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EITOVH

H Beitiwon tou Protixod emmédou xar 1 oxovouixr) avdntuln, avénoav tn (ATNoT Yl
nhextouh evépyeto. Ilapddinha, 1 Bielobuon twv Avavewowwy IInyodyv Evépyeoc (AIIE) e-
vretvetan, avZdvovtag Tn Puwodtnto Tou Touéa nhextponapaywyc. Ot dluyelploté Tou ou-
OTHUATOC Xou Ot Popelc Tou oyeTiCovTal UE TO GYEBLIOUO TOU CUUHETEYOUV OE TOAUTAOXES Blo-
ouxacteg AMdng amogdoewy yia vor e€acQuAicouy TNV alOTIO T TUEUY WYY NAEXTEXTC EVEQYELIG
070 EAAYLOTO xHGTOG OE BLdpopous opllovieg mpoypoappatiopod. H eqopuoyy| epyoheiny Ber-
TIoToTolNoNG €YEL XATACTEL AmapAlTNTY Yol TNV AP XATIAANAWY amoQAcENY GTo TEOBA AT
OLoyElPLONG TV CUCTNUATWY NAEXTEOTORAYWYNE. 1TO TAaiclo auTo, 1 Tapoloo dlutel3t| TEo-
Tetvel xou agloloyel uedodoug BertioTomoinong, yio Ty entluon dUo TpoBinudtwy Slyelplong
EVERYELX®Y CLOTNUATOY. To TEOTO €lvor To TEOBANUL TOU HUXEOYPOVIOU TEOYLUUUATICUOD
EMEXTAONE TOL duVoUIXOL Ttaparywyhe toyvoc (Generation Expansion Planning, GEP), mou xo-
Vopilel Tic BéATIOTEC TPOCVTXES BUVOUIXOU OE TOPEN NAEXTRPOTUPUYWYNG Lol Vor xovoTouniel
n avopevouevn avénon tne (htnone. To deltepo eivan o Peoyunpdleouoc mpoypauUoTionos
Topaywyhc nhexteixic evépyetoc (Short-term generation scheduling, STGS), mou xotop{let to
BEATIOTO TEOYEUUUA TORUY WY TWY HOVEBKY Yo Vo txavoTotniel to goptio Tou cUCTHUNTOC.

AvamtOydnxe poviého GEP yia nui-ameheuvdepwuévn ayopd nhextpixic evépyelac. XTo
HOVTEAO QUTO OL TOEAY YOl NAEXTOIXAG EVEQYELNS OUADOTIOLOUYTOL avd TUTIO TEY VoAoYiag Topo-
ywyhe. H peyiotonoinon tne Kabupric Hoapovoag AZiac (KITA) tou topéa eivar 1 cuvdptnon
0ThY0¢ TOU TEOBAAUATOC. X TO HOVTEAO TROCOUOLOVETIL 1) EEENEN TNe uéong ethotag Oploxhc
Twre Xvothuatog (OTE) xou 1 ahknhenidpoon tne e to pebyua nhextpomopaywyhc. ITaupdi-
Anha, povtehonotolvial evepyelaxol otdyol, Tou xadopilovTon amd TNV EVEQYELXT TOMTIXY, Yid
Vv tpominorn enevdloewy oe AIIE. Ot fétioteg etroteg mpoo¥rixe duvouixol xou 0 ETYCLOg
Boduoeg yeriong twv teyvoroyioy utoloyiCovtar. To povtého uropet va cuPPBdrier otny extiun-

O] TOL AVTIXTUTIOU TWV EVERYELOXMY TOMTIXWOY GTNY €EMEY TOU UEYHATOC NAEXTEOTORY WY TS



xaw g OTXE. T ) BeAtiotomolnon tou npofAfuatog mpotelvetar LPBEdnde ahyopLiuog Tou
ouvdLdlel Tic Ntpatnywés EEEMEne xan Ttov Alybprduo Eowtepixol Ynueiov.

Teewg maporrayéc tou STGS eetdlovton. H mpddTn elvar t0 xhooixd poviého Tou mpo-
BAAuaTog. XTn devtepn Aopfdveton untddn 1 adlomoTio TOU CUCTAUATOS. XTo 500 UOVTENX 1
CLVAETNOT GTOYOC Elvar 1) EAAYICTOTOINGT] TOU AEITOVEYIXOU XOGTOUS, GE UG THUATO VEQUIXODY
uovaowy. H tpltrn, elvor Eva mohuxprtneloxd povieho, mou avantdyvnxe otny napolLoa dlatel3y),
070 0Tol0 1) EAUYLOTOTOMOTN) TWV EXTOUTMY PUTWY amoTeEAE! T1 BeUTER cuUVdETNOT oTd)0. A-
(pOpd GUC TAKATA TOL TEPLAUUPBAVOUY, EXTOC antd VeQUIXES HOVADES, LOPONAEXTEIXOUE G Taduolg
xou evépyewa and AIIE. To povtého napéyel mhaiclo xadoplopod Tng amatToUUEVNS G TREPOUE-
vne egedpetag, AauBdvovtog unddm T un SlardectudTNTOL TWV HoVEd®Y xot TNV of3eBatdTnTar 6TNY
TeoPBAedn Tou optiou xou TNg TopayOUEVNG EVEpyElag amd awohxd mdpxa. Ilapéyer cOvoro
ANOOEWY -TROYEUUUATOY TUEAYWYNAS TWV UOVADWY TOU CUCTAUAUTOS- OTIC OTOIEC EAXYICTOTIOLE-
fTon TaUTOY POV TO AELTOURYIXO XOGTOC X0 Ol EXTIOUTEG PUTIV TOU GUG THUOTOC.

ot Pedtiotonoinon twy napaihaywy Tou STGS yenowonoeiton 1 Awopopixry EEEMEN oe
CLVOLAOUO UE Uit BNUATING CUVEETNOT YIoL TOV TEOGDLOPLOHUO TWV XATACTACENY AELTOLEYINC TOV
uovaowy. Eugetixol unyaviouol emdiopinong evidocoval oTov aAyoptduo yia Ty emdtopino
un epuetedv urnognelwy Aoewy. Ilpoteivovton 800 teyvée yia v évtaln mAnpogoplug amd
™ Alota Hpotepandtnrag ot dradwacio tng Pertiotonoinone. 'Evag teheotrc yetdhioing xou
ulor Tey v Tomixrc BeAtinong avantiocovTon yio Vo BEATIOC0UY TNV an6d00T TS Ala@opixhc
EEEMENC 0T LOVOXQELTNELOXE Xl TO TOALXEITNELOXO TEOBANUA, avTioTotya.

To povtého GEP e&etdotrnxe oe pehétn nepintwong and tny onoio tpoéxuday onuavTixd ou-
urepdopato. H uBpdu uédodog napelye cuotnuatind Aoeic uhniotepne KIIA oe olyxpion pe
dAhec pedodoug Bedtiotomoinone. Enouévee, ot mpocdixec duvauixol umopel va aulHoouy Tic
THVOTNTES YIol XEEOOPORIOL TWV TOEAYWYOV. LYETIXA PE TNV eCETalOuEV TepinTwoT), 1) enlteu-
&N TWV EVERYELUXWDY GTOY WV EMNEEGLEL TO UEAOVTIXG Uelyuo nAexTponapaywyrc. Ilpocdrixeg

OUVAULXOU GE YEPOCUES UVEUOYEVVNTOIEC X0 OE CUYXEVTEWTIXG NALIXE GUC TAKNTA TEOTEVOVTOL



yioo TV enitevén twv Peayumpdleoumy evepyetaxmy otoywy. Erlong, pépog tng eyxateoTn-
UEVNg toylog oe Aywitixolg oTtoduole mapaywyhc avixadotdton and AIIE, we cuvéreio Tov
wonpomedUecUwY evepyElan®Y oToywv. Tlopdhhnha, 1 eniteuln TwWV EVERYELOXOY GTOY WY, UTO-
pel poxponpdlecya vo 0dnyroel o wixpn uelwon tng OTY, oe napoloeg TyES.

YnpovTtind cuprepdouata e€dyoval xou and TN Beitiotonoinom tou STGS. O mpotevduevog
TEAEG TAC PETAAAAENE Xa 1) TeyVixr) évTadng mhnpogopioac and tn Alota Ilpotepondtnroag Betin-
oav TNV an6doacr Tou akyopiduou. H amddoon tng yedddou ota uovoxpitneoxd meofBifuoTa
%plveETaL AVTOYWVIGTIXT), TUEdYOVTOS GE OPICUEVES TEQITTMOELS TEOYPUUATO TUEAY WY NG Yo
AOTEEOU %OOTOUG TN TAENG TOU 0.8% o¢ oyéon ue o amoteréopata g BiBhoypagpliog, o
UELOUEVO UTOAOYLOTIXG Ypovo. Ilapddinha, o mohuxpitnplaxoc EA Beitiotomoince anotehe-
OUATIXE TO TOALXELTNELXG UOVTEROD, TapEYOVTaC GUVOAN AUCEWY TOL TPooeYYIlouy To HETWTA
Pareto tou mpofArjuatoc. Emoueveg, pmopel duvntd va Bondfoel tov dayelploTth Tou ou-
OTAUATOC 1) ETUPEIEC NAEXTROTUPAY WY NS OTOV ATOBOTIXO TROYPUUUATIONS TOV HOVAdWY. AT
Toe anoTteAéopata cuvdyeton 6Tt LYNAOTERT afeBondTnTa otV TEOPRAedN @optiou 1| un Sarde-
OWOTNTA TWV HOVADWY OWEAVEL TNV ATOUTOVUEVY] GTREQOUEVY) EPEDREld, EAVOVTIC TO XOOTOC
noL TG EXTOUTEG PUTWY Tou cuoTAUaTog. Avtideto, autd dev mpoxiTTeEL Yo TV TERInTOON
vmidtepng offefondtnTog 0Ty TEOBAEY TS TaPAYOUEVNG EVERYELUS TG T ALOALXS TTHEXAL.

O xbplec ouvelopopéc tne datelfric yio To GEP ebvar ot e€fic: 1) mpotelveton Sradixacio
otoyacTrg BehtioTonolnong yio va xodoptotoly ol tpocUrixeg duvauixol Yo TN BEATIOTN
OUUUORPWO € TOUG EVEQYELOXOUG OTOYOUG, 1i) pla TapdUETEOS YoAdpwonS EQapUOlETaL GTOUG
TEQLOPLOUOUE IOOTNTAS TV EVERYELOXWOY OTOY®V Xt eeTdleTon 1) EMBEUOT) TNG OTO PEAROVTIXG
uelypa nhextpomapuywyhc xon ot dladacio BeATioTonolnong, iii) mpotelvetoar LPEWOWOS oA~
yoprduog Bactlouevoc otic Mtpotnywés EEEMENC xan otov Alydpriuo Eowtepixol Xnueiou
vt T Peltiotomoinom tou GEP.

o o STGS o1 xlpileg cuvelo@opés etvan: 1) Tpoteivetan pévodog Pacilopevn otn Agpopixt

E&EMEN xou oe Prpatind) ouvdpeTtnon yio T Pehtiotonolnon twv napaihayoy tou STGS, ii)



ovamTOGCOVTOL VG TEAEOTHG METAAAAENG xou plor TEy VT Tomxr BeEATiwong Yo VoL EVioyUooLY
v anddoct| e Awpopinr) EEEMENC, iii) mpoteiveton Toluxpltnetaxd wovtého yio to STGS, Tou
TEPLAPBAVEL TO AELTOUEYINO XOGTOG X0l TIG EXTIOUTES PUTILY TOU GUGTAUATOS Xal TapéyEL TAULGLO

%x00pLoUOY TNG OTREPOUEVNC EPEDREING OF CUOTANATA UE OLAPOPES TEYVOAOYIES TUPAYWYTS.
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EXECUTIVE SUMMARY

Over the years, progress in the industry and the living standards of people have increased elec-
tricity demand. Moreover, generation from Renewable Energy Sources (RES) has been deployed
to increase the sustainability of power sectors. Due to the recent developments in power systems,
system operators and planners have to manage complex decision-making processes to ensure the
reliability and quality of power supply at minimal costs over different time horizons. Given the
complexity of the efficient management of power systems, the application of advanced optimiza-
tion tools has become essential for decision-makers in their effort to make optimal decisions. In
this context, this dissertation focuses on developing and evaluating optimization tools, which aim
at facilitating decision-making in two important problems associated with power system manage-
ment. The first one is the Generation Expansion Planning (GEP) problem, in which the optimum
generating capacity additions to an energy sector over a long term planning horizon are sought to
meet the anticipated increase in electricity demand. The second one, is the Short-term Generation
Scheduling (STGS) problem, in which the optimal operating schedule of a given set of generators
in a power system is determined to efficiently meet the expected load.

A model for GEP of a semi-liberalized energy market is developed. In this model electricity
producers are grouped by type of generating technology. The maximization of the power system’s
Net Present Value (NPV) is the model’s objective. The evolution of the average annual System
Marginal Price (SMP) and its interaction with the structure of the power sector is simulated. More-
over, energy objectives set by policy makers to promote capacity additions in RES are modelled.
The optimal annual capacity orders and the load intensity factors are estimated. The model may
allow for an assessment of the impact of energy policies both on the structure of the generating mix
and the evolution of the SMP, assisting policy makers during indicative energy planning. A hybrid
method based on Evolution Strategies and Interior Point Algorithm is developed to optimize the

problem.



Regarding the STGS problem, three variants are examined. The first one is the conventional
form of the model. In the second one, the system’s reliability is considered. Both models attempt
to minimize the operation cost in power systems comprising thermal generators. The last one is a
multi-objective model, developed in this dissertation, which considers the emissions of the system
as an additional objective. Specifically, it concerns power systems comprising hydro plants and
RES besides thermal generators. The model may allow system operators to determine the optimal
reserve capacity, considering the unavailability of the units as well as uncertainties related to load
and wind power forecasting. A set of solutions is obtained which minimize both operation cost
and emissions, each of which corresponds to an optimal operating schedule of the generating units
of the power system.

The optimization of all variants of the STGS is implemented using a real-coded Differential
Evolution. Moreover, a two-step function is included to determine the operating states (on/off) of
the generators. Heuristic repair mechanisms are developed and included within the optimization
method to facilitate the obtainment of feasible solutions. Two techniques are proposed allow-
ing an efficient integration of information of the Priority List within the optimization procedure.
Moreover, a novel mutation operator and a local search technique are developed to enhance the
performance of the single- and multi-objective Differential Evolution, respectively.

The GEP model has been examined on an indicative case and several important conclusions
have been reached. The proposed hybrid method has consistently obtained solutions of higher NPV
values compared to other optimization methods. This, suggests that the derived capacity orders
may increase the producer’s probabilities for higher yields. Regarding the examined test case, the
future structure of the power sector may be affected due to the integration of energy objectives.
Capacity orders in on-shore wind turbines and concentrated solar power are proposed to meet
short-term energy targets. Moreover, part of the installed capacity of lignite-fired generators will
be replaced by RES as a result of long-term energy objectives. Furthermore, meeting the energy

targets, might result in a slight reduction of the SMP in the long run, when present values are



considered.

Important conclusions have been derived regarding the optimization of the STGS problem. The
proposed mutation operator and the procedure for efficiently integrating information of the Prior-
ity List significantly enhance the algorithm’s performance. The method for the single objective
problems has performed competitively, yielding in some cases generating schedules with approx-
imately 0.8% lower operation cost compared to the previously best reported results, in reduced
computational time. Moreover, the developed multi-objective algorithm has efficiently optimized
the hydro-thermal-wind STGS model with economic/environmental objectives, deriving sets of
solutions that approximate the Pareto fronts of the problem. Therefore, it may potentially assist
system operators or generating companies towards efficiently scheduling their generating units.
Furthermore, the results reveal that increased load forecasting error and unit’s unavailability may
require the scheduling of higher reserve capacity, resulting in operating schedules with increased
operation cost and emissions. This, however, might not be the case for increased wind power
uncertainty as demonstrated by the results of the method.

The main contributions of the thesis regarding the GEP model are the following: i) a stochastic
optimization procedure without recourse is developed to determine the best capacity orders towards
the optimal compliance with energy objectives, ii) a relaxation factor has been applied on the
equality constraints of the energy objectives and its effect on the future generating mix and the
optimization procedure is examined and iii) a hybrid algorithm based on Evolution Strategies and
Interior Point Algorithm is developed to optimize the GEP model.

Regarding the STGS problem, the main contributions are: i) a method based on a real-coded
DE and a two-step function is proposed to optimize the examined variants of the mixed-integer
STGS problem, ii) a mutation strategy and a local search technique are developed and combined
with the real coded DE to enhance its performance, iii) a new multi-objective formulation of the
problem considering system’s cost and emissions is developed and may assist system operators to

determine the spinning reserve in power systems comprising several generating technologies.
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