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RESUME

The paper presents the optimal modeling of structure of the electricity production
capacity.

The work involves an introduction, literature review, three chapters, conclusion,
bibliography and appendices.

The first chapter ,,Georgian energy’s geopolitical place and role in the world
economy", dedicated to the study of the role and geopolitical place of energy.

In today's world started the search of nontraditional, renewable energy efficient use,
to switch the scarce energy resources, such as coal, natural gas and oil to renewable
sources of energy. In addition, the use of renewable energy to come to the first place due
to factors such as the limited supplies of traditional energy resources, global warming and
increase in the number of energy customers. Georgia have renewable energy potential
and it is one of the richest countries regarding the hydropower and renewable energy
sources. The development of energy sector will allow to satisfy the internal demand and

become major regional exporter of electricity.

Based on the data of the World Bank, presented indicators of Turkey, Azerbaijan and

Europe’s one of the developed countries, Norway, (which corresponds to the amount of
the population with Georgia) during 2002-2012 years. Indicarots are as follows:
production and total consumption of the electricity of by own facilities. production and
total consumption of the electricity per capita population. The amount of electricity
produced by hydroelectric power and percentage part of total industrial production, as
well as carbon dioxide emissions. Georgia’s Geopolitical role and importance show one
of the indicators hydropower electricity obtained by using renewable sources. The
analysis showed that Georgia exceeds the corresponding figures for Turkey and
Azerbaijan, and only a few percentage points lower than in Norway. The geopolitical role
of Georgia in the South Caucasus will grow, if it successfully engage in in the world
emissions trading system, where low-emission countries can sell their quotas and high-
emission countries will purchase it to meet their duties on the reduction of emissions in
accordance with the terms of the agreement of ,, Kyoto Protocol”. Georgia have a good
level of carbon dioxide emissions by comparison with Turkey and Azerbaijan. Georgia's
geopolitical location, which is situated between the South Caucasus and South-Eastern
Europe, will contribute to strengthening the security of energy supply in Georgia.

The second chapter ,,The modeling of the structure of the electricity production

capacity" linked with the Georgian energy strategy with the aim to present a priority for
the promotion of public and private investment and technological development in the
energy sector. The strategy aims, the need to ensure a production increase up to 14
billion kwWh of electricity during the forecast period, in the years 2015-2020. The
growing needs of electricity demand is the prospective task on the agenda for the
development of energy capacity, which provides him the charges of economic criteria,
such as non-renewable energy resources and the level of spending. It is appropriate
distant perspective, maintaining the ecological balance of the capital needed for the
reasonable volume, etc., represents multycriterial task, that can be solved by building a
mathematical model.



According to the data of 2013-2014, the annual output of electricity in Georgia, was 10
billion kWh and if we consider that this amount will remain in the following years, by
2020, we need 4 billion kWh additional energy to reach the projected figure (14 billion
kwh). On the basis of the scientific research, developed a model of the electricity
production capacity, where optimally allocated capital, labor and financial resources.
According the objectives and constraints, the following conditions are satisfied: for the
perspective period 2015-2020 should be built hydropower stations with a regulating
reservoir - 908 MW with peak load. It is recommended to construct a 20 MW wind
energy plant as well (the Gori district project) and 230 MW capacity gas-fired heat power
station. 85 MW small hydro power plants should be built to meet the demands of the
local regions.

The third section presents ,,Hydropower plant selection by fuzzy logic". In order to

determine which of the medium and large-capacity power plants entered in action, or in
an additional 908 MW capacity Hpps will fil the structure, we use the fuzzy logic
elements. We make the choices of such criteria, that quantitative values do not possess
and we should use linguistic mathematical modeling on the basis of the software package.
The information processed by the computer program on each of the Hpps, with reservoir
volume and assecced the environmental impact of each criteria. Each criterion has the
quantitative importance and the software package on the basis of the report by entering
the characteristics of weight coefficients and their influence on the overall level are built
charts and diagrams.

On that basis, have been subjected to economic analysis 15 medium and large

plants from presented by the Ministry of Energy 60 perspective HPPs. Special attention
was paid power plants, which have a regulating reservoir, because they have the most
negative impact on the climate, ecological, geological and social conditions.

For each HPP, calculated the following greenhouse gases emissions, like carbon dioxide
(CO2), methane (CH4) and nitrous oxide (NO2). Rated evaluations of investment in
hydro power plants, each plant is given to the relevant points, from 1 to 100. Hpps above
20 points is considered to be the object of negative environmental impacts. Each of the
power of negative environmental impacts. After evaluation in percentages as follows: the
most negative impact makes Khudoni Hpp, the weighted average number - 46.66% and
the Nenskra Hpp - 23.63%. Thus, excluded Nenskra and Khudoni power stations, and the
desired amount of electricity can be obtained without pain, in particular involuntary
resettlement and without compulsory deprivation of private property;

The developed optimal structure of the power energy grid by 2020 will meet the
country's electricity needs with concidering the economic, environmental and territorial
distribution of production capacities.

The results of executed works are given in the conclusion. The annexes include
illustration tables.
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Jotrmbogy®gdol  Boges  godmdggdnmo  gemgdhtemgbgtrgool  Gomgbmds
bot@ocmyts  3oBggbgdemgddo o 3Gmpgbhemo  Gomegbmds  LogbHom
Bo6dmgdoda, 9369m3g bobdotmeyobgol gdolool Gomegbmds. Lodotamggemmb
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Bo63cogdols (az, az, az, an, ax, ax), 3o3odeeryco b6 (@s, as, as, a, as,

12



asq) O 6@0‘36)0 l’°8db3@3°0°(3°m bot4>33?>ol) (a4, a4, ae, a4b, Adc, Adq), lsoo3*ad33@83
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dg0Gomotgdmo  Aowogonmo Locdmdol 3s8myggbgds 4500 Losody Bgho
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bo8dmogthom, Gedmgloy  ©93B0YMROEMGIYE  SZomEG0g  Bemonbeogbol
69300695300, (3b65.1).
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5 306@603033[)0 5
6 | bbocmarodglo 9.8
7 | 96335cmodqbo 8.8
8 | mgbm3ocmoncodgbo 1.8
9 Sooaosonéngsbo 1.8
10 Sogbgaoﬁabn 5
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gemgdtymboceanéo 20 3330y oo 3mbgdtog sodg deadyBogg cmdmbiacoanéo 230 3¢
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0gdohgdmeegl 200 demb mo®L: 85000770+908000770+230000*370+20%100< 200
demb mo60. 156 8emb oo < 200 3emb motoa. gl 3oemdoy Igbenemgdnmos.
obgmo  3030domto EodbEgdGd0L ML odohgdome Loddmmogihggdol Bogé
domgdyemo gbgergoes hmemos: 85000*3000+908000°3000+230000*4500+20000*3000= 4

Bt 3ghbon.
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g0l go8mygbgdocn”. 08obosorgol, Goms gobglisdegmm, o Gedgmo
boByorme  ©> ©owo  LoBdamogol  JowBmgagdhBmbswaytgde  dgzowbgb
8cogBgeogdodo, o6y GmBgamo eBohgdomo 908 Bk Loddmogtoos  dgogbeols
gmgdBhBmbobihgBol  Loddmmogthagdol  LhGudhnGe,  as8mygbgdnemos  a3edo-
wegogob gemgdgbhgdo, Gowgob o6Bggobo 39mwmgds obgoo  3EohgEodgdol
Bobgrogos, GmBgamms Bbhe Gommgbemdtogo Fodzbgmamdgdo o6 gooBBosm ©s
393mg0ygbmon  mobagolyyGo  4B5cdgledol  BomgBohogy®  Bemcogematagiol
boogydggemBg 3gg8Bocmo  GmgGednamo 4BEGYEgmymamel 353900, 8a56How,
008353000 3008307hgtorm 3Gmg@odado  IgBsgeemo 0BogeBoed 0¥00mgmo
3gbob  Byoembogogol  Beogmemmdol o0 gothgdmBg  BgBengBgcogdol  Ubgs
360t 908930L Bobgrogoo. smBodbymol Loogydagemdy, (9960 36-9306m80 376
96oemoBl  eogd3gBegdete  Logotomggamml  g6gGaghool LaBoBobhel Sogh
Bot3mmagbomo  396L3gdhogodo  obsBgbgdgmmo  60-3g  Joctmgangdhte-
boeanEosb 15 LaBysemm o oo 3gbo. 30BbszncGgmo Yytowmgel d3gd
Bogdye oL 3glgdo, GmBgammoy goBbosn BoBgzmathgdgamo  Bysemboege,
o036 obobo obwgbgh yggmmedy  1oGymaem  B9dmgBgwmgdel  3ewoBorBs,
930mmzon®,  3gmmemzon®  ©>  Logosewy®  306mdgddy.  gsBlobomggemo
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930 0mgo7Ho dobolosmgdmmgoe (;33emogdo).

—_

. 0bgqgbhecgdo gemgdhermbowgnéol 8396g3cmmdada (dotomacoo doBsbo);
2. 3930(hocmyo boérigdo;

3. 30de0botrg (Loggudemyodozom) boégdo;

4. C0; g3abogodo;

5. gwgdéﬁmbo@anéob 0336:']3000606360[) 39009;
. °3®°°8°O°8°B°°b boéolbo.
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30830n(g6nmo 36Gmaool opGogol ggbgds (ob.bob.1) Ladysemgdol ademggs
©300306009b Logotonoe 3933060 8 (33m900g3L Beobrols, Bogoemomace, Gofy 7Bt
Btyoo gemgdheborgg®ob gdbemgodeyool gore o ghemdstadogool botalbo,
800> 10365 S 0bHEGYLGYS 063gLEmENL BbEosk (350> Jeatrol EacogBocme
16m096m 35330605, 56036ym0s Bomgamo boBac), beemm oy Mo dghos
35boBgg0 39300 o B0Bobatg botgdo s CO; gBobogdo, 0bggbhmeral
0b(96gb0 Bigatoogdo oo BgbodoBobiaco, 98 33cmoog3b Beoérols yotogmagacna 3033a60s

(383069 bodo) (0b.6ob.2).
inv. in a PP| cap. cost| oper. cost| CO2 emissions| oper. per.| auto. oper.
inv. in a PP ? - - - + +
cap. cost - 7 0 0 0 0
oper. cost - 7 7 0 7 0
CO2 emissions | - ? ? ? ? 0
Oper. per. + 7 7 7 7 7
auto. oper. + 7 7 7 ? ?

6ob. 1. 30033030863@0 36)m66c30b 8006080
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69300060 gotg3mbeoszgocme BgBemgdggds, Gmdgmol 3e3ebagnmns bodgdls
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bocooy:  COzemissionsww  flood ~ 9630L  CO2-0b  Léyemo  gBolod  oHdMEmo
H9eohm00006, 33C02/6; P - 3g6omeo, g (Bggymmgdog, 365, Bemonco
dga3oligdabongal);  E(CO2)air - Lodnoemwe  ©@oyéo oggnBoyéo  93obogdo,
33(CO2)/(35*00Y); by I BocogmBal 3g8oobgggade g308mygbgdyemmos CO2-0b gdaboals
oggbommo godhmee Bemob 03 3gtomeologol, BHmoglsyg Bymol Bgoden o6
060l oo yobymmom. gl 3mgogozegbho  byombol  hgEohmEol 3030,
B3mBogtroe beogyom 3emaBogoliongol neol 9.3 33(CO2)/(35*@Y).  Aflood, toral surface -
(Mo (hgbohmEnol Lo gatommda, Gmdgmoz 8moagh eohdmEacmo
b3gemgoal, (hoobo o 80botol agotormdl 3o-do. bycombol 3glol 3g8mbgggedo
o(hOdmEamo hgtodmeool agotommde 528 3gdhotos o dmoyaglh hyggdl, Lobbog
30690, dogemmgdlis oo Bnbotagl.
COzemissonsww flood = 365 (o) ® 9,3 33(CO2)/(30*00g) © 528 (30)= 1.79*106 33(CO2)/6.
3o30Loodg,  byombdglol  3g8mbggzede  CO:2-0l  ymggemBemoy®o  g8oboo
Byoemls3ogoob 3900396l osbemmgdoos 1 800 ¢-b. Byosembogsgosb CHi-ob
930b0ol godmbocmgmgms godmaygbgds aamEdyme:

CHtemissionsww flood = P @ E(CHa)aitr ® Aflood, total surface + P @ E(CHa)bubble ® Aflood, total surface
bocosy:  CHiemissionsww  flood 96206 CHa-ob  LéSemo  g8obod  codthdméocmo
H9eohmG000006, 33(CH4)/6; P - 3g6omeoe, g (Rggnemgdog, 365, Bemono
dgo3obgdobongal);  E(CHa)air - Lodyoemem  o@oyéo  ©ogydnéo  gdologdo
33(CH9)/(3>*0g).  3m9303096¢0 0.2 33 Bo6dmoceggbl oggboem Loocogl
byembol hgtothmerenl (3030, BerBogeroce bmtom 3ecm0daholiorgol Bemals yobyemoo
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o603 3960meedo;  E(CHa)buwbe - Lodygocmm 333dyzmgobo gdobogde, 33CH:
/(3" ). 3095030960 0.14 33 Bo6Imoggbl oggboem Loowgl byombol
H9Eoh™G00b (3030, 8mBogboce bohom 3emadotelorgolb Bemol yobnemoo oyozetog
39650000080; Aflood, toral surface ~ OO0 (hgBohmE00l LEmo gotommde, 3o-3a.
bycombol 3gLob 398mbgggede coothdmEammoa (hgbohmEacl agotmmdo 528 3gdhotos;
CHuenissionsw food = 365 (o) @ 0.2 33(CH:)/(35°commg) @ 528 (35) + 365 (cowo) @ 0.14
33(CHa) /(35" cong)® 528 (30) = 65,5°10% 33(CHa)/6;

060360300, O™ ,,30mHmb ™gde” goboboemogh 3989z Lomdn&oal goBgdl:
bobdormtagobzo  (CO2);  Jobrmaghmbobdotdogdo  (HFC); 8gamobo  (CHy);
3960hmEbobdotdopgde  (PFC);  oBmhol  dggyebge  (N20);  gmgoteool
39gbogghmoco (SFs). 8gomsbo 21-§96, bomm B3miol d3guobge 310-396 yo3éom
demog&o Locmdyael goBos, goctrg bobdotmegobge. SF6, slggg HFC-gdobs oo FC-
9%0b 33103980 doemoob domomo Lomdy&ol ga3ggdhol dgmby LodégBggemm goBgoas.
930logdol 3gazoligdols o SEo3bgol Hbagzozatrgdabocmgal gdolool gemgyemoce
06Rgemoo LomdyGol g080lb ol Gomegbmds, GmBmoal Lemdy&o gxgdhe goHmo
Hbo 6ob3ormEyobgzol Lomdn®alb goggdhol hmemos. 98 gemgymb gbmegds 1
H™6o 65bIoCrmerygobzol g33039tmgbihe (1CO2eq). 98o¢m8 bymb3glosb 8goobals
930lod  3009304gobmo Bobdatrmergobgol 933030emgbhdo: 65,5*10° 33(CH4)/6 *21
_137602133(CO2) /6 ~1,410° 33(CO2)/6, o6y 1400 (). gobsoesb I cooobol
docegmdoboogol Logotem IPCC-ob 80gér ovzggbocmo g8olool 3mgaoizogbho o3
3o80bomgal o6 06LgdmBL, 93oh™d, Byoembsegosb NO2-0b Eemoyéo globoo
byemol heoemo ogbs 3oBbgyemo.  8030Loodg, Bysembogogesb bobdotmeygobgal
(CO2), 3gor0babo (CHa) oo 98emahol g39906g0L (NO2) $98360 ymggembemonéo gdabos
6obdormEag)obgol 9330300mg6h30 8goggbL 1 800+1 400+0,0 =3 200 ¢-b.
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696L 360dgbo.  co5LodHOMEG0 b8gmmgmol agotmmde 370 3o-b 390c0g9bL. COzemissionsww
food = 365 (og) ® 9,3 33(CO2/(35"0g) ® 370 (3o)= 1 255 96533(CO)/6; g.0.
oobemmgoom 1 256 (). CHuemissionsww flood = 365 (o) @ 0.2 33(CHs)/(35"cong) @ 370
(35) + 365 (o) o 0.14 33(CHs)/(3*cowg)e 370 (30) = 45 917 33(CH.)/6.
350003043960000 63b30traygobz0l 933099emgbhdo: 45 917 33(CHa)/6 *21-964 257
33(CO2/6 = 0,9°10° 33(CO2)/B., coosbenmgdoon 964 (). $o8t0 yoggemBermoyto
930L0o 6obdobrmergobzol 933030emgbhdo 89000396l 1 256+964+0,0 =2 220 (-b.
20bocndglo. (hgohmEool goermmdo 140 39dho60s. COzemissionsww flood = 365 (c00)
* 93 33(CO)/(3'0mg) ® 140 (35)= 475 23033(CO2)/6., oobememgdoos 457 .
CHuemissonswW iood = 365 (o) ® 0.2 33(CHa)/(35"0mmg) @ 140 (35) + 365 (o)  0.14
33(CH4)/(35*comg)® 140 (30) = 17 374 33(CH4)/B. gooogoygobmo bobdocmérygsbgol
933035g6¢h3o: 17 374 33(CH)/6 *21-364 854 33(CO2)/6 =~ 0,3*10° 33(CO2)/.,
cooobemmgdem 365 (. Bysembszogoob NO2-0b Bemoyto gdolos byemol hmemoce
0g6o 8oRbgnemo. 30360 ymggmmbBemoy®o gdobos bobdotrmeysbzol g33030emgbh3o
39000396l 475+365+0,0 = 840 -

odyemadglo. oLohdME0 bdgemgmol a3otammdo 100 3o-b 39000396L. COzemissionsww flood
= 365 (0g) ® 9,3 33(CO2)/(3v* g) @ 100 (30)= 339 45033(CO2)/6., covobemmgdoo
339 ). CHiemissionsww flood = 365 (cocp) @ 0.2 33(CH4)/(35"0mg) @ 100 (3v) + 365 (o) @
0.14 33(CHy)/(3'cmg)e 100 (35) = 12 410 33(CH:)/B. 6obBotemtogebzol
933039emgbhdo: 12 410 33(CH4)/6 *21=260 610 33(CO2)/6 = 0,2°10° 33(CO2)/6.,
eodbemmgdoo 261 . NO2-ob Eemoy&o gdoboo byemol heocmoe 0dbo 3oBbgyemo.
$99960  ymggembmmondo  gdolos  Bobdotrmygebgol  g33030cmgbh80  Igocoggbl
339+261+0,0 = 600 ¢-L.

Iobggodglio. obohdmE0 bgmmgmol godommde 17 35-b 3goggbl. COzemisionsww flood
= 365 (c00g) @ 93 33(CO2/(35*0g) @ 17 (30)= 57 707 33(CO2)/6., coosbemergdoon 58
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&) CHuemissonsww flood = 365 (o) @ 0.2 33(CHa)/(35*00g) @ 17 (30) + 365 (o) @ 0.14
33(CH4)/(35*comg)® 17 (35) = 2 110 33(CH4)/6. gocoogoygobmor bobdobrmergobgol
933035e96(30: 2 110 33(CH.)/6 *21-44 304 33(CO2)/6 = 0,04*10° 33(CO»)/6.
dodoboeodg,  dyobggadglol  dgdmbgggede  dgorobol  ymggemBemon®o  gdobos
Byoemboogoob, godmbodyemo CO2-0b g33030emgbhdo, dgoggbl 44 ¢-L. NO2-ob
Bemoyéo gdobos byemol hmemow odbs 8oRbgyemo. $98960 ymggembemoyéo gdobos
bobdotrmtryg)obgol 933035cmgbhdo 39000396L 58+44+0,0 = 102 ¢y-b.

990609560d9b0. oLOHdME bdgemgmal gobrmmde 0,5 3o-b dgocoggbl. COzemissionsww
oot = 365 (c009) @ 9,3 33(CO2)/(35"0mg) ® 0,5 (35)= 1 69733(CO2)/B. , oosbewegdoos
2 (. CHuemissonsw fiood = 365 (cow) @ 0.2 33(CH4)/(35"co0g) 0,5 (35) + 365 (coco) @ 0.14
33(CH4)/(35*c0omg)® 0,5 (30) = 62 33(CH4)/B. gocoogoyzobmes bobdobrmergobgols
933035egb(hB0: 62 3a(CHa/6 *21=1 303  33(CO2/6 = 1,3°10° 33(CO/6.,
eoobemmgoom 1 ¢). NO2-ob Bemoyéo gdobos byemol hmemo ogbo dohbgyemo.
§93960  gmggembemoy®o  gdoboo  bobdobrméygobgol  g33035emgbhde  dgocoz9bL
24140,0=3 (L.

I 2906039b0b Byoembopogol cooboddmeo ggotammdo (0,00005 35) 38603369cmme,
5303 Folidg Lomdneol 303980l gdaliogdl 96 gobgobocmogo (ob.;3b6k.2).

(3b6>.2
Sglmb qumb @oba(b&nt‘m COz-ab CH:-obs NO:z-ab gﬂobogbob 3080,
éabob Qobobaqaabo Q°Q38‘JQ>O 6383633060[) baaqsat»ols 380[)0330, ssnlmabo, 380[)0330, [} [} CO2-abs 333‘/5
boBgoape o oo boddapogthg, | Beopggmmdo, gotoredo, 3> | b )
3gbe 83_0 8cmb. &

> 140 475 365 0,0 840
30696500039b0 51.2

bgamgoBoy®odgbo 1 474 Beoobgdody - - - 0,0

Bencoobgdod 5 - -
bgamgoBoy®odgbo 2 28.9 00gO20 0,0

3 69058 - - R
©600emodglo 108 Q050509 0,0

boododglo 1 60 8meoobgdody B N - m

boododglio 2 55 8meoobgdody B N - )

3h33oe03gbo 43 0,00005 - - 0.0

05 2 1 0.0 3
R6396039L0 85

06 17 58 44 0.0 102

O |0 [N |u e |w|N ]|~

3yobggodgo 175

dmonbgdodg - - - 0,0

—_
o

300608bgeodglo 150

303@0535080 - - - 0,0

—
—

bgémsobo@gbo 65

7,9 100 339 261 0,0 600

—_
N

obgapoedgho 22.2
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13 | oo6Bodgbo

16.9

30)@0635033

0,0

14 | byoebo

702

364,5 528 1800

1400

0,0

3168

15 | 6gbbzo

300

200 370 1256

964

0,0

2220

6008006)3 99-3 6oboBocoob RobL, bombnéob 398930l yggemody coocoo b33q>6>oooo Bocmo, 45%

decools buq)cosob 33[50[} o0 32% 536[) 360 33[)0[5 Boemoco.
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[ khertvisi Hpp
a [ ~euli HRe

COZ Emissicns Geological Condition Social Conditions Climat Conditions Flora/Fauna

bob. 6. commgyemo 3gbol gocgdmBg 893mddgogdol comby

36m396¢heoe  Boemo d93c0ggbootroce  goboBoemed:  yggmmody  yofaymogoom
899mg3qc0900L obogbl bymbe, Lodnommm dgbmbomo Gomegbmds - 46,66% coo

535[}36)0 - 23,63%.
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== Abuli Hpp (0.10) == Koromkheti Hpp (0.02) ri2
=15 Darchi Hpp (0.02) =15 Khervisi Hpp (0.01) Darialiipp | 0.02 0.0t 001 009 009 0027
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=1-™12 Geological Condition {0.12) == Khudoni Hpp (0.53)
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mE Kook 2 ©.01) == Khelvachauri-2 (0,02} oo
]
== Miiovan Hpp (0.02) - E]?n:h 1H§]p D{zu}.ua} = 003 001 002 0.6 003 0025
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2. 8beoogemoc 396 30L Besboi3gBgddy Eoythebmdo Bodegdnmos bsgstmgganmb,
orgtrdgorols, 98930360l 0o g3Em3al gEm-ghma gobgomatagdmo dagybol,
Beothgga00l, (GmBgamopy Bembobemgmdol Gomogbmdol Bbtog  Bgqbodsdgds
bogotoorggemesls), 2002-2012 Bermgdols gBcogae BoRggbgdemgdols geostgdomo
BoemoBo:  gegdhGmgbgtzool Loggesto Lsdgomgdgdoo BotBmgds o
bogthoren BeobBo6rgds, gemgdioegbgtzool BotBmgdolis oo 8mbstagdols moto
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Bocwo  Loggorsto  LoByommgdgdoo  agbgthogool  Logorm  Beogemasdobionss.
365em088> 9Bgg6s, Ged bogotmggmme 30d36qmmgoce o§o6dgdl omdgmobs
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36m39bhyemo  3gbdheor  BoBmEBgds  bmedggzosl.  Logoboggememb
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