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HEPIAHYH

H ovEavopevn ypnon @oToPOATAIKOV CLUGTNUATOV O OIKIOKES EYKATOOTACELS EXEL
ONUOVPYNACEL TNV aVAYKT Yoo o omodoTikny Kot €Eumvn dlayeipion ™G mapoyOrevng
evépyelag. Ze apketd copPatikd cvotiuata, n Asttovpyio faciletor o amAovg Kavoves, xwpic
va aglomoteitor TpdPreyn mopaymyNs, TPOPAEYN KApoL 1] TANPOPOPIEG GYETIKA LE TIG DPES
YOUNANG YPE®ONG TOV SIKTHOV. AVTO HUTOPEL VO 00N YNOEL GE LEYOADTEPT] KATAVAAWDGT OTd TO
OikTVO, YOUNAGTEPT ALTOKATOVIA®MOT TG POTOPOATUIKNG evEPYElOG Kot avénuévo KOGTOg

Aertovpyiag.

H mapovoa ntuylakn epyoacio acyoreitor pe v avantuén kot a&loAdynon evog Smart Energy
Management System (Smart EMS) ywn owiokd ¢@otofolrtaikdé cvotmua. To cvotnua
npocopoimOnke ce MATLAB kat cuykpifnke pe éva amid Baseline EMS, 10 onoio Asttovpyel
yopig forecast kot ypnoponolel Pacikovg Kavovee, Ommg eoption tov EV and to diktvo og
opeg youning ypéwong. To poviého meptlopfaver potofoArtaikd cvoTua woyvog 5 kWp,
owtokn protapio 12 kWh, niektpikod oynuo pe uratoapio S0 kWh kot de&opeviy (eotov vepoh
150 L. ' v Tpocopoimon ypnopomordnkoy opoio dedopéva @mToPoATOTKNG TOpay®YNG,

O1K10KOD (POPTION, HETEMPOAOYIKMY GLVONKAOV Kot TPoPAEYE®V.

To mpotewvopevo Smart EMS ypnotponotei PV forecast, weather forecast kot mAnpogopiec low
tariff, pue otodY0 TV KOAVTEPN aflonoinomn g dbéoiung pwtoPoAtaikng evépyetag. H Bacikm
AOYIKT] TOL GLGTNILATOG Elval VA OIVEL TPOTEPUOTNTA GTNV KAALYT TOVL O1KLOKOD (OPTion, 61N
(QOPTION TNG UTATOPLOG, GTN POPTICT) TOV NAEKTPIKOL OYMLATOG Kot 611 dtoyeipion tov (eoToD
vepov, avaroya e Tic cuvinkeg Kabe dpag. To niextpikd dynuo propei va eoptiletor omd
PV surplus 6tav PBpioketor oto omity, eved n @éption oand 1o diktvo mepropiletar ce
ovykekpiéva enimedo aceareioc. Tlapdriinia, n dwyeipion tov {eotod vepov AapPdvet
voéym Vv TpdPAeyn kapov Kot To solar thermal gain, ®ote vo amo@evyeTal 1| ACKOMN

niektpikn B€ppovon dtav ot cuVONKeEg etval VVOTKEC.

Ta amotedéopato ™ mpocopoimong €dei&av 6Tt to Smart EMS mapovoidler koAvtepn
EVEPYELOKT] KO OTKOVOLUIKT] GLUUTEPLPOPA o€ oyéon e To Baseline EMS. To emoto grid import
pewwdnke amd 3295.53 kWh og 1675.06 kWh, evd 10 kaB0pd K06T0G evépyelag HetmOnKe amd
89.52 € 0¢ 36.09 €. EmmAéov, n avtokatavdlmon g @mToPoAtaikng evépyslag oavérinke and
57.34% og 77.32%, evd M evepyelok] avtovopio Tov GuoTHHATOG awENOnke and 56.52% oe

77.79%. Tlaporo mov 1 01KOVOUIKT dtapopd eivar mepimov 53.43 € ecimg,  oNUAVTIKOTEPT



Beltioon eivon evepyelakn, kabmg to Smart EMS peidver v e£dptnon and to diktvo kot
a&lomotel kohvtepa ™ Owbéoiun QMTOPOATAIKN TOPOy®Y. ZVUVOMKA, TO OTOTEAECUOTO
detyvovv 611 éva forecast-based rule-based Smart EMS pnopet va copfdiet otn Pertioon g
avtoKaTavdAmong, otn peiwon tov grid import Kot 6TV 7O AmodOTIKN AElTovpyiol £VOG

OIKLOKOD EVEPYELOKOV GLGTNLOTOG,.

A&Ee1g KAE1010: DwtoPortaikd cuothuate, Smart EMS, Energy Management System, PV
forecast, owkiakn pmatapio, NAEKTPIKO Oynpa, {eotd vepd ¥pNoNGS, AVTOKATAVAA®GT,
evepPYELNKO KOGTOG.



ABSTRACT

The increasing use of photovoltaic systems in residential installations has created the need for
more efficient and smarter management of the produced energy. In many conventional systems,
the operation is based on simple rules, without using production forecasts, weather forecasts,
or information about low-tariff grid hours. This can lead to higher grid consumption, lower
self-consumption of photovoltaic energy, and increased operating cost.

This thesis focuses on the development and evaluation of a Smart Energy Management System
(Smart EMS) for a residential photovoltaic system. The system was simulated in MATLAB
and compared with a simple Baseline EMS, which operates without forecasting and uses basic
rules, such as charging the EV from the grid during off-peak hours. The model includes a 5
kWp photovoltaic system, a 12 kWh home battery, an electric vehicle with a 50 kWh battery,
and a 150 L hot water tank. Hourly data for photovoltaic production, household load, weather
conditions, and forecasts were used for the simulation.

The proposed Smart EMS uses PV forecast, weather forecast, and low-tariff information, with
the aim of making better use of the available photovoltaic energy. The main logic of the system
is to manage the energy flow between the household load, the home battery, the electric vehicle,
and the hot water tank, depending on the conditions of each hour. The electric vehicle can be
charged from PV surplus when it is at home, while grid charging is limited to specific safety
levels. At the same time, the hot water control takes into account the weather forecast and solar
thermal gain, in order to avoid unnecessary electric heating when the conditions are favourable.

The simulation results showed that the Smart EMS has better energy and economic
performance compared to the Baseline EMS. The annual grid import was reduced from 3295.53
kWh to 1675.06 kWh, while the net energy cost was reduced from 89.52 € to 36.09 €. In
addition, PV self-consumption increased from 57.34% to 77.32%, while the self-sufficiency of
the system increased from 56.52% to 77.79%. Although the annual cost difference is about
53.43 €, the most important improvement is mainly energy-related, since the Smart EMS
reduces dependency on the grid and makes better use of the available photovoltaic production.
Overall, the results show that a forecast-based rule-based Smart EMS can improve self-
consumption, reduce grid import, and support a more efficient operation of a residential energy
system.

Keywords: Photovoltaic systems, Smart EMS, Energy Management System, PV forecast,
home battery, electric vehicle, domestic hot water, self-consumption, energy cost.



