmn

Ucnonb3oBaHue ohmumanbHbIX CTaTUCTUYECKUX
OaHHbIX O paboTe aHeprocucTemM rocynapcrBs-
yyacTHukoB CHI, Bkntoyas aaHHble 06 yaenbHbIX
pacxopax TonnuBa Ha BbIPaboOTKy 3/1eKTPO3Heprum
Ha TAC, BbIOpOocax NapHMKOBLIX ra3oB U
3arpsasHaowWwmx BewwecTs Ha TAC, noTtepsax B
ANEeKTPUYECKUX CeTAX U Np.;




Main principles of the methodology for estimating
the natural resources, gross and technical
potentials of RES

. Assessment of natural resources and gross
potential of renewable energy;

. Assessment of the technical potential of
renewable energy sources taking into account
the available areas for installation of
generating equipment and its technical
characteristics;

. Assessment of natural resources and
potentials of renewable energy at various
levels of administrative-territorial division:
national, regional, municipal;

. Assessment of renewable energy natural
resources and potentials at various levels of
integration of electric power systems: UES,
RES, IES, decentralized zone;

. Assessment of fuel and environmental effects
arising from the implementation of the
technical potential of renewable energy.

OCHOBHbI€ NPUHLMNbI METOL0NIOMNMXU OLIEHKU
NPUPOAHLIX PecypcoB, BariloBOro U TeXHU4YECKOro
noteHunanos BUJD

OueHKa npupoAHbIX pecypcoB U BanoBoro
noteHuyuana BUJ;

OueHka TexHM4Yeckoro noreHumana BUD c yuéTom
OOCTYMHbIX TEPPUTOPUIA ANA pa3MelleHus
reHepupytollero o6opyaoBaH1UA U €ro TeXHMYECKUX
XapaKTepuUCTUK;

OueHKa NpUpPoOAHbLIX PeCypCcoB U MOTeHUUanos
BUJ Ha pa3snnyHbIX YPOBHAX aAMUHUCTPATUBHO-
TeppuUTOpManbLHOro AeneHus: HauuoHarbHOM,
permoHanbHOM, MyHULUNANbHOM;

OueHka NpUpoAHbLIX PeCcypCcoB U NOTEHUUarnos
BUJ Ha pa3nunyHbIX YPOBHSAX UHTErpauum
anekTpo3HepreTunyeckux cucrem: E3C, 03C, U3C,
AeLeHTpanu3oBaHHas 30Ha;

Y4yeT TONNMUBHLIX U 3KONornyeckmux achdpeKTos,
BO3HUKaKOLWMUX NPU peanunsaumm TeXHUYEeCKoro
noteHumnana BUJ.




The main stages of Natural Resource
and RES Potentials assessment

Stage Ne1
Assessment of natural resource of RES,
kWh / km2

Stage Ne2
Assessment of the gross potential of RES,
kWh / year

Stage Ne3

Assessment of the technical potential of
RES,

kWh / year

Stage Ne4

Assessment of environmental and fuel
potential of RES,

ton / year, ton rf / year

OcHOBHbIe 3Tanbl OLEeHKU NPUPOAHOro
noreHuuana u pecypcos BU3

9tan Ne1

OueHka npupoaHoro pecypca BUI,
KBT-4yac/km

Otan Ne2

OueHka BanoBoro noreHuuana BUJ,
kBT1-yac/roa

Otan Ne3

OueHka TexHn4yeckoro noreHuuana BUJ,
kBT1-yac/roa

9tan Ne4

OueHkKa (Y4€T) 3KOnorn4eckoro u TonsIMBHOro
noteHunanos (3dc¢gekToB) npumeHeHusa BUJ,
T/roa, Ty.T./ron




Web Atlas of the energy potential of
renewable energy sources of the
Republic of Kazakhstan

In 2017, an Australian company in
collaboration with research centers
of the Republic of Kazakhstan
developed the Interactive System -
Web-Atlas of the energy potential of
renewable energy sources of the
Republic of Kazakhstan.

To construct maps of the
total solar energy received on a
horizontal surface, NASA satellite
observations for the 22-year period
(July 1983 — June 2005) were used,
taking into account the number of
cloudy days.

Beb6-ATnac aHepreTu4ecKkoro
noTeHuuana BO300OHOBNSAEMbIX
MCTOYHUKOB 3Heprumn Pecnybnuku
KasaxcTaH

B 2017 r. ABcTpanmmnckon
KOMNaHMen B COTPyAHUYECTBE C
nccnegoBartesibCKUMU LeHTpamMu
Pecnybnukn KasaxctaH paspaboTtaHa
UHTepakTBHaa cuctema Beb6-Atnac
3HepreTuyeckoro norteHuuana BWUDI
Pecnybnukun KaszaxcraH.

Ons nocTpoeHus KapT
MHTepnonauun nocTtynarLieu
CYMMapHOU COJZIHEYHON 3Heprum Ha
rOpU3OHTaNbHYH NOBepPXHOCTb
MCNOJIb30BaHbI pe3ynbTaTthbl
CNYTHMUKOBbLIX HabnoaeHMn NASA 3a 22-
netHimm nepuwopn (uvwonb 1983 - UIOHb
2005 r.) ¢ yyeToM 4Yucna nacMypHbIX
OHen.




The Wind Atlas of the
Republic of Uzbekistan

2015, the German companies
Geo-Net and Intec-Gopa
developed the Wind Atlas in the
form of an interactive
information analytical system for
the wind energy potential of
Uzbekistan. Atlas is developed
by computer modeling.

ATtnac BetpoB Pecnyonuku

Y36ekucrtaH
B 2015 r HeMeLKuMu
KoMnaHnamm Geo - Net m
Intec - Gopa Obin paspaboTtaH

«ATnac BeTpoB» B Buge
WHTEPAaKTUBHOM UWHGPOPMALMOHHO-
aHanNMTU4YeCcCKou cCUcTeMbl
BEeTPO3HEpPreTU4ecKoro
noteHuuana Y3bekucrtaHa. ATtnac
pa3paboTaH MeToAOM
KOMMNbIOTEPHOro MOAENUPOBAHUSA.




Atlases of renewable energy
resources in Russia

In 2007, the first Handbook of
renewable energy sources in Russia and
local fuels was published, edited by Dr.
P.P. Bezrukich

In the period 2008-2011 Dr. V.G.
Nikolayev published a number of
monographs, including: “The National
Cadastre of Wind Energy Resources of
Russia and the methodological
foundations of their assessment

In 2015 experts of the Moscow State
Lomonosov’ University, Institute of Energy
NRU HSE, Joint Institute for High
Temperatures, Russian Academy of
Sciences, developed an “Atlas of
renewable energy resources in Russia.

The source of the initial information
was the NASA SSE database (July 1983 —
June 2005)

ATnacbl pecypcoB BO30OHOBJISA€MOU
3Hepruu Ha Ttepputopumu Poccuu

B 2007 r. BbinyweH nepBbin CnpaBoOYHUK
no pecypcamMm BO30OHOBMNS€MbIX UCTOYHUKOB
3Heprun Poccum n MeCcTHbIM Bugam Tonnumsa
nop pepakumen A.T.H. [.I. Be3pykux.

B nepuoa 2008 - 201lrr. a.Tt.H. B.Il.
HukonaeBbIM Oobinu BbINYyLWEHbI pag
MoOHorpacdun, B ToMm uucne:. HaumoHanbHbIN

KapacTtp BeTpo3dHepretTu4eckKkux pecypcoB
Poccum n MeToaun4eckKkue OCHOBbI nx
onpepereHus.

B 2015r. cneunanuctamm MI'yY mmeun M.B.
JlomoHocoBa, WHcTuTyTa 3Hepretnku HWUY
BLU3, O6beAUHEHHOro MHCTUTYTAa BbICOKUX
TeMmnepartyp PAH pa3paboTaH ATtnac
pecypcoB BO30OHOBNSAA€MOM 3HEpPrunm Ha
Tepputopun Poccun. B KayectBe MUCTOYHMUKA
ucxogHonm wuHdopmaumm Ucnosib3oBanachb
6a3a gaHHbIx NASA SSE (uionb 1983 - uUlOHb
2005r.).




Cadastre of renewable energy sources of the Republic of
Belarus

In 2012, in the Republic of Belarus, a “State cadastre
of renewable energy sources” was developed. Table 1 shows
information from the Cadastre for one of the wind turbines. It is
noteworthy that for this installation information is provided on fuel
economy (tons/year), as well as on prevented greenhouse gas
emissions (tons/year) and pollutants (tons/year).

NEG Micon NM 48-750 wind turbine near the village of Avgustovo

Organization name: i
T f W

LLC “Windenergoprom”V ype of energy used: Wind energy
Thet f duced:
© ype SR AR Electric capacity: 0.75 MW
Electric

Annual electricity generation,Annual electricity output, MWh / year:
MW-h/year: 2316.60 2316.60

Annual heat production

" Annual heat output, Geallyear:
Gceallyear P y

Number of hours of work perSaving of standard fuel, tons of fuel
year: 3120 equivalent per year: 284.56

Reducing greenhouse g
emissions,
tlyear: 2340.00

as : .
Decrease / increase of main pollutants
emissions, t/year: -8.17

Kapactp Bo306HOBNAeMbIX UCTOYHUKOB
aHeprumu Pecnybnuku Benapychb

B 2012 r. B Pecny6nuke benapycb
cchopmmpoBaH rocyaapcTBeHHbIM Kagactp BUJ. B Tabnuue
npuBeneHa nHcpopmauums us ykazaHHoro Kagacrtpa, no ogHow
13 BEeTPOYCTaHOBOK, BKJllovaloLlas, B TOM Yucne gaHHble no
3KOHOMUM TonnuBa (Ty.T B roA), a Takxe no
npenoTBpaLLéHHbIM BbIGpPOCaM NapHUKOBLIX ra3oB (T/roa) un
3arpsisHsiloWMM BellecTBam (T/ron).

Ta6bnuua. BeTpoaHepretuyeckas ycraHoBka NEG Micon NM
48-750 B panoHe A. ABrycToBO

Ha3BaHue opraHusauum: Bua ncnonb3yemMon aHepruu:
00O «BuHasHepronpom» OHeprua BeTpa

BnipabatbiBaemMbi BUA

AnekTpnyeckasa MowWwHocTb: 0,75
3Heprum:

MBT
AnekTpnyeckas
FopoBas BbipaboTka .

FopoBOM OTNYCK 3NMEKTPO3HEpPruu,
3NEeKTPO3HEeprum,

MBT * uroa: 2316,60 MEr * wrogiigalE Ly

FopoBas BbipaboTka Tenna, -
FlopoBom oTnyck Tenna, Nkan/roa:

Mkan/ropn :

Konu4yectBO 4acoB pa6oTbl B[9KOHOMMUSA YCIIOBHOrO TONMUBA,
roa: 3120 T y.T./ron: 284,56

CHMxeHue BbIOpocoB CHmxeHuelyBennvyeHue BbIOPOCOB
NapHUKOBbIX ra3oB, T/roa: OCHOBHbIX 3arpsA3HAIOLLNX

2340,00 BellecTB, T/roa: -8,17




The results of a comparative
analysis of the experience of
assessing the energy potential
of solar and wind energy by the
CIS member states

1. When developing the
Atlases of Kazakhstan and

Uzbekistan, the main
contractors were foreign
companies funded by
international financial
institutions. When developing

the Atlas of Russia, domestic
teams developed their own
detailed methodologies that fully
take into account  world
experience.

Pe3ynbTaTtbl CpaBHUTENLHOIO
aHarnusa onbiTa rocygapcTB-
y4yacTtHukoB CHIT oueHku
3HepreTU4ecKoro noteHumana
COJIHEYHON N BETPOBON 3HEpruu

1. Mpwu pa3paboTke  ATnacoB
Ka3zaxcTtaHa " Y36ekucraHa
OCHOBHbIM UCMNONMHUTENeM Obinu
3apybexHble KOMMaHuu,

douHaHCUpyeMble MeXAyHapOAHbIMU
MHAHCOBLIMN UHCTUTYTaMM.

Npu pa3pabotke Atnaca Poccumu
OTe4YeCTBEHHbIMU KONneKkTuBammu
Obilnn pa3paboTaHbl COOCTBEHHbIE
AeTanbHble METOAWKU, B MOJIHOU
Mepe y4YuTbiBaroLwme MMPOBOM ONbIT.
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The results of a comparative
analysis of the experience of
assessing the energy potential
of solar and wind energy by the
CIS member states

2. When developing all
considered solar atlases, data
from NASA SSE database with a
19%1° grid were used as initial
information on the energy
density of solar radiation.

Pe3ynbTaTtbl CpaBHUTENBHOIO
aHarnu3sa onbiTa rocyaapcTB-
y4yacTtHukoB CHIC oueHkun
3HepreTM4eCcKoro noteHyuana
COJIHEYHON N BETPOBOMN IHEprumn

2. Mpwu pa3paboTtke BCeX
paccMmaTpmBaeMbIixX aTnacos
CO/ITHEYHOU 3HeprMm B Ka4vecTBe

ncxooHom nHdpopmMmauum o
MAOTHOCTU 3HEeprMn  U3ny4vYeHus
MCMnonb30BariuChb OaHHble =1

NASA SSE c ceTkon 19x1°.




The results of a comparative
analysis of the experience of
assessing the energy potential
of solar and wind energy by the
CIS member states

3. In the development of the
Atlas winds of Kazakhstan in the
calculations were not
considered real power curves of
wind turbines and do not take
into account the frequency of
wind speed, which essentially
reduces the accuracy of the
calculations.

Pe3ynbTaTbl CpaBHUTESIbHOIO
aHarnu3sa onbiTa rocyaapcTB-
y4yacTtHukoB CHIC oueHkun
3HepreTM4eCcKoro noteHyuana
COJIHEYHON N BETPOBOMN IHEprumn
3. NMpu pa3paboTke AtTnaca BeTpoB
Ka3axcTtaHa B pacyeTtax He

paccMmaTpuBanucb KpuBble
MOLLHOCTHU peanbHbIX
BeTporeHepaTopoB n He
yuyuTbiBanachb NOBTOPAEMOCTb
CKOpPOCTHU BeTpa, 4yTo
NPUHLUNMANBHO CHUXaeT TOYHOCTb
pac4yeToB. CyLiecTBeHHbIM

AOCTOMHCTBOM ATnaca sBnsiercs
ero AOCTYNHOCTb B WHTEpHeTe U
MHTePaKTUBHOCTDL.




The results of a comparative
analysis of the experience of
assessing the energy potential
of solar and wind energy by the
CIS member states

4. When developing the Wind
Atlas of Uzbekistan, satellite
observations without reference
to the source were used as basic
information, only average annual
wind speeds at an altitude of
80m were estimated, and the
technical potential was not
calculated. The declared
Interactivity due to the lack of
access to the Atlas on the
Internet cannot be confirmed.

Pe3ynbTaTtbl CpaBHUTENBHOIO
aHarnu3sa onbiTa rocyaapcTB-
y4yacTtHukoB CHIC oueHkun
3HepreTM4eCcKoro noteHyuana
COJIHEYHON N BETPOBOMN IHEprumn

4. NMpwn paspabotke ATnaca BeTpoB
Y36ekuctaHa oueHMBaNUCb TOMNbKO
cpeAHerofoBble CKOPOCTU BeTpa Ha
BbicoTe 80M, pacyeT TeXHUYeCcKoro
noTteHuuana He npoBoOAUrICA.
deknapupyemaa WUHTepakTUBHOCTb
nU3-3a OTCYTCTBUA AocTyna K Atnacy
B MWHTEepHeTe He MOXeT ObITb
noaTBepXaeHa.
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The results of a comparative
analysis of the experience of
assessing the energy potential of
solar and wind energy by the CIS
member states

5. When developing the Wind Atlas
of the of Russia, NASA SSE DB data
with a 1%1° grid on wind speeds
frequency at 50m altitude with
hourly resolution was used as the
basic information. In the printed
edition of the Atlas there are a lot of
maps which clearly reflect the
distribution of wind energy
resources throughout the country.
The lack of access to the atlas and
the calculated databases via the
Internet does not allow the
interactive mode of working with
Atlas.

Pe3ynbTathbl cpaBHUTENBHOrO aHanu3a
onbiTa rocyaapctB-ydyactHukoB CHI
OLleHKU 3HepreTMyecKoro noteHuyuana
COJZIHEYHON U BETPOBOW IHEpPrumn

5. lMpun pa3paboTtke ATnaca BeTpoOB
Poccuu B KayecTBe MCXOOHOW
UHopMaLumn Ucnosb3oBanncb AaHHbIe
BO NASA SSE c¢ cetkom 1%1° o
NOBTOPSIEMOCTU CKOpPOCTEUM BeTpa C
YacoBbIM pa3pelleHuem. B
nonurpacgpmyeckom wusgaHum Artnaca
npuBeAeHO MHOXECTBO KapT, Aalolux

UcyepnbiBaroLLyIO uHdopmauumio
OtcytcTBMe pfocTyna K artnacy w
pacyeTHbIM 06a3aM fAaHHbIX Yepe3

WHTEepPHeT He NO3BONISeT OCYLEeCTBNATb
PeXUM  MHTEepaKTUBHOU paboTbl C
Atnacom.




The results of a comparative
analysis of the experience of
assessing the energy potential
of solar and wind energy by the
CIS member states

It seems
appropriate to take into account

all the advantages of the
proposed approaches and
eliminate the existing

shortcomings to obtain a single
common methodology for
estimating wind and solar
potential in the CIS countries.

Pe3ynbTaTtbl CpaBHUTENBHOIO
aHarnu3sa onbiTa rocyaapcTB-
y4yacTtHukoB CHIC oueHkun
3HepreTM4eCcKoro noteHyuana
COJIHEYHON N BETPOBOMN IHEprumn

lNpeacrtaBnsieTcs
Lenecooopa3sHbIM
npeunmyLwiecTea npeanaraeMbix
noaxoanos n YCTPAHUTb
nmerowmecs He4OCTaTKU ansa
nony4yeHus eauHOM obLwen
MEeTOAO0NOrMn OUEeHKU NoTeHLuuanoB
BETPOBOU U CONIHEYHOWN 3Heprum B
rocyaapcrBax-ydyactHukax CHI.

yyecTb  Bce




Assessment of natural resources and gross
potential (Pgross)

solar power

OueHKa NpnpoaHbIX PECYPCOB U BasiOBOIO
noteHunana (ean)

COSTHEYHOW 3HEpPrumn

The following evaluation algorithm is recommended.
gross potential of solar energy:

partition of the territory of the country as a whole and
administrative unit

(AU) countries per cell (0.5° % 0.5 °)

geographical latitude and longitude, respectively;
calculation of the area of each cell, taking into account
longitude distortion;

calculation of average solar density

energy in the cell area;

Assessment Pgross solar potential

energy of the territory of the AU by summation
derived solar input values

energy for each cell AU;

Assessment Pval gross solar potential

energy throughout the country by summation

gross solar potential of all AUs

A similar method is used when calculating
gross potential of solar energy

with reference to zones of power supply: UES,
RES, IES, etc.

PekomeHayeTcsa cnenyrowmn anroputmM OLeHKN
BasfioBOro NoTeHuuarna CofiHeHHOW 3aHeprun:

. pa3bveHne TeppuTOpUN CTPaHbI B LIESIOM U
aAMUHUCTPATUBHO-TEPPUTOPUANbLHON eAUHULbI
(ATE) cTpaHbl Ha avenku (0,5°%0,5°)

reorpacuyeckom WNPOTbI U AONTOTbl, COOTBETCTBEHHO;
. pacyeT NnoLwaamn Kaxaon s4emku, C y4eTom
MCKaXXeHWA No Aonrore;

. pacuyeT cpegHen NNOTHOCTU COJNTHEYHOMN

3HEeprum Ha nnowaan A4YenKu;

. oueHka NBan BanoBoro noreHuuana ConHe4YHomn
3Hepruu Tepputopumn ATE cymmunpoBaHuem
NoJly4eHHbIX 3HAa4Y€HUN NOCTYNJIEHUA CONTHEYHOMN
3Hepruu AnAa Kkaxgown svyenku ATE;

. oueHka NBan BanoBoro noreHumnana ConHe4YHomn
3Heprum BCen TeppuTopun CTpaHbl CYMMUPOBaHUEM
BanoBOro noTeHuuana conHe4yHon aHeprum Bcex ATE

AHanornyHbIn MeToA UCNOSNbL3YEeTCA NpPU pacyeTe
BanoBOro noTeHLuana ConHe4YHon 3Hepruun
NPUMEHUTENbHO K 30HaM 3HeprocHabxeHus: ESC,
03C U3C wm np.




The recommended format of data on natural
resources of solar energy

PekomeHaauumn no eguHbIM TpeboBaHUAM K
NOAroToBKe MHAOPMaLUKN O NPUPOAHBIX
pecypcax COnHe4YHoW aHeprum

Systematized information on natural resources of
solar energy in the whole country with details on the
AU and the energy supply zones can be summarized
inbe} database, the format of which is given in the
table.

Format of the database of natural resources of solar
energy

Natural resources of
solar energy,
kWh/m?2-day

Considered
territory

Municipality

Region (region,
province, etc.)
Country

Power supply
zone, including:
UES

RES

IES

Decentralized

CucrtemaTuampoBaHHasi MHoOpMaLusa 0 NPMPOAHOM pecypce
COJTHEYHOW 3Hepruu B LIENIOM Mo CTpaHe C AeTanusauumen no
ATE n 30Ham aHeprocHab>xeHUsi MOXeT ObITb cBeAeHa B ba3y
OaHHbIX, hopmaT KOTOpOWN NpuBeAeH B Tabnuue

®opwmat B[] npMpoaHbLIX pecypcoB NoTeHuuana aHeprum

COoJiHUa

PaccmaTtpuBaemas
TepputTopus

MyHuuunansHoe
obpasoBaHue

PervoH (obnactb, kpan
nT.na.)

CtpaHa

30Ha
3HeprocHabxeHus, e
mom 4ucie:

ESC

03C

nac
HeuenmparnusoeaHHasi

MpupoaHble
pecypcbl CONTHeYHOMN
3Heprum,
kBm-4/mM?-0eHb




The recommended format of data on the gross
potential of solar energy

PekomeHgauum no eanHbIM TpeboBaHUAM K
NoaroToBke MHdopMaLum O BarioBOM
noTeHuUunane CorIHEYHOM 3HEPIrn

Systematized information on the gross potential of
solar energy in the whole country with details on the
ATE and the energy supply zones can be
summarized in a database, the format of which is
given in the table.

Format of the database of gross potential of solar

energy

o Total Gross potential
_ area, of solar energy,

territory km? min. KWh/year

Municipality

Region (region,
province, etc.)
Country

Power supply
zone, including:
UES

RES

IES
Decentralized

CucrtemaTusnpoBaHHas umHcopmaums o BasioBOM
noTteHuMane COJSIHEYHOW 3HEpruM B LIESIOM MO CTpaHe C
getanusaumen no ATE v 30HaM 3HepProcHabXeHus MoXeT
ObITb cBeAeHa B 6a3y AaHHbIX, hopMaT KOTOPOM NPUBEAEH B
Tabnuue

®dopmaTt B[]l BanoBoro noteHuuana aHeprum conHua

Oo6wasn BanoBbin noTeHuman
PaccmaTtpuBaemas nnowjagb, COJIHeYHoMn
TeppuTopusi KM? 3HepPruwn,MJiH.

kBm-4/200

MyHuumnansHoe
obpasoBaHue
PervoH (obnactb, kpau
nT.Aa.)
CtpaHa

30Ha
3HeprocHabxeHus, e
mom yucne:

E3C

03C

nac
HeuenmpanusoeaHHasi




Assessment of technical potential of solar
energy

OueHka TexHn4eckoro noteHuyuana (frex)
CONMHEYHOM IHEeprum

The technical potential of converting solar energy into
electrical energy for Considered territory is calculated by the
formula:

Ptech.ter.

= Fgr.ter.* (Ef foat * Ef finv * Ef for * Keer) 3)
where:

Piecnter. — technical potential of solar energy of the territory
under consideration, min. kWh/year;

Effyat — Efficiency of the solar battery. The average efficiency
of modern solar cells is about 16-18% under standard
conditions (AM spectrum 1.5, 1000 W/m2, 25°C);

Ef finy — Inverter efficiency (97-98%);

Ef f;, — Efficiency of step-up transformer up to 10-110 kV (96-
99%);

K:er — the territorial coefficient reflecting the share of the
total area of the territory in which it is possible to install solar
energy converters.

TexHunyeckun noteHuman MNrex npeobpaszoBaHUs aHEPrum
CONHLUa B 3NIEKTPMUYECKYIO SHEPIUIO ANsl paccMaTpuBaeMon
TeppuTOpMMN paccymTbiBaeTcsi no chopmyne

I-ITeX: nBaﬂ (KnnMOH II(I-IHMHB KnnTp K3eM )’

roe:
M., — BanNoBbIM NOTEHUMAN 3HEPrumn CorHua;
KNA,., — KNA npeo6pasosaHus conHe4vHoun 6atapen. K

COBpPEMEHHbIX COJNTHeYHbIX 6aTapen coctaBnseT okosno 20% B
CTaHAapTHbIX ycnoBusx (cnektp AM 1,5, 1000 B1/m2, 25 °C).

KnAa,,.. — KNA vieeptopa. KIMNJ 6onblunMHcTBa ceTeBbIX
MHBEPTOPOB HaxoauUTcs B panoHe 97-98 %

KNA,, - KNA noebiwatowero TpaHcdopmartopa Ao 10-110 kB
(B 3aBMCMMOCTHU OT TOrO, K KAKUM CETAM NilaHMpYyeTCcs
nogkntoyeHue). KM coBpeMmeHHbIX TpaHcopMaTopoB
nexuT B gnanasoHe 96-99 %.

K,em — KoadbcdonumeHT 3eMnu nokasbiBaeT AOMIO OT o6Luein
nnowann paccmaTtpMBaemMon TEPPUTOPMUN, KOTOPYLO MOXXHO
MCNonb30BaTh, C LieNbo BbIPaboTKM 3NeKTpo3Heprum 3a
cYeT COJTHEYHOro U3Ny4eHus




Recommended format for presenting data on the

technical potential of solar energy

PekomeHL
NOAroToE
norte

Format of the database of technical potential of solar energy

Technical potential
Kter of solar energy,
min. KWh/year

Considered
territory

Municipality

Region (region,
province, etc.)

Country

Power supply zone,
including:

UES

RES

IES

Decentralized

Paccmartp
TeppuTop

MyHuumnansHoe
~ obpasoBaHue
Pervnon

- Kpanh u T.4.

- CtpaHa

~ 3oHa

3HeprocHabxeHus,

8 mom yucre:
E3C

o0ac [

- uac

as




Assessment of natural resource of wind energy

OueHKa NpUpPOAHbIX PecypcoB 3Heprumn BeTpa

Assessment of natural wind energy resources is carried out using
such an index as wind flow energy density, by which is meant the
average power of the air stream flowing per unit time through the
cross section area of one square meter:

Ned=12p-X(ui3-ti)ni=1 (4)
where
Ned — energy density (power density) of wind flow, W/m2;
p — air density, kg/m3;
ui— average wind speed on the i-th interval of wind speeds, m/s;

ti — part of the time during which the wind speed is in the i-th speed
range.

For the calculation of the weighted average over the territory of the
Ned value, the considered territory should be represented as a set of
zones, in each of which wind-climatic conditions can be considered
conditionally homogeneous:

Ned.ter.=Z(Nedj-Sj/Stot.ter.)mj=1 (5)
where

Ned.ter. — energy density of the wind flow in the territory under
consideration, W/m2;
Nedj — energy density of the wind flow in the j-th zone, W/m2;

Sj — area of the territory under consideration that falls into the j-th
zone, km2;

Stot.ter. — total area of the territory under consideration, km2.

When working with a NASA database, a 1/20%1/20 cell (NASA
POWER) or 10%10 (NASA SSE) is taken as such a “conditionally
homogeneous” zone, when working with the GWA data-base, the cell
is 9%9 km (GWA 2.0) or 1/20%2/30 (GWA 1.0).

OueHKa NpUMpPOAHbIX PeCypcoB 3HEPrun BeTpa NpoBoAUTCS
C Ucnonb3oBaHMEM TaKOro nokasaress, Kak NfI0THOCTb
3Heprum BeTPOBOro NOTOKa, Noj, KOTOPOoM NOHUMaeTcs
CpenHAA MOLHOCTb BO3AYLLIHOM CTPyU, NpOoTeKaloLwen B
eAUHULY BpeMeHU Yepes3 nonepeyHoe cevyeHue nowaabio
B OAWH KBappaTHbIN MeTp:

1
Ny, = PL Z(utg i ti) €©))
i=1

roe

Ny, — NAOTHOCTL 3Heprum (yAenbLHas MOLWHOCTL) BETPOBOroO
nortoka, Bm/m?;

p — NNOTHOCTb BO3ayXa, ka/m3;

U;— CPeAHAA CKOPOCTb BeTpa Ha i-OM UHTepBaJie CKOpPOCTeWn
BeTpa, M/C;

t; —4acTb BPEMEHM, B Te4eHUe KOTOPOro CKOpOCThL BeTpa
HaxoAuTCA B i-OM MHTepBare CKOPOCTEN.

Onsa pacyeTa cpegHeB3BELUEHHOIO NO TEPPUTOPUMN
3Ha4eHus Ny, paccmaTpuBaemylo TeppuTopuio
Lenecoo6pa3Ho NpeacTaBUTb B BUAe COBOKYNHOCTU 30H, B
KaXX[,0W U3 KOTOPbIX BETPOKNMMaTUYECKue ycrnoBUs MOXHO
cyuTaTb YCIIPBHO OAHOPOAHbLIMU:

Nyu.Tep. 5 Z(Nyﬂj i Sj/SoﬁLu.Tep.) (5)
j=1

rae
Ny, rep. — MOTHOCTbL 3HEPrMM BETPOBOIO NOTOKA Ha

paccMmaTpuBaeMou Tepputopuun, Bm/m?;
I;ya_ j — MNOTHOCTb 3HEPrun BETPOBOro NOTOKa B j-O1 30He,
m/m?;

S; — nnowaak paccmaTpMBaeMoin TeppuTopum,

rionafaroLLas B j-k0 30HY, KM?;

So6m.rep. — OOLIAA NNOWAAL paccMaTpUBaeMon TeppuTopum,
KM?2.
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The recommended format of data on the

natural resources of wind energy

PekomeHpauum no e
nogroroBke nHdop

Format of the database of wind energy natural resources

database
Energy
. . density of
Considered territory )
wind flow,
W/m?2
Municipality
Region (region, province, etc.)
Country

Power supply zone, including:
UES

RES

IES

Decentralized

pecypcax 3Hepru

®opmart 6a3bl AaHHbIX N
BeTpa

PaccmarpuBaemas
TeppuTopumsA

MyHuumnansHoe
obpasoBaHue

PernoH (o6bnacrb, -

Kpan v T.4.)
CtpaHa

L
¢

30Ha
3HeprocHabxeHus,
8 mom 4ucrie.
ESC
0aC
nac
LeueHmpanu3oeaHH

as



Assessment of gross potential of wind energy

[eren
=107°- Negter.* Ssw* Kz-p * Tyear
* Ny tot. (6)
Ssq. = T DI%/W/‘I' ™
where

Py, ter. — gross potential of wind energy of the considered
territory, min. kWh/year;
S.w — surface area swept by the wind wheel, m?;

k,_g = 0,593 — he Zhukovsky-Betz coefficient (the wind
energy utilization factor of an ideal wind turbine);

Tyear = 8760 — the number of hours per year, hour;
Dy — diameter of the wind turvine wheel, m;

Nyt tor. — the number of wind turbines that can be placed on
the entire territory under consideration, pcs.

Mgan Tep.

=107°-N

* NBay o6m,
Som, —hug

roe

Yy

HBaJI TEP. — B
paccmaTtpu
Som — NNO
BETPOKOJIEC
k)K—B = 0,5
(koachcpuLy
mnaearnbHoO
Tron = 876C




The recommended format of data on the gross

wind energy potential

PekomeHpauum no

Format of the database of gross wind energy potential

Gross wind power
potential,
min. kWh/year

Considered
territory

Municipality

Region (region,
province, etc.)
Country

Power supply zone,
including:

UES

RES

IES

Decentralized

noarotoBke MHAC
pecypce 3aHepr

PaccmaTpuBaemas
TeppuTopus

MyHuumnansHoe
obpasoBaHue
PervoH (obnactb, kpa

nT.A.)
CtpaHa

s
- _gu D ES -

R

30Ha
3HeprocHabxeHus,
mom 4yucire:

ESC B 00

03C

Mac B 0

HeueHmparnu3oeaHHasi

e



Assessment of natural resources and gross
energy potential of solar energy

The technical potential of the wind energy of the territory under
consideration is a part of the average long-term total energy of the
wind flow, which can be converted into electrical energy at the
current level of technology development during the year in the
potentially accessible area of the territory under consideration:
Ptech.ter.

n m
=10"°. Tyear : NWT av. * Z Z(Pi : tij : Sj/stot.ter.) (9)
i=1j=1
where
Pi.cn.ter— technical potential of wind energy of the territory under
consideration, min. KWh/year;

P; —technical parameter of a specific model of wind turbines,
issued by the manufacturer and characterizing the amount of
electrical energy that the installation produces at wind speed u;,
kW;

t;j — part of the time during which the wind speed in the j-th zone
is in the i-th speed interval;

Nwr a». — the number of wind turbines that can be placed on the
potentially available area of considered territory, pcs.

To determine the value of Ny 4.it is recommended to adopt a
similar layout and model for calculating the number of wind
turbines, as in the assessment of the gross potential:

2
Nyt qv. = (1000/(10 ' DWW)) * Sav.ter. (10)
Where

Sawter. — potentially available area of the territory under
consideration, km2.

OueHka TexHun4yeckoro Mrex noreHumana
BETPOBOM 3HEprum

TEXAYECKAN MOTERLAall SHEPTA BETpa paccMarpuBaemMon
TEPPUTOPUM — 3TO YaCTb CPEeOAHEMHOTOMNETHEN CyMMapHO
3Heprum BETPOBOTO MOTOKA, KOTOPas MOXET BbITb
npeobpasoBaHa B 3NIEKTPUYECKYIO SHEPTUIO MPU CYLLIECTBYIOLIEM
YPOBHE pa3BUTKs TEXHOSOMMI B TeYEHWe roga Ha noTeHumansHoO
[IOCTYMHOW NnoLiaan paccMaTpuBaeMon TEPPUTOPUN:

HTex Tep.

= -6
=10 1 Troa . NBSY JIOCT.
n m

' Z Z(Pl : tij ) Sj/So6Lu.Tep.) (9)
i=1 j=1

roe
[ex rep. — TEXHUYECKWIA NOTEHLMAN SHEPrM BETPa
paccmaTpMBaeMon TEPPUTOPUMA, MITH. KBT-y/rog;
P, — TEXHMYECKMIA NapaMeTp KOHKPETHOW Mogenu BAY,
BblJABAEMbI NMPOV3BOAUTENEM U XapaKTEPU3YIOLLIMIA KOJIMYECTBO
3MNEKTPUYECKON SHEPIMU, KOTOPOE BbipabaTbiBaET yCTaHOBKA Npu
CKOpPOCTM BETpa u;, KBT;
tjj — 4acTb BPEeMeHW, B TEYEHVE KOTOPOrO CKOPOCTL BETPa B j-O1
30He HaxoAWTCS B i-OM MHTEpPBarne CKOpoCTewn;
Npay gocr. — KONM4ecTBo BAY, KOTOpOe MOXHO pasmMecTUTb Ha
NnoTeHLMansLHO AOCTYMHON NroLaan paccMaTpyBaemon
TEPPUTOPUM, LUT.
Ons onpeaeneHnsa sHaveHUs Npsy o0, PEKOMEHAYETCA

NPYHMMAaTb aHaNoOrMYHy0 CXeMy pa3MeLLeHMs U MOAEeNb pacyeTa
konnyecTtea B3Y, 4uTo 1 npu oLieHke BarioBoro noteHuyuana:

2
NBSY,uoc-r. =5 (1000/(10 ) DBK)) 1 S,CLOCT.Tep. (10)
roe
Sjocr.rep. — MOTEHLMAMBHO JOCTYMHAS MIIOLWAAL

paccMmaTpuMBaemMon TeppuTopumn, KM2.




The recommended format of the data on the

technical potential of wind energy

PekoMeHgaLum no

Format of the database of technical potential of wind energy

Technical wind
Considered territory | power potential,
min. kWh/year
Municipality
Region (region, province,
etc.)
Country

Power supply zone,
including:

UES

RES

IES

Decentralized

nogroroBke nHgo
noreHunane

PaccmaTtpuBaemas
TeppuTopusA

MyHuumnansHoe
obpasoBaHue

PervoH (obnacrtb, Kp'_ o
nT.Aa.) ;v“.

CtpaHa

30Ha

3HeprocHabxeHusi, e

mowm 4ucrne:

ESC B |
03C

uac B

LeueHmparnu3oeaHHasi




Assessment (accounting) of the fuel
potential (effect) of RES

The fuel potential of renewable
energy is calculated by the
formula:

F = Piochter. be
where

F — fuel potential of renewable
energy sources, tons of fuel
equivalent per year;

Psocnter— technical potential of
RES, min KWh / year,

b, — the specific fuel
consumption for the generation
of electricity at TPPs, in grams
of fuel equivalent/kWh.

OueHKa TONMMBHOrO NoTeHumana
(adbhbekTa) BUD

TonnueHbIM NoTeHuman B3
paccynTbiBaeTCcs no popmyne:

B = I ex TEPIN b, (11)
roe
B — TonnueHbIN noTeHuman B3,
T y.T./rog;

[l 1ex rep. — TEXHUYECKUIA MOTEHLIMAT
B3, mnH. kBT-4yac/roa;

b, — yaernbHbIN pacxoq TonnmMBa Ha
BblpabOTKY 3M1EKTPO3HEPIN Ha
TOC, r y.T./KBT-u.




Assessment (accounting) of the fuel
potential (effect) of RES

The basic information on the actual
values of the SFC in GRF/ kWh for the
assessment of fuel potential of
renewable energy sources are official
reporting data on specific fuel
consumption at TPPs, published in the
documents of the Executive
Committee of the EES of the CIS,
including:

» Annual report "Electric Power
Engineering of the Commonwealth
of Independent States"

» consolidated monitoring reports
of the “Roadmap on key
environmental issues of the
integration of the electricity
markets of the EU and the CIS”.

OueHKa TONMMBHOrO NoTeHumana
(adbhbekTa) BUD

MUcxoaHon nHcpopmaumen o
thakTU4YeCKNX 3Ha4YeHUAX
koacpdpuumenta ba ( r y.1./ KBT-4)
cnyxaTt opmumanbHble OTYETHbIe
AaHHble 00 yaenbHbIX pacxogax
Tonnuea Ha TAC, ny6nukyemoie B
AOKymMmeHTax AcnonHuTenbHOro
komuteta 3C CHI, B TOM uynucne:

» exerogHom cOopHUuKe
«ONeKTpo3HepreTuka
CoppyxectBa HesaBucumbix
FocypapctBy;

» CBOAHbIX OTYEeTaXx O MOHUTOPUHre
«[JOpOXHOU KapTbl NO KNo4YeBbIM
3KONOrm4eckum Bonpocam
oo0beanHeHus
3NIeKTPO3HEepreTU4eCKnX pbIHKOB
EC n CHIM».
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Dynamics of specific fuel consumption for electricity supply at power plants of the CIS
member states * for the period from 2000 to 2016, in grf / KWh

OuHaMuKa yaenbHbIX pacxoaoB TONSIMBA Ha OTMYCK 3SIEKTPO3HEPrnm Ha ANeKTPOoCTaHLUAX
rocyaapctB - ydyactHukoB CHI™ 3a nepuog ¢ 2000 no 2016roa, r y.1./ KBT*4

CIS member states 2000 2005 2009 2010 2011 2012 2013 2014 2015 2016
FocynapctBa — yyactHuku CHI

The Republic of Azerbaijan 411,3 |378,8 3279 |317,6 |313,5 |314,2 | 303,6 | 293,5 291,96 | 285,73
Asepb6angxaHckaa Pecnybnuka

Republic of Armenia 373 390,7 |384,1 |304,0 |2850 |299,4 |[289,2 |[298,0 285,3 283,1
Pecny6nuka ApmeHwus.
Republic of Belarus 2748 2746 |267,7 |268,9 |264,3 |254,6 | 256,1 | 246,8 235,5 230,4
Pecnybnuka Benapycb
The Republic of Kazakhstan 385,0 |362,2 |350,8 |352,2 |3550 |360,1 [361,9 |[378,2 382,1 382,5

Pecnybnuka KasaxcrtaH

Republic of Kyrgyzstan 262,5 |252,4 |409,9 |403,0 |405,7 |407,0 |401,1 |4118 417,1* | 424,7*
Kbiprbizckaa Pecnybnuka

The Republic of Moldova 346,0 | H.p. H.A. 279,4 | 2495 |254,5 |250,2 |238,6 299,4 227,9
Pecny6bnuka MonpoBa

Russian Federation 341,2 |334,3 |333,1 |3344 |330,6 |334,0 (3287 |[3255 322,8 319,3
Poccunckaa Pepepauus

The Republic of Tajikistan 326,6 |[269,9 |[341,8 |440,7 |4052 (3884 |360,2 |4418 219,7 364,4
Pecny6nuka TagXukuctaH

Turkmenistan 371,0 |439,6 452,2 461,6 | 444.,8 H.A. H.A. H.A. H.A. H.A.
TypkmeHucTtaH

The Republic of Uzbekistan 379,5 |381,0 |383,6 |3799 |378)9

379,8 |374,1 |37556 |374,89 | 37581

Pecnyb6nuka Y3bekucrtaH




Estimated prevented greenhouse gas emissions

OueHka npenoTBpaLléHHbIX BbIOpOCOB
NapHUKOBLIX ra3oB

Since at TPPs more than 99% of GHG
emissions are CO2 emissions, it is
recommended to estimate the
prevented emissions of greenhouse
gases only for this greenhouse gas.

Gross CO2 emissions are
recommended to be determined by the
formula

Mco, = KxB, + K xB, + K,xB,,

Tak kak Ha TOC bonee 99%
Bblbpocos " cocTaensoT BbIOPOCHI
CO,, TO oueHKYy npeaoTBpaLLEHHbIX
BbIBPOCOB NAapHUKOBLIX ra3oB
peKkoMeHOyeTCs NPOBOAUTL TOSBbKO MO
9TOMY MapHUKOBOMY rasy.

Banosble Bbibpockl CO,
pekoMmeHayeTcsa onpeaensTb Nno

doopmyre

Mco, = KxB, + K xB, + K,xB,,




Estimated prevented greenhouse gas emissions

OueHka npegoTBpaLéHHbIX BbIOpPOCOB
NapHUKOBbIX ra3oB

B¢, Bc, Bro— respectively, the
consumption of natural gas, coal and
fuel oil in tons of reference fuel (trf)
substituted by the corresponding fuel
potential of RES;

K¢, K¢, Krpp— emission factors emission
factors (specific CO, emissions) from
the combustion, respectively, of natural
gas, coal and fuel oil in tCO,/trf.

Br, By, Bm — COOTBETCTBEHHO,
pacxoq nNpupoaHOro rasa, yrng u
MasyTa B TOHHax YCNOBHOro TonsiMea
(TyT), 3ameLLaembin
COOTBETCTBYIOLLNM TOMSIUBHLIM
noteHuuanom BUO;

Kr, Ky, Km — koapdpunumneHTbl ammccum
(yoenbHble Bblbpockl CO2) npu
C)KUraHMN, COOTBETCTBEHHO
NpPUPOLHOro rasa, yrna 1 Masyta B
TCO2/T Y. T




Estimated prevented greenhouse gas
emissions

OueHKa npeaoTBpaLléHHbIX BbIOpOCOB
NnapHMKOBbIX ra3oB

The quantitative values of emission factors are
recommended to be taken as equal, respectively:

K; = 1.62; Ko = 2.76; Kpp = 2.28

The values of these factors were obtained on the
basis of the Inventory of greenhouse gas
emissions of CHPs of RAO UES of Russia, take
into account almost all types of solid fuel burned in
the CIS countries and are confirmed by an
international independent expert evaluation.

KonnyecTtBeHHble 3HadYeHMa  Ko3dhULMEHTOB
9MUCCUN  PEKOMEHAYETCA MNPUHATb PaBHbIMMU,
COOTBETCTBEHHO:

Kr=1,62; Ky = 2,76; Km = 2,28.

[aHHble 3HadYeHus KO3 PUUMEHTOB MNONYYEHbI
Ha OCHOBaHMM WHBeHTapu3aumm BbIOpoOCOB
napHukoBblx raszos TOC PAO E3C Poccun,
YYMTbIBAKOT MPaKTUYECKN BCE BUAbI CXKUraemoro
TBEpooro TorymBa B cTpaHax CHIT wu

nogTBepPXaeHbl MeXayHapoaHOM He3aBUCUMOW
aKCNepTU3on




Assessment of prevented emissions of pollutants

OueHKa npeaoTBpaLLléHHbIX BbIOpPOCOB
3arpsi3HAKOLWMNX BelwecTB

The ecological potential of RES is
calculated by the formula:

M=B-K 1073
Where

M- volume (mass) of prevented emissions of pollutants,
tons/year;

B— fuel potential of renewable energy sources, tons of
fuel equivalent per year;

k  — specific emission of nitrogen oxides when burning

NO,

natural gas, coal, fuel oil, kg/tons of fuel equivalent;

k — specific emission of sulfur dioxide when burning
S0,

coal, fuel oil, kg/tons of fuel equivalent;
Kep™ specific emission of solid particles (ash) when

burning coal, kg/tons of fuel equivalent.

JKonoruyeckum noreHuman BUS,
TyT/rog paccuymTbiBaeTcs no

¢dopmyne
M=B-K-1073

roe:

I\//I - 06bEM (Macca) npenoTBpaLLEHHbIX BeibpocoB 3B,
T/rop;

B - TonnueHbIn noTeHuwan BND, Tyt/rog;

KNOX — koathpmumneHT ammccmm (yaenbHblii Bel6poc)
OKCWAOB asoTa- Kr/T y.T. IpU CXXUraHUm nNpUpoLHOro
rasa, yrns, masyTa;

KSO2 - koadhdpurumMeHT ammuccum (yaenbHbln BbIGPOC)
Anokcuaa cepbl- Kr/T y.T. Npu CKUraHUn yrig, masyTa;

KTy - koachpmumeHT smuccum (yaenbHbivi Belopoc)
TBEPAbIX YacTuL, (30Mbl) Kr/T Y.T. NPU CXXUraHUK Yrns.




Assessment of prevented emissions of
pollutants

OueHka npegoTBpaLléHHbIX BbIOpPOCOB
3arpA3HSAOLWMX BELLECTB

Quantitative values of specific emissions of
pollutants

PS - (Kyo,: Kso,, Ksp),

must be taken taking into account the
organic fuel burned in the territory under
consideration. For this purpose, it 1Is
recommended to use the standard values of
emission coefficients for newly

commissioned and reconstructed boilers
installed in GOST R 50831-95

and TR Republic of Kazakhstan

“Requirements for emissions into the
environment when burning different types

KonuyecTBeHHbIC 3HAYEHUS YAeJbHBIX
BbIOPOCOB (KI/T Yy.T)

3B - (Kyo, Kso,, Ksp),

HE00X0AMMO MNPUHUMATL C Y4Y€TOM
CKMIaeMoOro Ha  paccMarpuBaeMou
TEPPUTOPHU OPraHUYecKoro romiausa. C
ITOU HeJIbI0 pPeKoMeHayeTCs
KCI0JIb30BATh HOPMATHBHbIC 3HAYCHUS
KO3 (PUIHUEHTOB JSMHUCCHUM [JII BHOBb
BBOJIUMBIX U PEKOHCTPYHUPYEMBIX

KOTEJIbHBIX YCTAHOBOK IPUBEJCHHBIX B
I'OCT P 50831-95

U TP PecnyOiuku Ka3zaxcran
«TpedoBanus K IMUCCUAM B
OKPYKAKIIYK Cpeay MNpPU CKUTAHUU

NAD T TIAITITLIVY DIATTND TANATYT TTIAD € D




Principles for the development and
implementation of regional programs

Program structure

The draft program should include:

goals and objectives of the program, specified qualitatively and
quantitatively;

stages and terms of the program;

justification of financial and other costs;

calculations of socio-economic efficiency and assessment of
environmental consequences;

description of the mechanisms for implementing the program
(necessary regulatory and institutional changes, system for stimulating
and attracting financial resources, organizing program management and
monitoring its implementation);

information on government customers and program
implementers.

The main stages of the development and implementation of
the program

It is conditionally possible to distinguish 5 stages of program
development, including:

Comprehensive analysis of source data and concept
development;

Assessment of renewable energy potentials;

Assessment of the environmental and fuel effects of the
realization of the potentials of wind and solar energy;

Description of measures that can be used to realize the
potentials of wind and solar energy.

Monitoring the implementation of the program.

MpuHUMNBLI pa3paboTKu U peanusauun
permoHanbHbIX NporpaMm

CTpyKTypa nporpamMmmsbl

*[MpoekT nporpammbl JOJPKEH BKIOYAT:

*LeNn 1 3aga4un NPorpaMmbl, KOHKPETU3NPOBAHHLIE
Ka4yeCTBEHHO U KONMMYECTBEHHO;

*3Tanbl U CPOKUN BbINOJSIHEHNSI NPOrPaMMbl;

*000CHOBaHWe (OMHAHCOBLIX U OPYrMX 3aTpar;

*pacyeTbl coLManbHO-3KOHOMUYECKON 3ChEKTUBHOCTI 1
OLIEHKY 3KOJIOrMYECKNX NOCMEeACTBUN;

*XapaKTEPUCTUNKY MEXaHN3MOB OCYLLECTBIIEHUS] MPOrPaMMbl
(HeobxoauMble HOPMaTUBHO-NPaBOBLIE W MHCTUTYLIMOHAIbHBIE
N3MEHEHWS!, CUCTEMY CTUMYSIMPOBAHMS U NPUBMAEYEHUS
(PUHaAHCOBLIX PECYPCOB, OPraHN3auuio ynpaBnieHuns
NpOrpaMmon 1 KOHTPOSb Haf, XO4O0M €€ BbINOSHEHUS);
*CBEIEHNS O FOCYAAPCTBEHHBIX 3aKasdmKkax v UCMOSTHUTENSAX
nporpamMmei.

OCHOBHbIe 3Tanbl pa3paboTku U peanusauum NporpaMmmbl
YCnoBHO MOXHO BblAennTb 5 3TanoB pa3paboTky NporpaMmmbl, B
TOM YucChe:

KomnneKcHbIn aHanm3 UCXodHbIX AaHHbIX U pa3paboTka
KOHLLenuuu;

OueHKa NoTeHuManoB BO30GHOBNAEMON 3HEPreTUKMU;
OueHKa 3KONorn4yeckoro n TonsiMBHoro adcpekroB
peanusauum NoTeHLuManoB BETPOBOWU U COSNTHEYHOMN
3Hepruu;

OnucaHune mMep, KOTOpbie MOryT OGbITb UCMONb30BaHbI ANA
peanu3auum NoTeHLUManoB BETPOBOW U COSNTHEYHOMN
3Hepruu;

MOHUTOPUHT peanu3aumm NporpamMmel.



Goal 7: O
Ensure access to - @ _
affordable, reliable,

- ~
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sustainable and
modern energy for all.

bnaropapum 3a
We thank you for



