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Postizanje 100% udjela obnovljivih izvora energije u energetskom sustavu zahtjeva
GRGDWQH QDSRUH X SODQLUDQMX NDNR EL VH SRVWLJDR V
SRVHEQR RGUDADYD QD PDQMWDHQROUN RWW H/ X & i/ RV@LYNHD p$ RIC
]D HQHUJLMRP PDQMD &WR VWYDUD PDQMDN IOHNVLELOQR\
L] YRUH HQHUJLMH 3RWUHEQR MH SURYHVWL QDSUHGQR |
postizanja pametnog energetskoVXXVWDYD pLPH O0UH VH RPRJXULWL LQW
promjenijive i nestalne proizvodnje energije iz obnovljivih izvora energije.

U ovome radu izradio se algoritam narbihutnoj bazi unosa podataka po uzoru na satni
model EnergyPLAN. Cilj ovog rade usporedba satnog modela za energetskog planiranje s
novim modelom koji se bazirana-IPLQXWQRP XQRVX SRGDWDND =D L]JUDC(
MH PDQML HQHUJHWVNL VXVWDY aLUHJ JUDGVNRJ SRGUXpNM
se model energgitog plana za razvoj pametnog energetskog sustava do 2050. godine. Planom
MH RGUHYHQD LQWHJUDFLMD WUDQVSRUWQRJ L WRSOLQV
HQHUJLMX XYRYHQMHP HOHNWULpPQLK YR]JLOD L GL]DOLFD
kapaciteta energije tSRYH]DQRVW HQHUJHWVNRJ VXVWDYD NUR] F
HQHUJLMRP NRMH UH RPRJXULWL WUA&ALAQR YUHGQRYDQMI
VXGLRQLND HQHUJHWVNRJ VXVWDYD RVLJXUDWkhiH NRUI
WHKQRORJLMD &aWR UH LP RPRJXULWL DNWLYQR L HNRQRP
ostvarivanju bolje fleksibilnosti unutar sustava. Novi algoritam nadogradio se razvijanjem
modela u programu Calliope u kojem se izradio model za energetski@2060. godine.

Rezultati analiza u novom modelu pokazali su da regulacija iznimno brzog punjenja i
SUDAQMHQXMBYHQMHP PRGPOBALYRPBWOAMIXHIOUX IOHNVLELOC
VXVWDYX L SRWLpH LQWHJUDFLMX pXEQ RRGM DL K OL]JMRDUD (|
PLOQXWQRP YUHPHQVNRP NRUDNX X SURJUDPX &DOOLRSH Ul
NDSDFLWHWD L SRYHUDQMHP L]YRUD IOHNVLELOQRVWL Wt
model. Samodostatnost sustava ostvarila se sxtggm toplinskog i transportnog sektora, uz
GRGDWQH VNODGLAQH NDSDFLWHWH L SRYH]DQRVW V WUaL

1RYL PRGHO ED]JLUDQ QD NUDWNRURpPQRP YUHPHQVNRP N
sliku rada elektroenergetskog sustava. Time se Btvaf LAH PRJXUQRVWL ]D UD]O
IOHNVLELOQRVWL LQWHJUDFLMX YLAH VHNWRUD UD]YRMD
HQHUJLMH 8YRYHQMnad PRIRIKGAMODX] YRHLO®DDFLMX L]QLPQR E
SUDAQMHQMD HOHBRNWPWLIPQMULRRWREDID QE]XOWLUD ]QDpDMQ
LOQWHJUDFLMH REQRYOMLYLK L]YRUD HQHUJLMH L SUXAaD Y&+
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EXTENDED SUMMARY
Key words: energy planning, renewable energy sources, electric vehicles, heat pumps, energy
storage, electricity market, flexibility, vehieie-grid

Increase in greenhouse gas emissions is becoming a global concern and many countries
are taking effort in dealing with the emission reduction. The first thing to do on that path is the
introductionof laws and directives which will lead to goal achievement. The Paris agreement
is one of them. Its goal is to limit global warming to well below 2°C, preferably to 1,5°C,
compared to prndustrial levels. It means the reduction of fossil fuel use wbatrses the
emission increase and therefore increase in global temperature. Europe is aiming to reduce the
use of fossil fuels by 55% until 2030, as it is prescribed by directives REPowerEU and Fit for
55. The goal can be achieved by replacing the fossi$ fwith the renewable energy source
(RES) in different sectors. Energy production, transport and thermal sectors are responsible for
most of the air pollution. Their transition to electricity and mutual integration could enhance
emission reduction. Repliag fossil fuels in energy production with RES could cause
instability and uncertainty of energy supply due to intermitted RES, such as wind and solar
power. Although, the combination of wind and solar power in electricity production has shown
benefits ovethe stanealone production systems, it still requires additional efforts in order to
achieve stability and security of electricity supply, especially in the systems with a high share
of RES in electricity production. Transport and thermal sector hawteatal to utilize a high
amount of electricity produced by RES if they convert to electricity. In transport sector, it can
be done by replacing conventional vehicles with electric (EV) ones. Heat pumps are given as
the best solution for thermal sectorarder to replace heating and cooling systems based on
fossil fuels.

Electrical power systems with a high share of RES, even by 100% share, can be
achieved but they require additional flexibility in the system in order to enhance stabile and
sustainable stem. Flexibility needs are derived from intermitted RES electricity production,
especially wind and solar power, as well as uncertain electricity demand and unexpected
events. On the other hand, there are different sources of flexibility that can vatedegto
the system in order to enhance utilization of high share of RES and provide stability to the
system. The flexible resource exists in different parts of the power system: in the portfolio of
dispatchable power plants; in the ability of the demsidd to respond or to be managed; in
storage facilities; in interconnections to adjacent power systems to allow trade; and in

integration of different sectors. Wind and solar power plants, together with hydropower plants,



can be defined as flexible resoas as well, since they belong to dispatchable power plants,
with the ability to ramp output up and down on demand.

Smaller electrical power systems, such as city, region and municipality, have higher
needs for flexibility due to their lower number and $bly lower diversity of electric power
plants as well as flexible resources. This thesis analyses such a smaller electrical power system
of a wider urban area. Dubrovnik wider urban area is selected and energy plan is done until the
year 2050. in order tachieve 100% renewable and s&lfficient energy system.

Hypothesis and research description

The aim of the thesis is the comparison between the hourly energy plan model and a
new model based on 4@inute time step. A new model is build according toEhergyPLAN
model tool based on hourly data input and used for energy planning. New model is developed
for 10-minute and hourly data input base. It is compared with the EnergyPLAN model tool in
order to demonstrate the validity of a new model. New alganstupgraded using the Calliope
computer program in order to achieve smlfficient 100% renewable energy system of the
selected wider urban area using smart energy system approach.

The boundaries of the Dubrovnik wider urban area are defined. Thegemdurban
city and its surrounding which is spatially, demographically, functionally and traitie
closely connected to the city. The selected area covers the area from Slano in the northwest to
SORpLFH LQ WKH VRXWKHDVW gKpthnDrioéel oV100/RreGedbl¢O RS W
energy system of the selected area until 2050 with 100% share of RES electricity production
and transition of thermal and transport sector to electricity. All of the personal conventional
vehicles are considered to be replddy the electric ones and all of the fossil fuels used in
thermal sector will be replace with seawater heat pumps (SWHP) until 2050. Year 2014 is
selected as a base scenario.

The first step was to collect the data on electricity demand, electricityigtrod,
thermal demand and transport, as well as the potential on renewable electricity production
capacities, storage capacities and capacities of interconnection lines to the adjacent energy
systems of the selected area based on 2014. Collected datassmged in hourly and 10
minute time step.

Collected data on electricity demand, outside temperature, solar radiation and wind
speed are selected to analyse linear correlation and regresdetween the data based on a
shortterm scale of 10 minutesh€& analyses are done in STATISTICA program tool for the
data selected for 2012, 2013 and 2014 for four selected scenarios. First group of data considered

the analyses of the relationship in between three consecutive years for each of the selected data
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basel on a 16minute time scale. Other three groups of data took into account analyses of the
relationship in between the data for all selected years based on a mean monthly values and 10
minute time step. These analyses present a novelty according to pigeratisre and give an

insight in a relationship between the selected data based on-@eshoscale, which are used

for further calculations in a new model.

Energy plan model of the Dubrovnik wider urban area was done until 2050 for all
system particignts located within the boundaries of the selected area. Electricity demand data
are provided by Elektrojug d.o.o. for substation Komolac and projections are done until 2050.
Electricity production consists of the production from hydropower plant (HPPobwilx and
the projected production capacities of wind (WPP) and solar power plants (SPP). Data on
transport sector are collected for 2014 and projections are done until 2050 with the assumption
that all of the personal conventional vehicles will be resdlagith electric ones. Characteristics
of the EV batteries (BES) are defined and EV electricity demand until 2050 is gained based on
the traffic data. Data on thermal demand are collected and projected until 2050, with the
assumption that all of the foss$ilel based heating and cooling system will be replaced with
SWHP systems. Energy storage facilities are also considered in the system in order to provide
additional flexibility. These are additional thermal energy storages (TES) for heating and
cooling puposes, battery second use (B2U) and hydrogen energy storage with electrolyser and
fuel cell. B2U model is used for BEV when they end their life in EV and lose 20% of their
initial capacity. Hydrogen is used to store electricity by converting it to hydrgge using
electrolyser, storing hydrogen in a tank and converting it again to electricity using fuel cell.
The ability of SWHP system to utilize high share of RES in electricity production is analysed
for one part of the selected area, the old city défdunik. District heating and cooling SWHP
system is analysed for three scenarios and three cases. First scenario took into account SWHP
as a standlone system and the other two scenarios took into a consideration battery energy
storage (BES) and TES. Birscenario is done on the hourly andnidute data calculation
base, while the other two are done on the hourly basis. First two cases considered WPP and
SPP as standlone systems while the third case considered combination of wind and solar
resourcesn electricity production. BES and TES are compared according to their required
capacity, volume and costs.

Transport sector is in more detail analysed developing a new model. New model is built
on hourly and 18ninute data base input according to EnergyRLAodel tool. Analyses done
using new model took into account electricity production from RES, electricity demand and

EV electricity demand of the selected area and projections until 2050. Two scenarios are
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observed, for 2030 and 2050, doing calculatiohaurly and 1@minute time step. Comparison
is done according to two different time step calculations and regulation of EV charging and
discharging in the system. Unregulated system considered unregulated EV charging which is
based on consumer needs anbitsadue to their driving needs. Regulated system took into
DFFRXQW WKH LPSOHfOHQMWOWLR® RIRGYHX DRWBHD UHJXODWL
and discharging according to the production from RES. V2G vehicles are charged when there
is excess inlectricity production and discharged in the time of a lack of electricity production
in the system in order to reduce import and export capacities. All of the EV are considered as
one integrated battery. It is assumed that all of V2G vehicles are avddalalearging and
discharging in every time step, if they are not driving or charging in order to meet the user's
driving needs. V2G are charged and discharged if there is enough battery capacity available in
each time step.

Hourly time step calculationsdk into account EV standard charging and discharging
that requires 5 hours to recharge the BEV up to 100% SO@irlite time step calculations
took into account EV extremely fast charging and discharging that requires 10 minutes to
recharge the BEV up ©00% SOC. Four cases are done for two scenarios and comparison is
done according to unregulated and regulated system on hourly anthi@ time base. Case
1 took into account production from WPP and SPP, electricity demand and EV electricity
demand withthe assumption that all of the EV are available for charging and discharging in
each time step. In case 2, defined system in case 1 is upgraded with HPP Dubrovnik. Case 3
analysed minimal BEV connection capacity required in order to meet the resultsigaiase
1. Case 4 analysed cost and saving of EV consumers after the implementation of V2G model
and the replacement of present #t@aff model (P2T) in electricity prices with variable two
tariff model (V2T). Results of a new model are compared toethdts gained in EnergyPLAN
according to the scenario 1 and case 1.

New model is upgraded in Calliope energy plan model tool in hourly anmdiriite
time base in order to achieve sslffficient and 100% renewable smart energy system of a
wider urban areauntil 2050. The upgrade contained the integration and electrification of
transport and thermal sector through implementation of EV and SWHP systems, additional ES
and the integration through the open electricity market. Transport sector included 108% shar
of personal EV with regulated model V2G. V2G model is developed in Calliope and the results
are compare to the results of a new model gained according to the scenario 2 and case 1.

Thermal sector included the implementation of SWHP systems with theoadtifES

for heating and cooling purposes. Other additional storage facilities are also considered within
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the upgrade, such as B2U and hydrogen energy storage with electrolyser and fuel cell. Input
data of each of the selected technologies, with theim oteracteristics, are defined within the
model together with their operation, maintenance and installation costs. Data on technology
costs are taken from the Danish Energy Agency. Energy system is considered to be connected
to the adjacent system througfterconnection lines, which will enable electricity trade
according to the variable electricity prices at the open market. Market electricity prices are
defined according to CROPEX electricity prices from 2018. Calliope model operation is
focused on RESntegration and minimization of costs. Of all of the provided and defined
technologies of the developed model, optimization analyses done in Calliope will result in
optimal solution with minimum cost for the developed system. The aim of Calliope model is
to achieve 100% renewable, sslifficient and stable energy system.

Research results and contributions

Results of the linear correlation and regression analyses, for the first group of data, showed
that the 1@minute values of solar radiation, da@mperature and electricity demand can be
pronounced with linear regression line. The relationship between the data for three consecutive
years is shown to be significant with correlation coefficient of around 0,8. This means that the
data distributions hee similar pattern in between years even onmifute resolution. Results
for the wind speed data showed that the data cannot be pronounced with linear regression line
in between years and their relationship is not significant. It confirms the fact éhatind
speed, as a renewable resource, is very hard to predict, with a variable pattermiont&0
resolution in between years. Results of the analyses of the third and fourth group of data, based
on 10minute resolution, in between the selected dataafiothree years, showed that the
relationship between the data cannot be pronounced with linear regression line since it was not
significant. This means that none of the data can be used to predict other type of the selected
data on l@minute resolution10-minute resolution analyses can provide more details and
insight in a real state of the system. These analyses present an upgrade according to the previous
literature and give an insight in possible weather cast emihiQte resolutions.

The analyses othe SWHP district heating and cooling system, in the old city of
Dubrovnik, showed the ability of the system to utilize high share of RES electricity production.
Results of the scenario 1 showed that the combination of WPP and SPP in electricity
production in case C, provides more opportunities for RES utilization than-siané WPP
or SPP. RES production, in case C, was able to cover up to 67% of electricity demand of the
standalone SWHP system. Adding TES and BES to the SWHP system in other twaascenar

and their comparison resulted in &¥8% of ES cost and volume reduction in case C with

IX



combined RES production. It is shown that BES requires 13 times higher cost, but 40 times
lower volume in each case in comparison to TES.

New algorithm for energylanning is developed, based on hourly anehiiiQute data
input, according to EnergyPLAN model. Comparison of the results, gained by a new model
and EnergyPLAN, showed that models provide similar results on hourly amini@e data
base, which approved hdity of a new model. Transport sector of the selected area is analysed
in a new model for four different cases. Results of a case 1 showed no significant difference
between hourly (standard charging and discharging) amdidGte (extreme fast chargingc
discharging) based model after the implementation of regulated V2G model. Implementation
and regulation of V2G model led to about &00% decrease in export, while import was still
high. Case 1 presented the limiting case when all of V2G, availablehmging and
discharging at the given moment, are able to be connected to the grid. Adding HPP Dubrovnik
to the electricity production, in case 2, led to decrease of import by 97%, while export increased
by 15 times. Case 3 analysed the minimum BEV cépaequired in order to gain the same
results as the one gained by a limiting case, case 1. Comparison of hourlyraimdittOmodel
in case 3 showed that regulated V2G model of extreme fast charging and discharging, requires
only 3% V2G vehicles to be corcted to the grid in each time step, while standard charging
and discharging resulted in 80% of V2G connection. When compared on hourly basis,
regulated V2G model of extreme fast charging and discharging can provide 7 times more
flexibility to the systemthan the standard one. Due to that, regulated V2G model of extremely
fast charging and discharging could enhance the integration of high share of RES production
in the system. Results of the case 4 showed that, the replacement od P2T model in electricity
prices with V2T model and the implementation of regulated V2G model of extreme fast
charging and discharging, could provide saving for EV owners. Highest savings are provided
by 10minute model, about 200 EUR/year per EV.

The results of the analyses, darséng a new model, showed that the regulated V2G model
of extreme fast charging and discharging could provide higher flexibility to the electrical power
system. 1@minute based model provided more details on a real state of the system and enabled
better inegration of high share of intermitted RES production. The implementation of V2T
model could enhance participants of the system to take active action and earn savings if they
are stimulated with electricity prices.

Upgrade of the new model in Calliope slemivthat the 100% renewable ssglffficient
system of a wider urban area can be achieved through the integration and electrification of

transport and thermal sectors, connection through the open electricity market based on variable
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electricity prices and atitional storage facilities. Calliope model was developed on hourly and
10-minute data base. The result showed thatnifute model can provide more details for
electricity market development and more favourable market valuation of flexible sources, since
it provides opportunity for the integration of more different sources of flexibility. It enables
safer integration of high share of RES, which was manifested in the reduction ebardss
transmission capacities and contributed to the system stalbitieytotal reduction of cross
border transmission capacities was about 60% compared to the hourly medeiui® model
provided safer system operation by equalizing import and export capacities, which contributed
to the reduction of the difference betweaeport and export by 7 times compared to the hourly

model.
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1 UVOD

SRUDVW XGM H @linowd \ty &triNasferioji uNLR N XM X |DIJDYHQMH JUDND
porastglobalne temperatuypred VWDYOMDMX SUREOHP QD JOREDOQRM U]
VXGMHOXMH YHULQD ]JHPBO®D) XQMLY LRIHE R Qb HADMD QMD
umanjivanja problema, jesu zakonirektive i strategije koje izaju i potpisuju zemlje dilj@
svijeta.Njihovom primjenom i realizacijomastoji se smanijiti utjecaj na klimatske promjene.
SDULANL VS RmaBkixPordnjdd@ria spada u one novijeg dat{tthaGlavni cil
SDULANRJ VSRMDpORDL ERUEX V NOLPDWVNLP SURPMHQDPD 1
]DGUADYDQMHP SRYHUDQMD SRUDVWD JOREDOQH WHPSHU
predindustrijskim razdol#m, te ulaganjem napora u ogrp@ YDQMH SRYLAHQMD W&
iznad 1,5°C QDG UD]JLQH X SUHGLQGXVWULMVNRP UD]JGREOMX
smanti rizici i utjecaji klimatskih promjena. Sporazum je 201@odineratificirala Europska
XQLMD (8 D SRWSLVDOR JD MH JHPDOMD S5HSIRFEBUND +|
je supotpisnica sporazuma.

IDMYHUL XWMHFDM QD SRUDVW VWDNOHQLPNLK SOLQRY
goriva. Ulaganjem napora u zamjerasilnih gorivas alternativnimobnovljivim izvorima
energije(OIE) PRJX VH SRVWLUL seé&Eenjuervisidxi €vim Baktarindedni od
QDMYHULK XGMHOD X HPLVLMDPD SUWRINGRQRIMNL Kl GION W R Y P
transportni toplinski sektor 8ODJDQMHP QDSRUD X WLP VHNWRULPD L
VH SRVWLUOL GREULIUHM]|RENSBOIW sektor u EU zauzima 20% udjela u
HPLVLMDPD hvSVAIDLINQORHY@L b N L X NRQDpQRM-BRBWQ RR® MLD LG
SRVWL]DQMD FLOMHYD X VPDQMHQ ksiini goivhl OtkashdrtN L SOLQF
SURL]YRGQML HQHUJLMH RMROYMHQEMHP HOHNRWUEWRIQMH (9 PF

GR VPDQMHQMD VWDNOHQLpPNLK SOLQRKYP[BK RGQRVX Q

SUHGYLYDQMD X SRWURAaQM L tieq [glabalnivbblrast Bd 509G WSHR N D ] X |
ukazuje na potrebu za novih] YRULPD HQHUJLMH X EXGXUQRVWL L RG
UD]JYLWNX RGUA&AL Y,Rijurno QN X/WHRQ MepRiBtskodR sustava  do 2050.
6KRGQR WRPH 3DULANRP ViSdrugeddirgkdive. Dikek/a POOOKIR B2 H
bazirala na planovima do 2020. godidé, a Direktival2/27/EUna planovima do 2030. i
2050. godind5]. 3SODQRYL (8 GR XNOMXpXMX VPDQMHQMH HP
QDMPDQMH SRYHUDQMH XSRWUHEH 2,( ]D QDMPDQMH
za najmanje 32,5% u usporedbil990. godinom, te&X U H y kth@adiied W U éned@urbu
cilju postizanaPHYyXVREQRJ SRYH]LYDQMD HOHNWULPpQH HQHUJLI



3ODQRYL (8 GR REXKY-DUD/NVMD GRNQYMIDMH/ LMD VWDNOH
usporedbi s 1990. godinomMlovije smjernice EU za 2030., REPowerf#] i "Spremni za
55%"'[7] SUHGOD&X SRYHUDQMH XSRWUHEH 2,( VD QD L V|

Scenariji za 2030. i 2050. baziraju se na muaillo mikro daljinskom grijanju L KODiyHQ M
elektrifikacij ggLMDQMD L KODYHQMD S Wnolegje/ ealiebQdplindBTY LAWH QM
[8] 5DJ]ORJ WRPH MH XSUDYR X pLQMHQLFL GD VH RSVNUED
uvijek bazira na fosilnimgrivima, 90% u svijetui 70% uE[9] 3RWURAaQMD HQHUJLMH
gfLMDQMD L KODYHQMD X X8XN)ORYRMIRWRPRQRMGRWURAQM
80% otpada na zgradstoga EU nastopbnovii i dekarboniziratisvoj fond zgrada do 2050.,
koji je odgovoran za 36% svih emisija ugljikova dioksida §C@OEU[10]. Zamjena fosilnih
JRULYD L SRYHUDQMH NRPELQLUDQH SURL]JYRGQMH HOHN'
GDOMLQVNRJ JULMDQMD L KanpnjedN,D db RuakipneVgivarReD WL QD
SRWURAQMH HQHUJLMH V WUALadQLP XGMHORP GDOMLQVNLK
aAWR MH WR L SRNDDQR X VOXpDMX (8

RH je prhvatila europske planovdl D R p O D QredlBje 68ojuSStrategiju energetskog
razvoja po uzoru na ostatak E&a plan do 202(Q11], tenow Strategiju energetskog razvoja
do 2030. s pogledom na 20%02]. Prema Direktivi 2009/30/EC, RH je prihvatila plan
postizanja minimalnog udgod 20%0OIE X EUXWR QHSRVUHGQRM SRWURA&AQN
UDVSRGMHOD WRJ FLOMD XNOMXpLYDOD MH SURL]JYRGC
HQHUJLMH XNOMXpXMXiUL YXHRRRQIBD pkQHBMNEBHREHINNEDIEUQ H
20% udieh EUXWR QHSRVUHGQH SRWUR&AQMH HODHWbBMtdH (1D JL
QHSRVUHGQRIQ FWRM MR AI@MLU [4M RHastarila j& @iid DHEQ@A/PH, 3% u
EUXWR QHSRVUHGQRM SRWURaAaQML X GRN MH SURVMHN

JRGLQL 5+ MH &WeHiRi)dd 207Tv. §ddinaXoji iznosi 20% udjela OIE u

EUXWR QHSRVUHGQRM SHH\¢ inRla 80 tCa&'st, dok j& rd3jeKnh razini
EU bio 8,44 tCQGH VW 7DNRYyHU XNXSQH HP IRHAIsMdmavijees\BIRBUD HQH
milijuna tCQe u 1990. na 17,1 milijuna tGC® u 2016. godiniTo je manje od linearno
transponiranog nacionalnog cilja do 2020. koji bi iznosio 21,5 milijuna¢Cainosno 17,2
milijuna tCOe do 2030. godingl2]. 5+ LPD YHOLN SRWHQFLMDO X LVNI
proizvodnjienedLMH .DNR EL SRYHUDOD VLJXUQRVW L NRQNXUHC
RSUHGLMHOLOD ]D HODVWLpPQL HQHUJHWYV KME)\eleMiahBY V UD]
na biomasu, male hidroelektraft¢E), solarne elektrangSE), elektrane na otpad, geotelne
HOHNWUDQH L SREROMAOQMH HQHUJHWVNH HILNDVQRVWL



1.1 Energetski sustavi s visokim udjelom OIE u proizvodnji energije

SRWLFDQMH SURL]JYRGQMH HOHNWULPpQHJIHRGMBIONDH 21.(] 2
SURL]YRGQML HQHUJLMH SD MH PRJXUH RpHNLYDWL MDNR °
do 100% udjela u 2050. goditd. literaturi[13] se razglaba o postojanju dokaza jesu li sustavi
VD XGMHOD 2,( X SURL]YRGQML HQHUJLMH XRSUH RVWY
najnovije studije koje aniiraju 100% obnovljive sustaveautori su postair kriterije koje bi
onetrebale IDGRYROMLWL 3RND]JDOR VH GD ]D REQRYOMLYF
OLWHUDWXUL GD LKQLHOPRJI® R IE DRO/QWRND UL WAL, R @j@ita@BR M QL G
analiziranih studija nije zadovoljilpostavljene kriterijeStoga, literaturd13] XSXuXMH QD
postojanje rizkaGD UH VH IRUPLUDQMH SRORPBWNN LD XERPN B ®D QWL
QD UD]PDWUDQMLPD MDYQRVWL L MDXbYQRN RY B WRMNY M DXQHI!
izvedivosti.Literatura[14] daje odgovor na prethodnu studiju. Analizom metodipé autora
prethodne studije, navod&6 D MH VPDWUDMX SUREOHPDWLPQRP =D RG
VPDWUDMX GD MHVX YDAQL DOL QH XWMHpX QD WHKQLPp!
energetski sustaykoji se temelje na obnovljivim izvorima ergije,izvedi, HNRQRPVNL RGUAaL
i ELOMH&H VPDQMHQMH WURA&ANRYD VYDNH

SUHWKRGQH VWXGLMH SUXALOH VX UH]XOWDWH DQDOL]D
s visokim udjelom OIE u proizvodnji energiigimjerice u literaturi[15] VH DQDOL]JLUD VO
integracije vjetroagregata u energetski sustav Makedonije, u programu EnergyPLAN, u svrhu
VPDQMHQMD HPLVLMD &WReaM@tL tadeS @xazQjR aDsménjenié ReMikifa,
SRYHUDQMH XGMHOD 2,( 1D L VP DQM HIHubithsNudjel®WIEp QR J YL
PRJXUH MH RVWYDULWL NUR] GRGDWQD VNODGLaWD HOH
WUDQVIRUPDFLM Xe d @plinsk Putgn)HLHWONHWODGLAWHQMESPi X WRSO
rashladneenergetskespremnike(RES) 3 RPRUX (Q H4d &haliZkdo se i energetski
VXVWDY 6UE L Mbra3t udeRME[GE QJGMH VH ]DudeR2HUBQMGEBODAaH
GDOMQMH LVSLWLYDQMH SULODJRYHQLK WDULIQLK PRGHOL
DQEQDOL]JLUDQ MH L ]D HQHUJHWVNL VXVWDY NRML XNOMXp
HOHNWULPQH HQHUJLMH =DNOMXpBRIXDHGRMWWHY GDLWH X] S
REYH]QLK GLUHNWLYD L VPDQMHQMH SRWURAaAQMH HOHNWL
RVWYDULWL X] GRGDWQH VS$WUHRQLYRMHORB®W UILDp @H RHYQHDD] 1
Republike Hrvatske, kao 100% energetsknovljive i nezavisne regijd0ostavljeni ciljnije
postignut Dosegao sadio OIE od 78,4% i smanjenje emisija ££a 20 Mt[18].

8 GRVDGDaAQMLP LVWUDALYDQMLPD NRULAWHQL VX L GU:
energetskom platd DQMX NDR aWR M HNjiifdJ seJikpaeenerdge(ski sustav
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SRUWXJDOD VD XGMHOD 2,( X SR LvsokoeudjMdinstdindmé W UL P Q |
snage vjetroagregata u exgetskom sustavii20] ,VWUDALYDQMD XND]XMX QI
VNODGLAWHQMHP HOHNWULpPQH HQH Wal kad HebhaksndomskeY X X VY
analize utjecaja na okolinu. U prethodnim analizd@®H, [22] i [23] pokazalo se da su
VDPRRGUALYL HQHUJHWVNL VXVWDYL PRJXUL QD RWRFL
RGIRYDUDMEXQORALMX 2,( X SURL]YRGQML HOHNWULpPQH H
VNODGLEAWHQMD 'R[EAVRNINXM IG IQMHYWOHGKMOORIX VNODGLAW
kod penetracije OIE uazavisnim energetskim sustavimBime bi se osigurala sigurnost
GREDYH HOHNWULPQH HQHUNIHNFB M &Y VWVWIRWLREA P LEH B DHODWON
udjela OIE u proizvodijfHQHUJLMH PRJXU MH XNROLNR QLMH LJROLUI
WUALAWH LOL X] RVLIJXUDQ GRYROMDQ NDSDFLWHW VSUHP
XSXUXMH QD SRWWHDEQDpSROPOMEDSURIJUDPD + 5(6 L (QHUJ\

U studiji[25] G DW MH NUDWDN SUHJOHG FLOMHYD ]D XYRYHQM
SRMHGLQH GUADYH L QMLKRYH HQHUJHWVNH SODQRYH 6V
planove vrlo hino raditi i ra energetskom razwoji planovima pojedinih regijaR S UL QD
gradova 5DJ]ORJ WRPH VX UD]OLpLWLK ]JDKWMHYL L PRIJXUQRYV
UD]JLQL NDR L NOLPDWVNL XYMHW E BEithoRe Xaglasi daXratvdj UD]OL!
manjih susVDYD JUDGRYD RSULQD L UHJLMD XYLMHN PRUD
sustavom pLML M HKoj@ljeu kodtaktpkako bi razej energetskg sustam LADR X LVWRP
smijeru i bio funkcionalan6 WXGLMD MH LVWUDALOD LQWatlitkPeELMX L
WLSLpQLK JUDGRYD X UD]JOLpLWLP UHJLMDPD X .LQL (NRQR

2,( LIYHGLYL X RSuLQDPD V PDQMRP JXVWRURP QDVHOM
QHAWR PDQMH REB&HVW VR DB QOD Wikolikolde W UR E@dwapbnske
sustavgFN) smanjinapola8 VWXGLML VH XSXiXMH QD SUHSUHNH QD N
2,( X HQHUJHWVNRP VXVWDYX NDR &@&WR MH PDQMDN JQDQV
X RSULQDPD 'RVDGDE&RMNHDEDPIWBMKHPIDQGUADYQLP HQHU
ODQMDN MH GRVDGDaAaQMLK VWXGLMD NRMH VH EDYH HNRQR
takve sustave potrebne detaljnije analize.

U radu[26]segof RUL R SUHODVNX JUDGRYD QD 2,( L QMLKR
JOREDOQLK FLOMHYD X SRYHUDQMX ]JDVWXSOMHQRVWL 2,( X
XVPDQMHQMX aWHWQLK HPLVLMD ,DNR X VYLMHWdd& SRVWRN
10 2,( XSR]JRUDYD VH QD pLQMHQLFX GD VH QMLPD QH QD¢
skiDGX V RVWDWNRPNKRWADW B N.RY ¥ IUMSHWHD terjdijalqolst izfoke NR U L V'V
energije.To je vrlo bitan dio procesa prelaska kako bionS@REDOQRM UD]JLQL ELR a\
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SURYHGHQ 7DNRYyHU VH XND]JXMH QD ELWQX XORJX WUDQVSE
L '7 NDR SUYRJ NRUDND X VPDQMHQMX L]J]YR]D HOHNWULp
kombinacija OIE, a u prvom redu tojembinacija vjetra i Sunca. Posljednji korak u smanjenju
YLAND SURL]YRGQMH HOHNWULpPQH HQHUJLMH VX VNODGLAa&W
baterije, TESi elektrolizatori, -HGQDNH PMHUH ]D SRYHUDQMH XGMHOD
studijal27]7 NRMD DQDOL]JLUD SUHOD]DN 1MHP DHPDRONMX p D N2YWXR:
je da je prelazak Njem@aNH QD 2,( PRIXUX V SRVWRMHIiULP GRPDUL
WUR&AND QD SULKYDWOMLYRM UD]JLQL

8 YHULQL VSRPHQXWLK UDGRYD XND]XMH VH QD SRWUHE
PRIJXUQRVWL SUHGODA&H VH LQW studijdeB]liavhakagzalaxiaHhi@eidind HW V N L
RG (9 ELOR PRJXUH ]DPLMH QhskbpaMdtGHhBkopBSREen® td) DQ R S
SRWUHEH NRQWUROH IUHNYHQFLMH &aWR EL UH]XOWLUDOR
tCO PMHVHBPORMHQMD HPLVLMD VX VH SRND]DOD L NRG SULP
+"Vehicleto-grid") unutar PLNURPUHAaH 3ULPMHQRP PRGHOD 9 * X VX
pokazalo se da 200 EV smanjuje emisije za 515,56 2@l dok u model V2G smanjuje
QLYHOLUDQL WURaBWN An&dzada mddléla GRnih ciklusa i ciklusa punjenja i
SUDAQMHWQG Bodéd,u [31]i [32] SRND]DOR VH GD YL&H UD]OLpLW
RVLIXUDYD EROMX IOHNVLELOQRVW VXVWDYD PDQML XWMH
PX VWDELOQRVW 3ULOLNRP NRUL&AWHQMD PRGHOD SODQLU
senD GHWDOMQLMH DQDOL]JH VHNWRUD WO s\WwWiemieWdD L XW|
RGUHYLYDQMH YR]QLK FLNOXVD X VYUKX SUHFL]JQLMHJ R
energetskog sustaya3] i [34].

U studiji [35], NRMD MH L]JUDYyHGLHBODBAHDWMNXD VH X VXVWD
R G UH Yy H Q kontkeDdian@limh izvora energije X] SUHGY LyHH QWU EXGRYH JRUL®
tehnologijeza pokrivanje toplinskih potreba i uzimanje u obzir nepovoljnih vremenskih uvjeta.
Studija [2] analizirala je energetski sustitW XEURYDpNH UHJIJLMH V YLVRNLP
SURL]YRGQML HOMMWGLMPHMHOHDJRMMUDOD SURL]YRGQ
OIE i zamjenu svi osobhiKV V (9 GR 5HIXOWDWL VX SRND]DOL Y
SURL]YRGQMH HOHNWULPpQH HQHUJLMH X VXVWDYX ,DNR VX
X NRPELQDFLML V SURPMHQMLYRP SURL]YRGQMRP HOHNWU
da suX VXVWDYX SRWUHEQL GRGDWQL L]YRUL IOHNVLELOQI
SURL]YRGQMH HOHNWULPpQH HQHUJLMH

Studija[2] SUHWKRGLOD MH L]JUDGL RYRJD UDGD 8 RYRP UDG>
JUDGVNRJ SRGUXpMD L GHILQLUDOH VX V Hd3dRIB®dgoHiRe.V XV WD\
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Uradu VH Wsia@rénju 100% obnovljivogamodostatnog elekenergetskog sustayBES)

aLUHJ JUDGV NR int&yRGW Hdgkivifiaciju transportnog i toplinskog sektoree
GRGDWQLP VNODGLAQLP NDSDFRWWYRWHQR L WM. EWUHD HIONHRIR
SYRYyHEYMIM, V GRGDWQLP VNODGLAWEPW KB MR BAQMNHKDH B QYHL & |
SURL]YRGQMH HOHNWU L @aQnitegidde-d Q034 Mijdla LOIS R piRio/diaD Q M
HOHNW U L p Rald CHEuhpdidddRjilenergije odabrani su vjetar i Sunce3R VW R MH U X +(
Dubrovnik 4WR VX L QDN ®PYROGDNBUNQRP SRGUXpMX

1.2 Energija Sunca ivjetra

Sunce je osnovni izvor svjetlosne i toplinske energije na ZemljiNppHWDp VYLK SUR
u atmosferi, gdje samo mali dio ukup¥ QpHYH HQHUJLMH GRODpPHQD HRPOM
QD MHGLQLPpQX SRYUELQX X MHGLQLFL YUHPHQDI@®]LYD VH
PHVWR QD]LYD pRPUDD MHHQ MM MUHESG IGRIXFA. SR Y U Zmeértd (prMHGLQL
Jicnt/h). Za standardnu mjersXQpHYRJ Rkbribth BeGMQpHYD NRQVWDQWD
predstavlaN ROQULB QA UJIJLMH NRMX SULPL MHGLQLpPpQD SORKD RNREF
SXQpPHYRJ JUDpHQMD XaMdirgo| gdnieiLatmastdrie ivrQdbednjoj udaljenosti
ZemljaSuncePUHPD QRUPL 6 YMHWVNH PHWHRUROR&NH RUJDQL]L
se vrijednost od 1367 W/Mi36].

(QHUJLMD YMHWUD MH WUDQVIRJWERL jd pa3llediReEdibama VX QpH
zraka uslijed neravnomjernog zagrijavanja Zemj@W R WIIHJROUD]OLpLWLP WODNI
OMHWDU QDVWDMH ]JERJ WHAQMH Wemljg kbhtiGu@anp privhe 7 HP W O
3: GROBJHWXQpHYD JUDpHQMDRX pRHUQ WRIM BWPREIHMYDUD X
QSU SRORYL SULPDMMXJPIDMH ® H/ORQ PINYB VARU SRUHG WRJD
EUaAaH KODGL RG PRUD 7R |1DJULMDYDQMH XJURNXMH GD VH
VWUDWRVIHUL NRMD VH B®@dp0aD NDR YLUWXDOQL VWURS

1.21 ,VNRULAWDYDQMH HQHUJLMH 6XQFD

3RVWRMH GYD QDb LIQNDHSEHWADR X EHHO H & M/W.Mipe®tXa HQH U J L
pretvorba, kd koje seV X Q peHe¥dlaSUHWYDUD X HOHNWUL nQrekitBaX WHP )1
SUHWYRUED NRG NRMH VH NRULVWH ]UF@K0 bi seRsvbrld@ R X VN
NRQFHQWULUDQD WRSOLQVND VRODUQD HQHJjupitémd NRMD
NODVLPQRJ VXVWDY¥XDENQSPUDQLBRIRVWRUQHUSWIQ® QX EHR¥ DD
SURSLVXMH LQVWDOLUDQMH VDPR IRWRQDSRQVNLK HOHNYV
sustavima. Od FN sustava razlikujemo dvije osnovne skupdseustaviNRML QLVX SULNOWM
QD PUH&AX NRML VH pHVWR QD]LKND MXVWDPYRV B/ DLONDLNP X Y M Q



HOHNWURHQH (EEMWANRX SRICHEYWR G Lp X )1 (id¢ kotidd RrBBINIQ DM p H & 1
VLOLFLM X UD]JOLPLWLP PRUIRQOM®I&Nstahi RaB@foilte RiDdrugiR QRN UL\
NULVWDOLDPQLK P D Waiddrid®Ea@d), kadBiRur)) (EWTe)d bakeakirdij(galij)-

diselenid (Culn(Ga)Sg¢ U ovom radu su za FN sustave odabrane monokristalne silicijske
UHOLMH V REUIpEBRRAGELR V RVWDOLP UHOLMDPRD n&bdjdJ LVWDO
VYRMVWYD L NDUDNWHULVWLNH 2GDEUDQL VXVWDYL UH
SULNOIMMX»PH@L ELOR GD VX LQVWDOLUDQL QD REMHNWLPD L
ilil kao VXVWDYL YHULKTake@D/bs Qd9bav)é/ Gdibrana zbog jednostavnosti
SURUDpXQD MHU VH UDGL R A&LUHP JUDGVNRP SRGUXpMX
OGUHYHQL VXVWDYL PRJX SULSDGDWL VDPRYV&i®&detkod® VXV WI
VXVWDYD QHUH SUHGVWDYOMDWL UD|RB&N3X].NDG VXVWDY SU

122 ,VNRULaAWDYDQMH HQHUJLMH YMHWUD
,VNRULAWDYDQWHWVHQHWMHLEMWH R WEVNRML BYR YHANWBRFE
otkrivati svoje prave potencijal R MH SUHSR]JQDWR L RG PQRJLK GUAaDYL
instalacije novih vjetrogeneratora.rdkode i LVWUDALYDQMD ]D WHKQRORJLN
SREROMAaADWL LVNRULAaW DY P @ iKeHKQjB Wddon Hijetgr\rainal D
XQDSULMHYHQ B7L THREROWADLQAL SUDNIVYQ@PRUQNVNE R Q.R/&ALR/UDL
vietra. DLR XNXSQH NLQHWLPpNHQHORWHNRUMWWYWMHWMY MH. PR
DHURGLQDPLpNH SUHWYRUEH MH W]Y %HW]RYD JUDQLFD
SURL]OD]L L] %HW]JRYRJ IDNRQD NRML PDWHPDWLIONL SULND
je jednak omjeru snage na vratilu Vil JUHJDWD L UDVSRORALYH VQDJH X
%HW]RY ]JDNRQ SUDNWLpPNL ]QDpL GD QLWL MHGDQ YMHWUR
SUDNWLpPpQRP VPLVOX SRVWRMH L GR®pepdrlazidaBe manjS UL SUL
odpolaNLQHWLpNH HQHUJLMH YMHWUD PRAH LVNRULVWLWL NI
YMHWURDJUHIJDWH YMHWURWXUELQH MH VWXSDQM LVNRU
SULEOLIAMNGQRV WL RG 5D]0 L p L izlikecORINDL @@L SXKNDIQWI D XY
aLURP =HPOMH -DpLQD YMHWUD WUDGLFLR@@BBPQdvjevH LVND
GLMHORYL =HPOMH QD NRMLPD SX&aX WDNR]YDQL VWDOQL
LVNRULAWDYDQMH HQH U BEZMRtetvoMad skdidije @Gddrt L KSiStdahWadY L M H
NRULVQX HQHUJLMX vjetbagegerddji seHs GRMBMR tiadrijentaciy osi
vrtnje, mogu podgliti na horizontalno ili vertillno postavljenu os vrtnj86]. U ovom radu
utH VH UD]JPDWUDWL YMHWURDJUHJDWL V KRUL]JRQWDOQRP F
NRG 9( QD RGDEUDQRP SRGUXpMX



OIE UDYQRPMHUQLMH VX UDVSRYVH@EOQK QRIURY D DROMRLX'
globalno ravnomjerniji razvoj. S druge strane, javlja se zabrinutost zbog potencijalnih,
QHIJDWLYQLK XWMHFDMD QHRGUALYRJ NRULAWHQMD HQHU.
utjecaj buke, vizualni utjecaj te utjecaj N RORANX UDJQROLNRVW ] WRJ L
LVNRULAWDYDQMH HQHUJLMH YMHWUD VXVWDYQR SODQLL
razvitkatHNRQRPVNX VRFLMDOQX WIB7YDVWDYQLFX ]DAWLWH R

123 ,QWHJUDFLMD )1 L 9( VXVWDYD X SURL]YRGQMH HOHNW

Visok i nWHUHV ]D SURL]YRGQMX HOHNWULpPpQH HQHUJLMH L
visokog ugela instaliranih FN VE sustavai energetskonsustavu, koji su uzrokom nesigurne
L SURPMHQMLYH SURL]YR&QOMH YHRGHNDU H PO N b @3pdal H MHHQ H U .
je nesigurna i promjenjiva jer ovisi o vrememakprilikama i klimatskim promjenama. Zbog
stoKDVWLPpNRJ SRQDADQMBXBRYHYD [YVMEWQYMD WHAaNR MH S
energije iz tih izvora energije. Rhedne studije su pokazala se soDVWLpPpNR SRQDaDQMH
YMHWUD L VXQpHYD JUDpHQMD PRAH RSLVDWL QD WHPHOM X
vjetra, trajanju sijanjilSXQFD L VXQpHYRP JUDpPHQMX 8WYUYHQR MH
NULYXOMDPD PRA&H RSL Vb HokBetd WildiljagcoddolavhDpiEuwrglatiyhbg
trajanja sijanjasund&8]. $QDOLIHQUD WHPHHOMX HXURSVNLK PHWHRURO
su jednake rezultaf89]. PromjenjivD SURL]YRGQMD HOHNWULpPQH HQHUJLM
YLADN LOL PDQMDN SURL]YRGQMH HQHRUHEH REMRI UH]XOW
prethodnih studija su pokazatia energetski sustav ima R O M L kxXda kpigtiNombiniranu
proizvodnju izvjetra i Sunca, negoli zasebno FN sustad =DNOMXpHQR MH GD R
kombinaFLMD L RGJRYDUDNRODpULQWVSBGRHDEOWBUP XpLQFLPD (
Neki od njh VX SREROMADQMH VWDELOQ RVIXIELWMMS\NRQIDVPDBE
pREROMaDQMH XYMHWD (RQWHUHUHQMD GDOHNRYRGD

OQRJH VWXGLMH REUDYLYDOH VX RYH WHPH L SRQXGL!
odravanje sigurnosti energetskog sustava i postizanje fleksibilnosti i stabilnosti u sustavu.
Rezultati studijg41] pokazali su da visok udio promjenjivih OIE u sustavu izaziva visoku
QHVLIXUQRVW X SURL]YRGEWRWHOBNWE®OP@NKM 80 HWUI LSMUR L]
HQHUJLMH L] 2,( NRPELQLUD VD VNODGLAWLPD HQHUJLMH
elektrLpQH HQHUJLMH pLMH VH JRULYR PR&H ODNR SRKUDQL)\
NDSDFLWHWLPD NRML PRIJX VXGMHORYDWL X XpLMRIRYLWRP
MH SUHGVWDY OMH QMBdRIGMHDA IP ININFOFDUWH ¥ QM X SURL]YRGQM|
HOHNWULpQRPHEQHUUIDMOHWHP VD VNODGLAWLPD L FLMHQDPD



GD VX KLEULGQL HQHUJHWVNL VXVWDYL NRML XNOMXpXMX
isplativiji zbog komplementaosti ova dva izvora energij8tudija[43] je dala pregled od 140
]QDQVWY H Q Lasopidin Rofi Bnaizifaju samOWRMHUH KLEULGQH VXVWDY
QD PUH&X 'YD KLE UL Gzipaba U4y WUWD. \WHH DXQNBDOVLX iplinf DR )1V X\
biomase i baterije, dok je u drugol 8 RVWRMHUHP VXVWDY XPr@ BGtavGe Y MHW U
SRND]DR EROMH UH]XOWDWH L RPRJXULR MH IOHNVLELOQ
JXELWDND ORGHO EXGXUH VDPRRGUALYH NXUHL®WH@M HYFR (
VXQpHYH HQHUJLMH L (9 [86RZa GliviiskiDRPedstavljeni SWeuBatiM L
ub]OLpLWD VFHQDULMD L SRND]J]DOR VH GD WUHUL VFHQD
XSUDYOMDQMH SRWUR&AQMRP HOHNWULPpQH HQHUJLMH PRAal
U radu[46] MH SUH]JHQWLUDQ PRGHO SRJUH&DND X SURJQR]L
L] YMHWUD X NRPELQDFLML V EDWHUEMWRQ D , HCHEI\HQUWL MAHH N
SURL]YRGQMH HOHNWULPQH HQHUJeékKeibilndst iYstdbilrwsti @ X FLO
HQHUJHWVNRP VXVWDYX 1MHPDpNH 3URJQR]JHSSUdRL]YRGQM
UDG HQHUJHWVNRJ VXVWDYD XJODYQRP VH EDJLUDMX QD ¢
SHULRGX RG VHNXQGD GR PLQXWD NUDWNRUBPQRO®RFHULR
SHULRGX RG GYD GR VHGDP GDQD .UDWNRURPQHi. SURJQR
Autoriu[47] VX GDOL GHWDOM D @etedaH S@naga 8 RrdgnoRaNE e
vietra. LHNROLNR PRGHOD |]D SURJQR]X EU]JLQH YMHWUD L VQ
analizirani su u studijand8], [49], [50]. U studiji[51] su se poda prognoze razvrstali prema
podacima prognoze brzine vjetra (neizravha metoda) i podaci prognoze snage vjetra (izravna
PHWRGD $XWRUL SUHG O D afiikaihi PIE L\QVID BHANOd&AAL (b Nl b L W L K
postizanjadobli UH]XOWDWD X NUDPWRYRURPRURIQBPOPD NDR L GDC
SUDNWLpQH SULPMHQH PHWRGD D QH VDPR WHRUHWVNH
vjetra, temeljeni na mjernim podacima brzine vjetra i snége sjevernoj Siciliji prezentirani
su u[52]. U studiji[53] VH SUHGOD&H L QRYD PHWRGD ]D NUDWNRUR
vjetra.U radu[54] VX SULND]DQL UH]XOWDWL AURIGHGIDSNRD YRIRHURY Q
] U D b H Qdijel)55]6 M6Xsu dale rezultate modgl@ognoe2 NRMH REXKYDUDMX L EU]
L VXQpHYR JUDpHQMH 8] SURJQR]H EU]JLQH YMHWUD L VX
SUHGYLYDQMD SRWOQRIAUQMMHHORIMMW VIXp R SERVOMHGQMH YULN
u industriji[57]. $XWRUL VX ]DNOMXpLOL GD VX VDWQH]§DhBMMGBRYV
]D SUHGYLYDQMH VDWQH SRWUR&QMH HOHNWULpPQH HQHUJL
tipom podataka. Krivup RSWHUHUHQMD SRWURGQMRP HQHUJLMH X



razlikuje od ostalih dan@ma je peL, RG YLNHQGD W hofiehns jg m@Gi¥l ld@adiki W L 3
SREROMAaDWL NDNR EL VH SRVWLJOD WRpPQRVW X SUHGYLYD
Profili proizvodnje eOHNWULPpQH H QSuhca trébéli hi fehmtibipdhiazatilkako
EL SUXaLOL VWDELOQRVW HQHUJHWVNRP VXVWDYX V YLVF
HQHUJLMH L VPDQMLOL SRWé&hergjel pf@zvediié iih@dnViEdk® DG LA W L
komSOHPHQWDUQRVW PMHVHPQLK YULMHGQRVWISUSCcHRL]YRG!
pokazala je dobru korelacijilL |JPHY X WD GYD HQ Hlevhe Wijgdddsti kd2dilRraled
su osrednjom korelacijiomD NUDWNRURpPQH VDWQH YUIlomHEB|QRVWL MR,
LVSLWLYDQMD NRPSOHPHQWDUQRV WjétreéSiSBuRda] Wdrr€b@oNeH HOH NV
UDGLWL DQDOL]H NRPSOHPHQWDUQRVWL L]JPHYyX SURILOD
HOHNWULPQH HQHUJLMH $QDOL]H NRPis QjéetrbdierahBiU Q RV W L
SRWUR&AQMH HOHNW UJ39]h Qokazdl®jel slabu kéldcigkoMazM GPMYEX SURILOD
i problemvelikogodstupanja $QDOL]D NRUHODFLMH L]PHYyX RSWHUHUHC
vremenskih uvjet§60], X NRMRM V X tRZgMadeYIDUIXHEQWI-IXOWDWH RG]LYD S|
zZaHOHNWULpPQRP HQHUJL MRWenXensk prilkz LRazulRE $u pbRaRali da
WHPSHUDWXUD L VSHFLIX QD pDOVDRA@ RVWW HFDMDQUIIP BRIWUR A Q
GRN VWDWLVWLPpND LVSLWLYDQMD EU]JLQH YMHWUD QLVX SI
Studija[61] je dala rezultate analize koleIFLMH L]JPHYyX NULYXOMH RSWHU
HQHUJLMRP L VWDWLVWLPNLK SRGDWDND R EW]LQLLESMBHALUL
GDQ b5H]XOWDWL VX SRND]DOL GREUX NRUHODFLMX L]JPHY
eQHUJLMH |Rinyild8n.Tm@D MR S R W L FiltddraSiRO1H ui En€rgebdki sustav
L X SURL]YRGQMX HQBNNMNR®R&EN H GHULKWDHV O M Lfosinsl L QDpL
goriva. RezultatisS(SRND]DOL NRPSOHPHQW D U Q Rivida iHidreersrofieH Q HU J L |
awR VX L JODYQL L]JYRUL HQHUJLMH ]D RGDEUYDLKMUHJILMX
XGMHORP 2,( X SURL]YRGQML HOHNWULpPpQH HQHUJLMH RY
VXVWDYL LPDMX PDQMH ]DKWMHY HsudtBva [62]H RalitielziL 2 Q R & U X
IOHNVLEHQW®REHWVNRI VXVWDYD RYLVOWIjiRovin RdeilaP DO QR M
YHOLBRGUXpPpMD ]D XUDY QRWRHAM QMUHH QNVIDRKSLUWHMHREM D Q L b Q |
najefikasnijeg Q D @ taQntegraciju visokog udjela OIE u sustav. Analmedelasustava za
YUHPHQVNL SHULRG GXOML RG VDWL QXAaQH VX |D UD]JYRN
kao dio stabilnosti i fleksibilnosti integriraninh OIE. ZahtieMD IOHNVLELOQR&UGUX X YU
SHULRGX RG PLQMOWDR]\WQIDPOBYRMMXOPD |D DXWRPD3MVNR XSU
SUHWKRGQR VSRPHQXWH VWXGLMH VX SUHGVWDYLOH QHNX
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u energetski sustav. Stabilnost i Xig QRVW WDNYLK VXVWDYD PR&H VH SR\
YUHPHQVNH SURJQR]H L D QESPLL JHHQ WWIHDAGM NIV BV Bl LHWID M H
=DGRYROMDYDMXuUuL UDG L XSUDYOMDQMH HQHUJHWVNIL
SURL]YRGQML HOHNWULDRE&HHRWW Y PNiicwaNirfariaijskitH i P
komunikacijskih tehnologija (IKJalatg "ICT-tools - information and communication
technologie¥). One SRPDAXRPRJIXUXMX NRQW leRe@itsklh tokdvh X D FL M X
energetskom sustaviCjelokupna elektroenerg VND LQIUDVWUXNWXU-D L SRY
WHKQLpPpNL VXVWDYL XNOMXpXMXuL UDG VX\enddriéD RSVNI
GLVWULEXFL WWN HaRUWHH Rpdikedid fe] foiezakiako bi se ostvarila suradnja i
RGUADOD VLIJXUQRVW PUHAaH [63Y, DX R$Y]).DSutije B YW QH PUHAaF
prezentirale standardea elektroenergetsku komunikaciju kof RPDaX X RVLJIJXUDYL
nesmetanih i pouzdanih aktivnosti maU HdapaPHWQH PUHaH HQHUJHWVNL V)
ELWL XUHYHQL NDR SDPHWQL HQHUJHWVNL VXVWDYL NR
LQIUDVWUXNWXUX NRMD VWYDUD QRYH REOLNHPa®etNVLEL O (
HQHUJHWVNL VXVYWD Y HNVORMKXHD XMIHYIJHWVNRJ VXVWDYD
NRPELQLUDQMHP VHNWRUD WUDQVSRUWD HOHNWULpPQRJ
manjak fleksibilnostiusM HG SURL]YRGQMH HOHOG8WM&LPpQH HQHUJLMH L
8 HQHUJHWVNLP VXVWDYLPD YHU SRVWRMHiz{dd KWMHYL
fleksibilnosti MH SUHVXGDQ PRISUREVOQMX EUNREG RG/HYBRWUDAQN
HOHNWULpPpQRP HQHUJLMRP PLMHQMD RG PDNVLPDOQH GR P
dostabrzo7DNRBHXAD XVOXDWMREBRAIQHRPHNLYDQLK YUAQLK
SRWURAaQM RéjamayiBJLIWNM HQ DO/ QUR Y M FU@R R J R § Waslikddd U HQ M
SRIJUHANH X SURJQRdK3ibilboss R patckbra Qrd strani opskrbe kako bi pokrila
QHRPHNLYDQH GRJDYyDMH L SUHNLGH X VXVWDYX NDR aw
dalekovoda.2YD SRGXGDURIRNW RRRAHHOLNRJ ]QDpDMD NDGD SUF
HQHUJLMH L] 2,( L SRaWAUITRYOHMID GMRNDNXR UH]XOWDW LVWRJ
NDGD SRWUDAQMD NOLPD XUHYyDMD, @D 3@GRVSR haihH SUHF
]QDpDMDQ NDWOFWWHIW RIERMH UH LVWRYUHPRHRQ R OXDPDWIX X
proizvodnja iz FN sustavaQH VDPR GD SUHGVWDYOMD GRGDWQL ]DK
]DSUDYR XGRYROMDYD SRVWRMHULP ]ivre/ lekstbilnesh GRQH |
prethodno poebne negdje drugdje u sustavBuprotno tome, smanjenje zahtjeva
IOHNVLELOQ RjaitkKXQWH@ MpDMW %6 S R VaRip pli i Dseleldjekdvi kBsnih
YHpHUQMLK V Dtida opatidd VAR WWHDEQWDUD W L Ga&IEEBNIQQARPE IDXK W M |
6 GUXJH VWUDQH DNR SRYHUDQH EU]JLQH YMHWUD UH]XOW
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SRGUXpMX JGMH MH JULMDQMH RVLJXUDgéidarastitdstteULpQRP
=QDQVWYHQL SRGDFL V PHWHRURORAGNLK SRVWDMD ]JQDpC
fleksibilnosti u pojedinim regjama3ULMH JUDGQMH HOHNWUDQH WL SRGD
UH QDGRSXQMHQL SRGDFLPD V PHWHRUHROR &MNIEIMBRYVWDMI
izvora.PRGDFL SULNXSOMHQL X FLMHORM UHJLML WLMHNRP M
SUHGRGAEX RSYNRPWRINDIM QRWIWL X VK WRE &RAJUMNGRti UH L GO
6 O M HGrékije procjena nesigurnostiezultataprognozetijekom vremenskog razdoblja

XUDY QR WRRGPID I8 D R J Q R ] EndryijR hdstréie@jmairamjenjive Ol cijelom

sustavu je odrelikog |QDpDMD MHU UH RPRJXULWL XpL QzMoRaY LWLMH
fleksibilnosti[70].

1.3 Fleksibilnost elektroenergetskog sustava

2,( NDR awgja\wxtradi@unca, ovise o vremenskim prilikama i njihov visok
udio u proizvodnji energije rezultrady DULMDEL O QR & t Xpdkrb® Enéigijoinle) R & 0 X
SRMDYH SUHGVWDYOMDMX L]D]JRY V NRMLP VH HQHUJHWVNI
budXilISRWUHED ]D HQHUJLMRP 9DULMDELOQRVW QLMH QRYI
VXVWDYL 2SWHUHUHQMH Rd3cika jeDavifekSdkad WRHA Q MY L HERHWWU R
ELR SULNOMXpHQ QD SUYX HOHNWUDQX U/LLEPNFHRINVDHYD IR O HVNHA
EU]JLP SXaWD QM HRPRX HIFRG WiEpsamR@iivi OIE dodatnije i novi, izazov u
energetskom sustavu koji predstavljaju dva elem@ntenjenjivcst i nesigurnost u proizvodnji
energije. Nesigurnost opskrbe enpng je povezana s prognozoproizvodnje energije iz
promjenljivin OIE.Prognozama proizvodnje, kao i ggiRaQMH HQHUJLMH %WHAaNR ©M
WRPQRVW 3URJQR]H SURL]YRG Q Mrddds@lbhtuaapdjet], £3tirs 8eER P M H Q
DAaXULUDMX XQXXWODUWGDQOQWDWDNNDNR EL SRGDFL ELOL aWR
NROLPLQD SURL]YRGQMH H Qirbiziikupe bt dhid predN R & Q pIQ [2FSLH X B LN
HQHUJHWVNRJ VXVWDYD PRUD QD VHEH SUHX]JHWL XSUDYONM
kratkom vremenuPromjenjivoVW L QHVLIJXUQRVW MH YHUD NRG SURPMH:!
2,( QHJR NRG SRWUR&aQMH 5D]J]ORJ WRPH MH ODNa&H SUHGYL
GHVHWOMHULP Damapbidéteakd. YD L DQDOL]

Promjenjivest u proizvodnji engije iz OIE ovisi 0 izvoru energije. Fotonaponske
HOHNWUDQH pDN L 1D REOD)Q RUjihothHhRiAvQdDjaSikdRia hy paGaH H Q H L
ispod 20% QD]JLYQH VQDJH daWR RPRJIXUXSWHMRWURPHAR KU ML ]\
proizvodnja je nepravindkKaGD EL SURJQR]D SURL]J]YRGQMH HQHUJLMH
fleksibilnosti u sustavu bi u svakom vremenskom rasponu trebali fzndg maksimalnog
porastaRSWHUBQ DHRWHPAXNOMXpHQL GLR |D QHSUHGYLYHQH GR.
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VOXpDM IDIHRISRRIUHEQR X VXVWDY X ]Dhiavdra BriétgijegakdNH RG Q
EL VH SRNULOD QHVLIXUQRVW X VOXpDMX YLAND LOL PD
SUHGYLYGHWEDYDQMH UDYQRWHAH L]JPHYyX SURL]YRGQMH L
NDMYHULP L]DJRYRP X VLWXDFLMDPD NDGD SRWUR&QMD SD
REUDWQR 8 WRP VOXpDMX VXVWDY SR SRWUHEL LVNOMX]
SXaWwWDQMHP X UDG NDNR QH EL GRAOR GR PBVQ M§WMILOL YLa
RGJRYRU QD WDM SUREOHP GDMH YHUD IOHNVLELOQRVW X
sustava treba osigurati dovoljno izvora fleksibilnosti kako bi se pokunitamjenjivcst
RSWHUHUHQMD X VXVWDYX

JOHNVLELOQRVW L]JUDHOQOMDJRSMWHNIL GRXWRMHPRAH REOLN
SRWUR&AQMX HQH U JiromienVoMRWR & bR WU WX LP ULMHpPLPD
IOHNVLELOQRVW L éghemyatBk¥dosustaR W HIRWIV SRX]GDQX RSVNUE
s brzim i velikim neravn@®VHaDP D EH] R EQhdade niel uXrjdgdatima (MW) koji
VX GRVWXSQL ]D SR ahikd praz@addrie enkergik D damdtteniBtku. Primjerice
daro postrojenjes kombiniranim ciklusomplinske turbinePRaH ELWL X VWDQMX SF
smanjitisnaguod 10 MW u minuti. ) OHNVLELOQRVW UH YDULUPMMWSIRG SRG
o prirodnim izvorima i poPMHVQRP UD]JYRMX SRMHGLQRJ SRGUXpMD
fleksibilnostostvariti instaliranimHE koje imaju brziodziv GRN UH HQHUJHWVNL VXVW
SRGUXpMD VYRMX IOHNVLELOQRVW RVASYDUY IOWID ® NNHRAP S IRQ\DL
energije

Fleksibilnost u energetskom sustavu se tradicionalno povezuje s elektranama s brzim
SXaWDQMGhRjeXu iYEOLNH YDAQRVWL PHYyXWLP QLVX L MHGLC
VXVWDYX SRPRuUL X RGUADYDQMX UDYQRWHaH HQHUJHWVNL
ubrajaju se iES, upravljanje S R W U Dido@ZzwdéPte SRYH]DQRVW VD VXVMHGQL
energije Pojedini izvori izvan energetskog sektora madpprinijeti fleksibilnosti sustava, kao
a W RraisKortni i toplinski sektor . RG WRSOLQVNRJ VHNWRUD WR VX HOHN
dok su utransportu toEV V. HOHNW U L p Q(BEV)E 2\ H UR_RAJEKEI @ik &vor
IOHNVLELOQRVWL SRKUDQMXMXUuUL YLADN SURL]JYRGQMH LOL
danom vremenu3URPMHQMLYD SURL]J]YRGQMD L] 2,( PRaH ELWL SR
X FLOMX VP D@ Mdiz@hhiz eYiergijd.MR ésdi SRQRY QR , 8k Ya-tadi iytoli
potreba NDNR EL VH RVLIJXUDOD XUDYQRWHAHQD RSVNUED HQH
UH PRAGD Erawekolkdrs&tiuuHdielog godini. Teredstavlja prihvatlivW UR&DN ]D
SURL]YRYDpDSHR&DN RRUIKLQRVW H Qubrav]ah)d/X/HNIRLAP \NOWS/DEF ¥ W H W
promjenjive proizvodnje iz OIE.
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Slikal. Fleksibilnostelektreenergetskog sustava: zahtjevi i izvori fleksibiln s

,ZVSLWLYDQMH JQ ko) €Lorgjl BZetHWQdbkirDprilikom procjernizvora
fleksibilnosti sustava daje SUHGRGAEX R QMHJRYRP VDGDAQMHP SRW
SURPMHQMLYRP HOHNS3®kaLlp Qifeva dtrgnhll Gliké MdR&uje potreba z
IOHNVLELOQRAUX B®RNVWRMWHIMMHQRMBWQR GRQHNOH SUHN
RSWHUB DH P.WiAd se dodajd [ DKWMHY SURWLY QHRPHNLYDQLK G
QHSUHGYLYHQEGHIREINMR JXELWDN QDMYHUH DRMEGLQDpPQ
GHVQRM VWUDQL VOLNH QDY HGHQkbja\sE npguWKotistiti ¥d Y RUD |
X UD Y Q RMorhfeh|ioMiki sustaviSva pHWIRWIX SUXALWL MHGQDNX IOHNV
brzim ili planiranim SRYHUDQMHP LOL VPDQMHQMHP HQHUJLMH NDF

sustavu. Sredina slike prikazujesastav EES u kojem se podudaraju zahtjeviizvori

fleksibilnosti kako bi se tvrdilo koliko je izvora stvarno dostupno za upotrebu u
XUDYQRWHAHQMXSRGQMPNURPPD ELWL GRWW XSQRJIYIROLIND ENRA
RJUDQLpPHQ QREILHRR ERPEW QD NOMNRXpQD pLPEHQLND IL]JLpN
upravljanjeEES L VWUXNWXUD WUaLawbD HOHNWULPQH HQHUJLMH
Pojedini energetski sustavi mogu imatUD]OLpLWH L]YRUH IOHNVLELOQR
odgovarasvakm VXVWDY X 6XVWDYL VH UDJOLNXMX VWUXNWXURP
energie SULURGQLP L]YRULPD WUA3LAWHP L SULMHQRVQRP PU
imati bolju MogWiQ RVW XSUDYOMDQM® SRIRFRBQMLYH G B/ ULpQH
LK QLMH PRJXUH GLUHNWQR XVSRUHYLYDRMGUXpRDB]M REVQRE

14



XGMHORP SURPMHQMLYLK 2,( X SURL]YRGQML HQHUJLMH
| O HN YV LEIL®z2a@Rad&dovisi, jer nijedan sustav nije jednak. Svi sustavi zasigurno dijele

RGUHYHQH WHPHOMQH NDUDNWHULVWLNH QD WHPHOMX NR
visoke udjele istaliranih proizvodii NDSDFLWHWD L RSVNUB@®MMMREHURN
SURWH]DWL QD YL4A4H GUADYD 6 GUXJH VWUDQH VX YUOR P
SRYH]DQL VD VXVMHGQLP SRGUXpMLPD X] PRIXUQRVW WUJI
PRIXUQRVW 1HNL LPDMX PRJX dokrliMgVnardjordt® & §\M B QHMIDH H QLHWL
u svim sugavima osciliraX UD]OLpLWLP RPMHULPD L L] UD]JOLPpLWLK UD

(OHNWUDQH V EU]LP S Xéapdagnviddastavind PO WRIEXUAL LOL V!
odziv. SViEESimaju unutarnje prijensne (i distribuciskeP UHXHMHGQRP VXVWDY X PR
jako i gustoXPUHAHQD PHYyXVR E QugbrRoYehh@iQlabe vé& EShibe veze
mogurezultirati ozbiljnijim problemimaX VOXpDMX SRMD &R IJQKRNMIDNNDGQLMF
O L QLM Xde wpbiedide energetskih avsD YD UD]JOLNXMHPR W RaAWXp LYPHEGLCPLL
SRGUXpMD PHYyXVREQD SRYH]DQRVW VD VXVMHGQLP SRGU
SRGUXpMD JHR/SIDDSVRP WHDEBRYLK 2,( IOHNVLELOQRVW HOU
UDG L MDpLQDXPWVMIBANRERGAPDMX YLVRN XGLR LQVWDOLUDQ
L YHUD YUaQDtRSWHHIHIEQRM HOHNWUDQD NRMH VXGMHOX
UD]QROLNRVW RSVNUEH 3RWUR&AQMD UH PDQMH RVFLOLUI
vremenski zona% ROMD SRYH]DQRVW VD VXVMHGQLP VXVWDYLPD
IOHNVLELOQRVWL VXVMHGQRJ VXVWDYD NRG XSUDYOMDQWN
mali potenciiha X PHYyXVREQRM SRYH]DQRVWL VD VXVMH&GQLP VX
mogX iQRVW %R O MXQRRWUFAIVEXNHP®PRMH MH GLR MHGQRJ YHOL
PDQMLK SRYH]DQLK wWuUuaLawD 'REUD UDVSRGMHOD SURPM
XJODYBQRMIX RGQMX QHJR X VOXpDMX N BrédngpplitirDjetiNav U D Q H
drugpj 6QDaQW UHRGIHONH U J H W Wil Ditan faktérD toddddHPUHAD V GRYROMQ
NR O L pkageRiteta 7DNYD P UH asigurRaR 81D V S R OiRvaila YilBKegiNiInosti za
XUDYQRWHRPIMOAMLYRVWL L Q Kiv bkobstniiVimitar ppiyadjiihSRG W H
razina rizika.

8 GDQDAaQMLP HQH U Jadan fleksibinogtipvdife i IsiPXOefiri dijela
HOHNWUDQH V EU]IEB SGEYWH) ROIRIWVYW WD XVMHGQLP WUAaLawl
upravijanjaSRW U DA QMRW UL p Q B MHYGHHIWLJLIWHRU IOHNVLELOQRVWL X
SUHGVWDYOMDMX HOHNWUDQH V EU]JLP SXawiBeNjéetge X UDG
SURL]YRGQMH QD |DWMHY =D QMLK MH NDUD N#htieldleL VW LDPp Q|
operatora sustava i da ELOR NRMH YULMHPH SRYHUDMX LOL VPDQM

15



vremenskom razdoblju,]PHYyX QMLK SRVWRMH UD]JOLNH X EU]JLQL RG]L
bazneL YUAQH HOHNWUDQH WH HOHNWIUHRQH-ENRMHOSRNNWULDYQ B |
MDNR EU] RG]JLY L PRIXUQRVW SRNUHWDQMD L |]DXVWDYO
Elektrane sa srednjim odzivom sporije reagiraju na potselséava i mogu praLWL ]QDpDMQ>
fleksibilnost unutar jednoga sata. Bazne elektrahX RQH V QDMVODELMLP RG]
]IDWMHYDMX REDYLMHVW QDMPDQMH @aHVW VDWL XQDSULMH
(OHNWULpPQD HQHUJLMD L] VNODGL&AWD PRAH VH EU]R R
izvorom fleksibilnostj s odzivomu nafiNUD UHP YUHPHQV N R PD UXRWNDXY QPR\W K SWHHQ
nesigurnosti i kratkotrajnepromjenjivostt OHYyXSRYH]DQRVW VD VXVMHGQLI
WUALAWLPD RPRJIXUXMH G L MHKGMHSEND Y. DYWRDIDMIED 1S N YR [PEAHOQIMF
VXVMHGQLK SRGUXhMDD SHDALINRHORR PHYXSRYH]DQRVWL NDR L
SRORADMX RGUHYHQRJ SRGU XphdmdmskojShowekavidsty QUBj&NIIG U X & W
S R G UKgul \\ra fleksibilnosti QD VW UDQL SRWUR a QatlikujeraoHzMoré U Lp QH |
upravljanjD SRWUR&AQMFRALLY D] SRWHIRAQMH 8SUDYOMDQMH SRWL
koji su unaprijed dogovoreni od strane operatora sustviese odnos® D VPDQMHQMH SRW
QD RGUHYHQL EURM VDWL JRGLAQMWNL® LSR @HEEQER BOVW WRHA C
odnosi naindust MVNX L NRPHUFLMDOQX SRWUR3EQMX OQRJH GUA
XSUDYOMDQMD SRWURAQMRPHOBINPWMHDRP GIEDULD IQMRHI KL WEDL
modeli,lOQ DM X G LR |PRMOIHNAWY Wi QKRjPL IR Q HFFIRIDMIRR VW GLQDPLpPN |
uviePHQVNRP RNYLUX XUDYQRW H®HQMIJ L Osphsirieqjenti) JY MaHN D
SRYHUDQMHP BB RWIIREWKIRIGQRJ GRJRYRUD VSDGDOu X L]JYRL
NDWHJRULMX PRAHPR VYUVWDWIQ D LL VKXO/BY B ®RNBH]) Bl @ RAUW p
V XV MH G Q L Pkae/ khpdciiell izwia fleksibilnostimogu biti dogovoreni unaprijed na
JRGLAQMRM PMHVHPQRM WMHGQRM LOL GQHYQR&MWRVQRYL
PRARELOMQR RDVBROWIAIDK R U D YNQHRWX IS &RIY G MA@ Bit/Ratrisna
X RGQRVX QD YUHPHQVNX SURJQR]X SUHGYLYHQX ]D GDQ L¢
Energetski sustavi s visokim udjelom promje)@®IE zaht MHYDMX L SRYHUDQ
L]YRUD IOHNVLELOQRVWL bidHbokeWsrfjeritQuDstRrijerje Rdirebss ZaN
IOHNVLELOQR&UX 7UL VX QDpLQD GD VH WR SRVWLJQH
X VPDQMHQMH YU4A4QRJ RSWHUHUHQMDhOERL]YRGQMH HQH
x UDVSRGMHOD HOHNWUDQD QD QDMYHURM PRJXURM PHYy
Xx LQWHJUDUFLD MO pnNV@§HK YUVWD SRVWURMHQMD QD SURPMI

16



$NR X VXVWDYX GRyH GR QHSRAHOMQRJ QDJORJ SRUDVWD
VPDQMLWL VPDQMLYDQMHP XpLQND SRVWURMHQMD .RG
SULPMHULFH ewdRkretiniem Sipaticd/ lvietroturbina od vjetraTo pridonosi
XUDYQRWH&EHOQ BMX RV XHUWBRIDYyD QHNROLNR SXWD JRGLAQMH
RSHUDWRUX SRVWURMHQMD 8 VOXpDMX NRULAWHQMD VXQ}
u pravilu nema znatnih odstupanja od planirane proizvodpg tu nisu potrebne trenutna
VPDQMHQMD RSHWXWHRHQNIED VH UD]OL L dhjeMitoshW H SRV
proizvodnjom QDOD]H QD LVWRP SRGUXpMX VPDQMXMH VH YMHI
prijenosa. Ako se njihowa proizvodnjanadopunjug i postoji komplementarnost proizvodnje
UD]OLpLW L Kb@&VHVskbtistitH QRM\DW RMHUL SULMHQRVQL NDSDFLWI

(QHUJHWVNL VXVWDY QHNRJ SRGUXpMD VzbvWRsML VH RG
SRWURA&ADEHD SPUMWMKAQRY HOHNWULPQH HQHUJLMH NRMD LK SF
L GLQDPLpPpQR $NR GRYH GR SURPMHQH NRG ELOR NRMHJ RC
na druge sudionike sustava, bgozitivan ili negativan. Stogse nijedan od elemenata ne bi
WUHEDOR SURPDWUDWL |[DVHEQR MHU VX VYL XVNR PHyYXVRI
UDGL QHSUHNLGQR SXQLP NDSDFLWHWRP QDMYMHURMDWAQ
VXVWDYX WLMHNRP QriinirhalNelyJD MH SRWUR&QMD
1.4 (O H Nni&/\btilp

. RULAWHEMBIMHAL ]QDWDQ SRUDVW SRVOMHGQMLK JRGL!
RG PLOLMXQ (9 X JRGLQL V SUHGYLYVHQIIP ReRtViOVWRP N |
YLVRNL SRpHWQ L[EWdaRSNRepiekA naPQUMIslajaB) [72], iako su s&V
pokazala efikasnijim oV L LPDMX QL aH Bl RdvixReYinelodija, @xnata kao
brzo punjenje, zahtjeva manje od 15 minuta za punjenje batéBje % U]R SXQMHQMH P
potaknuti NRULAWHQMH (9 L XpLQIVW L' DLCKD BI®& K N XEUH 8 WSXIQMLIRR L F +
mogu napuniti 70% kapaciteta baterije u manje od 30 mipi#th Donja granicastanja
napunjenost{SOC,"state of charg8, od 10%, postavljena je kako bi se izbjegtksioznost
S RW U R &rbjd Branitanapunjenostiod 80% SRVWDYOMHQD NDNR EL VH XE
WURAHQMH L RVLIJXUDOD VLIXUQRVW WRNRP EU]J]RJ SXQMHQ
RG GR PLQXWD NR Mituzbthd bvzR pur§eRjFQ]|D WERQ B BX@dlbbijew H
punjenjaEV razlikuju tri razine punjenjaB(9 .RG UD]LQD L NRULVWH VI
LIPMHQLPQX VWUXMX NRML VH YNedajl uienjeNbReefileViwWaianR G N X {
RG GR VDWL .RG UD]JLQH NRULYV WabredbugjErieM Deeinj QD LV W
manje od 30 minutd&/ PRIJXUQRauUX SXQMHQMD EDWHE)JLMH GR VWD
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U radu[77] analizimla se veza dnevraline YR4AQMH L VWDQGDUGQRJ L E
Rezultati su pokazalid& U] L S HauMdlifpbticajzaSRUDVW NR QIQAWRHRRMDX U(*@ M X
NRULAWHQMH (9 QD SXWRYD®MLFDANRRIG , iMGR0 RI BIX@M H
SULYODpPQLMLPD |D EHXGROWD WRULX GIRNND]DOL GD SROLWLpPN
YHOLNR J]QDpHQMH X SRWLFDQMX UD]Y RibgBtivarQutjgdajhi&/ U X N W X
SRVWRMHUL UDG PUHA&H HwRuzég Puhje@EYR&EE MWMWXI MEOOELIM VN R M
niskog napond D YULMHPH Y U & @dokedRGONMHMHHAIMQWIID RYRJ SUREOHPEL
dvosmjerna punionica na brzo punjenje i istosmjernu strgi@QD LPD QRYX XSUDYO
WRSRORJLMX NRMRP VH SodHBXOLERQUMMH RGQM B YSD GD SROB L V!
na800 V[78].

'UXJH VWXGLMH VX SUHGORALOH UMH&AHQNMNH i jJREOLNX
poswLuL VPDQMHQMD YUAaQLK RSWHUHUHQMD RPRJXUDYDMXi
SRWUHEH ]D YLVRNLP WURAaRRYL&D[7Qd RaphKeh ) jd aklalzd UJ L M H
Y HO L p ISR RBroM fiunionica. 3aARWUHEQH VX RSVHAQH VWXGLMH ¢
infrastrukture za brzo punjenf@ DNR EL VH RPRJXULOR L SRWDNOR NRULA
I1HNH VWXGLMH EDYLOH VX Wultue QfaRuld R nékxli€oXrijestal Q 1U D V
SRAHQDM QMAKMHAWDM SXQLRQLFD ]D (9 SRSXW ]JJUDGD MDY (
rekreacijskih objekata, radnih mjesta i benzinskih posg&tiadija je dala rezultatankete o
SRAHOMQLP ORNDFLMDPD ]D VPMHAWDM SXQLAQiteckD D L\
LQIUDVWUXNWXUH EU]JLK SXQLRQLFD Uy ldtQirske{80JRa ]D VO
cesbYQH PUHAH RNR :DVKanwQrdkaRBRE0ra 814

Uradu[82] VX SULND]DQL UH]X OoxaDnwdelaXpdssoRanjal zaKM i MU R & N
5HIXOWDWL VX SRND]DOL GD VX XNXSQL WUR&ANRYL ]D SRV

QLAL RG RQL Iﬁeh@vecﬂen@ . Napravljena je usporedba kupovne
FLMHQH YR]LOD ]D WUL GUADYH a4SDQMROVND 1MHPDpPND L
MH FLMHQD (9 RG GR YHUD X XVSRUI@M .9 NDR
Kod uWSRUHGEH WURANWXDX]EUWLRIUBXYMKYMD L VWDQGDUGC(
prednost ima standardno punjenje, kako sto@ [83. . QYHVWLFLMVNL WUR?
SXQLRQLFD PRAH SRYHUDWL SRV\WKakd Hi(se o¥iyurila pelivaH P U H at
RSVNUED HOHNWULPQRP HQHUJLMRP X VOX8PNefmanjaVRNRJ ¢
shaga za punjenje EV, potrebna da se dosegne stanje puogtenjge od 80%, nelinearno se
SRYHUDYD VD N: ]D PLOQXWD SXQMHQMD QD N: ]D PL
FLMHQD UHOLMH d®OHEQISDRWh.SRGDWQL WURADN XVOLMHG VP
punjenja baterije s 55 na 10 minuta izno% 125D/kWh[75].
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Tablical. Usporedba KV €V WH XVSRUHGED UD]OL p hivénkeljiy 80N P N(IOKL LS X Q L

financijski aspekata prema prethodnim studijama

S _E'te"1'1e2'—"2""1

KV

EV

>TA"TY 1 — ce ofbimiSHEE “ Z 1

30225 EUR

4675EUR("2°—S1™37 )

Cijena vozila

12000.18550 EUR

16500.27150 EUR

Brza punionica

EV
| zo—81mMy "

—VZe+r E 1 A5

1370.1800 EUR/KW

Sposobnost punjenja

75 EV/dan (1500 kWh)

4 EV/dan (86 kWh)

7 ™-%> £ $avha punionica
na istosmjernu struju

Zo—F1mz

20 kWh; 20.80% SOC

_YZ(E.1CE1M(Bn|1.)~ﬁén

125000 EUR

1000 EUR

Potrebno vrijeme punjenja

5 min

56 h

Brzo punjenje na istosmjernu struju

TSl — eSS —“SIWWWLT
istosmjernu struju

22600USD

>"AS"1'—@+Se'>S—*S1e>S—0e-

18000 USD

>"AS” lopthe ce1+YS1™>'"e"72"S
™7 —“521e608WZ1[V

20000.36000 USD

Snaga punjenja

145 kW (Tesla)-

225 kW (Porsche)

Brze punionice na
istosmjernu struju

Iznimno brze punionice

> i Sindtalacije 32600.34700 USD 40300.42000 USD
S RS 1 ™77 30000 USD 245000 USD
SRS e VS 6000 USDmanje od KV; 3000USD V'fiZ1"+1

1000USD manje od HEV

U |Tablicall@ SULND]DQL VX GHWDOML R WURANRYLPD L ND
istosmjernu struju i njihova usporedba s izuzetno brzim punjenjem, detaljnije opisana u studiji
[84] 5H]XOWDWL XVSRUHGEH SRND]XMX GD VX WURAGNRYL L]
DQEQDOL]D WDNRYyHU MH SRND]DOD GD VH WURANRYL YR]JLOD
goriva, morajusnD QMLWL NDNR EL ELOL NRQNXUHQWQL .9 L KLEUL
8aWHGD YULMHGQRVWL YUHPHQVNRJ WUDMDQMD SXWRYDQI
izuzetno brzo punjenje zahtjeva dosta manje vremena za punjenje vozila od brzog panjenja
istosmjernu struju. Pro HQMHQD VUHGQMD YULMHGQRVW XawHGH YU

86' SR VDWX |]X]JHWQR H&/yaRIE hihie @apthjénie B\D kedd brzo
SXQMHQMH QD LVWRVPMHUQX VWUXM@RY¥WR X EQRMILHRWURH P
trajanja putovanj@4]. U studiji[85] MH L]YHGHQD XVSRUHGEEDaBWY PO LpLWLK
VWDQGDUGQRJ SXQMHQMD NRG NXuH GR VXSHU EU]RJ
5H]XOWDWL VX SRND]DOL GD NXiUQD SXQLRQLFD LPD QDMQ
QDMGXaH Ypuhenjd.@biofiba na "super brzo" ja@ punjenje na istosmjernu struju
LPD QDMYLAL LOYHRWMNIUNDVINLYWURBPN SXQMHQMD
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1.5 Dizalice topline

Daljinsko grijanje (DG) setrenutno razvija prema primjeni najnovijeg koncepta
nazvanoglaljinsko grijanje 4. generacije (4GDG4th generatn district heating), NRML U0H
se L]J U D ytiie¥dmwalzdoblja2020. - 2050. godine.4GDG sustavi se mogu Koristiti za
stabilizacjuEEM ]JERJ SRYHUDQRJ XGMHOHESS BRIXM B QMHPLRR2,X UXQ
LQWHJUDFLMH YHUHJ E U3RMEkiHcGHQUH 8 WYQILK MVXW WD&IDYDQMD
o tehnologiiDT NDR NOMXpQRM KGRBSRAQHSREROMADYD [SQWHJUDFI
XWMHpPpH QD VP BYMHWQVMEDPRLNRMDVW RG QLVNLK FLMHQD HC
YLVRNH SURL]JYRGQMH HO N 89 [PpkathloHs® Haljd D ekohdm&Kj (
povoljnija proizvodna jedinica od kogeneracijsk@gRVWURMHQMD WRSOLQVNH L |
[90]. 2N R HOHNWULPQR SRJIRQMid@Q EW u'iaztibbljuldd GQ0L&EQMH S U
2015. godind91]. DT se pokazalaNDR EROMD RSFLMD X S&id@rhsgexu LVSOD\
usporedbi saolarnim kolektorima (SKJ9]. S druge strane, integracija DT u solasustave
DGSREROMaADYD QMLKRYX HQHUJHW YV N X9%] p[R3D. ©ROYW.DWNRRWW UN D
UH]XOWLUD VPDQMHQ Mif¢lka W X RWNRSYRIP Y IREBQMMHeth HU JL M+
XSUDYOMDQMHP WDNYLP VXVWDYLPD PRAH93,HO6E RAWLUL GR
smanjenje emisijia7].

9UHPHQVND SURJQR]D LYGBUYUDYO/WMDMMUREQBMOLAWHP
WDNRYHU UH ] X0duHiiléeRekid 9B]R/GIDME] Q D p D M Q Rsvojatwa klstava) D
[99], dok je uporabdES presudna za smanjenje potrebe za fosilnim gorivima u grijagju
'7 VH SUHGODAaxX NDR QDQLEDGANS MHdariike@BMDFD L SRWURAQ
primane energije[100]. $QDOL]H Udd@aBPTWIHK]IXOWLUDOH VX QHXVN
R S Wejdtlieltom ljetnih i zimskih mjeseck PHYXGMHORYD QIR MWR HVBHR B U L N |
u[89]i [101]. U studiji[102] VX SULND]DQH PRdIpSia&EVRSWHUHIHQMD N
L QMLKRYL XWMHFDMQL LURDE D QLY D QM XMH Y DMEHD DD O L]
LQWHJUDFLML 2,( L VPDQMHQMX YUaQLK R®WaHdlidianel QMD QL
XORJH UD]JOLPLWLK VSUHP QRétidtaQUI105P$ RQID PJMLG B XG G B DYRIW
HOHNWULPpQHPHR@HUSUDW LWL GRVWXSQRVW HQHUJLMH YMF
SRQXGLWL PDOX IiCOH\V VELOR®WWRROULHED QD LQWHOLJIJHQWDC

SBUHWKRGQH VWXGLMH YHULQRP VX DQDOL]JLUDOH SRW
HOHNWULPQH HQHUnth MR MHGY RHBNWR IVWXGLMD UDYHQD M
PLNURPUH&D NDR @8WR VX ]JJUDGH JGMH MH PRUVND YRGD
8 XVSRUHGEL V SUHWKRGQLP VWXGLMDPD RYDM UDG SUXat
HOHNWeérijp @OIEH . RULVWL SIRRIUDYH ED]LUDMX QD NUDWNRUF
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NRUDNX SRYHUDQMX YHOLPLQH VXVWDYD L RWYDUDQMHP ¥
8 RYRP UDGX GDW iUH VH SUHJOHG DQDOL]D SRWHQFLMDOTL
LVNRULAZWDYDQMH SURL]SRCGEMHSRPHGLIOWDH QR YMHWRBPEL QI

1.5.1 Dizalica topline s izvorom morske vode

6 XVWDY '* V '709 MH VXVWDY NRML NRULVWL REQRYOM
WRSOLQVNX HQHUJLMX ViDe@dibila @obrdd MPHRAHQNNRH JDRSRNULY D Q
]D JULMDQMHP L KODYHQMHP ] MoiSKa i2odd irReEVBddQbrePsvBj&va U X p M L
NDR L]YRU WRSOLQH ]D '7 ,PD QLA&H VH]QRAWHNISP R WG
smrzavaja (oko+ f & R Gelod&MEHWADYD WHPSHUDWXWC@QXdbEU] OLN X F
QD DWPRVIH DX QGRVID M H LLNGIHIBMDT de l[eOkbrstil@dr#$O DG QL XUHYDM
s morskom vodom kao ponorom topline, a zimi se Rakoda koristi kao izvor topline. U
usporedbi kotlovima na uglien VXVWDY '709 LFPPI HREUHQYWY WihaRLMVNL W
WURAON7UDGD

.RULAa&WH @Qz2ddjski XIUFHy DMD X VWDPEHQRP VHNWRUX SRYHIU
rasta dohotka i toplinske udobnosti u stanoviBBORaHQ MH YMOIWRXPDBRQM X
XYRYHQMX WHKQROR Jgdsebriv R Futops iRIMILOA] [ X092, [110]. Zemlje
VMHYHUQH (XURSH SRSXW 1LiRUXY KaNGAHG@GMHGV N RKdoYSRUGH M H
VXVWDYD JULMDIQUDVIWKOD WHRS/MMLQ X PRUVNIM RSB NDR L]
godine[106], [111]. 1 D M Ypddirdjene DTMV je Véartan RopstenX ayY H G dkuphivh V
kapacitetom od 180 MM07]. 3SBRGUXpMD X -D S D (DIMV RaNiRijinsko ghidhje L V W H
L K O D8I bt 993. godineU Koreji je bilo nekoliko povezaniprimjera LVWUDALYDQMI
primjene [106]. U Kini se morska voda koristi kao izvor topline za B RG SRpHWND
godine, aDTMV dosta je popularna i korisnX KODGQLP YRBA.WSKHiM [RB]D
SRND]DOD MH GD iUH PRUWsD] ¥ R BDM@QDXMYO/RUIXRWDRV QYN W R
energetskim sustavima u DanskGRWHQFLMDO ]D XaWHGX HQH&anbLMH VXV
je podcijenjen wsporedbis konvencionalnim sustavom@s kotlovnicom[113]. Analiza
VXVWDYD '709 X .RUHML SRND]DOD MH QDSUHLBMIN6IX JRGLAC
Studije[112]i [114] su pokazalelabunari XpLQNRY L W Ru SeRibE6SO pbéAdandst i
HQHUJHWVNX XpLOQMWRYLWRVW VXVWDYD
16 6NODGLAWHQMH HQHUJLMH

8 RYRP UDGX UD]J]PDWUDW iUH VH QHNROuARkaIUINW D VNOD
u sustavu.0 HYy X Q M b&ddije\kXo energetski spremnici (BE8)koje spadaju baterije u

EV i stacionarni BESU odabranonsusustavu stacionardES sastavljeni od baterija iz £V
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NRMH VX ]DYU&AGLOH VYRM ALYRWQL YLMHN X YR]JLOX L PR.
takoz\ana baterijska sekundarna upotreB2\ = "battery second usg"Od stacionarnih
spremnika odabrani su i sustavi spremnika energije vodika (SEV), te TES i RES u sustavu
DTMV.
1.6.1 Baterije EVi model V2G tmobilni energetski spremnik

-HGQD RG QDM HiLUKR BIUXMSRWNHEL (9 MH malijdo@d® SXQMH
YRAQMH 7UHQXWQD EU]JLQD SXQMHQMD (9 L]QRVL PLQXYV
[115]. . RPSHWLWLYQRVW (9 QD WUAaLad&WX PRJOD EL VH SRYHUDYV
EUJLQRP SXQMHQMD (9 RG VDGD4QMH EU]LQHBEYBdSMRREROMAL
WUHQXWQR GRVWX®RQHD RGVR M6 i RMAtHOMID punjenjeuzrokuje
SRUDVW WHPSHUDWXUH SULOLNRP SXQMHQMD &WR XWMHD
%UJR SXQMHQMH [DKWMHY D WQ paldd iZize@d/birzQog\uihjeYgd 400 R G N
N: VQDJH SXQMDpD 50Q@LHHQWH EIQD pdbgdMXnjdhjdkojaD &
R ] Q D piijemié potrebno da se baterija napuni u potpun8sipa punjenja od 1 C definirana
je kao brzina punjenjBEV u trajanjuod 1 sat do potpune napunjenostiU HQXWQR VX QDM
stopedo3& AWR ERLOR Y ULM HZ Ho3I ¥UhHs@ENebadB8% PRAH ]QDpDMQR
utjecat na sigurnost i trajnost baterigrzinu punjenja vozila®pom od 4 C, 15 minuta, nije
PRIJXUH NRULVWLW V WUHQXWQR GRVWXSQLP EmwWernid LMDPD
stopom od 6 C, 10 minuta. Iznimno brzo punjenje u literaturi je definirano kao punjenje u
trajanju od 10 minuta do stanja napunjenosti baterije od, 8#0%tanja napunjenosti od 80

L GRPHWD YRAQMH RG NP LOL SXQWWHII6LH16P VQDJRP Y

U studijamg[75] i [117] su se isptY DOD VYRMVWYD UD]OLpLWLK EDWH L
izuzetno brzog punjenja. Razalo se da litjonske baterije imaju fglolja svojstva s obzirom
QD YLVRNX HQHUJHWYV N X1Xp LONVRWRWKRY@DGR NRPSDNWQH V
WHILIBGXKRULVWH VH NDGD MH SRWUHEQ [ [M0])VRedRnal X VWR (|
IJXVWR-LIR QUMWULKWMEDWHULMD L]QRVL RNR K NJ GRN EL GF
L ‘K NJ *XVWRUD iiHO L M,Hoja Basastoji & Hrogttdko @ in&ebijaleds
visokim udjelom niklaLiNiCoAIlO?>), iznosi 300 Wh/kgTo MH WUHQXWQR QDMYHUD U
energije za litjionske baterije. LLLKLRQVNH EDWHULMH LPDMX aLURNX SULI
]JERJ VYRMH YLVEBREWKV@RBWBBMINH X UDGX SUL QLVNLP WH
HOHNWU LW E P RB/R PRJOD GRVHIUI119] zZalihé @ipalw WHU D
QDMYHUH X -XaQRM $PHULFL L L]QRVH XNXSQLK VYMI
QDM]QDpDMQLML PDWHULMDO OLWLM LRQVNLK EDWHULMD (

22



a WzRosL65% globalnih zalihe, DNR YHULQD YHULK SURL]JYRYDpD MH NR
LOL WR SO DWil-ioiskexdatejd ¥d LEV ptigle sX ]QDpDMQR VPDQMHQMH
posljednjihgodina, pa je cijena baterija u2D godini iznosilau prosj&u 132USD/kWh i
SUHYLYD VH SDG FLMHQH QD [18@®.' N:K GR JRGLQH

8 OLWHUDWXUL VX SRQXYyHQD L GUXJD UMHaAHQMD X FLO
L UD]JOLpLWH WHKQR O R UrMit{3SMar@dr&dedipgotreQabzinkb@icalrd L M H
EV u kombinaciji s vanadijedos SURWRpPpQLP EOMNH driakzitaPde su8tav
PLNURPUH&H V EU]JLP SXQLRQLFDPD NR NbbskhtbatépaV A RML R
V N O D G L aw HOophhthe I$tQdijétojé bridlidiraju baterijeza pohranwenergijenalaze se u
[122] za punjenje EV i 123] zabrzo punjenje autobusRezultati u[124] i [125] pokazuju
GD EDWHULMH PRJX SREROMAaADWL 'YXUBYWBROIRIORUENHKVR
REUDYLYDQH X VWXGLMDPD NDR &a[2R)], [WH], Sax{@nd idrazkiti (9 WR
baterija[128]i punjenje L S U D &@zila-henjeHom tehnologij®’2G [129].

7THKQRORJLMD 9 * SUXAaD (9 PRIJXUQRVW Gietfksts X L]YR!
VXVWDY 9R]JLOD VH SXQH X YULMHPH QLVNH SRWURAaAQMH H
OIE.PUD]QH VH NDGD MH X VXVWDYX PDQMDN SURL]JYRGQMH
SRYHUDQH SRWUR&AQMH 7LPH SUHGNWUWLYRMMD MRAHRJIRMEHVIBIQ L
RPpHNLYDWL GD UH SULOLNRP YLVRNH SURL]JYRGQMH HOHN)
QLVND GRN UH X YULMHPH PDQMND SURL]J]YRGQMH FLMHQD
PRGHOD 9 * NRULVQLFL (% prufjenialEW Bdbvaritil dodatneVisrih&iaD
VH L SRND]DOR X VWXGLML JGMH VX VH LVSLWLYDR RSWLP
FLMHQD GDQ XQDSULMHG L W|RB].Btudja]180] e pQkdzals dd¥AG W X HQH
PRA&H VPDQMLWU FEEEBKWWNIHP QX HQHUJLMX2867% Xupdiddi® M H (9
jedinstvenom tarifomU studiji [28] se pokazalo da se optimizaeijomodela V2G mogu
ostvariti prihodi od 38% u ljethom periodu i 12 % u zimskom periodu. V2G mogu utjecati na
YHUH N R thhdeW Hijgljghja vozila. Studijd31]] MH SRND]DOD GD 9 * PRA&H S
YHUX DWUDNWLYQRVW NRULaAWHXWL AP RG H B KGQ RIG D MW@MK
]DKWMHYH QD ]QDpDMNHVKIUHDQ IBDQQ M LEKIRW M LILKNMIVEERKW V L J X U
kao i samog vozil§l19].

8 RYRP UDGX UiH VH DQDOL]JLUDWL HQHUJHWVNL VXVWD)

SURL]J]YRGQMX HOMNWURHQH NQBEBGLAWD HOHNWAULPpQH HC
KV s EV do 2050. godine5D ] P DW U DWR g H QNHHVERSGéfj@daijom punjenja i
SUDAQMHQMD (9 L VWDFLRQDUQLK VSUHPQLND YDULMDEL!
WUALAQLP FLMHQDPD L SRYH]DQRVW VXVWDY Bustabza¥y XVMHG
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SRGUXpMH MHGQH UHJL 18R] Btdijd DeQanMitiraldsusiaw XaG 100Ph
proizvodnjom elektrp QH HQHUJLMH L] ,toplibsRivy s€ltorént- iLribyRI&Cijom
SXQMHQMD (9 FLMHQDPD HOHNWULPpQH HQHUJLMH 6XVWDY

5D]PDWUDOD VH PRIJXUQRVW SULNOMXpND (9 QD PUHaX
regulirano kao pametno punjenje uz visoku razvijenu infrastrukturu za EV. tRezu
pokazali smanjenjemisija CQ ] D XYRYHQMHP (9 X VXVWDY X RGQRV.

XYRYHQMH SDPHWQRJ SXQMHQMD L UHJXODFLMD SXQMHQ!
JRGLAQMH SR MHGQRP (9 X RGQRVX QD QHU HbymhjehpQR SXQ
u sustav iznosilo je 18 USpo EV. U obzir su uzeta samo osobna vozila jer se smatra da ona
predstavljaju najbolji izvor fleksibilnosti kod pametnog punjenja. U rildB8] VH WDNRYyHU
poka] DOR GD XYRYHQMH UHJXODFLMHOS X Q BI6f (BMRD( ¥ B B G MAQNHH!
Kadase uzme u obzir bihevioralnirealizaW DR aWR MH S RiddeVBRrigr@Nadriili ER U
kapaciteta XaWHGD MH edsQMBA BERRVUIRGLAQMH

U ovom radunapravlienje LVNRUDN X RGQRVX QD SUHWKRGQX
UHJXOLUDQRJ PRGHOD 9 * L YDULMDMdigr@Lj& medebustegy® HOHNYV
za vrenenski koralod 10 minuta ko) XNOMXpXMH L]QLPQR EU]JR SXQMHQMH
1.6.2 Baterije EV iB2U *stacionarni energetski spremnik

%DWHULMH X (9 LPDMX VYRM YLMHN WUDMDQMD NRN
komplikacijana NRMH PRJX QDVWDWL QDNRQ SUHODVND &LYRWQ
QDYRGL GD AaLYRWQL YLMH N1EJDWa{134]MIB5]XU (tomLlrdfdebL R G
baterijaizgubi 20-30% svog pd HW Q RJ N D S D BIRY H V@0 UkLRNdgKdpatiteta
AWR MH RWSULOLNH @GAMHDNRILKDYUAHNWND VYRJ ALYRWQH
EDWHULMDPD EL WUHEIDRIND WHOKXMHRGLWR PR&EHNOPRWIWL QR
EDWHULMDPD VH PRAH SURGXAaLWL YLMHN WUDMdIQMD GR
RSUHQLWR PRaH WUDMDWL GRN EDWHULMD Qp 6 PRAMH
SURGXOMLWL aLY RWB® Ho ?9 dbdirnd, /iSnadCofe@ia\ Kpima radi[137].
2ELPQR VH X]LPD GD MH @diaGimalnMi2 odkneSB EG XNXSQL ALY
vijek baterije u EV i kao B2U bio 20 godinj&a38]. 2SUHQLWR UHFLNOLUDQMH E
SRGLMHOLWL X pHWLUL VWXSQMD 3UYL VWX®@ROQMIMH XSR
stupanj je B2U kao stacionarni spremnik energije u energetskom sustavu s kapacitetem od 80
500 TUHUL VWXSDQM MH SULPMHQD QD NRULVQLWNHWYIUAMAL UL
VWXSDQM MH UHFLNODAabD EDWHULMH NDGD RQD GRVHJQH N
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[139]. Studija[140] MH SRND]DOD GD % 8 X ]JJUDGDPD PRAaH SRYHUD
35% AWR PRAaH XWM H Fsivavhe cipgde ¥2.DQMHQMH

7URADN VDPH EDWHULMH LQDpH3MREWKS ELD PR J G DM]HDH |
smanjenje cijene proizvodnje nove baterije za EV z@@®[141. KDSLWDOQL WURA&ADN
USD/kWh pretpostavlja se za rabljene baterije i 440 UKSTh za nove baterijga 2030.
godiu )DNWRUL UDVSRGMHOH WHPHOMHQL QD RYRM WUALAaAQI
]D GUXJL &L MBBWRgtultétl swubij§142] SRND]XMX GD EL (9 EDWHULMD
YULMHGQRVW GUXJRI1AWSDAWHkKR 3e ¥upMhhddstaRrskapacitetom od
80% ireciklira sekada kapacitet dosegne 50%D aLYRWQLP YLMHNRPOVA 8 RG
potencijalna vrijednost koja se stvara drugom uporabom iznosi oko 1/3 cijene nove baterije
(2015) U radu su mrRGHOLUDQLF @ WLUMD V EDWHULMDPD XNORQMN
ostalo 90%, 80%, 70% i 65% izvornog kapaciteta. Baterije se zatim koriste u stacionarnom
sustavu za pohranu energig2U, gdje nastavljajgubiti kapacitet.. DGD VH EDWKEHULMD SR
EV s preostalinkapacitetom od 680% i napusti s preostalim kapacitetom od 50%, mogla bi
SRVWLUL YUL{¥E GEOKWIs Raim vijekom od 283 godine. Ako preostali
NDSDFLWHW X QDSXaWHQRP VW D®QII%, poRickhlmalvijednésor@ ML QL
sNODGLAWHQMH HQHUJL M H-BRUSDIXWH LU gtiiarsdtivhidriicDuwerljighD
GRND]D GD VH EDWHULMH GUXJRJ 4LYRWQRJ YLMHIND V S
kao pohrana energijepak je to scenarij koji treba uzeti u obziul. GRQR&HQMX RGO
ulaganju.

8 RYRP UDGX UB(YHUWWP®ORMHOWL ]|D % 8 NDR VWDFLRQDUC
HQHUJLMH X MEYVWIOLWKL 6\W 8 D W Q Lu kystaRu ujeirbNividnfiiLceQuR V W L
EV i baterija kao spremnika energije.

1.6.3 Vodik

Energija vodika je izvor energije koji je posljednjih godina sve populakfdik (Hy)

VH PRAH NRULVWLWL XPMHVWR IRVLOQLK JRULY®NJERJ YHU
RNROL& 2SUHQLWR DWRP YRGLND VDV Wb MiirisaH* R & WHROIHDN W |
YRGLND PDQMD MH RG JXVWRUH JUDND *UDYLPHWULMVND
VHGDP SXWD YHUD RG JXM3IY Raiik MRV DWQDKNWRYQYDRSFLMD ]
energije s visok P VSHFLILpQLP HQHUJHWVNLP INDSEDWILLW HSNARRS RNG\
izgaranja. Vodik se smatra prijenosnikom energix®XiuL GD MH HQHUJLMD F
proizvodnjom jediniceY RGLND PDQMD[1B&4 SRWURAHQH
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Vodik je jedna odQDMpPpHAULK WY HULQ@D SQULMIHR & L\ 8¢ mBraR E O L N X
SURL]JYRGLWL L] V gdRikIM R BsiersizvdstiVzDoGilbilgbiriva, prirodnog plina.
U proizvodnjivodka NRULVWL VH L HOHNWULpQD HQHUJLMD GRELYH
biomase, vjetra ilbunca.Vodik nije energija dobivena iz prirodnih rezervi poput ugljenatenaf
L SULURGQRJ SOLQD YHU MH L]YR ijeh@ praizvbdvijél vasliRoze Y HQ S
energijetrenutno je i dalje vrlo visoka & LOM X SURL]JYRGQML MH ]DGUAaDWL
QDMQLARM UD]JLQL (OmitaviskiR@drhB(PMR)GIVMRL +'StBdih&hane
reformer) XRELpDMHQH VX PHWRGH |]D SURL]YVRdkQaMisbivaRzGLND 0
IRVLOQLK JRULYD NRULAWHQMHPWWIR SOt e @dikel UJL M H
proizvodi seiz plinsko SDUQH UHIRUPH SULEOLAQR MHGQD WUHULQTE
UHIRUPRP XJOMHQD L SULE J148(Xed PMR ohétdde\kbritOderpRime Y R G H
]D IRVLOQD JRULYD SODYL L VLYL YRGi850 L IV NLPHWURRIRF
proizvodnje. Kod elektrolize vode kete se OIE (tj. energije u plin) s energetskom
XpLQNRY L 0REAOaRdmelju kapaciteta elektrolizat@aleni vodik)[144]. Shodno
WRPH YRGLN LPD UHODWLYQR QLVNX XpLQNRYLWRVW |D VN
U literaturi [145] VH QDYRGL L YHUD HILNDVQRVW HOHNW
visokotemperatumelektrolize krutog oksida za pretvaranj@de u vodik i kisik kroz proces
HOHNWURNHPLMVNH UHDNFLMH QD YLVRNRM WHPSHUDWXU|
Metodaparne reforme metarea proizvodnju plavogodikasmatrase pLVWRP EXGXuL GD
proizvedeni CQ PRAaH L]GDIrRgM prdées parne reforme metanaAWR GRYRGL GF
proizvodnje sivogrodika QLMH HNRORANL SULKYDWOMLY MHU, pHVWR
Ar, CO, CQi Na. Ako sevodik SURL]JYRGL L] 2,( NDR @aWR MH HOHNWUR
HNRORANL SULKYDW R G U &rWMRE arétzvddmbmy zelenogodika [144].
Elektrolizom vodevodik se SURL]YRGL SUHWYRUER Pvodi® AdahighipQH HQ
vodik P R &kl lako ponovnlSUHW YR ULWL X HOKHNM Y D@ X 8eQdadil P X
u plinskim energetskim ciklusimd46]. Na primjer, elektrolizom 1 mMYRGH PR&H VH GRE
NJ YRGLND D HQHUJLMD WH NRQ@AP.LMOdik, kool @oSHEIND MH
energije LPD QLVNX JXVWR tiXst&n@ardnim uMelin®aStoga su potrebne velike
NROLpPLQKAKVYIRGH NDLQNRYLWR XUDYQRW R MMUWODE S RV WD #PIMIR A
razdoblja[144].
2G VNOD@kaPWRAHPR L]SR & MLP/QLD ayrNpgddn&sU koWencionalna
(slanekaverne  YRGRQRVQLFL L RYVL udgikoiodika) L nékéhyenoidhRlimau L
QDSXAWHQL UXGQLF kavérhe X QDU GRPORWHOHQDPD L UDVKH

kaverng [144], te YLV RNRW O D p Q IV N.OQ IBMNRDD ® R (RADSikal QR YLDV R JL
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VNODGLAWD WHN XU LOHCUJiQual drigdRid hydkagenNd@rierg'[143]. Jasno
jedaSRG]HPQD VNOBDGHGE®RWVW XMXP LV O X V LKhEddieR, W&aRjd 1D G U A
L YLVRNH HNRQRPVNH LVSODWLYRVW LD 00CH yWWR.EN RI'Y. B DKQYFL
transportask OD GLAW H Q M [3 S RIYHD@N B QNVRDM Lne DdkeRervogu Steca®maL Y R
ukupnL SURFHYV V Kavertekeé $hdiajM Dajboljom opcijom zbog lakog pristupa,
UHODWLYQRJ RGVXVWYD PLNUREQLK DNWLYGIRVEW. DL WSRDWF
temperatura), t&V X RJUDQLpPHQH X EURMX 2VLURRMBREEHIQA SOHALAWL
druga. \bdonosnije WUH UL JERJ QHLGHQWLILFLUDQLK L]D]JRYD VYRN
XVSRUHGEL V LVFUSOMHQLP OHALAaAWLREDH N-FDM B NDD & IHEW W®
VWODpPpHQRJvosikalL QRUYRENRIYL XODJIJDQMD YLVRNRWODpPQLK SC
potrebni su poset zahtjevi za te spremke. TDNRYHU pDN L QLVNRWODpPQH SUI
SULEOLAQR @ B K ND\ SR vhEBDfvAnje 1 kgodika 1RVDpL L VNODGLAWD
organskogvodika procjenjup se na 50EURkgH> XNOMXpXMXuL PDWHULMDO ]I
kgLOHC/kgH2 s 2,5EUR/kgLOHC) i dva spremnika (EUR/kg H2 po spremniku). @kvi
VXVWDYL VNODGLAWHQMD LKeve@lD W ILYRLANDIN VRS R I D\VEHR YV B (& I M/
L VNODGL&a&WD W Madikaije-uFasponl &N EBRKkg Ho [143].

(QHUJLMD YRGLND QHGYRMEHQRRUD HMWHUMHMID QY ERGI
PUREOHPH SRSXW WUDQVSRUWD L VNODGLAWHQMD WUHED
NRULVWLWL XPMHVWR QDIWH |]D WUDQVSRUWQD YR]JLOD NDF
SUHGYLYD VH GD uUH i2049.Rddie PokietoX LbRiDva energija. Osim u SAD
u, U svijetu postoji 401 postaja za gorivovralik D SODQLUD VH L]JUDGQMD MR
gorivo. U SADu postoji 46 benzinskih postajavadik 8 +UYDWVNRM MH WDNRYH
jedna punionicana vodik 2019. godinelLiteratura navodiGD UH XNXSQLK HQHUJ
SRWUHED ELWL | DGRYROMHQR HQHUJLMRP YRGLND JR
ovisno o proizvodnji vodikove energije, 2030. godine uporaba ugljena smanijiti za 36,7%, a
uporabD QDIWH ]D *RGLAQMH VH X VYLMHWZ#HdigdPRemgY HGH Y L
SRGDFLPD OHYyXQDURGQH DJHQFLMH ]D HQHUJLMX QDYRGL
dobivena iz vjetra i elektrolize biti jeftinija od prirodnog plina. Otpseli20% proizvedenog
YRGLND GDQDV VH NRULVWL X VLQWH]L DPRQLMDND UDILQ
se smanjivatiX QDGROD]JHUURPI3IRGLQDPD

Integracija sustava SEVs BES sustavimaWHPHOMLWR MH LVWUDAHQD
KLEULGL]DFLMRP SRVW Ldobra sWoBhMAfEI R YR ANRROXNR VNODG
energije.Hibridna baterijgddEV MH SUHYODGDOD RJUDQLpHQMD XSRWUHI
FLMHQD NDSDFLWHW SXQMHQMMA£46/UD&® M H@DAL MR PI N\RNDORIZ (

27



VXVWDYD 6(9 L %(6 X HQHUJHWVNLP VXVWDYLPD PRAH VH ¢
energije iz OlEod sustava R M H G T2 8).p)Qiteraturi[149] je dara uspoedba BES, SEV
i reverzibiine HE..DGD MH X SLWDQMX WHKQLpND XVSRUHGED UD
XRpPpHQR MHRGDM NH WDMWHULMH LPDMX JXV-¥0600 X\WQdKEH X UDV
reverzibilne HEmaju raspon od 0,00,2 kW/n?, a vodikovJRULY QLLPODIXIWNVR U X VQD
>500 kW/m¥ aWR VH WLPpH JXVWRUH H Qoddka baeHjaméd RBQ R MH G
KWh/n?, reverzibilna HED,2-2 kWh/mPi YRGLNRY JR (5003Q00 KWD/MQ M NR Y H U
XPLQNRYLWRYV W-ién) (8EOXRN)Dreve(HbinELHE (65 Y Hjé D usporedbi s
YRGLNRYLP JRULYZLP p@&bi@ BBkRPRGLNRYD JRULMBREXEAQDAQI
nego BES (Liion) i usporediv sevazibiinomHE 8 VPLVOX NDSLWUSD/IRQLK WURAI
XW Y Uy HQ&endibiineGHE N R AM] PH § X-4600, LELRQ % (6 L]P HPX |
YRGLNRY JRWBDXIQW0pODQDN

UodaEUDQRP HQHUJHWVNRP VXVWDYX aLUHJ JUDGVNRJ S|
GRGDWL 6(9 NDR VWDFLRQDUQL VSUHPQLN NDNRIiE&EL VH SR
L] 2,( WH SRYHUDOD IOHNR/GEN QIHRVM NKRUKVWDWX X VSUHPC
VNODGLAWH YLANRYD SURL]YHGHQH HQHUJLMH L] 2,( 3URL]
X YULMHPH YLaAND SURL]YRGQMH HOMINWURRrPHREQMUJIHKRHU .
JRULYQLP pODQFLPD L]JDUDWL L VOXAaLWL X RSVNUEL HOHN

1.6.4 Toplinski i rashladni spremnici energije

8 UDGX VH UD]PDWUD LQWHJUDFLMD WUDQVSRUWQRJ L
cilju bolje iskoristivostt SURL]YRGQMH HOHNWULpPpQH HQHUJLMH L] 2,
potrebno je uvesti potpunu elektrifikaciju transportnog i toplinskog sektora. Transportni sektor
MH SODQLUDQ QD QDpLQ GD VH VYD .9 |DPLMHQH (9 GR .
IRVLOQD JRULYD |DPLMHQLWL '709 L |DGUADWL XUHyYDMH ]D
HQHUJLMRP NDR aWR VX NOLPDWL]DFLMVNL XUHYDML .DNF
VXVWDYD X WRSOLQVNL VHNWRU U0RVWHL X XBRWAW R RGO W(@L
6XVWDYL (6 UH SUXALWL EROMX LVNRULVWLYRVW HQHUJLLI
YULMHPH YLAND SURL]JYRGQMH HOHNWULPpQH HQHUJLMH L]
manjka proizvodnje energije, kako bi se smanjile potted D XYR]RP HQHUJLMH 7(
XVSRUHGLWL V %(6 X VXVWDYX '709 D UD]PDWUDW UH VI
RGDEUDQRP HQHUJHWVNRP VXVWDYX X SURJUDPX &DOOL
IOHNVLELOQRVWL SREROMADW L potieié Halwarerh M2¥ozdn{. X VXV WD
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1.7 7UALAWH HOHNWULPQRP HQHUJLMRP

SBURL]YRYyDpL GREDYOMDpPL YHOLNL SpPowrhe adlbpezda WU JIR®
NXSQMX LOL SURGDMX QD RVQRYX NRMLK VH L]JUDpPpXQDYD
Odvojeno 0zDpHQR WU MH \WBO DIVRMRP NRULVWL ]D XUDYQRWHAaH(
YUHPHQX UDGD VXVWDYD 1D EULWDQVNRMguEXeJla YHULC
vremenskoj skali dan unaprijgarekodrad EH Q D (Vblnid sluieti®iy). 9DAQH EofidldH N
upravljaju neovisni operateri sustava (NDSu 6MHGLQMHQLP 'UabDYDPD ;
PHYyXSRY HeBngyRahiaNew JerseMaryland(PIM PHY X SR Y HiINOSRRV@®UA&D Y L
New York, Kalifornija, Srednji zapad i Nova Engleska.D QRUGLMVNRP WUA&ALAaAWX
energije, Nord Pool Sp&¢ WUAaLaAWH MH QDMYWNDH QDXNXSE®HWRWUR:
HOHNWULpQH HQHUJLMH X QRUGLMVNLP JHPONVMHDEMA 'DQVN
promjenjive ciHQH HOHNWULp QRO B R #WILMIHJU PRSI H Q ofa€nhedgije.l OHN V L |
$NR SRWURAaDpL LPDMX SULVWXS L PRIJX RGJRYRULWL QD
promjenuSRWURQ@AMWULPpQH HQHUJLMH QHJR X QRUPDOQLP XYN

6NODGLAWD RG NRMLK PQRJL VYRM JODYQL BMLKRG YLC
maksimalniicijenaH O HN W U L h QdglabiZeSXIQMWHL X YULMHPH QLVNH FLME
EL VH PRJOD SURALULWL PRIXUQRVW SURILWLUDQMD ]D NF
WUABAWRDD MH P RJprdarhfer@vostdijena O HN W U L p ®Rdia pidetazi zL M H
implementacijevarijabilnih OIE, PRaH SRWDNQXWL SRYHUDQMH GRVWX!
izvora energijaOstaje pitanjeKRiH OL WR SRYHUDQDGREIROIMORIRUM QR
potreba.Potrebno jeL]Y U a L Wadtivrivi YaBallzu opseg@aromjenjivosti cijena i trajanja
ekstremnih (visokih ili niskih) cijena i potencijalnih koristi koje bi mogle predstavljati
vlasnicima fleksibilnihizvora energije

Potrebno je provjeritiinudOL WUALAWH GRYROM @WRr BeRIWIlnESHMD GD ¢
EXGH GRVWXSDQ ]D SRodstupdija@NHNV BB RR'SMIBQHKEHQMD NRMD
implementacije promjenjivih OIE. Ostaje i pitanje postoji li dovoljan poticaj za
vlasnike/investitore da naste voditi/graditi bazne elektrane u vrijeme njihovih smanjenih
SULKRGD D NRMH VX YD4AQH ]D RGUADYDQMH UDYQRWHAaH H
ili dani unaprijed.' UXJLP ULMHpPLPD PRJX OL WUAaLdQH VQDJH VDPH
se SRQDabMX QD QDpLQ NRML UH MDPpLWL IOHNVLELOQRVW
GRGDWQH SRWLFDMH NDNR EL RVLJXUDOH IOHNVLELODQ UD
u nova,ako i kada su potrebhilDMYL&H LVNXVWYD NDJVMB D6 L& WHQQRWW
promjenjivosti i nesigurnosti u energetskom sustavu ima s reverzibilnim hidroelektranama.
S8WMHFDM SURPMHQMmhaliRV WX VRSDANH B B 0 HQNVHD IRV WRML GRY
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HQHUJLMH MHU VNODGL&A&WD/'DPDIQR P RBRGDWYWIEW URERD ]I
VXVWDYD ELW UH QD]JLYQL WUR&ADN GRN JRG VH SURL]JYRGL
SRKUDQLWL NDNR EL VH |[DGRYROMLOH SRWUHEH SRWURA
SRWUDAQMH P RJX flEKsWilhodd. d HUHOQXLSUDYOMDQMH SRWUDAaQMRI
WURANRYH XUDYQRWHAHQMD VXVWDYD EXGXUL GD MH MHGL
YMHURMDWQR QLAL RG WURAEANRYD SULpXYH

1HND WUALAWD HOHNWUL p Q Hla-HigzMdljayajivitigovabjeidedap D VX QD
sat unaprijeq"gate closure timg, a manji broj njn dozvoljava trgovanje unutar jednoga sata.
7URANRYL XUDYQRWHAHQMD VXVWDYD RELPQR VH VPDQMXN
Avistaje, primjerice, pragenila je GR XaWHGH QDXWINRERWMAAQMD V)
SUHODVNRP VD VDWQRJ QD PLQXWQRU WL IQERN 18 URHTGBHY N WL
proizvodnjeH O H N W U L pirbnieRjMid OIENKHN RPELQDFLML V GLQDPLPQLN
HOHNW UnefgipR Pi ptaniranjem rada energetskog sustav® RaH XpLQLWL LJY
fleksibilnosti efikasnijima. 5SHGRYLWR DAaXULUDQH SURJQR]H SRVHEL
promjenjivihOIE,VQDA&DQ VX VLJQDO ]D UD]YRM SR\Rriz&h@E@NjD |OHNV
draG & E'¢ate closure) (kada se ponud® D WUALAWX HOHNWUBRN®RH]MR HJEILL |
HOHNWULPpQH HQHUJLMH REYH]XMX VH LVSRNadnLtdgL ILNVQ
WUHQXWND QD RSHUDWRUX VXVWDYD RMWMEBsEdriukekbjaX UDY QR
e WUHEDOD ELWL L RQH NRMD MH VWYDUQR LVSRUXPpHQD N
svrhu izdvojeni kao rezerv&Zatvaranje dri@ EKPD PQRJLP WUALAWLPD VH RG)
LVSRUXNH &4WR X SUDNVL PRBIS W WHEE/RMMEMBDMXL S U R/ DONRL
proizvodnje iz promjenjivih OIE se smanjuje kako séipa DY D Y UL MJaRd akd B&s D
]DW Y D U D Q dbbodisdrdoGat kidmena prije vremameruke energijeumjesto36 sati,
LOL pDN XQXWDUSVRWF RYQP B ULmiied CBAXUIUOLUNXW L W& RMH SR
temelju QDMQRYLMHJ D aX KatreAhdtproRlazRdhQoBdrbdr sustava mora
unaprijed ugovoriti manje "rezerviOperatori sustava bi trebali koristiti najbolje dostupne
alataaSUHGYLYDQMH SURL]YRGQMH HOAIE.RebippoQrdzétebald ILMH L
uzeti u obzir prilikom planragg UDGD HQHUJHWVNRJ tveKali poduxed m8BRBOLWLpL
]D XNODQMDQMH QHSRWUHEQLK ]D &ubtd RdRsibiIROSIFHORIJUD QL pD

'RVDGDaQML RCRVODBLMHQP HOHBHMNMWWLIXQRYRGHWD GMH]DP
WU&LAQLP FLMHQDPD HOHNWULPQH HQHUJLMH SR X]JRUX Q
'UaDY.DPADW UH VH XV9YdeRéherGeBkbg sustavea satni vremenski korak i
vremenski korak od 10 muta + UYDWVND LPD VYRMX E XtHijvdtskaburdaW UL p Q F
HOHNWULpQH HQHUJLMH G R R &5R3URIVEBPSWEALEWXRH
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HQHUJLMH ][DMHGQR V %XJDUVNRP *UpNRP L 6UELMRP =D
HOHNWQUHPOHIH V +tUYDWVNH EXU]JH &523(; ]D JRGLQX N
]D pPHWRGLAQMD NY D UMOD,QB1], [152], J18Z L Q H
1.8 &LOM L KLSRWH]H LVWUDALYDQMD

Cilj rada je usporedba modela EnergyPLAN, koji radi na satnoj bazi unosa podataka, s
novim modelomna B PLQXWQRM ED]L $QDOL]H g kaSiaiNOzpbt)gve GD QR
]D GRGDWQRP IOHNVLELOQR&UX XQXWDU VXVWDYD WH SUX
energijom. Upravljanjereergetskim sustavom primenomKWHKQRORJLMH RVLIJXUDW
komunikaciju i integraciju svih sudionikaener§eN RJ VXVWDYD aWR UH LP RPRJXI
sudjelovanje u sustavu.

+LSRWH]D MH GD UH VH VDPRGRVWDWQRVW HQHUJHW\
ostvariti primjenom naprednog planiranja kroz razvoj pametnog energetskog sustava te
povezivanjem sa susj@LP WU3ALAWLPD HOHNWULpPQRP HQHUJLMRP
19 2pHNLYDQL ]QDQVWYHQL GRSULQRYV

Izrada algoritma na Zfhinutnoj bazi unosa podataka na temelju satnog modela
(QHUJ\3/$1 UH]XOWLUDW tH VPDQMHQMHP SRWUHED ]D GRG
YLaH PRJXUuQuRmiWwtegidzijw100% udjela OIE u sustavu.

6DGDaAQML GYRWDULIQL PRGHO FLMHQD HOHNWULpPQH HC
modelom s IOPLQXWQLP SHULRGRP WUJRYDQMD aWR UH RVLJXU
energetskih tokova, te omogu LWL WUALAQR YUHGQRYDQMH L]YRUD IOHU
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2 METODE | PODACI

aLUH JUDGVNR SRGUXpMH 'XEURYQLND RELOXMH SRWHQ
VXQpHYH HQHUJLMH ]D SUR L] taRrénQdveRerbeGkoty) sMdtbviddi HQH U JL
seSURWHQ@QHPRERGU XpMHP X ljeiRdtedcifalom irhoRskele@ergije. U radu se
WHAL RVWYDUHQMX VDPRGRVWDWQRJ HQHUJHWVNRJ VXVW
HOHNWULPQH HQHUJLMD L] 2,( ]DPMHQRP .Marjei(9 NDR L
KODYHQMH QD IRVLOQD JRULYD Cij rafl® 3¢ Gsporedba mddeia L Q H
EnergyPLAN,baziranog na satnoomosi podataka, s namm modelom na 1@ninutnoj bazi.

Analize usporedbi modela i scenaijrezultiraju manjim zahtjevimaza dodatnom
fIHNVLELOQRAUX XDIAWLEHVRWVWWDOMD3]D UD]YRM WkbddBLaAWD H
VXVWDYD V NUDWNRURpPQLP SHULR G RER iAzdduioNedm@avidizad O HN W
SRWUHEQR MH SUYHQVWYHQR GHILQUDGBW N R.JRSRECHGUWWIID J 8 I
RGDEUDQ PDQML HQHUJHWVNL VXV Warydeddk MR.D NIHRI Hi WIRK M/ IV |
]D IOHNVLELOQR&UX RG YHUHJ HQHUJHWVNRJ VXVWDYD SUL
SURVWRUD NRML VXVWDMHRBRKYPYDVHPWR XV P DNOROXLPLQV NL
SURL]YRGQLK MHGLQLFD HOHNWUYNQB GH@ WWDUIENMNURILHD R <
WUJRYDQMH HO H N WodelprigRéskd @sHdthdidakir&Ra Lremenskom koraku
od 10 minutaR P R J X (imavwWmieRergetskim sustavimd PDQMHQMH ][DKWMHYD ]D I
L SRYHUDQMH L]Y R6WDOG DEPNWMLE Y B QY/PWWILQL PRGHO FLMHQD H
UHVH YDULMDELOQLP FLMHQDPD HOHNWULPQH HQHUJLMH
Povezivanjen sa susjednmHQHUJHWVNLP VXVWDYLPD HOWHRNW R WHYERRA
energijom te primjenom naprednog planiranjazvojem pametnog energetskog sustava
RVWYDWDVPRBRMVWDWQRVW HQHUJHWVNRJ VXVWDYD aLUHJ .

Plan energskog sustavd D R G D E U D Qrip&aRj€&hjeXdp RDBO. godinesvrtom i
na 2030. godinuUpravljanje energetskim sustavom primjendn71 WHKQRORJLMH RVLJ
potrebnu komunikag i integraciju svih sudionika @8WR UH LP RPRJXULWL HNEF
sudjelovanje u sustavlWnutar granica odabranog sustava potrebnofjeicsi sve sudionike
L RGUHGLWL QMLKRYH XORJH 6YDNL HQHUJHWVNL VXVWDY
HOHNWUL p Q Bvarm@aéglavdju prétlstaviitH VH PHWRGH NRMH VX NRULAaW
]D SRWUHEH SURUDpPXQD JRGLQD MH RGDEUDQD NDR E
do 2050. godine. Podaci o proizvoinfHOHNWULp QH H QadatkéloNddlendiplG iU aDY D NV
proizvodniji hidroenergijieHQHUJLMH YMHWUD L VXQpHYH HQHUJLMH L]
JRGLQH 3RWURAQMD HOHNWULPpQHRBOEBBWWRERKERRWL VH
RGDEUDQR SRGUXpMH L WDNRyYyHU MH SODQLUDQD GR J
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u odabranom energetskom sustavu, stoga je napravljerpptasta udjel&V u sustau i
definirane su karakteristikBEV. EV u sustavu mogu spadati u sve tri kategorije sudionika
VXVWDYD 8 RGUHYHQRP WRIEHEW KX NP\R IX dERL N/ IHGDR WBILOWD G L &
HOHNWULpGQGHIKOQDEFLMDHY XVWDYD RVWYDULW UH VVH LQWHJL
naglaskom na sektor trar@spa i toplinski sektor, uz model varijabilnih cijena otvorenom
W U a IHEONDN VEneitgie Q| Slika 2] prikazuje dijagram toka za planiranje energetski
VDPRGRVWDWQRJ aLUHJ JUDGVNRJ SRGUXpMD V SRWUHEQL
Kao izvor fleksibilnosti u sustavu predstavitH VH PRGHO L]J]X]J]HWQ@R EU]JRJ
S U D a (&M poQriddelu V2d sustav'709 VD VNODGLAWLPD HQHUJLMH ORC
(9 X WUDMDQMX RG PLQXWD X] UHJXODFLMX SXQMHQMD
HOHNWULPQH HQHUJLREQMR MO RN WWH pRQ B WHRQHYWJILMH SUXA
LQWHJUDFLMX 2,( X VXVWDY ,JUDYHQ MH QRYL PRGHO NRWN
koraku, po uzoru na EnergyPLANNRYL DOJRULW D P-rhihlti yddtQ vieidenski
korak unosa podataklU njemu su se izradile analize elektrifikacije transportnog sektora prema
R G D E U D Q Dana@eXupfofddbdaovog modela s EnergyPLANM u svrhu validacije
novog modelateusporedbd 0-minutnog modela sa satnim modelddovi model nadogradio

semodelom u programu Calliope. U Calliopese izradio model plana energetskog sustava
aLUHJ JUDGVNRJ SRGUXpMD GR JRGLQH NUR] LQWHJU
WUALAWD HOHNWULPQRP HQHUJLMRP X GRGDUuWQiBpitdl@ HUJH W
se samodstatnost energetsko sustavalmd DQRJ SRGUXpMD ]D SCohjggd GR
razvoja i nadogradnju novog modela prikazjgéia 3].
Uradu & dodatno izradilaig DOL]D VXVWDY '*+ V '709 L EDWHULMDPI|
6WDURJ JUDGD 'XEURYQLND NDR MHGQHSWHMHF@ILAQ K XQXWL
detaljnije ispitivanje elektrifikacija toplinskog sektor& H] XOWDWL UH SRHID]DWL G
WDNYRJ VXVWDYD PR&H SUXAL EROMH PRJIJXUQRVWL ]D L
HQHUJHWVNRP VXVWDY RGDEUDQRJ SRGUXpMD 8 UDGX MH
regresije proizvodnih potencijala vjetra i SuncaVH SRWUR&Q Mdije H@ahrjsk&vVU L p QH
temperature zraka 'DQD MH XVSRUHGED UH]XOWDWD ]D GXJRURD
PMHVHPpQH YULMHGQRVWL L NUDWNRURPQL YUHPHQVNL NF
regresija dajeletaljnijiuvid u RSLV YH]D L]P Hly ¥kévautbtbbidaMany dustavu, te
XYLG X WUHQXWQH |]DKWMHYH ]D IOHNVLELOQR&UX L PRJXC

mogu biti korisni u energetskom planiranju, posebice za modele sustava bazirane na

vremenskom koraku od 10 minuta.
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Slka2 .RUDFL L PHWRGH X SODQLUDQMX HQHUJHWVNL VDPRGR
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Slika3. Tok razoja hovog modela, validacija i nadogradnja

2.1 Definiranje granica sustava

Rad se bavi analizom naprednog planiratl g HUJHWVNL VDPRGRVWDWQL
SRGUOYpMDR SULPMHU X]JHWR MH aLUH JU GY& DuRro8hkG U X p M H
QMHJRYD 4LUD RNROLFD QD &xé¢mljapldni@ Roovdh@&B2°BBRE"X 5 +
V]a f Zalizrddiznergetskog plangotrebno je prvo odrediti granice sustava i
GDWL RSUX GHILQLFLMX aLUHJ JUDGVNRJ SRGUXgrMeD 8 UDC
QMLPH PRJXUH Rduddaikenapredddg an¥rgetskog sustava u jeiuR N U X aH Q X
cjelinu. Prinjerice, HOHNWUDQH ]D SURL]Y RIB & N X (HLODH.NWOUXHODNHH Y ®f HU
izvan gradske jezgre, u okolicigradea WRKESULOLNRP RGDELUD SRGUXpMD J
granica sustava.

*UDG SR GHILQLFLML SUHGVWDDI OWD) WOIRHQ QUM /WD B WH Q
VWDURP JUDGVNRP MH]JURP UD]JYLMHQLP SRVORYQLP VUH
SURL]JYRGQL XVOXaQL UHNUHDFLMYVN.U neMDoreE®tig/aju SURPH
neagrarne proizvodned XVOXaQH nfrd QW BXMMW XUQR MH RSUHPOMHQ L

JUDGVNL QDINROAEVPRWDGD MH SRGUXpMH NRMH RNUXaXN
prostorno, demografski, funkcionalno i prometno usko poveZauaje su u njoj previadavala
ruralna naselja i agraendjelatnosti U novije doba dio okolice grada se suburbanizira i tako
GROD]L GR QMH]LQH SUHREUDQIERG XDWMVEHOALANM HEPL B IHOHRQYNL DR B
postaju sastavni dijelovi gradske aglomeracije. U drugém wlijelovima okolice naselp se
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MDpH LOL VODELMH XUEDQL]JLUDMX L Wddd\saStRpildiglehd QMLKR'
JUDGVNH UHJLMH 1D RVWDORP daLUHP SRGUXpMX RNROLFH
JUDGRP L GDOMH VH YHULQRP LVWLPpX LXWDODRORMNDRH OMDY
GRSXQVNRP G Msd ®ogW@zRijil Xdruge Hunkcijg54]. aLUH JUDGVNR SRGU
koje je odabrano za analizu u ovom ¥ad PRaH VH GHILQLUDWL NDR SRGUX[|
NRMD JD RNUX&aXMH DV QMLP MH SURVWRUQR GHPRJUDIVI
8 RNROLFX VSDGDMX SRGUXpMD JUDGVNH DJORPHUDFLMH J
je funkcionalnopovezan s gradonGranicecEES aLUHJ JUDGVNRJ SRGUXpMD WU
svesudionkeHQHUJHWVNRJ VXVWDYD X MHGQX |DWYREHE X ]DRN
VSDGDMX VYL SRWURAaDpL L SURL]YRYyDpL HQHUJLMH NDR L
Granice VXVWDYD aLUHJ JUDGVNRJ SRGUXpMD JUDGD 'XI
GLVWULEXFLML HOHNWULpPQH HQHUJLMH 3RGDFL R SRWUR
preuzeti su sa trafostani€€S) Komolac OnanapajaSRGUXpMH RG 3UHpNaOQeDNH GR
to SRGUXpMH GHILQLUDQR NDR aLUHDNR ELNRHREGDXYNH 'X
VMHYHUR]DSDGQR RG 60DQRJD SROXRWRN 3HOMHA&ADF L (O
ovog sustava, u ovom radu su oni izuzeti. Razlog tome je pojednofaMjd SURUDpPXQD L X!
podataka. Onsu, |D SRWURAaAQMX H (predkeéli 9 DK Rollddkejadisdttitdiom
pokrivaodabranEES 6 KHPD GLVWULEXFLMVNISIiRA4HAEAH SULND]DQD Mt
*UDG 'XEURYQLN SUHGVWDYOMD XUEDQR VUHGLaAWH V
XYHOLNH QMHPX WHAL 2NROLFD MH V 'XEURYQLNRP SUR
prijevozom autobusnim linijjama. Autobusne linije povezuju i polldto 3SHOMHADF V
'XEURYQLNRP VYH GR 2UHELUD PHYyXWLP ]JERJ MHGQRVYV
60DQRJD -HGLQLFH ]D SURL]YRGQMX HOHNWULPpQH HQHUJL
energiju u potpunosti iz OIE, u koje spadaju energija iz vjera, Bunc KLGURHQHUJLMD 3
L SODQLUDQL SURL]JYRGQL NDSDFLWHWL VH QDOD]H X JUDC
QDVHOMD 3RVWRMHUH +( QDOD]JH VH X MXJRLVWRPQRP GLM
HE Dubrovnik nalazi se u mjestu Platl& Zavreljeu mjestu Mlini. S obzirom da HE Zavrelje
LPD PDOL LQVWDOLUDQL NDSDFLWHW RG 0: RQD X SURU
HQHUJHWVNRJ VXVWDYD RGDEUDQRJ SRGUXpMD 2G 9( X RE
Konavoska brda. Ostalh SURL]YRGQMH HOHNWULPQH HQHUJLMH L] 2,(
MH L] SURL]YRGQMH HOHNWULpPpQH HQHUJLMH L] )1 VXVWD
JUDQLFH VXVWDYD NDR L SODQLUDQLK ORNDFLMD ]D 6( Q
plaQLUDQL VNODGLEAQL NDSDFLWHWL 3RORADM L RGUHYHQH
prikazane su ng§likab@ GRELYHQRM NRWHIABWHQMHP +RWPDSV
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Slika4 6 KHPD GLVWULHESFLMVNH PUHAH

Slika5. Lokacijaigranice o EUDQRJ 4LUHJ JUDGVNRJ SRGUXpMD

2.2 Fleksibilnost odabranogelektroenergetskog sustavéda LUHJ JUDGVUNXRBNV 3 R
SRWUHEH ]D

IOHNVLELOQR&UX X HQHUJHWVNRP VXVWD
SRGUXpMH

8 YHOLNLP VXVWDYLPD MH L YHUDvdPeRIXUQRV
fleksibilnosti. EESELUHJ JUDGVNRJ SRGUXpMD 'XEURWRLpEZUNISD GD

PX L SRWUHEH ]D IOHNVLELOQRAUX YHUH 8dR@bosRRNVH aHO

HQHUJHWVNL VXVWDY SRWUHEQR MH SRPQR LVSODQLUDW
Slika 6

\
/

prikazuje planirandleksibilnost o@branogtESaLUHJ JUDGVNRJ SRGUXpMD
potreba i izvora fleksibilnosti.
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Slika6. FleksibilnostlekttoHQHUJHWVNRJ VXVWDYD RERGURRNRD aLUHJ .

SRWUHEH |]D IOHNVLELOQR&UX SURL]JOD]H L] REQR
SURL]YRGQMH HOHNWULPQH HQHUJLMH NDR L SURPMHQM
energijom. Proizvodnja se sastoji od VE i SE, koje se planiraju instaliratarugtdnica
RGDEUDQRJ VXVWDYD X] SRVWRMHUOX +( méak pdRéb@haN 3 RW I
SRWURADpPBDQKXQIMWMUYUNRI VXVWDYD 6WRJIJD SURL]JYRGQMD
XJURNXMX SURPMHQH X RSWHUHUHQM X aRlwnkbgiHujedbombitli] Y RU L |
9( 6(L +( MHU VSDGDMX X HOHNWUDQH V EU]JLP SXaWDQMH
HOHNWULPQRP HQHUJLMRP.WR NRiy RRB AHH SFRR/AML U H XXYARLYUHCDWILE
SRWUR&QMRP H O,Hadjevjestimulano di@rdrdal diM M/ U L p Q,Hiz igripnkeill] L M H
IKT tehrologije. Spremnici energije vrlo su bitan izvor fleksibilnosti u sustavu. Od spremnika
u ovom sustavu odabrane su BEV, kao mobilni spremnici, te stacionarni spremnici B2U, TES,
RES i SEV.

OHYXVREGDPD®RYW VD VXVMHGQLP WUALAWLPD HOHNWUL
XYR]D L L]JYR]D HOHNWULpPQH HQHUJLMH 8 RYRP UDGX UH V
HOHNWULpQRP HQHUJLMRP V YDULMDELOQLP FLMHQDPD |
fleksbLOQRVW X VXVWDYX DQDOL]LUD \&a\iedineviski IRORIKGId Q0 HQ H U J|
minuta X FLOMX XYRYyHQMD PRGHOD 9 * L L]QLPQR EU]RJ SXt¢
YUHPHQVNL NRUDN SURUDPpXQD PRGHOD LPD YHuapanjD KWMHY
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RSWHUHUHQMD X VXVWDYX OHYyXWLP PRGHO 9 * L LIQLPQR
GRGDWQH L]YRUH IOHNVLELOQRVWL NDR L EROMX PRJXUQT
iskorak u ovom radu.
23 3RWHQFLMDO 2,( ]D SURL]YRMGIK) P RCGHDEW D QEREPHSRG X b Lv

2YR SRJODYOMH GDW UH SUHJOHG SRWHQFLMDOD 2,( F
SRVWRMHULP LQVWDOLUDQLP VXVWDYLPD ]D SURL]J]YRGQMX
energetskom sustavld radu je da SUHJOHG WUHQXWQH VLWXDFLMH V ¢
energijeiz OIE L EXGXULP SODQLUDQLP3QDS K FN RUHLVE MADQ BIDHP,D Q |
'XEURY-RDIHNURHWYDQVNH 436)SID @ MWMIHD W HEEYRIMUDWHKGRMLQD WHP
Plana.30DQ N RQE M) HERIWU X $abstofi seRG pHWLUL FMHOLQH 3RGLM
izvorima energije:

X energija vjetra

X energija Sunca

X energija biomase

X geotermalna energija i energija mora

x hidroenergija (peta cjelina koja je dodana u ovom radu).
2.3.1 Energija iz Sunca

Dubrovnik i njegova okolica imajuQDpDMDQ SRWHQFLMDO X LVNRLU
HQHUJLMH ]D SURL]JYRGQMX HOHNWULPQH HQHUJLMH %URN
RNR L VSDGD PHYyX QDMR]JUDpHQAL MB 1% RE WNGIMIHHQ B IWGLLM
PR&H VH UDpXNWBWLRGLAQNE®® R]JUDpPHQRVW L2 [R7HSlika L
mprikazujeprostornu raspodeMUHGQMH JRGLAQMH RJUDpPHQRVWL YRGH
'1a.

8QDWRp GREURPH®RWHBHIQWD MEX@)*D MH L GDOMH VODEF

SRGUXpMX DOL MH X SRUDVWX )RWRQDSRQVNH SDQHOH L |
SRMHGLQL SULYDWQL REMHNWL GRN VX X YHUHP EURMX ]D
javnih objekataSvetojod QLMH RG YHO RNRP QDGR MMB VBH X]HWL X RE]
)1 VXVWDYD QD REMHNWLPD L LVNRULAWDYDQMH UDVSROR?Z
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Slika7. .DUWD VUHGQMH JRGLAQMH R]UD p® QRN W YpRHB/[SR GXXpM X ' X

PodaciR SRWHQFLMDOX VXQpHYH HQHUJLMH GRELYHQL VX
2014. godinu, koje je ustupibtU&DY QL KLGURPHWHRURDREPH QMM REX Q'R
mjereno je svakih 10 minytdd PDNVLPDOQR JUDPpHQMH ]D2 Sobzkdg®@ RVLOR
GD VX QHNL SRGDFL X QHGRVWDMDOL RQL VX QDGRPMI
u godini. 6DWQH YULMHGQRVWL VXQpHYD JUDpH@MUNhGRELY H(
YULMHGQRVWL ]JUDpHQ Ddabivén®@ A&ibuthe i ¥dind Rrjed®YWD VXQPpHYD
JUDpHQMD NRULAWHQH VX ]D UDpXQDQMH SURL]YRGQMH H(
minutnom malelu.|Tablica2] prikazujeje validaciju SR GDW DINDD VIX@pPHQMD JGMH V
primi M HW Lapje | @&8ypD QMH YU aQRJ (R&)¢/ EaUvrbinEndkM brak od 1 h
smanjeno za 11,24% zbaxsrednjavanja Hninutnih vrijednosti VX QpHY D libhuEap HQ M D
svakog satalz tog razloga je u manjoj mjeri smanjenXiNXSQR JRGLAQMH VXQpHYR

Tablica2. ValidDFLMD SRGDWDND VXQpHYD JUDPpHQMD ]D JRGLQX ]I
minuta
Vremenski korak 1h 10 min
ODNVLPDOQR [JMFpHQM 624 703
Validacija podataka 11,2%8%
UNXSQR ]U [kpeh@dodH] 946,67 948,095
Validacija podataka 0,130
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3UHPD 30DQX NRUL&WHQ [86 2 ,§ \WIDD SRHBHRFEMY W NG LiIME EURM
lokacija zapo/ WDYOMDQMH )1 VXVWDYD L]GYDMD VH &HVW ORND
QD RGDEUDQRP SRG U X [8ika8|Dn&/edeneGTabzas|V X QD

Tablica3. Popis potencijalnih lokacija za SE odobrenih Plari@86] |D RGDEUDQR SRGUXpM|

LOKACIJA 3RYUALQ
Al7 | 'XEURYDpPpNR 3XZhdubRidd H 8,3
Al8 | 'XEUDYLFD -RavveHylalicgH 11
A19 | Konavle - Mokri Do 8
A20 | Konavle - Dubok dol 5
A21 | Konavle- 'XJD&aLFD 6
A22 | Konavle- yXOHY GRO 5,4

Slka8 3ULND] NDUWH V R]JQDpHQLP SRWHQFLMMA3BIQLP ORNDFLM

2.3.2 Energijaiz vjetra

2NROQR SRGUXpMH JUDGD 'XEURYQLNODXLMNILYNRUH 4 WIR
energije vietranakop. LDMEROML SRWHQFLMDO LVWWPHQDHS|IDYEBIGQ L
predjelimaiznad Zatona i Slanogd Q D MY H U H Pa @Gréeviadth@aji vjetrovi jugo do 30%,
bura do 29%, maestral do @4te levant dol5%. Snaga stalnih i umjerenh vjetrova
najpovoljnijajezD LVNRUL&AWDYDQMH HQHUJLMH YSVRH\WWHDH/RSD D WY
takve vietroveNRML QRUX SX&X V NRSQD SUHPD PRUX1®se&cDQMX \
tDNDY SRYROMD @ pHVWMMP BIRIN PRAMH NRMH VH QDOD]H X aLUF
Slika 9| prikazujekart YMHWUD ]D SRGUXpMH '1a XQXWDU NRMHJ V
radu.Takve lokaciePRUDMX |DGRYROMDYDWL QL] I DKWMHYD RG NRM
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PRIXUQRVW WUDQVSRUWD HQHUJLMH SULKYDWOMLYRVW V
pristupna infrastruktura i drug87]. 1D WRP SMXGWHie SURYgahBsMVE Rudinei
VE Ponikwe, dok su VE Mravinjac i VE Konavoska brda u planu za izgradviiti Rudine i
Ponikve ne spadaju u granice odabranogV8@3YD SD VX L]X]HWaHirané \EURUD p X
OUDYLQMDF L .RQDYRVND EUGD VSDGDMX XQXWDU JUDQLFC
NDR 2,( ]D suRL]YRGQMx@mwazuq@l@ucijuwUJLMH

Prema Plan36]u '14 QHPD PRJXUQRVWL ]DVE DkMiRMbiSXpLQVNL
stupovi vjetroagregat@meljili na morskome dnu 5D]ORJ W R®H NMXXAQ@WRIZzD G UDQ X
otoke i obaly GXELQD PRUD RSUHQLWR UDVW HUBhRseN RE pOMX Y D
VE nalazile preblizu obal&ako bi se zadovoljile dovoljno male dubine za ovaj tip .VE
PreostaH PRJIJXUQRVW L]JUDG QMYE XXMIGCQMNILIKK SODIX WRWVXNRR GQ:
WD WHKQRORJLMD 46 DR &SD ND PldjeIda§paRaMI Da@rorjaH. & na
NRMHPX MH SURFLMHQMHQ YMHWURSRWHQFLNP ®&,D FWHG C
XYUVWL X aXSDQLMVNBEBURBRBUGhpMIHOBRWDR-LMDOQR SU
SOXWDMXULK SXpLQVNLK YMHW U R H'QUA Naglasak @aje Ydtrelo) H Q L K
SURYHVWL GRGIBAQD LVWUDALYDQMD

PlaniranaVE Mravinjac UH XNXSQR L P D¥$iag dQQ87W/OU'U B, @Qa
podrX p MXS U LRQEHURY D p NR i §thdaPabtbivhida Planirana je izgradnja 29
vjetroagregata, svaki do 3 MW3URVWRU SODQLUDQRJ J]DKYDWD VH QI
'XEURYDpPNR SULPRUMH X] S@mbbdDmenal H D AWKX N R MPIH RGP M H
5Ly L PN HHJRmMjesta Slanoga lokacija je udaljena&d km zapadno, a od Dubrovnika
RNR NP X VPMHUX VMHYHUR]DSDG N D3\RDO/RNADWMaK$/KQ R DL Q |
gornji, Majkovi donji iMravinjac[157], [36].

Slika9. Karta vietrazaSRGUXpMH 'XEHURWWERR V[BFH aXSDQLMH
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Slikal0. 7TUHQXWQR VWDQMH NRULAWHQMIR fNMNHWURSRWHQFLI

Lokacija VE Konavoska brda planiraldH QHSRVUHGQR X] GUADYQX JUD
Cavata i aGPLQLVWUDWLYQR SULSDGD WHRNWRWQMX 26 DIQ®RHP
definirana je kao potencijalna makrolokacijavia JRGLQH MH ]DYU&AHQ SRVW
XWMHFDMD QD RN RobdvasKeDbrdals RaMietoAgregat YDNL VQDJH 0: &
je ukupno 132 MW instalirane snagea emeljuproceneMH L]IGDQR UMH&EHQMH R S|
]IDKYDWD QD RNROL& L LVKR[$61.QDDWH YOLRNDIL BRNDRGR] MRIOLL
JRGLQH ]D 0: LQVWDOLUDQH VQDJH [ O: JRGLQH
na 150 MW instalirane snagé0(x 5SMW P H y XzZ@&/itrRjenu je potrebno napraviti studiju
utecaMD QD RNROL& L LVKRGLWL UMHaAHEIH R SRYROMQRP XV

30DQ NRULAWHQMD 2[36IQUBREBUXPMXMRE GYLMH ORNDF
VE NRMH EL WDNRYyHU XRPROUXpHWI K RED@D PIRRNBMDMBPH GMHO
SUHNODSD V 9( OUDYLQMDF L ORNDFL,Mdbe ®6QIE Hek@paiBeX .RQD
V ORNDFLMDPD 9( SD SRVWRML L PRIXUQRVW NRRKOQDFLMH
AWR MH ORNDBIYMDQDMDF9(3@DQ WDNRYHU SUHGOD&aH L QHNH
SRGMX'nM@ prikazue UDVSRUHG PRJXULK ORNDFLMD ]D HOH
SRGUXpMXHOQUHSCIRQR P

S3RGDWNH R SRWHQFLMDOX YMHWUD NRULAWHQH X RYR

ustupio je DHMZ. Podaci se odnose naniidutne mjerne vrijednosti brzina vjetra u 2014.

godini. S obzirom da dobiveni podaci za 2014. nisu bili kompleini, podaci koji su
nedostajali nadopunjeni su podacima iz 2013. godine za isto razdoblje u godini. Time se dobila

kompletna krivulja brzina vjetra s vremenskim korakom od 10 minuta. Maksimalna brzina
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vjera iznosila je 21,3 m/s. Podaci o satnim brzinam#&rasjea 2014. godinu dobiveni su
UDpXQDQMHP VUHGQMH VD Wmhitni pbdateka Qriritdn\sLakegvseital H Q L K
'RELYHQH NULYXOMH NRULaAWHQH VX X SURUDpPpXQLPD ]D SU
satni i 18minutni vremenski korak|Tlablica4] prikazuje validaciju podataka brzina vjetra za
JRGLQX L]PHYyXminliviR poQdtaka i dobivenih satnih vrijednosti. Ukupna

suma svih podataka je jednakdok maksimalna vrijednost odstupa za 11,21% zbog

osrednjavanja Hninutni vrijednosti brzina vjetra unutar svakog sata.

Slikall. Prikaz prijedloga lokacija za izgradnj8E i VE [36]

Tablica4. Validacija podataka brzina vjetra za 2014djnu za vremenski korak od 1 sat i 10 minuta

Vremenski korak 1h 10 min
Maksimalna brzina vjetra, [m/s] 19,8 22,3
Validacija podataka 11,21%

Zbroj svih podataka, [m/s/god.] 33762,63 33762,63
Validacija podataka 0%
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2.3.3 Hidroenergija

HE Dubrovnik je DNXPXODFLMVND Yacyska\ REND dvp @dregétdd U L
Strojarnica se nalazi u mjestu Rld&t]PHYy X '"XEURYQLND L &D-vWaké®@aldRoj X 'XE U |
aXSDQLML L X YODVQLAWYX MH +UYDWVNH HOHNWURSULYLU
pripadaju sivuULMHNH 7UHELAQMLFH 2EMHNWL +( 'XEURYQLN VX
Gorica s kompenzacijskim bazengnh XOD]QD JUDYHYLQD MH X HGHUDFLM
(FBiH), dovodni tunel s armiranobetonskim cjevovodom je dijelom u FBiH, a dijelom u RH,
dRN VX YRGQD NRPRUD WODpQL FMHYRYRG VWURMDUQLFD
MH VPMHaAWHQD X SRGJHPOMX L SUHGY ZaskhdgéxredMitirahp .LpHW L U L
faza 1969. godine sa dvije proizvodne jedinice (A i B) s Framicilinama koje su prvotno
imale svaka po 108 MW. Revitalizacijom HE Dubrovnik 202815.godine X JUDYyHQH VX GYL
Francis turbine instaliranog protoka 2x58 W L QD]JLYQRJ SDGD P 5DVSR
HE Dubrovnik je 2x126 MW (2x117,5 MW ako rade obgregata). Agregat A radi Z2ES
RH, a agregat B za elekenergetski sustav FBiH. Uz glavne agregatelektrani rade i dva
NXuQD DIJUHJDWD V 3HOWRQ WXUELQDPD VQDJH SR 0: +( "
5+ PRaH SUXALWL SRPR kQWwzX dladtkadels eleRtkbehdiddsdm sustavom
RH izvedena je kabelskom vezom od rasklopnog postroj@i 110 kV i 220 kV HE
Dubrovnik do TS Plat u duljini 950 m. 8lektroenergetskim sustavom FBpbvezana je
dalekovodnom vezom od RP 110 kV i 220 kV HE Dubrovnik do RP Mokro polje, u duljini 12
km. Stoga, dio proizvodnje HE Dubrovnik B/ prenosi na ostatak RH kao i u FBiH, ovisno
o potrebama.+( 'XEURYQLN RUJDQL]DFLMVNL MH SRYH@QD V +(
QHGDOHNR RG VWURMDUQLFH +( 'XEURYQLN MH ]JERJ VSHFL
pogon koji izravno pripada Sektoru za hidroelektrid®®]. HE Dubrovnik ustupa je mjerne
SRGDWNH R SURL]YRGQML HOHNWULPQH HQHUJLMH ]D
JRGLQL L GRELOD VH NULYXOMD JRGL&aQM HojgdihRdal¥ RGQMH
satne krivulje dobd se krivulja proizvodnje za MinuW QL YUHPHQVNL NRUDN QD
RSWHUHUHQMH X VYDNRP VDBRALX W QG IKMRI®W & B HMiHH @Q D D& HAQND
PHYXVREQR MHGQDND L MHGQDND. SabArbhtiR & ©2014. godiRGJR Y D
HE Dubrovnik radila s instaliranosnagom od 108 MW, prijeevitalizacije, dobiveni podaci
0 proizvodnji su se skalirali na snagu od 126 MW, koja je postignuta revitalizacijortz HE.
dijagrama ndSlika12l PR4&H VH ]DNOMXpLWL GD MH +( 'XEURYQLN Yt
YHULQRP UDGL SUL PDNVLPDOQRP RSWHUHUHQMX RVLP X S
MH SUHGY LYy HQliddoijd pbidatalk@ fVablica5| pokazuje da nema razlike u podacima
]D YUAQR RSWHUHUHQMH QLWL XNXSQX SURL]JYRGQMX HOHN
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Slkal2 3URL]YRGQMD H O H Bydrovnix @aH-R0B4QddtinlL M H  + (

Tablicab. VaidDFLMD SRGDWDND SURL]YRGQMH HOHNWULPQH HQHUJLI

od 1 sata i 10 minuta

Vremenski korak 1h 10 min

9UAQR RSWHUHUHQMH 125,51 125,51

Ukupna proizvodnja, [GWh/god.] 893,74 893,74

Validacija podataka 0,0%

HE Zavrelje u Mlinima X aXSL 'XEURYDpPpNRM NP MXJRLVWRD!
lzgrayHQ D MH JRGLQH L QMHQRP L]JJUDGQMRP |]DSRpPHOR I
'XEURYDpPNRP BROVK@EMXMH X SRJIJRQ JRGLQH +( =DYUH

LIYRUD =DYUHOMH X aXSL 'XEURYDpNRM ,|]JYRU MH VPMHaW
Strojarnica HE Zvrelie VPMHEAWHQD MH QDGUREDMHGRRUBURBL]YRGQX Mt
sastojiod generatora i dvojne Francis turbine, nazivne snage 1,9iMWipnH JRGL&AQMH
proizvodnje od 46 GWh 3AURMHNWRP VX BIYQANHE SHERYLYRGEH JUXSH
VDPR MHGQD MH GRYU&HQD L X IXQNFLML 9RGD VH LVSX:
izgray HQ OXNREUDQ NRML XWMHpH QD VPDQMHQMH YDORYD |
+( (OHNWULPpQD HQHUJLMH ]D YODVWLWX SRWURaAQMX VWU
V L]YRGD JHQHUDWRUD *HQHUDWRU MH GRWHINWHD R 8 DIGNDOHN
GLVWULEXWLYQRJ SRGX]HUD +(3 2'6 G [FORHE @l WRMXJ L
SURUDPXQLPD QLMH X]JHWD X RE]JLU ]ERN RAMBOAE MU LW H ALNRM
studiji [37], navedene dvije potencijalne lokacije za male HELjuta 1 i 2 na vodotoku rijeke

IMXWH QD SRGUXpMX .RQDYDOD 2QH VX WDNRYHU QLVNH LC

u obzir u planiranju energetskog sustava. Planirana HE Ombiatalianom snagom od 68
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MW, tDNRYHU QLMH X]J]HWD X RE]JLU X SURUDpRagdgRdneNeHU MH
AWMRH ULMHpPp R S URDMHNMNR D R BN L MGHABRUEIYYD WO MYL.YLWHY R U
grad Dubrovnik.

2.3.4 Energija biomase

Na temelju procMHQMHQRJ WHRUHWVNRJ HQHUJHWVNRJ SRWH
MH RFMHQD R PRIJXUQRVWL NRULAWHQMD'E& RrierbaVAtanY HQH U J
za OIE[36] SRVWRMHRIQLDHOMPHOQL UHVXUVL NRULAWHQMaED ELRPD
SRGUXpME REB]LURP GD 30DQRP QLVX S Upidikupjersetb@ribs,RND FL M
6WUDWHAaNR[B/]VQLXELMRPHQH SURFMHQH R PRJIJXUERVWL NR
RGQRVQR QLMH YUEHQD SURFMHQD XWMHFDMD QD VDVWDYQC
NDUDNWHULVWLNDPD NDR L SUHPD QDpLO@X uMNRBLAWHQM,]
proizvodnje biomase su male i vjerojatno neisplative, odnosno potencijali dobivanja energije
RG ELRPDVH GUY HWDzr@rido SiSkU XOIXID aXPD QDhasmGUXpMX
]QDpDMQLMX H NoRpgborzéode anergife R ¥rwie biomaStoga se ni u ovom radu
ELRPDVD QHUH UD]PDWUDWL NDR SRWHQFLMDOQL 2,(

2.3.5 Geotermalna energija

RHVH PRaH V REJLURP QD JHRWHUPDOQL JUDGLMHQW
SDQRQVNR FHQWUDOQRASIRGCGDKIMER'EG QR WM % aMdiokaU D Q VN R
SRGUXpMX 'brakielirrdg® QLVNL JHRWHUPDOQL JUDGLMHQW L CQ
toplinskog tokaPURQDOD]DN OHA8LAWD SRWHQFLMDOQH WHUPDOQ}!
UHVXUVD RJUDQLpPHQ MH NRPS @HNad&Y DM YWIHN NURANSEN U Pl GRNGH)
RGOLNXMH , pijjttiRj¢ QtReéailjX vode s tog prostdeeotermalna energija se'd a
PRaH NRULWOVINRMBXMWXHPRIRGQH ]D QLVNRWHPSHUDWXUQH
WH ]DJULMDYDQMD SRW)URRIDDHI DNV RISIOGMLKEND SULPMHQD ]
objekte. Dizalice topline koriste stalnu temperaturu tla na dubini o®akali iz podzemne
vode. Koristeju |D SRWUHEQR GRJULMDYDQMH SURVWRUD |JLPL
pripremuPTV. DizalicetopOLQH PRJX VH SRVWDYOMDWL L X SOLWNLP E
QD GXELQL RG GR P .RUL ®»W poQddrbli zito]dinO isplddivodaR SO L Q H
WXULVWLpPNH NDSDFLWHWH1XB WG Q&) GRK UJLLVDNGLHs M) D QHH & NC
[37], nisu YUAHQD VXVWDYQD LVWU DgalLusiidliM@L RX RYJU &R QHH QGFOLAY
SURFMHQH R PRIJXUQRVWL NRULAWHEH QMDRYHRWRBUPD R QRIPHQL
JHRWHUPDOQD HQHUJLMD QHUH X]J]HWL X RE]JLU Xa®daURUDDpX
RGDEUDQRJ SRGUXpMD
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2.3.6 Energija mora :DTMV

SRGUXpMH '14a LPD GREDU SRWHQFLMDO X LVNRUL&WD
S3RVORYQL SURVWRUL NRML VH JULMX L KODGH VDPR WLM
pripremom PTV, mogu za pebe toplinske eergije koristiti sustave DT na zrakdni su
HNRQRPXJQLWMQR PDOH UD]JOLNH HQ HihdstWa/ dotlenXqust@N R Y LW
OHYyXWLP KRWHOVNL D Li WMNIPMEX QYLLAREMWN®DQWMKEAQHYQH
JULMDQMD L KODYy etk zANRTR | DTMYBLpides QWM UPRWHKLPpNL VXV
toplinske i rashladne potrebd SUDYR SRGUXpMH '1da NRMH MH RULMHOGC
WXULVWLpNL VHNWRU LPD ]QDpDMDQ EURM KRWHOD NRML
DTMV. Stimuliranem XJUDGQMH VXVWDYD '709 RG VWUDQH axsSDQLN
VH SRVWLUOL |1QDpDMQH XaWHGH X SRWURaAQML HOHNWULpPQ!
MH XNDSOMHQL QDIWQL SOLQ 813 NRML VH pHW#& NRULV)
R VXVWDYX JULMDQMD L KODYHQMD NRM EcalbrhaSitddhj@hjfeRG QR N
SRWURaAaQMH HOHNWULpQH HQHUJLMH ]D KODYHQMH QD UD]L
zbog nedostatnih kapaciteta. U dokumentu P[86&su i navedene hotelske jedinice koje bi
LPDOH PRIJXUQRVW PRWLAWHQMD VXVWDYD

Ovaj rad analizira centralizirani sustav DTMV &R G U X p M igraa\DDhdavnika
NDR L |[DPMHQX GRVDGDaQMLK VXVWDYD |]D JULMDQMH L KO
'7 '709 X 6WDURP JUDGX L QLMH QRYRVW VmiRwilkeis®® GD VH
od 1980. godine, a 2019.R GL QH L ]ivzangéh@dardytsustava DTMV s novim.
24 3RWURGEQ¥®DQD RGDEUDQRP SRGUXpMX

SRWURDWHWDLMH R E XK ¥ Budibnilaidiah&gHeneryetskagtava za
energijom Podaci oORSUIRRMWUR&QML HOHNWULpPpQH HQHUJLMH ]D RGD
SUHX]HWL VX VD 76 .RPRODF NRMD VQDEGLMHYD RGDEUDQ
9HOLNL GLR WH SRWURaAQMH RGQRVL VH QD SRWUHEH ]D J
tom poGUXpMX NRULVWL HOHNWULpPpQX HQ Bib gdtriebd grian@aRWUHEH
KODYyHQMD V QD E G Linsikhi¥i 2voraHeneigije. WXhdodé&lima energetskog plana u
ovom radu planirana je zamjena s¥isilnih gorivas OIE do 2050. godinef DNR UH VH .9
zamijenitisEV GRN 0H WRSOLQVNL VHNWRU NRULVWLWL VXVWDY
HOHNWULpQH HQHUJLMH SRYHUDWL ]D WH SRWUHEH

241 2SuD SRWURaAQMD HORISNNWHULHQHOHMQHUGLRPARODF
SRGDWNH RSUH SRWU R agupibie Hl€kHaugvuibhrpikHHERQOMD8 J L M H
d.o.0, za 2014 godinu. Dobiveni podaci su iIBLQXWQH PMHUHQH YULMHGQ
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HOHNWULPpQH HQHUJLMH NUR] JRGLS) Xa BRIGUNY NsatnéIH ELOI
vrijednosti kako bi ih prilagodili modeli® S U R UIHmQtie vrijednostidobivene su
interpolacijom vrijednostil5-minutnih podataka. Satne vrijednosti za 2014. godinu dobivene

VX UDpXQDQM HifeddastR A5MikLING Lpdataka unutar jednog sataszaki sat.

Validacija podataka dobénih iz 15minutne krivulje prikazana je [Tablica6|.

Tablica6. VaidDFLMD SRGDWDND R SRWUR&GQML HOHNWULpPQH H(

2SUD FRWW D HOHNW HWTSHKRiHolBCQRPI4 Jadinad
Vremenski korak 10 min 15 min 1h
IUARBWHUKWHQMH 540866667 54096 53984
Validacija podataka 0,017% | 0,207%
8NXSQD SRWWRGQMD 2494337 | 2494326 | 2494326
Validacija podataka 0,00046% | 0%

242 .RQYHQFLRQDOQD L HOHNWULpPQD YR]LOD

8 JRGLQL NRMD MH RGDEUDQD ]D ED]QX JRGLQX
MHGQX LQVWDOLUDQX HOHNWULPQX SXQLRQLFX ]D (9 3UYD
pHIJD MH XVOLM HGnioRich. Z)RygbDiveduEaVrikMModi i"car sharing princip
VXNRULaW kifzhene woRlId) SBOEV. KV su i dalje zastupljena kod osobnih vozila,
SRJODYLWR JERJ QHVUHYHQH LQIUDVWUXNWXUH L QHGRYRO
OIMHURMDWQR MH GD UH VH X EXGXUQRVWL realizirda pprb MHQ M D
pametnog gradplaniUDQMHP RGUALYH XKBEDQH PRELOQRVWL

DR JRGLQH YMHURMDWBRRRMD GRINRG® YHOLNRUR X
zamijenittKV u FLOMX VPDQMHQMD LVSXAWDQMD ¥¥\DIW OBGLHN LK
energetskom planu do 2050. uzeti u opmirast udjel&V ito do 100%.3UHGYLYDQMH SRYH
udiela(9 GR ]D ALUSRGWXEMNMR XEURYQLND SUHWKRGQR MH
radu[162]i [2], koja je preuzetaiuovomrade.D SURUDEXQERGMBEUDQRP SRGL
NRULAWHQL VX S RaG Biivatsko]E68)].Rs tém¥IfR pkofa osobnih vozila u 2D1
godini u Hrvatskoj iQD R G D E U D Q RdBbigeR {eudliX joddbhih vozilana odabranom
S R G UykivpXom broju osobnih vozila u Hrvatskajrikazan u@. lako je udio
RVREQLK YR]LOD L]JUDpXQDW QD WHPHOMX EUR EXayYR]LOD
podatak jer jgporast udjela(9 |D +UYDWVNX UDYyHQD QD W HPaHli©ayl X N
se vidi da se broj osobnKV za 2010. ne razlikuje puno od broja vozila u 2014. Podatak o
broju vozilaobbhYDUD SRGUXpMH RG %UVHpL QaalgeRustuliS s MYXFEUR Y D p

+Ministarstvo unutarnjih poslova RH.
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Tablica7. Broj osobnih vozila u Hrvatskoj i Dubrovniku u 2010. godini

Godina 2010.
Broj osobnih vozila u Hrvatskoj 1220302
Broj osobnih vozila u Dubrovniku 16617

Postotak osobnih vozila u Dubrovniku u| 1,362
ukupnom broju osobnih vozila u Hrvatskoj (%)

Tablica8. Validacija podataka o broju vozila za 2010. i 2014. godinu

Godina 2010. 2014.
Broj osobnih KV 16617 16747
Validacija podataka 0,78%

243 3RWURaQMD HQHUJLMH |D JULMDQMH L KODYHQMH

I1DMYHUL GLR SRWUR&AQMH HQHUJLMH ]D JULMDQMH L K
SRGUXpMX RGIRRWULRYBMXDHOHNWULPQH HQHUJLMH RG pH.
YHULQVNL XGLR X XNXSQRM SRWURaQML HOHNWULpPQH HQI
XUHYyDMLPD NRML NRULVWH HOHNWUYLPQEKOHQ MU KbEEH B QN UV
UNP OR&ALYR XOMH L ELRPDVD 8 VNORSX SURMHNWD -RLQWE®6
energetskg UD]YLWND L NOLPDWVNLK SURPMHQD ]D SRGUXpMH *
2SULQH aXSD GXEURYODRBRNDpPpRRB U2 QIHP RAENL6¥].LZa2tS ddar&hob W R Q
SRGUXpMH RG pHWLUL RSULQH L JUDGD DQDOL]JLUDQD MH Q
zgrada Zgrade su podijeljene na sektor javnih zgraddy N\WRU VWDPEHQLK ]JJUDGD
VHNWRU ]JJUDGD NRPHUFLMDOQRJ L XVOXaQRJ VHNWRUD W]
VX ]D SURFMHQX SRWURaAaQMH HQHUJLMH QD JULMDQMH L K
analiziranou planune @p@ODSD VH V JUDQLFDPD RGDEUDQRJ aLUHJ JL
WUHEDOH L]GYRMLWL 2SULQD 6WRQ L 2SULQD "XEURYDpPNR S
L] SODQD RGQRVH QD SRVWRWNH XGMHOD HOHNWULPQH H
najYHULP B XMHNXEEQRM SRWURAQML VXGMHOXMH *UDG '"XEURY
u postocima zanemarvE DNRYHU SRGDFL SUHX]HW L kbfjisiou2Qlb. NDR E|
godinu. KDNR VH UDGL R SRWUR&AQML HQH U ijevtjel mMidyd) 2 s¢H L] IR
SRGDWNH PRaH NRULVWLWL NDR UHOHYDQWQH

SRWUR&AQMD HOHNWULpPQH HQ Hnalhe éhérgipe 2015.SgRdmMJiH GQ R M
VHNWRUX NXUuDQVWYD L]QRVLOD MH X WHUFLMDUQRP Vt
2G WRJD GDRIBSRW.URAaQMH MO HIDNXN UR P QH) IHNQDRIDM b thgK ODYH Q|
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SURL]OD]L GD SRWURAaAQMD HOHNWULDpQHji Air@lrtledérpliet X XN X
zauzima 68%. ¥ WDOD SRWURAQMI3RETQRRPDVX L ORALYR XOMH N
grijane. 8GLR SRWURaAQMH HOHNWULPQH HQHUJLMH X QHSRVU
VHNWRUD GRELYHQ|MMH SUHPD MHGQDGAEL
A ywa E'i @pga E Ac®maro (1)
KAE'(E'a®

=D RGUHYLYDQMH XNXSQLK WRisterhe@ki drogtarFiBtiVagHED NR L
[155]. =D R]QDpHIXRMSHR®RGDEUDQRJ daLUHJ JUDGVNR& SRGUXD
GRELYHQ MH SRGDWDN R XNXSQRNUIRW QMEHQIR M QIIRYGLG P M R\
godini. HotPDSV WDNRyHU GDMH L |[DVHEQR SRGDWNH R SRWUHE
sekor. |Tablica9) SULND]XMH SRGDWNH GRE L-XDH [oH RNGFOUELLEIVHR) BIRI G U

+RWPDSV QXGL RSFLMX ]|D SUHGYLYDQMH SRWAIHED GDC
RGDEUDQRJ SRGUXpMD PRAH NRULVWLWL GDOMLQVNR JULM
]D JULMDQMH SURVWRUD L 379 PRaH ELWL SRNULYHQR G
to 69,12 GWh/god{Slikal3@ SULND]XMH RGDEUDQR aLUH JUDGVNR SR
NRMLPD MH PRJXUH SULPLMHQLWL GDOMLQVNR JULMDQMH
ORNRALFD LPDMX ]Q BappbrvddQdejiRsWod @ijanjal Po@ncijal @HAWR PDQML
]D SRGUXpMH 4XSH 'XEURYDpPpNH L YUOR PDOL SRWHQFLMD
Konavala i sjeverozapadno od Dubrovnika, mjesta kao Trsteno i Zaton. Razlog manjem
SRWHQFLMDOXWMH QWX WOVRMWMRHQDVHOMHQD NDR aWR MH W
ORNRALFD

PApwal

Tablica9. Toplinske rashladneSRWUHEH RGDEUDQRJ @aLUHJ JUDGVNRJ SRGU.:

2014. godinu
Toplinske i rashladne potrebe 2014. godina [GWh/god.]

Stambeni sektor- grijanje prostora 160

Stambeni sektor- PTV 33
Nestambeni sektor- grijanje prostora 42
Nestambeni- PTV 3,83

Ukupne toplinske potrebe \ 239,83
Rashladne potrebe | 77,37
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Slika13. Potencijal primjene daljinskog grijanjazRGDEUDQR ALUH JWIBJGVNR SR GU X

2.5 EnergetskisustavtSULMHQRY SUHNRJUD Qlistpilsucij i GoBktbel NRY R GD L

AaLUH JUDGVNR SRGU@P®BMDXEWH YHQO MW phiekp GRP HQH L
110/35/10 kV Kanolac |Slika 14] prikazuje shemu EE&oju je ustupio Hrvatski operator
distribucijskog sustava (HOP§)65]. 1z slike se vididasdl1l &, kaoiodabDQR SR&GUXpMH
radu, povezans EESRH na naponskoj razini 110 kV vezama Makarsk& X]HQ yDSOMLQI
6WRQ V RJUDQNRP ]D 76 N9 2SX]BQ X-powphr- RURKQRP Y H
6WRQ 2GDEUDQR daLUH JUD GDWN Ra SIR&@hinEg SABIFHSReKHT® QR M H
7TUHELQMH 'YD VX SUHNRJUDQLpPQD GDOHNRHD®OD § ®RQ XLIW
prijenos S U H N R J UdBl€ékbvodairédna TS Trebinjsu

X Tranzitni:
a) DV 220 kV (D221) Plat Trebinje 1:
274 MVA (720 A; 20 s);
RIJUDQLpHQMH 607 $
b) DV 110 kV (D138) Trebinje Komolac:
89 MVA (468 A; 20 min);
RJUDQLpPHQMH '9 $
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X Proizvodni / spojni:
a) DV 220 kV (D236) HE Dubrovnik AQ. - Trebinje 2:
137 MVA (360 A; 4 s);
RJUDQLpHQMH 607 $
ogranLpHQ MH + (-2 8¥ax$=*130 MVA

Slikal4. Shema EESaLUH JUDGVNR SRGUXpMH 'XEURYQLND L YH]D V RVYV
- izvor HOPS

Podatke dV ustupio je HOP$165]. PUYH YULMHGQRVWLI RRYB[D YIDUMX MCHRE
DV.TUHQXWQL PRJXUL SUKNUWDQRVOMP RYUDXMIPHQPMHUQLP WL
WRJD SURL]OD]L GD VH WUHQXWQR VD PRaKaBA3HQLMHW
114 MVA. Stoga biukupDQ UHDODQ P RDMXnalsu§édhBESies 427 MW. U
SURUDpPXQLPD X SURJUDPX &DOOLREHS ftbjdéN&IrRditID]UDG
prijenosne kapacite®V kako bi se odredinjihov PR J X G L Sz2alLuVoH i@fRoYS obzirom

da je HE Dubovnik povezana posebnim DVD 76 7UHELQMH RQD MH X SURUL
spojena zasebno sa susjediBESV UHDOQLP PRJIXULB2BUIANWDPRN R P RG
SULMHQRVRP O: L' V SULMHQRVRP 0: SURPDWUDQL
dodana i eza prema ostatkiES 5+ X L]QRVX RG 0: aWR VNXSD pLQL
prijenosaprema susjednim sustavim@aDGL MHGQRVWDYQRVWL SURUDpPXQD
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UD]PDWUDOH NDR MHGQD W R pNDED DNR NPIR JMdil L UREHBAVENCIRNO M L
SUHNRJ DD Qddarpizma RHiznosi 0 MW.
26 6NODGLAWHQMH HQHUJLMH

=D YUVWH VNODGLaAawbD X RGDEUDQRP HQHUJHWVNRP VX'
mobilne baterije u EV i stacionarne baterije EV u obliku B2U, SEV sustavi na principu
dobivana vodika elektrolizom vode i TES i RES za toplinske i rashladne potrebe u sustavu
DTMV. 6 XVWDYL VNODGLAWHQMD HQHUJLMH GHWDOMQLMH VX

2.6.1 Baterije EV tmobilni i stacionarni spremnici energije

8 IDPMHQL .9 V (9 NRWItijVMRIQW NNHPVEHDMHULMDPD pLMH V:
broj vozila u sustavu opisani u poglavljin#a9.2.31(2.9.2.4 3 UL N D |®©WspoieHbaV
VWDQGDUGQRJ SXQMHQMD X WUDMDQMX RG VDWL ]D YUH
brzagpunjenp X WUDMDQMX RG PLQXWD ]D YUHPHuQNaNzandaRUDN S
ujeFDMD QD LQWHJUDFLMX 2,( X VXVWDY 8VSRUHGLW 0H VI
SXQMHQMHP L SUDAQMHQMHP NRMH XNOMXpXMH PRGHO 9 *
VH YUALWL FLMHQDPD HOHNWULpPQH HQHUJISNHR LSDEKRID Uibi]
pokazati koji scenarpU X @D YHUX IOHNVLELOQRVW VXVWDYX X FLOMX
XYR]D L L]YR]D HOHNWULPQH HQHUJLMH

8 JRGLQL X]J]HW UH VH X RE]JLU L PRYDXNR R VAW R YERD)\M
(9 IDYUAH VYRMMHN RWYRJLOX 8 UDGX MH RGDEUDQR GD UH
godina upotrebe i kada dosegnu 80% ukupnog kapagitD 8 WRP UH VHIRRGQHA&X NF

JRGLQD GRN QH VSDGQX QD XNXSQRJ NDSDFLWHWD 6W

kaoVUHGQMD YULMHGQRVW EURMD YR]JLOD L]JPHYX L
uH X JRGLQL LPDWL |[DPMHQX VYRMLK EDWHULMD UDGL
u B2U kao stacionarni spremnik energije. Ovi parametri su odabrdnije@nostavnosti
SURUDPpXQD SUHRPORIVMWKIRGIQRHUDWXUL 1LMH UHDOQR ]D
JRGLQH WUHEDWL |DPMHQX EDWHUVMD IS F3H WK R/J N CEDDNFH. \
radu je, UDGL MHGQRVWDYWRN R LS BEERKE p XBAD imaju jednake
NDUDNWHULVWLNH NDR L EDWHULMH (9 VDPR VDGUAH XN

2.6.2 SEV zstacionarni spremnici energije

.DR GRGDWQL L]YRU IOHNVLELOQRVWL X HQHUJHWVNF
odabrani su stacionarni SEV koji rade na principu elektrolize \@&glemnici rade na principu
NRULAWHQMD HOHNWULPpQH HQHUJLMH X YULMHPH YL&AND S|
u elektrolizator u kojjm VH YUAL HOHNWUROL ]@Wbarvede Hl vddilc kRIK.QR SUH
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Dobiveni vodk VH VNODGLaWL X 6(9 L X YULMHPH PDQMND SUR
ponovnom pretvorbomrodika X HOHNW U L p QPR UWHLQMHALRIR- dpRRrbBYQjeN stistav
HOHNWULPQRP HQHUJLMRP L SULUiSRQRYIboj MPJReQMMHEWM X XYR
sustav|Slika 15| prikazuje princip rada SEV susta®ustav SEV sastoji se od elektrolizatora,
spremnika plinovitog vodikagorivnRJ pOD&® MODHNWUROL]J]DWRU VH GRYRGL
L] P UKeja Haje energiju za elektrolizu vode. Rliodik GRELYHQ HOHNWUROL]RP V
spremnik. 8 JRULYQRP pOde QaoyndREAWYDUD X HOHNWULPQX HQI
energetskom sWuWDY X NDR L]YRU HQHUJLMH X YULMHPH PDQMND
8 p L QNR duswe\a Bdare su u|Tablical)) .DSDFLWHW 6(9 QLMH RGUHVI
proUDpXQLPD RGUHGLWL NDSDFLWHW VSUHPQLNDHNWLYRFRQR
energije kao i samog spremnika.

Slika15. Princip rada i energetski tokovi u sustavu SEV

Tablical0 8pL QN RYSIaVASEMYA9]

SEV sustav 8 pnkovitost, [%] SRYUDWQD XpLQ
Elektrolizator, A, 80 54
Spremnik plina, A 97
*RULYQL,PAQDQDN 70

2.6.3 TES i RES #stacionarni spremnici energije

Sustavima DTMV dodani su TES i RES za opskriyplingkih i rashladnih potreba.
Sustav DTMV opisan je u poglavjfu8sa svim bitnim karakteristikama. Primjer sust&@H
s DTMV uz BES i TES i njihovom usporedbometaljinje MH DQDOL]JLUIB@rdda SRGUX
gradaX FLOMX EROMH LQWHJUDFLMH 2,( X VXVWDY 5DGL MHG
QD 4LUHP JUDGVNRP SRGUXpMX RGDEUDQL VX VXVWDYL V M
dodan je i RES sustav zashladne potrebe. Efikasnost TES i RES uze@9jé, dok je za

pohranu toplinske energije prijanjen SCOP ("Seasonal Coefficient Of Performaiite za

rashladnu BER ("Seasonal Energy Efficiency Raio NDNR MH WR RGUHYHQR ]D V
Slikalel SULND]XMH HQHUJHWVNH WRNRYH L SUHWYRUEX HOH
energiju (OHNWULpQD HQHUJLMD GRYRGL VH L] PUHWML]IDQHUDG
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energije u toplinsk i rashladnu, zadovoljava toplinske i rashladne potrebe unutar sustava. U
vijePH YL&A&ND SURL]JYRGQMH HOHNWULPpQH HQHUJIJLMH L] 2,(
UDVKODGQRP HQHUJLMRP '709 NRULYVWilopligskuNrashladp® X HQH |
L vVNODGLawL X 7(6 L 5(6 8VNODGLAWHQD HQHUJLMD VH 1
WRSOLQVNRP L UDVKODGQRP HQHUJLMRP NDGD MH X VXVW
iz OIE.

Slikal6. Prikazenergetskih tokova u sustavu DTMV s TES i RES

2.7 Linearna korelacija i regresija

Analize linearne korelacije i regresije napravljene sulomk ovog rada za odabrane
JUXSH SRGDWDND VXQpHYD JUDpHQMD EU]JLQD YMHWUD
temperature zraka za tri uzastopne godine, 2012., 2013. i 2014. godinu. Cilj analize jest
XVWDQRYLWL OLQHDUQX YH]X L]JPHYyX SRWHQFLMDOD 2,(
temperature zraka za odabvad L UH JU D G V.R&zu8dR éndliXaprivogubW L RG SRPRUL
GXJRURpPQRP L NUDWNRURPQRP SODQLUDQMX HQHUJHWYVN
.RUHODFLMVND YH]D VXQpHYD JUDpPpHQMD L EU]JLQH YMHWU
LIYRUD HQHUJLMH L SUXaD GRGDWQH iNpraiziodq kapadketaD WNH N
X HQHUJHWVNRP VXVWDYX .RUHODFLMVND YH]D L]PHYX S
HQHUJLMH WDNRYyHU GDMH GREDU XYLG ]D VDVWDYOMDQM
YH]H L]PHYyX YDQMYV N Hp&teHdjeaa (Y DIWXRW YR ®&QIMH HOHNWULpPQH
PRaAH ELWL RG SRPRiUL X SODQLUDQMX HQHUJHWVNRJ VXVW|
L SRWURaAaQMH HOHNWULPpQH HQHUJLMH 8NROLNR SRVWRML
SRWHQFLMDOD R,HOHSRWUR@AMHQHUJLMH RQD VH PRA&H I
SUHGYLYyDQMH SURL]YRGQMH L SRWUR&EAQMH HOHNWULpPQH
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UHJUHVLMVNH DQDOL]H lajePzZesednd@aRukabt@heQi ¢odBi& DOV HMY V O L N X
0 promgnama i odstupanjima u raspodieli pojedinh® WDND L]PHYyX RGDEUDQLK .
Prethodne studijenavedene u odjeljki.2.3 bavilesu seanalizama korelacije i regsije
SRGDWDND R SRWHQFLMDOX 2,( L SURL]J]YRGQML L SRWURAaQ
VDWQRP L PMHVHPQRP YUHPHQVNRP NRUDNX OHYKXKWLP DC
YUHPHQVNRP NRUDNX PRJX SUXAaLWL YMWHBHDBREGRYVVERMWQ [MOIHL
UH]XOWDWL NRUHODFLMVNLK DQDOL]D OR&LML awR VH YL
GXJRURpPQL YUHPHQVNL NRUDN NRML VH WHlrpo@aha, QD VUH
DQDOL]LUDW UH VH NRUHODFLRYVRDPQL W HWPHNQAVMMN B RYH]D R
5H]XOWDWL WLK DQDOL]D SUXAaLW UH YMHUR®GRGWRMQLMX
korisni za energetske sustave koji se planiranodeliraju za vremenski korald 10 minuta,
NDR a4WR MH §@dR@i UDIHMHIBGNNRD SRYGHUX pAVRI X LPDWL ]QDp
]JD EXGXUH RWYRUHQR \Weddgfdnd \Kof¢ bH @rgodaly i [ieiRuBnorkl

vremenskom koraku.

Analiza linearne korelacije i regresije napravljena je za 4egpdpbranih podataka:

1. korelacMD L UHJUHVLMD L]PHYyX SRGDWDND ]D X]DVWRSQH
zasebno za vremenski korbek 10 min,

2. NRUHODFLMD L UHJUHVLMD L]PHYyX SDUDPHWDUD ]D WU
VUHGQMLP PMHVHpPQLP YULMHGQRVWLPD

3. korelacijairegresijaizmgX SDUDPHWDUD ]D WUL X]DVWRSQH JRGL

A. vremenskom koraku ad= 10 min,

B. vremenskom koraku ad PLQ XNOMXpPpXMXUL"§GehRiGX X VXV
delayy L]JPHYX SURL]YRGQMH L SRWUR&AQMH HOHNWUL
HOHNWULpPpQH HQHUJLMH L WHPSHUDWX10IijUDND X]
D VXQpHYR JUDpPpHQMH L EU]JLQD-tY¥MRKWUD ]D YUHPHGQ

4. NRUHODFLMD L UHJUHYV ltrMiBEastopReigodin& terheljeRaing/ TDunih | D
vremenskom koraku za:

A. zimski period

B. ljetni period.

IMHWQR UD]J]GREOMH ]D VYDNX JRGLQX RGDEUDQR MH V RE
RSWHUHUHQMH SRWURAQMRP HOHNWULpPQH tdfgebieJzaMH |]D V
VYDNX JRGLQX RGDEUDQR MH V REJLURP QD QDMPDQMX
HOHNWUL p Q R&triHigabtapdd mvjdséta.
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Analize se temelje na modelu jednostavregresije i korelacije. &u rezultate
koeficijenata korelacije, koefctMHQDWD GHWHUPLQDFLMH L OLQHDUQF
odabranih parametarf UDYHQH X UDpXQDOQRP S68) BTAPIZTIEAS 7,67 ,& $
MH RSVH&A&DQ DODW ]D DQDOLWLpPNX [TV W inegritaviiBspdieX L SRV
upravljanja podacima, analizd&, VW UDANYYDQMOL]DFLMH L S @plikaBjaRyHQRJ
SDGUAIN dalJBRU RVQRYQLK L QDSUHGQLK DQDOQWWDANY K pBIR
znarstvene L L Q & H @iitjebeV®NHE 7,67 ,&3 XNOMXpXMH QH VDPR DQDO
SRVWXSNH XSUDYOMDQMD ED]DPD SRGDW bDrglBmdRtadijti QD P M|
specipliziranih metoda za analizu podataka (MPUHG YLYHQR LV W U'PraditiQMH SR (
datamining) SRVORYQD GUXaWYHQD L ELRPHGLFLQVIS® LVWUD:
DQDOLWLpPNL DODWL SRQXYHQL X OL KebMdintegiraogipak&as 7 $7,67
2YLP VH DODWLPD PR a HitetrsativBiyN ORMOW Q LFERK R'KPpHOMD XNO

X YLVRNR RSWLPL]JLUDQR LQWHUDNWLY@&ljahRLVQLPpNR V
STATISTICA-e unutar Microsoft Officea i drugih aplikacija)

x FMHORYLWR NRULVQLpNR VXpHOMH WHPHOMHQR QD WD
STATISTICA Enterprise Servar) koje RP R J X U &®IDGIR V prebateW H O M
vremenski zahtjevni zadaci i radsuradniji, i

X VYHREXKYDWQR LQGXVWULMYVN RoMpatDIQEEDNE®QR SURJUL
(UKOMXpXMXUL XJUDYHQL 9LV XPBTOR % D \QXEGMR B SSOM. VEVWOSD @
14000 funkcija koje se mogu pozivati izvana.

8JUDYHQR UD]YRMQR RNUXaHQMH PR&aH VH NRULVWLWL ]
aplikacijama i &L U R Nd&dzetnom infrastrukturom"dnterpriseg@de infrastructure).
KoristisezaL] JUDGQMX SULODJRYHQLK SURALUHQMD ELOR NRMH
napredih, velikih razvojnih projekat§l66]. 3SURUDpPpXQL X 67%$7,67,&, X RYRP U
se na osnovnim formulama za linearnu korela@ prikazuje dijagram toka koji
SUHGVWDYOMD PHWRG X -NR QLDaa\AHE@red3tara’ s fovoMDHEXQ D G A E X
OLQHDUQH UHJUHVLMH GRELYHQX LJUDpXQRP OLQHDUQH NF
¥ Azavisna varijabla

¥ Anezavisna varijala,
a,ﬁkonstantaRpHNLYDQD YULMHGQRVW ]DYLVQH YDULMDEOH NDC
bANRHILFLMHQW UHJUHVLMH NRML SRND]XMH SURVMHpPpQX

promjenom nezavisne varijable.
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Slikal7. Dijagram tokaza LVSLWLYDQMH OLQHDUQH L UHJUHVLMVNH Y

=DYLVQD YDULMDEOD VH PRAH X GUXJRP VOXpDMX WDNR:
vrijednostiaib UH ELWL GUXJDpLMH ]D WX UHJUHVLMVWK ORI XML
rezultat regresijske analiz&f XPDpL VH NDR XGLR YDULMDQW¥H KR]JDH' LVQ
predvidjeti iz nezavisnearijable Pearsonov kdeijent korelacije proizedatrenutka,r,
predstavljakvantitativnu mjeru niee vrste korelacije i ovisnost2 |QDpVWIDWLVWLPpNL R
LIPHYyX GYLMH LOL YLaAH VOXpDMQLK YDULMK&€édcijadtOL SUR
predstavlja sukladnost u variranju vrijednosti dvijeOL YLA&H YDULMDEOL WH R]QL
LIPHYyX YDULMDEOL 2QD MH SRND|DWHOM |]DYLVQRVWL YH]
e VPMHURP L MDpPpLQRP YHIH OHWRGD NRUHODFLMH SUDWL F
YLAH YDULMDR®NV W RAHYMHYWOUR @& iAADVPDHP P H OD pR YGIRNYRUHOD F |
VH IDNOMXpLYBRVOMMNBULRORR RGQRVX PHYyX YDULNDEODPD
pokazuje stupanj i smjer korelacije:

x NO rdefinira negativnu korelaciju

X NL rnema korelacije

X NP rdefinira pozitivhu korelaciju
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SR]LWLYDQ VPMHU ]QDpL GD SRUDVW MHGQH YDULMDEOH
VPMHU ]QDpL GD SRUDVW MHGQH YDULMDEOH SUDWL SDG G
SRVWXSDN UDpXQDQMD NRUHODFLMH

SR

L:
¥53:0H

ToF T& WF &

:TUF-I-§3

WF s

2)

3)

(4)

()

Koeficijent determinacijie4 L ¥ MH SRND]DWHOM ]@ivbshG QielaN LK 1D N
NRG GYD RELOMHAMD XNOMXpHQD X NRUHODFLMVNX DQDOL
SURPMHQH IDYLVQH YDULMDEOH REMDaAaQMHQR SURPMHQRP
QH PRAH JRYRULWL VDPR QD W ldPezOrkriatidiiaH kdeRdijgmtd QWD N
determinacije. 5SHJUHVLMVND DQDOL]D NRULVWL VH NDGD VH at
vrijednosti jedne varijable na temelju poznate vrijednosti druge varijable. Regresijskom
DQDOL]RP XWYUyXMH VH RH QISNL WM M X O @ B ONR SIRG@MMWMNER Q M |
tako da suma kvadrata odstupanja procijenjenih i originalnih vrijednosti bude minimalna.
5HJUHVLMRP VH RPRIJXUXMH SURPDWUDQMH RpHNLYDQH YU
osnow vrijednosti nezavisno bRPMHQMLY‘FmL KAMMWH REMDAQMHQMH

koeficijenta regresijekorelacije D MHG

@[ﬂléﬁﬂj& regresijsku furdiju.

Tablicall. Koeficijent regresije

R? GUG 2EMD&AQMHQMH
0 0 Odsutnost veze
0,00 +0,0,25 0,00 +0,50 Slaba veza
0,25 0,64 0,50 +0,80 Veza srednje jakosti
0,64 £1 0,80 1 yYUVWD YH]D
1 1 Potpuna veza

Y +zavisna varijabla

X xnezavisna varijabla

E>:

(6)
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271 80D]QL SRGDFL ]|D VWDWLVWLPpNH DQDOL]H

*RGLAQMH SRGDWNH VXQpHYRJ JUDpHQMD EU]JLQH YM
DHMZ RH za 2012., 2013. i 2014. godinu za vremenski korak od 10 mih67d Mjerni
SRGDFL VX GRELYHQL V PMHUQH SRVWDMH X jeegEjJ&g RY QLN X
DQHPRPHWDU VD VYRMVWY 4B% (K/H Pis)y $ ddhetom sl BB @RV WL RG
2SUHPD |D PMHUHQMH V X Qo piramnétrd GMRQ Mddnidd £avakitiabijle V H
CVF4AzamMHUHQMH JORE pr&e@ Rend OMIEHAQMBEO MH GLIX]QRJ JUDpH
detaljnim R E Ljion# bldsanim u[168]. Temperatura zraka mjerena je s CampBatke
KHOLRJUDIRP L /DPEUHFKW WHUPRJUDIRP +HOWR@UIDI PMHL
i u trenutku kada je Sunce tri stupnja iznad horizonta. Odstupanje mjerenja termometra iznosi
RNR VWXSQMD NRG VWDQGDUGQLK VWXSQMHYD &HO]JLWN
za RGDEUDQR uStRp® UiX [EMKirojug Dubrovnik+ HEP ODS Ltd., operator
distribucijskog sustava, za 2012., 2013. i 2014. godinu za vremenski korak od 15[fr68lta
Linearnom interpolacijord5-minutnih podatakau se dobili podaci 2zemenski korak od 10
minuta.

Dijagrami na[Slika18] SULND]XMX JRGLAQMX UDVSRGMHOX VUHC
odabranih parametara za tri odabrane godine, normalizirane na njihovu maksimalnu vrijednost.
Sa$ VX RIQDpHQH NU Lo @R Bnexu 2013. a & C one u 2014. godini. Iz
GLMDJUDPD VH PR&H ]DNOMXpLWL GD SRWURAQMD HOHNW
7TLMHNRP OMHWQRJ UDJGREOMD PMHVHFL OLSDQM VUSDQM
raste s porastoW HPSHUDWXUH JERJ SRUDVWD SRWUHED ]D KODYH
PMHVHFL VWXGHQL SURVLQDF VLMHpDQM L YHOMDpPD SR
VPDQMHQMHP WHPSHUDWXUH JUDND ]JERJ SRUDVWD SRWUL
enHUJLMH L] YMHWUD PR&H VH NRULVWLWL ]D RSVNUEX SR
zimskog razdoblja zbog porasta vrijednosti brzina vjetra u tom razdoblju. S druge strane,
SURL]YRGQMD HOHNWULPQH HQHUJLMH L] 6X0QFROHNREHULY B R
HQHUJLMRP WLMHNRP OMHWQRJ UDJ]GREOMD NDGD MH VXQ|
na|Slika 18] ne prikazuju stvarnu situaciju odnosa krivuljanglmedostatka mjernih podataka
VXQpHYD JUDpHQMD EUJLQH YMHWUD L WHPSHUDWXUH JUDTI
UDJ]GREOMX X VUSQMX L NRORYR]X ]D VYH RGDEUDQH JRGLC
ima svoj maksimum u svibnju i lipnja, zapravo svoj maksimum dosegne u srpnju i kolovozu.

Podai u|Tablical2l SULND]XMX PDNVLPDOQH L PLQLPDOQH VUHGQM

godinu i za svaki od odabranih parametara.
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Slikal8 *RGLAQMD mbBridZiREMHIIE QMLK PMHVHPQLK YULMHGQRVWL \
vjetra, temp&J DWXUH JUDN L SRWUR&AQMH HOHNWULpPQH HQHUJLMH ]

Tablical2 *RGLaAaQMH PDNVLPDOQH L PLQLPDOQH YULMHGQRVYV

SRWURaOQOMDO Temperatura 6 X H.Y ; :
energije [k Staka [°C] |]uU mﬁE%R:mz] Brzina vjetra [m/s]
Max (2012) 4827219 577 20203 4,93
Min (2012) 2846092 7,43 41,61 2,46
Max (2013) 3957339 26,39 201,46 5,40
Min (2013) 2463600 9,74 41,75 2,58
Max (2014) 3626827 25,33 17677 5,35
Min (2014)| 2353771 1158 3172 2,69
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2VLP VUHGQMLK PMHVHPQLK YULMHG QS$k& Wdgresfjskd D G X V X
analizezal0PLQXWQH YULMHGQRVWL 6XNODGQR V\/]@FULOR&H
i [Slika20]. Oniprikazuju po jedan dan, 24 sata, t FOLQXWQLP YULMHGQRVWLPD F
parametra, za ljetno i zimsko razdoblje za 2013. i 2014. godin@dnosti parametara su

normalizirane na jihove maksimalne vrijednostbani su odabrani na temelju maksimalnog
RSWHUHUHQMD SRWURaAQMRP HOHNWULpQH HQHUJLMH D W
i 2014. (14.8.2014. i 31.12.2014.).

Slika19. Dnevne 1@minutre normaliziranevrijednosti odabranih varijabli za jedan dan ljeta i zime u
2013. godini
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Slika20. Dnevne léminutnenormaliziranevrijednosti odabranih varijabli za jedan dan ljeta i zime u
2014. godini

,] GLMDJUDPORYHWIR&ED VYL SDUDPHWUL RVLP EU]JLQH Y
LPDMX SRQDYOMDMXuL WUHQG .ULYOMD SRWURAaAQMH HOHN
]D REMH JRGLQH 2QD |J]DSUDYR YLaAH RYLVL R QDYLNDPD
minimum mijenjaju ovisno o vremenskim prilikamd@emperatura zraka ne varira puno u
ljetnom radoblju, dok u zimskomm@GREOMX SUDWL VXQpHYR JUDPpHQMH L \
EUJLQRP YMHWUD PR&H VH UHUL GD LPD QHJDWLYQX NRUHO
YMHWUD L REUDWQR 6XQpHYR JUDpPpHQMH MH SULVXWQR VD
trend. BrzihaY MHWUD QHPD MHGQDN WUHQG L QHPRJXUH MX MH
NDR RVWDOH SDUDPHWeagativnoNIRIWHDQL BRSH. REVVRQpPHYLP JUD|
dajeup HIfWWRNRP QRUL
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28 'DOMLQVNR JULMDQMH L KODYHQMH V[otavog \gsddaY RP '70

Dubrovnika

U odjeljku|2.4.3sedao pregled kapacitetgpotencijah za DGH na odabranomd L UH P
gradskomSRGUXpMX 8 VY DBHXodahbt&a jg\eddaTFQIMDLQD XQXWDU aLUH
SRGUXpMD NDNR EL VH QDSUDYLOD DQDOL]D VXVWDYD '70
6WDURJ JUDGD 'XEURYQLND V RE]JLURP GD ]D WR SRGUXpM
ugradnju daljinskog sustava DTM\70]. Grad Dubrovnik je poznaNDR W XULVWLpPNR VL
VPMHaAWHQ QD MXJX 5+ QD REDOL -DGUDQVNRJ PRUD yLW
UNESCOYX 6YMHWVNX NXOWXUQX EDBWHQX RIR SRWRKED HD
KODYHQMHP SRNULYD VH NOLP D \ertpdh LnegetNnii® viioaMilw DY L P D
utjecajem na fasadama zgradia tog razloga je Konzervatorski odjel grada Dubrovnika, u
VXUDGQML V ,QVWLWXWRP +UYRMH 3RADU ]DSR4nidifa SURMHI
svih vanjskih klimatizacijskiljedinicasa fasada zgrada u Starom gradu. U tu je svrhu Institut
+UYRMH 3RAaDU [I1WDIGRR RBMGRMXQR UMHA&H QaMigtadhfuREOHPD
sustav DTMV u zamjenu za klimatizacijske sustave. Daljinski sustav DTMV pokrivao bi
SRWUHEH ]D JULNHPQ® Bl PS RIS yjdAekQ Wme bi sé M H adgRtivan
vizualni utjecaj vanjskih klimatizacijskih jedinica na fasadama zgrada.

Od ostalih vrista OIE]D SRNULYDQMH SRWUHED ]D JULMDQMHP L
sustavi isolarni kolektor(SK) V X ]D SR G U gtédsl +hbawdils Bhkzirom da Stari grad
pripada UNESCOYRM 6YMHWVNRM 6XIONDXQU § B MaESRA#@® \GMiRIMa i

Venecija. Uradu[171] je napravljena analiza DT spojena wodu u laguni koja je instalirana

tijekom rekonstrukcije na samostanu Crucifera, povijesnoj zgradi u VenRegiultati su
SRND]DOL ]QDpDMQR YHiUX Xa4WHGX QD SRWURAQML HQHUJLI
HPLVLMH VWDNOHQ L prid trdiGoddln® RostibjexjerEa@OR M analiziran
jei 1D YDaQaQjEwrgistoku Kine 'DOLDQ 6PMIHAERHEQDLM&EXWRJI PR
primorskomklimom i industrijskie WUJRYDpPNL L WXULVWLpPpNL JUDG VOL
studije[172] pokazali VX SRWHQFLMDO SRYHUDQMD H @H,WakEg/VNH Xbp
ulaganje u sustaDTMV RSUHQLWHR1@Y SODWLYR

U ovom poglavljuda MH SUHJOHG PHWRGD L SRGDpténsjBR NRULaW
daljinskogsustava DTMVza JU L M D Q M Hkao ik@ DANRQUMEMWDYDQMH SURL]YRC
energije iz OlEbaziran na satnom i i@inutnom vremenskom koraku. Ispitane su potrebe
VXVWDYD '709 |D VNODGLAWHQMHP HQipHNMHMAESBHEHSHY HUILMH

analize su odabrana tri scenarija:
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X 6FHQDULM '709 L SURL]JYRGQMD HOHNWULPQH HQHUJL

korak od 1 sata i 10 minuta,

X 6FHQDULM '709 % (6 L SURL]YRGQMD HOHNWULpPQH H¢
vremenski korak od 1 sata,
X SceQDULM '709 7(6 L SURL]YRGQMD HOHNWULpPpQH HQH

vremenski korak od 1 sata.
6FHQDULM VH VDVWRMDR RG VDPRVWRMHUHJ VXVWDYD '
DTMV X NRPELQDFLML V % (®LLVX 6J D yHORUBPRa2D prikaRip¢ ED]L
model odabranih scenarijsprekidana linija predstavlifmodel scenarija 1, zeletiaija je za
scenarij2aQ DU D Q p D2A\&EBna@jl3Q L M D

Slika21. Model scenarija za sustav DTMV

8 UDGX VX DQDOL]JLUDQD L WUL UD]JOLpLWD VOXpDMD ]D
YUVWL 2,( X SURL]YRGQML HOHNWULpPpQH HQHUJLMH

X 6/8y%$- $SURL]YRGQMD HOHNWULpPQH HQHUJLMH L] )1

X SL8Yy$- SURL]YRGQMD HOHNWULPQH HQHUJLMH L] 9¢

X 6/8y%$- &SURL]YRGQMD HOHNWULPQH HQHUJLMH L] 2,( )1
2.8.1 Sustav DTMV u Starom gradu Dubrovniku

Ulazni podaciza sustav DTMW Starom gradu ovom radu preuzeti su iz studije koju

MH LJUDGLR ,QVWUWXW UHUIYRWIGID3REAWN DFLMD SRND]XMH GLC
SRNULYDMX YHULQX WRSOLQVNROD RG QR R WHHQUMI H QXM 8 RXV &\
SRWURaAQMD WRSOLQVNH L UDMK®DPEQ B GDQ HUBIPNHQWRHI XL VA8 .
13790. U studiji nije u obzir uzeRTV VDPR JULMDQMH L KODYHQMH SURVW
iz studije progenjeno je da bi ukupni instalirani ki(pF LWHW '709 |D SRGUXpMH 6W
LIQRVLR 0: 1DMEROML L]JERU |D RGDEUDQR SRGUXpMH EL
tvar koristi R134aKarakteristike DTMV preuzete su iz studije pa je uzeta u obzir radna tvar
5 D LDNR MH Q Mdd&zabramRnol SWHDOGQR UMHAHQMH EL ELOR
prDYLOQR U DjaShkRdaréky Ha(pojdti agregati budu manje snage. Tibiese postigla
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YHUD IOHNVLELOQRVW VXVWDYD SUDYLOQLMD GLVWULEXFL
(magistralnih) cjevovoda. Zahvat morske vode bi trebao biti na dubinama ispod 15 m.
THUPRGKRDMHPLPLQH '709 X 6WDURP JUDGX |[TAXHAAR)Y QLN X S
Slika 22| prikazuje shemu ogrjevnog procesa sa DTMV

Tablicald 7HUPRGLQDPLpPpNH YHOLPLQH '709 X 6WDURP JL

7THUPRGLQDPLpPpNH YHOLJ Iznos

Temperatura mora period grijanja 135 °C
Temperaturamora tSHULRG KODYHQMD 16 °C
Temperatura isparavanja +period grijanja 7°C
Temperatura isparavanja +tSHULRG KODYyHQI 3°C
Temperatura kondenzacija +period grijanja 80 °C

Temperatura kondenzacija tSHULR G KODyH(Q 22°C
Temperatura polaza nosioca energijetperiod grijanja 75 °C
Temperatura polaza nosioca energijetperiod KODyH 7 °C

Satne vrijednsti faktora grijanja CORL ] U D p X Q D Whorii ENSISFH $-D2:2017
sa SCOP i prikazane sq@. Vrijednostisezonl RJ IDNWRUD KdaddbiaheQ MD 6 ( (
su prema dostupnim vrijednostima efikasnosti DTMNjfih MH XVWXSLR SURL]JYRYD)p
KODYHQMD MHU (DW QHMWHUEMGIR PRUWiILH LJUDpXQDWL 9ULN
SURL]JYRYDp VX YULMHGQR VM koj¥ s Xi $ladiHOarmbBriil BNY45IILN D W R F
3:2013.

Slika22. Shema procesa grijanja DTMV
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ProrapXQL ]D DQDOTLQ® VPMWEQD VX -hbDutid) bz podhtdka.
6HIRQD KODYyHQMD X]J]HWD MH ]D SHULRG RG VYLEQMD GR
period grijanja. Tijekom sezone grijanja Dddr u vrijeme kada je vanjska temperatura zraka
manja od 15 °C. Toplinske potrebe za grijanparsatni i 1@minutni vremenski korakSTR,

L]JUDp X Q D WH I\)G’I)(G@UX-HF&EBDIBI@) bi se dobila sathna i iIPLQXWQD JRGLAQ

raspodjela toplinskih potreba:

56gL F#G@&, (7)
Ay & &
& &L 6oF 6 ®)

DD R]QDpDYD VWXSDQM VDW L®RIQDPLOYXWDHPERMNLOSHR
satililOminuta5DpXQD VH SU I-@D@Mrblz@@@(ﬂ%rﬁﬁp | vanjske temperature
Tvza vremenski korak od 1 sat ili 10 minutaje postavljenaa 22 °C tijekom sezone grijanja
a tijekom sezconeKODYHQMD QD FEMInBtRIG rijgdhéstimRaly ustupio je
DHMZ. Satne vrijednostdobivene su osrednjavanjem-frfinutnih vrijednosti unutar svakog
sata Satna i 1@minutna raspodjel®D L XNXSQH WRSOLQVNH SRWUHEH ]D J
THP, daresuu |Tablicald]. . RULaAWX QIH L]UDpXQ UDYV S &sGladmingpbtrahaR SOL Q V
za satni i 1@minutni vremenski korakSTP NRUL&W H Q M[p KbtHv@rebskod E H
NRUDND RG VDWD U x\B8FR @dddtake) dok it Rod-flikuén® YaBpodijele
VDGUabnDyYDOD SRGDWDND

Tablical4. Ulazni podaci

Toplinske potrebe zagrijanje MWh/god. | 10179
7TRSOLQVNH SRWUHEH ]1D | MWh/god. | 8107
SCOP - 3.3
SEER 6.3

SRWURaAQMD HOHNWULpQ| MWh/god. | 3089.18
BRWURAQMD HOHNWULpPQ| MWh/god. | 1286.83
Instalirani kapacitet PV sustava MW 18
Instalirani kapacitet VE sustava MW 160

SURL]YRGQMD HOHSWHILL fQpMHWQ B UUD pXHQIDJOD VH NRULVW
JUDpHQMD L EUJLQH YMHWUD NRMH MH XVWXSLR '+0= D NR
minuta Osrednjavanjem tih vrijedRVWL ]D VYDNL VDW GRELOL VX VH L VI
mjerni podaci uzeti su za 2014. godinu. S obzirom da su neki od podataka nedostajali za 2014.
godinu, oni su kombinirani s podacima iz 2013. kako bi se dobila kompletna krivulja
Proizvodnja elekU LpQH HQHUJLMH L] 2,( GRJEzhGKEL RWH [SNURI FSIR @D X
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Instalirani proizvodni kapacitetiR G U H$uH@Qdnergetskom planu za 2030. godinu za
GXEURYDpN,Rpreureeit p Mikazani u Tablica14|. U |Tablical5| prikazanesu
VUHGQMH PMHVHpPQH YUUNE BHYRY WUDEHRMH YMHWUD

Tablical5 6UHGQMH PMHVHPQH Y ULWHDOGRDWU EAH QM Y HXAEWIR Y D |

2014. godinu
2014. 6LMH| 9HOM| 2aXM| Travanj | Svibanj | Lipan;
Brzina vjetra, [m/s] 5,28 5,42 4,00 3,52 3,03 3,32
6XQpPHYR JUDpHIQ 133,12 | 194,55 | 360,72 | 324,83 | 420,60 | 511,35
2014. Srpanj | Kolovoz | Rujan | Listopad | Studeni | Prosinac
Brzina vjetra, [m/s] 2,98 2,79 3,07 3,24 4,71 5,03
6XQpPHYR JUDDpHIQ 482,41 | 544,62 | 369,06 | 273,55 | 199,13 | 165,27

6FHQDULM L X VYRP PRGHOX X®IBP{(PL] R & UK ySHR M >Qm +
QDpLQ GD GHILQLUDMX SRWU HE #npfhazb X VOXpDMX % (6 L 7(6

‘wwl s FlipasE En ©)
rQ'»wQ vwoe (10
AR (1)

8VNODGLAWHQD HQHU%]EQMDDX(@’IYDRﬂi\ﬂ@‘l@nquhEGQDGéE
X REJLU XVNODGLaAWHQX HQHKKILBRWYP BEAHWNWK RG G R W V DMW)XH
DTMV, 'ipies L SURL]YRGQMX HOHNW ks uiuobzlHQWY XMW D] L2 RG Ut
RIUDQLpH@MV AR '»,iwMH RIJUDQLpHQD QD VYRM PDNVLPDOQ
SRND]DQR MHIOPRW GARRMé$ MAQtH uMbzir da se potrebe za toplinskom
HQHUJLMRP VQDEGLMHYDMX VDPR NRULAWHQMHP HOHNWU
UDGRP '709 LOL M&dgijée@onahiend HPSHajMHW MH RVLIX|[ADIQ MHGQL
(ILNDVQRVW SXQMHQMD L SUDAQMHQMD % (6vdj addligji gaLMH X]H
GRELYHQL UH]XOWDWL PRJX RGVWXSDWL RG UHDOQLK RpH
kojaseNRULVWL |D VQDEGLMHYDQMH SRWUHED '709 ]D HOHN
postoji manjak proizv&c QMH HOHNWULpQHDTWE HUJ drieMipd  kbristi2z&
proizvodnju toplinske energije za zadane potrebe. TES pohranjuje toplinsku energiju za
snabdiey DQMH SRWUHED ]D WRSOLQVNRP HQHUJLMRP X SHU
HQHUJLMH L] 2,( 7(6 VH SXQL UDGRP '709 SD MH UD]JOLND I
HOHNWULPQRJ NDSDFLWHWD % (6 SULND]DQD SUHNR 6&23 L

8 UDGX VH INDBpPXQWRW %(6 L 7(6 SRWUHEDQ GD ]DGF
WRSOLQVNH SRWUHEH X YULMHPH PDQMND SURL]JYRGQMH H
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QD WHPHOMX WHKQLPpNLK L ILQDQFLMVNLK [NbDlicaDplWHULVW
, JUDPEQOMYHOLUDQL W UR & Develised 8cGtlofhdgt JBR 240 XpDM & NDNR
VH QDSUDYLOD XVSRUHGED WURANRYD ]D % (6nivijg{80 'LVNRQ
godina.

Tablicalée )LQDQFLMVNH L WHKQLpNH NDUDNWHULVWLNEHE

TES BES
,QYHVWLFLMVN 200 EUR/m 200 EUR/KWH,
Kapacitet 80 KWh/n? 500 kWh/ni

2.9 Energetski plan do 2050. godine

(QHUJHWVNL SODQ |D RGDEUDQR a4aLUH JUDGVNR SRGU>
100%udjela REQRYOMLYH SURL]YRGQMH HOHNWULPQH HQHUJLM!
HOHNWULpQH HQHUJLMH L VNODGLaAaWD HQHUJdvhnhth jXx] IDPMH

detaljno opisan energetski plan do 2050. godine, s osvrtom i na 2030. godinu.

29.1 30DQLUDQD SURL]JYRGQM R039.02050VgdtinpQH HQHUJLMH GR
=D L]JUDGX HQHUJHWVNRJ SODQD RGDEUDQRJ aALUHJ J
odrediti planraneSURL]YRGQH NDSDFLWHW HOH N.WIGIUHYH 23R MUHI L M
RGDEUDQR GRGHXPWRL]YRGQMD L] HOHNWULPpQH HQHUJLMH
i SE. SE odnose se na elektrane na odabranim lokacijama na tlu i FN sustave na objektima.
2.9.1.1 Planirana snaga instaliranih SEa 2030. i 2050. godinu
, QWHJUDFLMD SURL]YRGQMH HOHNWULPQH HQHUJLMH L
Y1 VXVWDYD QD JUDYHYLQDPD L L] 6( QD WOX QD RGDEUDQ
odabranog energetskog X VWDYD aLUHJ JUDGVNRJ SRGUXpMD 2G 6( ¢
ORNDFLMD NRMH VX EBHG¥WHAMER G RONRHP '-Xddhvanskep N R
a X S D[@4] MIrté¢ spadajunutar granicabdabanog sustava i prikazasel u[Tablica3|. U
RYRP UDGX SUHGYLYD VH GD UH ORNDFLMD $ L $ ELWL X
PpHWLUL ORNDFLMH SUHGHRorgipdj ofiediti instaliréG kr@gu SE na
odabranim lokacijama odabirom vrste FN modula za proizvodnju epe@ii HQHUJLMH L] VX
JUDpHQMD L RGUHYLYDQMHP SRYUALQH NRMX EL VXVWDYL ]L
FN modula opisane su|iiablical7] a preuzetsu od tvrtke SOLVIS d.0.¢173], [174].

Tablical7. Karakteristike odabranog FN modula

R —— Model 9U&QD VQ 8pLQNRYLY 'LPHQILMH 9 |
[W] [%] [mm]

Monokristalni SV72 E 390 19,69 1981 x 1000 x 40
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Prema dostupnoj literaturi, u raflli’'5] VH QDYRGL GD LQVWDOLUDQD VQ
GRVWD YDULUDWL D NehH TidHowsiHb Rj6timaREERDEUDQH ORNDFLMH
planirana SE biti u kombinaciji s drugim vrstama elektrana ili u kombinaciji s poljopnivred
lokacjamaNRMH RQGD XWMHpX QD VP DQMH@Mercd, Q tatam® LUD Q L |
[176] se navodi desse, X NRPELQDFLML )1 PRGXOD V SROMRSULYUH
LQVWDOLUDQD VQDJIPmNWUbdduA7REH XGRE]LU X]LPD SRNULYHQT
tla FN modulima u iznosu od 40 do 50% bezdai obzir uzima kombinacija s poljoprivrednim
JHPOMLAWHP LOL GUXJRP YUVWRP HOHNWUDQD 9RGHUL VF
RGDEUDQR GD 6( QHUH ELWL X NRPELQDFLML ektan&®ROMRSUL
te GD UH ]DX]LPDWLLYRUDWBRORAPDMXUL X RE]JLU NDUDNW
Tablical7l L SR]QDWH SRYUA&aL QH |RaBlioaB|UddiiMeta j© iRstalrdnh BhBgd. |
SE na tlu za 2030. i 2050. godinu i prikazana |@ablical9|. Podaci ukazuju na instaliranu

smagu od 1 MW/haodnosno 100 W/f ukoliko se uzme da FN sustavi zauzimaju 50%
SRYUEGLQH WOD 8 30D Q X [36] nevid: 4¢ m3ti@apNRaGRGINN h B,5

ha. MHYyXWLP RYGMH VH UDGL R EXGXUHP HQHUJHWVNRP SC
tehnologija napredovata time i instalirana snaga sustava rasti.

8 UDGX MH RGUHYHQR GD UH GLR VXQpHYH HQHUJLMH
JUDYyHYDQ@DPMODU JUDQLFD RGDEUDQRJ VXVWDYD aLUHJ JU
SRWHQFLMDOD )1 Viar v D\YPDULIQADX HRGBFL R WUHQXWQRP L
WHKQLpPNRP SRWHQFLMDOX ]D @& [M],WabD Ybdatijo biajd HQH N
VWDQRYQLND L R SUHGYLYDQMLPD EURMIX NT8]D QURAYDQ'MLAQNRI G R
zavoda za statistiku (DZ$)79]i Hotmapsd155]. 3SR G D FL R m\pbtéhQjalizhl F017. i
2050. preuzeti su iz ZKL78] i dan u |Tablical8]. Kako bi se odredio broj instaliranih FN
VXVWDYD QD RGDEUDQRP apoti¢bRo j&bid Gdrad RVR. S\RHEKWX [pMIX SRW

na broj stanonika. S obzirom da u ZK nisu digmodaci o broju stanovnika iz 2017., onda se

broj stanovnika iz 2011. usporedio za sva tri izvora podataka, kako je i prikajaablica
.Premabrojustanovnikaiz2017SUHGYLyDQMLPD 1D L WHKQLpPNRJ
sustave u RH, dobio se broj od 360 W/st. u 2017. i 800 W/st. u 2050.,dagirse koristio i

]D "'1aRGDEUDQR dLUH Jdpeablicd B YRIGWUXPMBD VH SUHGYLYD(
VWDQRYQLND ]D '14a L] +RWPDSVD QH VODaX Vvarigphtdl3zYLYyDQM
visoka. Podaci o broju stanovnikaaddUDQRJ SRGUXpMD SR]JQDWL VX VD
RGUHYLYDQMHP JUDQLFD WRJ VXVWDYD 6WRJD VH RGUHGL
X XNXSQRP EURM VWDQRYQLND '"14 NRML Ss&tldmidkeriBtid/ PD SV X
]JD LIUDpXQDYDQMH WHKQLpPpNRJ SRWHQFLMDOD QD RGDEU
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WHKQLpNL SRWHQFLMDO '14 SUHPD SRGDFLPD GRELYHQLP
potencijal od 21 MW za 2017. godinu, odnosno 41 MW za 2050. godiiaknuti podaci u

TablicalS8

VX LIUDpXQDWL SRGDFL GRN VX RVaM®OtadGRELYHQL

RGUHVHQR GD UH X E L WihcijaNzR® U LBERAGH.@ WV HX Q GIDNELU ® R\R H5
U 2050. godini svei HHUDYHYLQH ELW SXNWMDLYHP@®H RGQRVQR ELW
FMHORNXSQL SRWHQFLMDO W RRB RUGHDEHID) RQ ARG XY MPD \RQ

QD JUDYHYLQD PD2050Ndank ¢ ffabiicald).
Tablical8 3RGDFL NRULAWHQL ]D RGUHYLYDQMH LQVWDOLUDQH VQC
2050. godinu
" " __ ALUH JUD
szt Ey-d RH (ZK) (Ile‘;1 ([?;S) (E)lzg) (Holtrlngps) Dubrovaika. P!
(Hotmaps)
Broj stanovnika 2011, | 4285000| 122568 | 4284889| 122568 | 123067 59422
Broj stanovnika 2017. : ~ [ 4124531] 121381 | 122070 58800
[K/I\|-/|V5< SPNL SRW 1485 44 . . 21
[Z/VTS'E]QZOng.N L SPW| 360 360 . . 360
Broj stanovnika 2050. 35%%29)0 %307535 : : 120230 57910
Sl QEPNL SRW 9700 86 . . a1
[Cv'fsf_] 20L5|8_N L SRWI g09 800 i i 800

Tablical9 ,QVWDOLUDQD VvVQDJD 6( L )1 VXVWDYD ]D SURL]JYRGQMX
SRGUXpMX 1D L JRGLQX
Energetski | SE na tlu, FN sustavi na Ukupna instalirana UkXSQD JRGLAQMD
plan [MW] JUDYHYLQDP shaga, [MW] HOHNWUL p QEBWH/GH U
2030. 19 21 40 63,176
2050. 43 41 84 132,67

2.9.1.2 Planirana snaga instaliraniVE za 2030. i 2050. godinu

,QVWDOLUDQL NDSDFLWHWL 9( QD RGDEUDQRP &LUHP
HQHUJHWVNL SODQ ]D L JRGLQX SUHPD SULMHGOR,
[36)] 7DNR MH ]D JRGLQX SODQLUDQD SURL]JYRGQMD HOF
NRMX VX YHU GR VDGD LVKRYHQH QHNH RG GR]JYROD ]D L]

SURL]Y

RGQMH HOHNWULpPpQH HQHUJLMH L] 9( .R@mMRVND E!I

[36]. Proizvodnja energije iz vietza 10-minutnei satnepodatke o brzinivietraDp XQDOD VH ]I

odabrani tip vjetroturbine Vestas V90 s visinom stupa od 80 m i instalirane snage od 2 MW.
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'"RELYHQD NULYXOMD SURL]YRG Q kaNrdrhénskiNkaraklog QOHmilulGaH U J L M
ilsat NRULAWHQD MakaXzrédu Brididiskay pi za 2030. i 2050. godinu u-10
minutnomi satnommodelu. Instalirani kapaciteti VE za energetski plan za 2030. i 2050.
JRGLQX NDR L QMLKRYD XNXSQD JRGLAQMD SUTablicRGQMD

:

Tablica20 ,QVWDOLUDQD VQDJD 9( ]D SURL]YRGQMX HOHNWULPQH H

i 2050. godinu
Energetski plan Instalirana snaga VE, [MW] DINAS %nDerg;ijeR [GGI\‘NGL%mI]D SERLI
2030. 87 75,47
2050. 219 189,97

2.9.1.3 Planirana snaganstaliranih HEza 2030. i 2050. godinu

8 HQHUJHWVNRP SODQX ]D L JR&prazdodriu aLUH J
HOHNWQHMNJIHMH L] +( RGUHYHQR MH GD UH WD SURL]JYRGQM!
2VWDOH VSRPHQXWH +( X UDGX QLVX X]J]HWH X RE]JLU X Sl
NDSDFLWHWD LVWLK 8 SURUDpPpXQLPD X ([FHOX ELOD MH
HOHNWULPQH HQHUJLMH L] ila HEDBEIORNKQA 2014 Bddiu. Rddlaxi ¥ W X S
SURL]YRGQML HOHNWULpPpQH H QislZblsvaki safu-g6dink EAINRYI QLN G RE
podaci su dobiveni iz satne krivulje, gdje je podatak darjesabio jednak i za sve Ihinutne

podatke untar tog sata. 2014. godini HE Dubrovnife radila sa smanjenim kapacitetom od

0: Y UaQH Ma@prbHvodnja skalirana prema novoj instaliranoj snazi od 126 MW
koja je 2015. godine dobivena revitalizacijpte 8 RVWDOLP SURUDpPXQLPD L VF
su se izvodili u programu Calliope, u obzir ¥ D N &zgthlibstalirana snaga od 126 MW
SRGDFL R LQVWDOLUDQRM VQD]L L SURL]YR ¢raoch2. OHNW UL |

Tablica2l ,QVWDOLUDQD VQDJD +( ]JD SURL]YRGQMX HOHNWULpPQH H

i 2050. godinu
Energetski plan Instalirana snaga HE [MW] LI ‘zer?e(rsgilj_ea [(Cg;xh?gofi ;J RLIVIRE
2030.i 2050. 126 893,74

2.9.2 Planirana pR W U RLA @ NIO D GHLGIMWNAVQWILH @030 Q2050 I dokline
3RWUR&QMD HOHNWULPQH HQHUJLMH QD RGDEUDQRP

HOHNWQHUWKHMH SRWURZQMH L SRWUHED ]D WRSOLQVNRP

HOHNWULPQH HQHU J3 bbeiroDds50QaM H Q0BO0H gg¢dini ima 100% OIE u
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SURL]YRGQML HOHNWULPpQH HQHUJLMH RQ ]DKWdwkYD L GR
RGDEUDQD VX PRELOQD VNDO @2@Grici B2D, SEYSuktavi WIBEE LRESDUQL V
30DQLUDQD SRWUR&AQMD HOHNWULPQH HQHUJLMH L VNODGL

29.21 2SuD SRWUR&GQMD HOHNWULPQH HQHEJLMH L] PMHUQLK

1D WHPHOMX UHIHUHQWQRJ VFHQDULMD L SR]QDWLK SF
Hrvatsku do 2050. godind ]JUDpXQDWD MH SRWUR aR G DEROMNRWALLIUH) BIUH
SRGUXpMH 'doR205R.\gaulnbl Dvakwgruba prociecnesS RWURQ@G@NWULPpQH HQHU
uzeta zbog [ EQRVWDYQRVWILGSQRM B pXMYOLRS GHWDOMQRP DQDOL
VYDNRJ VHNWRUD QD WHPHOMX NRMLK EL VH UD]YLOL YM
scenarija. 4 lokalnu procjenu treba ipak detaljnijezraditi potrebe svakog sektora za
HOHNWULPQRP HQHUJLMRP NQREihpdlitkd Ksirdtegfa WHGH XWMHFED

SBRGDFL R SRWUR&aQML HOHNWULpPQH HQHUJLMH ]D +UYD
za Hrvatsky163] 8]HY&a&L X RE]JLU SRVWRWDN SRYHUDQMD SRWURSZE
GR JRGLQH ]D +tUYDWVNX L SR]QDWL SRGo#biahd R SRW!I
SRGUX2OMHdda L]JUDpXQDWH VX YULMHGQRVWE I ISUREMIO REQMH

S R G Uz4 [2B88. i 2050. godimeaincaZZ .
Tablica22z SRWURa&AQMD HOHNWULpQH HQHUJLMH ]D +tUYDWVNX L

GODINA 2014. 2020. 2030. 2050.
3RWURAQMD HOHNWI

Hrvatskoj, [TWhigod.] 16,33 18,19 21,43 24,93
3RVWRWDN SRYHUDOQI 11,41 | 17,79 | 16,33
3RWURAQMD HOHNWU

JUDGVNRJ SRGUXpMD| 2% 0,346 0,408 0,474

Radi MHGQRVWDYQRVWL SURUDpPXQD X REJLU MH X]HWR
energije za scenarije do 2050. pratiti jednaki trend koji se temelji na baznrbjdiiini, jer
VH SUHWSRVWDYOMD GD unswmvxm\]lxmu RBWDRWINVOYKC
HOHNWULDpQR GIIEHIDIQ ReEBRIGHIOXOD M LMH G X X 2D# gbdil.AZX VLMHD
GLMDJUDPD VH YLGL GD MH SiRRkoh idBr@,lu jSt&Riin Reakasvijin HQH U J
SRSRGQHYQLP L YHPHUQMLP VDWLPD WH SUDWL QDYLNH ONMN

BUHWSRVWDYND MH GD iiH VHSRRWUREQWD @8R HNW URQI
SRYHUDQMD SRWUHED ]D HOHNWULDPQRP HQ MUJL MRFPU HIjH QW
SUHWSRVWDYNL GRELYHQH VX VDWQH NULY XoWsizdnsSrRW U RA Q|
Slika24).
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Slika23. 3RW U RIEQHWIV UL p Q R GIEHUDIQ R HiJDH JUDGVNR SRGUXpMH SL
V L M Hi2@Mgodini

Slika24. 6DWQH NULYXOMH SRWUR&GQMH HOHNWULPQH HQHUJLM

29.22 30DQLUDQD SRWUR&EQMB RSO MMHVNHJIU UMNMER M B QKO D
2050. godine
U poglavlju2.4.3 QDSUDYOMHQD MH DQDOL]D SRWUR&AQMH HQ
odabranoa LUH JBIRGWNRBIACHD potrebnoj toplinskoj i rashladnoj energiji dobiveni
VX SRPRUX +RWPDSVPX|DSUHGYRGDQMD SRWUR&AQMH ]D l
VX GRELYHQD NRULAXVN@MHP YRWPARDIXVORELWL SRGDFL R S
WRSOLQVNH HQHUJLMH ]D JULMDQMH SURVWRUD L 379 6
rashladne energije2014. godiniL NUHWDQMH SRWURAaAQMH WRSOLQVNH HC
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VH SRGDWDN L R SRWURAQML UDVKODGQH HQH ]D RGEL
. SRGDFL XND]XMX QD VPDQMHQMH SRWUR&AQMH WRSOLQV
GRELYHQL L] SURMHNFLMD +RWPDSVD NRML XMHGQR SUHG
WRSOLQVNH HQHUJLMH SUHPD +RWPDSYVX2050UMmBEWRYDQD N
uzeto dd toplinske i rashladne potrebe opadaju u jednakim omjerima do 2050. gedindi

VH |D UDVKODGQH SRWUHEH PRJDR X]J]HWL X RE]JLU L SRUDV
UDGX WR QLMH X]HWR X R Erhsriladn#ipoRebaldioyii yoDepmd dnSiRratiD V W D
SRUDVW WXUL]PD aWR X RYRP UDGX QLMH L]YRYHQR JERJ M

Tablica23. 7TRSOLQVNH L UDVKODGQH SRWUHEH ]|D RGDEUDQR &LUH JlI

SRWURaA ~
gkéjm gy DplrEls t:()));inWin:R i ggj\e\?% R 3
GODINA toplinsk energye za i hlad
plinske grijanje energije za rashladne
energije, prostora, pripremu PTV, energije,
[GWh/god.] [GWh/god.] [GWh/god.] [GWh/god.]
2014, 239,83 203 36,83 77,37
2030. 231,57 196 35,56 74,71
2050. 189,09 160,05 29,04 61

=D SR]IQDWH WRSOLQVNH L UDVKODGQH SRWUHEH ELOF

uUH VH VQDEGLMHYDWL VXVWDYLPD '709 SUHPD PRGHOX ND

6WDURJ JUDGWR3IPWQREEGBMD UDVKODGQH HQHUJLMH QLMH
novom algoritmu i u EnergPLANK MHU MH FLOM WLK SURUDPXQD SRND]

standardnog punjenja EV i njihov utjecaj na energetski sustav i integraciju OIE, bez integracije

s WRSOLQVNLP VXVWDYRP S, QWHJUDFLMD WUDQVSRUWQRJ

SURUDpPXQLPD X SURJUDPX &DOOLRSH
$QDOL]RP WRSOLQVNRJ VHNWRUD XWYUyHQR MH GD V

prostora snabdijeva konvencionalnih izvora energije X VSDGDMX 813 ELRPDVX L C
PUHWSRVWDYND GD UH VH WL HQHUJHQWL |]DPLMH@QILWL VXYV
**K JRG SULEOLA&QR MH MHGQDN SUHGYLYHQRP L]QRVX
JUDGVNRJ SRGUXpMD2 GWHh.ddd.RomXizmds§ se dodao i iznos od 32%
UDVKODGQH HQHUJLMH NRML UH VH WDNRYHU ]DPLMHQLWI
JRGLQX MH GD UuH VH XNXSQH WRSOLQVNH L UDVKODGQH
sustavima DTMV, daljinskim sWmWDYLPD L SRMHGLQDpPQLP VXVWDYLPD
NXuDQVWYD X] PRUH L KRWHOL D WDNYLK REMHNDWD X] |
YHULQD aRG VOOWQLMH UD]J]PDWUDQD SULSUHPBRBnBM® YHU VL
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KODYyHQMH Ra3lopRR'PAHRMB 8WR VH YHULQD SULSUHPH 379 QD |
SXWHP HOHNWULPQLK ERMOHU prethotfie XYW HEGD XMRISYH 18 R W

HOHNWULpPrétYH@HQILIMBRVL ]D Hablica%DOD]H VH X

Tablica24 3UHGYLYHQD SRWUR&EQMD WRSOLQVNH L UDVKODGQH HQ
sustave DTMV za 2030. i 2050. godinu

GODINA 3RWUR&QMenét@iéa| PRWUREQMD UDVK&TD
grijanje prostora, [GW h/god.] KODYyHQMH, [SWigod R

2030. 62,72 23,01

2050. 112,04 42,7

1D RGDEUDQRP SRGUXpMX VH UDVKODGQuUstaSiRAWVW HEH SR
HOHNWULDpQStogd @élddasL MG H N W U L p Q H rashi@HeJ gatrigbid kgj® se
prenamijenila]|D VXVWDYH '709 RGX]JHR RG XNXSQH SRWUR&QM
.RPRODF V SUHGYLYHQRP SRWURAaAQMRP ]D JRGLQX 7RSS
se oduzimale jer skonvencionalni izvori zamenjeni sustavima DTMV. U 2050. godini su se
WDNRYHU RGX]J]HOL GRGDWQL L]QRVL HOHNWULpPQH HQHUJL
HOHNWULPpQH HQHUJLMH QD 7BVWRBPR/OMNFWBRSOLQWNALKQIRWU'
kaoL GR VDGD ELWL SRNULYHQ NOLPDWL]DFLMVNLP L GUXJLI
SRWURaAaQMX HOHNWULPpQH HQHUJLMH QD RGDEUDQRP SRGU
2.9.2.3 Porast udjelaEV do 2030. i2050. godine karakteristike baterija

3RYHUDQ MWIX1G0IE®D 1D BGWH R WEBuGraKikeNdidthodno
je izvedenau diplomskom rady162] i studijama[2] i [180], i preuzeo jei u ovom raduZa
S UR Utadt®udjelbroaEV QD RGDEUDQRP @LUHP NRDGAMIRE® LSRG 3R]
0 broju vozila u Hrvatskojz rada[163] L XGLR YR]JLOD RGDEUDQRJ SRGUXpN
vozila u Hrvatskojprikazanu | Tablica7]. S obzirom na poznat broj EV u Hrvatskoj do 2050.,
dobio se brof EVQD RGDEUDQRP SRGUthanin@dénar@LQH

Tablica25.BrofEV X +UYDWVNRM L 'XEURYQLNX ]D VYDNL RG EXG

GODINA 2014. 2020. 2030. 2050.
Broj EV u Hrvatskoj , [163] 0 10723 581802 | 1368462
%URM (9 QD RGDEUD( 0 146 7922 18635

U |Tablica25

prikazanje L SUHGYLYHQL EURM (9 ]D

JRGLQX &V

sa stvarnim brojem EV u toj godini. Prema podacima Centra za vozila Hryh83Kebroj EV

u Hrvatskoj u 2020. godini iznosio je 1343 cestovna motorna v{i¥il&ategorija)i 1437

motorna vozila (L kategorije) &WR MH ]QDWQR P Dlpdp HEVRIQOZDUdodnY LYH QR J
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Stvarni broj EV od ukupno 2780 je tek 26RG SUHGYLYHQRJ EURMD (9 X +UY
podacima iz rad4l63]. 5DJORJ WRPH MH L GDO M HvisQke LiERNeEREYM QR WU
nedovoljno razvijena infrastruktura i nedovoljni poticaji za njihovom upotrebom. Smatra se
NDNR UH LSDN XSRUDED (9 X EXGXUHP UD]JGREOMX LuL X]O
XUHYHQMHP LQIUDVWUXNWXUH L SDBWP 6DMHOD D9 (RJLDWM U
ulogu u integraciji visokog udjela OIE HES 3 U X a prij¢dldge za poticanje njihova

N R U L aadah@Mibne i pad visoke cijene EM.|Tablica26)| je prikazan broj EV u 2020.

godini zajedno $HEV vozilimai vozila nahibridni pogon s vanjskim punjenjem (PHEY

"plug in hybrid electric vehiclg.

Tablica26. Podaci o broju EV, HEV i PHEV u RH za 2020. godid81]

Vrsta pogona vozila EV HEV PHEV
Vrsta vozila M L M L M L
Broj vozila u 2020. g| 1343 1437 8080 3 553 0
Ukupan  broj  po 2780 8083 553
vrsti pogona

Ukupan broj svih 11416

vozila

Procjengorastaudjelgd 9 ]1D aLUH JUDGVNR S ReGbljiasénid grdbiiiJ RY QL N
pretpostavkama =D ORNDOQX SURFMHQX EURMD YR]LOD ELW UH S
YDQMVNH IDNWRUGDNR®UHH XDVQWHF EWRNMYDRYRULOEDUBR RVR
YR]LOD NRML VH UD]PDWUD QH SRNUL ¥dhugrarfcModaBrahag D FLM ¢t
sustav. Smatra se @@brojvozila, u onim mjestimakoja nisu obin Y D @ddabranim brojem
vozila, zaremarivu ukupnom broju vozilaTreba naglasiti i da utjecaj turizma i prijevoz robe
L SXWQLND QLMH X]HW X R E].LT0biXzagti¢wld Riadu@bdatbihRnakzd,D UD G
AWR VH ]JERJ MHGQRVWD Y QRO/NRL IS WU R/BIDYS KR \PrehipRGARM B X LIOURK
RGDEUDQL SRGDFL | DGRYROMDYDMXUuUL ]D SRWUHEH RYRJ U]
2.9.2.4 Baterije EV i njihove karakteristike

1DNRQ adkeRiopatast udjelgV vozila do 2050. godine, potrebno jdrediti i
karakteristike vozila, odnosno baterije. Radi jednostavn&stli R U DEVMXW@Ihog parka

podijdjena suna tri kategorije vozila, mala, srednja i velikdnazauzimaju jednakidio u

ukupnom broju EV za pojediniscenaf DR aWR MH WR SUH[QKIRIQE]QDSUDY(
U ovom radu su izmijenjene karakteristike baterija za sva triYipg] LOD 3RYHUDQL VX NI
baterije za svako vozila u odnosu na poeine radoveZa mala vozilaodabrare model Nissan

Leaf 20122015(24 kwh), za srednji tip voziladabrane model Hyundai Kona Electric 64
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2019 (64 kWh) a za veliki tip vozilaodalvanje Tesla Model S 100 2012 (100 kWiB2].

Njihove karakteristike prikazane sy Tablica27] kao i podaci zatandardno i brzo punjenje.
6WDQGDUGQR SXQMHQMH RGUHYHQR MH X WUDMDQMX RG
RGUHythauod PLQXWD ]D SXQX EDWHULM X pdirébrsBhagd HP X M H
L] P UWYzeHje u obzir i dikasnost punH QM D L SEMDE QeRbHekMjBto bilo i [P],

[162]i [180].

Tablica27. Karakteristike baterija EV

Karakteristike vozila QP D L.] = el e
punjenje, [kW]
EV Kapacitet, | Doseg, 3RWURZ&  Standardno Brzo punjenje
[kWh] [km] [KWh/100km] | punjenje (5 h), (20 min),
Mala 24 121 19 |510 1|5r1c,)6
Srednja 64 415 18 13,5 404,2
Velika 100 507 23 21,1 631,6

1D WHPHOMX NULYXOMH RSWHUHUHQMD SURPHWD |]D SR
baterije EV LIJUDGLR VH PRGHO SRWUa&R®Qnihie B\O BbiNavgeJdnpv@ad HQH U .
NULYXOMD RSWHUHUHQMD SRWURAaAQMRP H@vreewlURPhQH HQH
[162]i[180] 6YD YR]LOD VX VH X SURUDpPpXQLPD SURPDWUDOD N
preuzet jeiz prethodnh radova uz promjene na kapacitetima baterija i njihovim
NDUDNWHULVWLNDPD 2GUHYHQR MH GD YR]JLOR QD aLUHP
SULMHYVR],[16R]A180]. Na temelju tog podatka i pathka Tablica27], dobio se broj
punjenja u jednom danu za svaki tip vozila i broj vozila koji se treba pangamim tim i
SRWUHEH ]D HOHNWUL@QR%OI—I@%UMM@.Dobilase
NULYXOMD SRWURaAaQMH HOHNWULpPpQH HQHUJLMH ]D SXQMHOQ
cijelu godinu u vrmmenskom koraku od 1 satai 10 minutQ HYQD SRWURaAQMD HOHNW

za punjenje EV u jednom danu prikazana je dijagramor{Shla 25|. U obzir su se uzele

razlike u karakteristikama baterija kod brzog i standardnog punjenja.

Tablica28. Karakteristike punjenja EV za jedan dan

EV Broj EV Brjzj dﬁgézg:gjezn:e u Broj puorlljenja u j?dnom
2030. god. | 2050. god.| 2030. god.| 2050. god. anu, Zoz
Mala 2641 6212 982 2310 0,372
Srednja| 2641 6212 286 674 0,108
Velika 2641 6212 234 551 0,089
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Slika25 3RWUR&aQMD HOHNWULPQH HQHUJLMH ]D SXQMHQMH (¢

2.10 Novi algoritam satnog i 10minuthog modela za integraciju OIE regulacijom

modela V2Gpo uzoru na EnergyPLAN

PRVWRMHUD LGLYDWWEXFWMHHOHNWULPQH HQHUJLMH S
QD XYRYHQMH YHOLNRuhjghjd EWIINRM MK QIEMH UHJXOwWWDQR L R
SRWUHEDPD L QDY IPNRBAPDXSRWHFRAWDIp D SRYHUDQMH YUAQR
HOHNWULPQH HQHUJLMH pDN L X VOXp DEVXiskeDr@ pritvjdd JR G L &
QHNROLNR WLV XUDnexegulitandgMidjergaX VL pb8udar se s distribucijom
SRWURaAaQMH HOHNWULPQH HQHKSIUIWR L|EYRIAQ R BB B/ W HQBI X
RazvijanjelKT LJPHYyX (9 L LQIUDVWUXNWXUH HQHUJHWVNRJ VXV
YULMHPH QLVNH SRWUR4AQMH HGHNRFRULGRALHUDWUJIQR HQ O(PL
punjenje bude regulirano & W Rva@d pametnim punjenjem. Pametnim punjenjem EV
osigurava se regulacip EES i kompenzira proizvodl) HOHNWUL pi WMIEHQHUJLME
GLVWULEXFLMRiRetdR Wbjdd@@PMHPRIX QD HILNDVDQ QDpLQ GR.
PUH&H |DKYDOMXMXUuUL EU]JRP RG]JLYX QD SRWUHEH HQHUJHW
X EXGXUSDRPWHWOQOR SXQMHQMH XNOMXpXMH NRQWILHOX SXQM
]JIDGRYROMHQMD S&X\QMHEQWHP] Y L|OD X 8RI®@ WikginiKqRday ULMH P
SRWUHEH PUH&H X FLOMX RVLJXUDYDQMD UHJXODFLMH L L]
SXQMHQMH (9 ]D YULMHPH QLVNH SRWUR&AQMH HOHNWULpPQF

OUHAD PRAH LPDWL GYHWD K@i UQIDMGEIL WWHIGLEXFRMHUQL L YL
tok. Model pametnog punjenja predstavlja jednosmjerni energetski tok distribucije energije iz
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PUHAH |]D SXQMHQMH (9 9LAHVPMHUQL WRN GLVWULEXFLMF
PUHAL SUH®YWDYIOMDBD MRDBNHO 6YDNR YR]JLOR WUHED REXKY
X SULNOMXpDN QD PUH&X ]|D RVWYDULYDQMH HQHUJHWYV
x kontrola i komunikacijska veza s operatorom distribucijskog sustava,
X XSUDYOMDPNX SORpX X YR]JLOX |D PMHUHQMH VQDJH Y

OpgaWRU GLVWULEXFLMVNRJ VXVWDYD PRUD LP BustavaP RJX U Q
upravljanja vozilom VR]DPR]LOD XYLMHN X YHURM PMHUL VXGMHO.
SUD&QMHQMD X FLOMX VPDQMHQMD LVWURAHQR®AML EDWH L
uvijek trebaELWL QD UDVSRODJDQMX ] DsiguRp&: piduzddnBstizastake V L J X U
JDVHEQR YR]JLOR GRN VH SRX]GDQRVW HOHNW[1&HQH PUHA&FH

8 RYRP UDGX UH WR NHRQHUX HPWRBGNMIOX 9 * UHIJXOLUDWL SU
HQHUJLMH L] 2,( NRMD UH XWMHFDWL QD FLMHQH HOHNWU
SURL]YRGQML HOHNWULPQH HQHUJLMH R sakhinXt®MHFDWL
punjenje EVSR QLARM FLMHQL H®RGNWLQMOQD BQRUPLRMGEQMH HOH
cijena energije rasttEV X WRP VORPDMXPRIXURRYMWHQMD EDWHULNM
smabdijevanja manjka u proizvodn# i dodatne zarade na visokoj cijeni energij& Q D@IQ L
XYRYHQMD 9 * PRGHOD X VXVWDY MH NRPSHQ]JLUDQMH QHYV
VYUKX VPDQMHQMD YUaQLK R &dylaQIHuWEES,gde EVIipredstaljdiuD FLMH
dodatan izvor fleksibilnosti u sustavu.

Nestabilna i nestalna proiz@QMD HOHNWULpQH HQHUJLMH L] 2,( ]D
fleksibilnosti u sustavkoji bi osigurali siguran rad sustava. U prethodnim radayi, [162]
analiziranoje planiranje energetskog sustav@X EU R Y D p N Rsh B)R%Gudje{ddVEu
SURL]YRGQML H O Hpetpuba FaeHa KNQHEYJdoMEGE0. godin Rezultati su
pokazali GD XQDWRpPp SDPHWIBRPRSHQMHOQMEHNVLELOQRM SRW
energije, sustav i dalie mdULWLpPpQL YLADN SURL]JYRG Q MiHcriicdlHNW U L p ¢
excess in electricity productith U ovom radu odabranoj@LUH JUDGVNR SRGUXpMH
za izradu engetskog plana do 2050. U radu $¢d L. VDPRGEESWD BRERPW QD VNOD(
i integracijui elektrifikaciju transportnog i toplinskog sektarée povezivanje sW Uedinl 8 W
HOHNWU L p @arhjeHotnHioddriRd VXVWDYD FLMHQ Ds vaabimviULp QH +
ciienama., QW HJUDFLMX VYLK VXGLRQLND L UHJKDd&aRLMX VXVWD

SUHWSRVWDY N Dbaditanra DretnenskotVkat&dad 10 minuta,SUXAaLWL YLAH
PRIXUQRVWLVIDRERA@WBHYDQMH SURL]YRG @bslgutdtidetbivg ULPp QH |
izvore fleksibilnosti. PretposhtY ND VH WHPHOML QD UD]JOLFL X NROLDpL
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VWDQGDUGQR L EUJIR SXQMHQMH 1DLPH EU]JR SXQMHQMH F
10 minuta, dok za standardno punjenje treba 5 sati da bi se napunila baté6EA&GOC
lako brzo punjenje zahtijeva 30 puta manje vremena za punjenje baterije, zahtijeva i 30 puta
YL&H VQDJHalp mibutbdpdnjenjad jednog sata punjenja stirchim punjenjem.
8SUDYR WD UD]JOLND X IDKWMHYX HOHNWULpPQH HQHUJLMH
]D VXVWDYH V EU]JLP SXQMHQMHP 2QR RPRJXUXMH EROMH
proizvodnje iz OIE Uz regulaciju varijabilnim cijena® HOHNWULpQH HQHUJLMH
SUDAaQMHQMH (9 PRAaH RVLJIJXUDWL VLIXUQLML UDG VXVWD
sustai PRGHOLUDQL ]D NUDWMNRERPD P LYQKHWBHQENKADMX VWYL
sliku o energetskim tokovima u susta'2dVLP RYLK SUHGQRVWL NRMH SUXabD
ima i nedostataka jer zaj@vaizmjenu infrastruktureyisokonapglQ VNH PUHAaH L SXQMDp
EL ELOR RPRJXUHQR EUJR SXQMHQMH (9 D aWR MH L SRMDAa
U radu je uzeta pretpostalk GD tUH YLVRNRQDSRQVND PUH&D ELWL L
L GD UH ELWL PRJXUH SURYRGLWL EUJR SXQMHQMH YR]LOD
model energetskog planirand SURUDpPXQLPD ]D odUB Rikua Ve luz&RAa D N
EnergyPLAN modekoji radi na vremenskom koraku od 1 sBnergyPLAN nije mogao
SRVOXAaLWL ]D L]WkaiGbdzicaia@a mihunodn vremenskom koraku, stoga je
bilo potrebno izraditi novi algorita. Novi model analizirdEESza period od godinu dana, kao
i EnerggPLAN L L]JUDYHQ MrkbzXez([tktel @hxliza transportnog sektdteaD W UH V H
XVSRUHGED VDWQRJ L PLOQXWQRJ PRGHOD NDR L UHJXOL
FLMHQDPD HOHNWULPpQH HQHUJLMH L QHUHJX OH&JomQRJ SXQ
&LMHQH HOHNWULPpQH HQHUJLMH QLVX UD]PDWUDQH X L]Q
energije iz OIEPretpostavka je da kod LVRNH SURL]YRGQMH FLMHQD HOHN
NRG QLVNH UDVWH 1D WDM QDpLQ pretgost@avikalda s¢ BV IpuBe* PR G}
X YULMHPH YLAND SURL]YRGQMH D SUD]JQH ]|D YULMHPH PDQ
U jednom od analizirahi VFHQDULMD X QRYRP DOJRULWPX FLMH
uzete u obzir u analizama. Napravljena je usgmedgulacije punjegiL SUDAQMHQMD (9 S|
FLMHQDPD SRVWRMH U KRPTH YaRjsbibapldiQtarithod SLgts®2¥ Tijena
HOHNWULPQH HQHUJIJHMXOKUR@QRWXVOYDYQHWHIXODFLMD SXC
odnosila se na pretpostavka D VH YR]JLOD SXQH X YULMHPH QLVNH FLNM
SUD]J]QH X YULMHPH YLVRNH FATkot€l Hspdredibs&ERITLMaddtond Q HU J L v
FLMHQD NRMH VH PLMHQMDMX V RE]JLURP QD SURL]JYRGQM
SURL]YHGHQH HOHNWULPQH HQHUJLMH LPDPR QLVNX WDU
UHJXODFLMD SXQMHQMD L SUDAQMHQMR]DPDWRM LV 15 URCSAIDN |
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YR]LOD 9 * PRGHO PRJX ]DUDGLWL QD YLVRNRM FLMHQL HC

niske tarife.

2.10.1 Izrada algoritma novognodelai opis scenarija

U ovom odjeljku predstavljen je novi model planiranja energetskog suktiva
REXKYDuUD VDPR gkb Ndddighika SRt@/B.\Wu spadguoizvodnja HOHNWULPQ
energije iz vjetra i Sunc#& hidroenergija 'g3,55 RSUPRWURAQMD HOHNWULpPpQH
RGDEUDQR 'SR BRPMMHR & Q MDEYD' :526QMBQOMRYI WRPH MH aWR V
DOJRULWPRP aHOL SRND]DMmbdelwand@zia MreméeridRikgrak adX gt/ D Y D
PLQXWD SULPMHQRP 9 * PRGHOD X NRPSHQ]JLUDQMX SURL
VPDQMHQMX YUA6DK ROWHEMABWBHOMDND SURL]YRGQMH L SRW I

energie D PR&H VHI\/BI-UCH@L
"enwF vwnaF  vixow 12

SUHWSRVWDYOMD \Wadzi@mhnaireménskyn ker&ke ¢tiQ0 minuta, dati
EROMH UH]XOWDWH RG VDWQRJ PRGHOD 7R UH VH RPpLWF
HOHNWULPQH HQHUJLMH 2,( L WO BRWH QiM&RjaaRijEdd. M H Y R I
HOHNWULPpQH HQHUJLMH ]D SXQMHQM kzdwu S8aUPAQodHUIQMH N
HOHNWU L ph QR UHGeHEYNRE U punjenja i pd Q MBQ M

SXQMHQMH L S UEkcél@adatizgahoHe peemémodelu jedne velike baterije.
BNXSQL NDSDFLWHW EDWHULMH REXKYDUD VYD YR]LOD MH
koja se razlikuju prema kapacitetu baterije. Ukupni kapacitet baterije jednak je za standardno i
EU]JR S XQ MHZMpterda & ®PiLP MHGQDGAEDPD

"60@p L KOag b @, E Ops b @iy, E 01 p @ 31,0 BWRy 13
kOzz b ®as 1,E Oe b s 1uE Oj a0 & 4 10 @y (14)
60 @p ~

NSUHGVWDYOMD EURM YR]JLOD D LQGHNV R]QDpDYD R NRI
SRWUHEQD ]D SXQM R,Q@deHnrnRinQes [pieddavijEl th wozilaa drugi vrstu

punjenja Podaci su preuzeti [Zablica27]. Kod standardnog punjenja potrehad sati da se

napuni baterijaEfikasnost punjenjd¥ykoja iznosi 95%. Ukupni kapacitet baterije svih vozila

UDpXQD VH SU @a btah G @uniehjéod brzog punjenja baterija se napuni

u 10 minuta pa kao jedinicu energije imamo M¥Mmin Ukupni kapacitet baterije svih vozila

NRG EUJ]RJ SXQMHQMD UD|(MPD VH SUHPD MHGQDGAEL
Maksimalnasnagal] P U R34ipotrebna za standardno i brzo pungebjpterije

SUHGVWDYOMD JUDQLpPpQL VOXpDM NDGD VX VYD (9 X LVWR
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HQHUJLMD ]D EUJR SXQMHQMH MH SXWD YHuéméhski RQH ]D
korak. Kod standardnog punjenja se u jednom vremenskom kavekli h napuni petina
baterije, dok se kod brzog punjenja napuni cijela baterija u 10 mirHEG QD GAEH ]D MHC

vremenski korak glase:

dvaril Ope ) ®adv. E Oe nd @i v, E O o rd @ avs (19
2¢1/‘33MJ: L Ops ra: 1/4E Oga - @E@%E 0i & n): @é;% (16)

Maksimalna akumulirana energija u bateriji za jedan vremenski korak glasi:

, leYeY
60dvacarl 2ve @y L—" (17)
IOC)@,@%C)@J: L 24',1/@1363: @Ry L IOC)@(;D®( (18)

8 QRYRP PRGHOX MH RVLP SXQMHQMD EDWHULMH UD]P
modelV2G. UslupDM X SX QBIHOQWMIXAH NDR VNODGLAWD HOHNWULDPQ
dodDWQL L]YRU IOHNVLELOQRVWL X VXVWDY 8 PRURHQRVW|
GRSULQRVH VPDQMH Q Muslijet UgidzieddnjéRESOVHHNMA W H R X@HDIH QH U JL M|
SXQMHQMH (9 X FLOMX VPDQMHQMD YUa&aQLHKjeRakd¥ddrinrdl tHQ M D
P R G HO R Pn®/0A1c B2V +"grid-to-vehicle' SUHWSRVWDYNJDWijRgMeHOD MH
YLVRNH SURL]YRGQMH HQHNWHQ p QHHO H GHA/ B LWNDHIQ IH\OBHD) J LBVR J
UH YBDVQLFL (@RNRGGIRMDNYR]LOD X YULMHPH QLVNH FLMHQF
LPDPR PDQMDN SURL]YRGQMH HOHNWULpPpQH HQHUJLMH ]D ]I
HQHUJLMH UHI E LMWL SRWEBNQXNH. WOQD SUDAQMHevhéel VYRML
YLVRNH FLMHQH .RULAWHQMHRHPRIGWMIOX P RJIX OQRYOLVIQRBL
NDR L]YRU IOHNVLELOQRVWL X VXVWDYX NRMH PRAaH NRUL
prodavati po visokojF LM HQL X k&JdRtO ddzxidljdva trenutni kapacitet baterije. Stoga
VH PDNVLPDOQD HQHUJLMD ]I\ZDHSSLQ[I)?@Q)F}&Q|BIGFP\/H-&I-H/HFRS(LVDWH1
EUJRJ SUDAQMHQMD ]D MHGDQ YUHPHQVNL NRUDN RQD S X

"viavaoawl "oomaoaw @ uao 19

"vigvmoa: L oogsmoa: Buso (20
SUHWKRGQR MH YHU RSLVDQ PRGHO YRaAQMH L SRWURA(
se distribuirao na cijelu godinu. Radi jednostavn&t RUDpXQD RGDEUDQR MH GD
GDQ SRQDYOMD VYDNL GDQ X JRGLQL ,] PRGHOD YRaQMH L

YULMHGQRVWL SRWUDAQMH HOHNWULPQH HQHUJLMH ]D S
'ixow 3RWUREQMPHHIOGIMWUWULMH QD YRAQMX (9 ]D MHGDQ YL
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SRWUD&QML ]D HOHNWULPQRP HQHUJLMRR z%sViONGHIGHUHP
svakom koraku mora biti zadovoliendDNRYHU RQD YR]JLOD NRMD VX X WRF
X YRAQMbass QH PRJIJX ELWL GRVWXSQD ]D S%QmMetleMMH L SU
]JDGRYROMH WH SRWUHEH YRAaQMH L RGX]PX VH YR]JLOD NR
NRUDN RVWDWDN EDWHULMH VH PRA&H UD]P DG\DUDHV Y QD \PQRLGH
(9 SXQLWL VYRMD YR]JLOD X YULMHPH QLVNH FLMHQH HOHN
YLVRND 8 WRP VOXpDMX, Q26P DHS ULDPADDAVRH Q MR Y*RPL BDY UL M H
SURL]YRGQMH HOHNWULPQH HQHU B3RAWMUDM D FD MHOGIN W D V
L YODVQLFL SURGDMX HQHUJLMX PUHAL SR YLVRNRM FLMHC
EV, G2V,nego imamo samo V2G8 VWYDUQRVWL VH VYL YR]DpL QHUH SR
WR RSLVDQR X RYRPLRMR.GHW XP X.OINRDQH E L & pe@®RPmételH N W U L |
PRAHPR VPDWUDWL JUDQLpGQX® MOIDMWERID UMD A/@OKHBOQOMHP(9 P
VOMHBGHGIPDGAEDPD

rQ' asiacanQ ' do0epaF ' nixgawF ' wixoars: &y (21)
rQ'israoawQ ' 0o0epanF " nixgawF 'vixoass: @uao (22
8 VYDNRP YUHPHQVNRP NRUDNX PDNVLPDOQL PRJXUOL
"rsiaoaw L S UD a QiMiE&Qbigdstavlja maksimalni kapacitet baterije za taj vremenski
korak, ' ¢ ¢ @@ & UManjen za vozila koja se VozZey jx ¢ x5 5 | Vozila koja se pune, s, jx g s

5HIJXODFLMD SXQMHQMDHLVSOWIHGHIH® MR J B BIDM)DP D
reqgulacija punjenja EV

Ako je "aci 0P '00epF '00des Fyuixoa®yw
onda "Asi ol "60aepF '604des F ' yixo @y
ako ne onda ' a6 4

reqgulacia SUDACEMHQMD

Ako je '60des B aci 0E M vixgaF T nixoars o F iean O vixsare @y
onda "ieAtiL '00des F ' uixoars Fuixoare E vixoas @ E ' Asi @
ako ne onda 'jgag

5DVSRORALYL NDSDFLWHW EDWHULMH ]D "@XDdMHQMH X
o kapacitetu baterije iz prethodnkgraka ' ¢ ¢ 425 | kapacitetu vozila koja se trenutno pune,
'vixow JERJ SRWKIBRARYDQH YR &Q M&mnikos Wdtakuk ROGNRR P U
SUHWSRVWDYND MH GD UH MHPYRYLGN 3 $QRWLY RCOM MK Y] 2, (
EDWHULMH XVOLMHG YRaQMH X VYDNR YUHPHQVNRP NRUDI
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uvoza.6 RE]JLURP GD VH (9 SULVWXSD NDR MHGQRM YHOLNRM E
smatra se ddvH SRWUR&EQMD L] SUHWKRXSRIRVIH XU HRFHRMNRNRM L NOR /I
koraku To bi zapravo u stvarnold XVWDY X J]QDpPLOR GD YR]DripaXozioMHN QD
L PRAH QMLPH XSUDYOMDWL L GD UH VXVWDY L YR]Dp XYLML!
]D SODQLUDQXLYR&OQMKR AWM MPRGHID ISWHOMK RGSR QDWD D
MHGQDND MH SRWUDG@RM IH QM WO Kdreka Témsljenivitid Grétpobta/ki
SRVWDYOMHQ MH L SRpHWQL NDSDFLWHW EDWiENdduMH QXO
kapaciteta baterije za vju u prvom vremenskom korakuDSDFLWHW UDVSRORALY ]I
EV, "ieay RYLVL R UDVSRORALYRP NDS Dkbrakl H \R X LEIXXW B YD MHR &
za sljedda dvavremenska koraka s, jx gsiv6 2DVSORALYD EDWHULMD XPDQMH
WUHQXWQR QH PRJX ELWL QD UDVSRODGRQMX |D SUDAQMHC

Stanje U D V S R afedjé Y $¥akom koraku ovisi o kapacitetu baterije iz prethodnog
koraka ' ¢ ¢ 4z5 | Ukupnoj energiji za punjenjé 4514 L SUDAQMHQMH (9afgWRP NRI
6WRJD RVLP R SRQXGL L SRW WDX&QWDLY M O S XIQWUH. @ ®H H QGHIDIA
0 dostupnom kapétetu baterije u svakom pojedinom vremenskom koydkylp g-Kapacitet
baterije u svakom korak® R U D EililMétnakizriosu ko i HDGRYROMLWL YRAQMX ]
dva vremenska korak ' s,ix g4y f DNRYHU Pniabj i jédndd ukupnom kapacitetu
baterije ' ¢ 6 @p» UManjenom za vozila koja se voze u tom vremenskom korakid g s 5 |
QLVX UDVSRORALYD ]D pBe@MWH@MMGIABSIWDAQMHQMH

"vixoare @ Q' oodr

L "o042s E asiaF "16A0E " vixgaF ' vixoars: @yp (23
Q'ooerF "nixgars @y

Dijagram toka za neregulirani i regulirani sustaa satni i10-minutni korak za
LIJUDYHQL DOJRULWDP X ([FlikeO26) SUHNBJXQLMBQQDVXVWDY
SURL]YRGQMX HOHNWULPQH HQHURQMHH QH Y, JL RIS UXD SRG\VOUER A
JUDGVNRP SRGUXpMX L SRWURaAQMX HOHNWULpPQH HQHUJLWN
EH] GRGDWQH UHJXODFLMH SXQMHQMD L EH] PRGHOD 9 * 5
navedene za prethodni nereguliranisusR¥ y X WLP XNOMXpXMH PRGHO 9 * L Ut
L SUDAQMHQMD (9 FLMHQDPD HOHNWULPQH HQHUJLMH &I
LIQRVRP YHU MH SUHWSRVWDYND GD VH FLMHQD UHJXOLU]
energije iz OIE.PrimjericH NDGD MH SURL]J]YRGQMD HO Hilgaswebe poQH HQH
konzumiranemudaRP YUHPHQVNRP NRUDNX X WRP VOXpDMX FLMH
L SUXaD HNRQRPLPpQR NRULAWHQMH PRGHOD * 9 |D YODVQLI
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sustaY X LPDPR QHGRVWDWDN HOHNWULPQH HQHUJLMH L FLMF
visoka AWR SUX&D PRJXUQRVW ]DUDGH YODVQLFLPD (9 NRU
QDGRPMHVWLOL PDQMDN X SURL]YRGQML HOSRWWLDLHQMRIRC
HOHNWULPQH HQHUJLMH

Slika26. Dijagram toka nereguliranog sustava s EV i reguliranog sustava primjenom V2G i G2V

modela

5DY QR W H & RodwhreguliavaD SXQMHQMD SULNDI]RQDA MdH MHGQ
reguliranisustav i V2G modeSULND]D QD MﬂZﬂHGQDGéERP

"endF e F visowF T uReE AgalL T (24)
1 1 1 'AGI&J 1 1 1
tvniF "wyaF vixgwF R E'icaa®Boad "wrnoE Agal T (29
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SURUDDp XQ kektoa @abspdrfel QRYRP DOJRULWPX LJUDYHQL VX
i 2050. godine uz detaljnije analize i rezultate pd WLUL WOXpDMB YL VX SRVWI
DQDOL]LUDdalse@Duspdddubaxatnog imidutnog modela, odnosno standardnog i
brzRJ SXQMHQMD NDR L XVSRUHGED QHUHJXOLUDQRJ L UHJ>
SULPMHQX 9 * PRGHOD GRN VH X QHUHJXOLUDQRP VXVWDY
QDYLNDPD L SRWUHEDKXKNORXD KMFLRRBHOU I EFD GHWDOMDAQ
VFHQDULMD L VOXpDMHYD DG@LQPMMHDQRHK XD MR WRIP DRFDGH QL
2030. godinu, za standardno punjenje i vremenski korak od NRtML QH XNOMXpXMH U
SXQMHQMD L SUDaQMHQMD PRAHPRNEREERNSUDWNR ]DSLVDWL

8 VOXpDMX 6 1D JRGLQX L ]D VWDQGDUGQR L EU]
WURAND SXQMHQMD (9 L VPDQMHQMD W EquErahP2X YWRYHQMH P
PRGHORP FLMHQD =D RGDEUDQH VFHQDULMH XVSRUHGLO
SXQMHQMD L SUDaQMHQMD (9 L DQDOL]JLUDR VH WURAND ]D
WUR&RMx]D SXQMHQMH (9 NRML SUHGVWDYOMD GLR SXQMH
SUDWL QDYLNH SRWUR&aDpD L RVLIJXUDYD GD EDWHULMD (9 >
2Q QLMH UHJXOLUDQ FLMHQDPD HOHNWULpPpQHbIHQHKUIJLMH
SRWURAQMH LSDN PRJDR ELWL GLR UHJXOLUDQH SRWURA&AQWN
punjenje EV prema G2V modell,z6i59 L UHIJXOLUDQR MH FLMHQDPD HOHN
VPDQMHQMD WURAND ]Dntpred3tvibGMBAQGMHRIMMHIPSUHPD PRC
"isAsy AW R ]D S stldavaRardduili@snika vozileV se prazne za vrijeme visoke cijene
HOHNWULpPpQH HQHUJLMH RGQRVQR X YULMHPH PDQMND SUI

7TUR&BNzarada,'; L]UDp X QML N N GSJR2GE i?(E?E P {predstavlja
zaradu u pojedinom vremenskom korakNRULAWHQMHP 9 * L * 9 PRGHOD 9¢C
YRAQMX YR]JLOR NRULVWH L NDR GRGDWQR VNODGLaAWH RGCG
mogu ostvariti zaradu% SUHGVWDYOMD XNXSQL WUR&DN YODVQLND
pojedinom vremenskonrenutku, kad se u obzir uzme i dio vozila koja se pune prema
QDYLNDPD SRWWRAAPpHGVWDYOMD FLMHQX HOHNWULPQH HQI

trenutku.

" A6i &)

&‘I}

"1 oAl @y g & F ®yF " isxsal % (26)

g‘j@uL " 27

"1 oA &y a & F
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Tablica29 2SLV VFHQ D Uspitwanit u\dralkaraNi Bovom modelu

SCENARIJ

2030
(scenarij z&030. godinu s planiranom
SURL]YRGQMRP SRWUR&QN
odabranom EES)

2050
(scenarij za 280. godinu s planiranom
SURL]YRGQMRP SRWUR&QN
odabranom EES)

VREMENSKI KORAK

1h
YUHPHQVNL NRUDN SURUD
SRGDWDND XNOMXpXMHE
trajanju od 5h za punu bateriju EV)

10min
YUHPHQVNL NRUDN SURUD
SRGDWDND XNOMXpX
trajanju od 10 min za punu bateriju EV)

REGULAC

IJA U EES

NEREG

(punjenje EVED]LUD VH LVNOM X
L QDYLNDPD SRWUR&DpPD 1
oblik regulacije)

REG

PRGHO 9 * UHJXOLUDQR S
EV cijeramaHOHNWULPQH HQ}
XYMHWRYDQH SURL]JYRGQM
OIE)

6/8y$-

S1

S2

S3 S4

Battuax +VE+SE
VOXpDM NDG
UDVSRORAL)Y

EV dostupna za
SXQMHQMH L
svakom vremenskom

koraku, gdje
SURL]JYRGQM
energije iz OIE
XNOMXpXMH

Battwax +VE+SE+HE
VOXpDM NDG
UDVSRORALY

EV dostuipna za

SXQMHQMH L

svakom vremenskom

koraku, gdje

SURL]JYRGQM

energije iz OIE
XNOMXpXMH
HE)

Battwin +VE+SE
VOXpDM X N
ispitivala minimalno
rassSRORALYD
EV dostupna za
SXQMHQMH L
svakom vremenskom
NRUDNX NRN

jednak rezultat na

Battwin +VE+SE+ 2T
VOXpDM NDG
UDVSRORALY

EV dostupna za

SXQMHQMH L

svakom vremenskom

koraku, gdje

SURL]JYRGQM

energije iz OIE
smanjenje uvoza i XNOMXpXMH
izvoza kao i u S1, gdijé

SURL]JYRGQM

energije iz OIE
XNOMXpXMH

regulacija punjenje i
SUDAQMHQM
premaP2Ti V2T

modelu cijena
HOHNWULPQ
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Rezultati novog modela usporedili su se s rezultatima EnergyPLAN modela u svrhu
validacije novog modelana satnoj i 19ninutoj rezoluciji 7TUHED QDJODVLWL GD SU
YUHPHQVNL NRUDN RG PLQXWD r@RLMNHu EaloijelRi goRruXsiH L]YH
RE]JLURP GD RQ UDGL QD VDWQRM ED]JL XQRVD SRGDWDND L
za usporedbu rthinutnog modela novog algoritma s EnergyPL-AM, uzeli podaci za lipanj
i srpanj. Ta dva mjeseca u-b@inutnom modeluX N XSQR VDGUaH SRGDWND SELC
ta dva mjeseca usporedili za novi algoritam i EnergyPLAN. S obzirom da je EnergyPLAN
SULKYDUHQ L GREUR UD]JYLMHQ DODW X SRGUXpMX HQHUJHW
razvijenom algoritmu i potda valjanosti dobivenih rezultata.

1RYL PRGHO MH DQDOL]JLUDR VFHQDULMH L VOXpDMHYI
transportnog sektora. Stoga se napravila nadogradnja novog modela izradom modela
energetskog plana do 2050. u programu Calliope. Réiznttaog modela i modela Calliope
WDNRYyHU VX VH SUHWKRGQR XVSRBHGNOLXXMNWVMFKQIFDOMAEC
NRML VX NRULAWHQL ]D XVSRUHGEX QRYRJ PRGHOD V SRVW
Usporedba s EnergyPLANRP XNO®IBpMMD/FHQDULMH X QDUDQpPDVWRP |

u plavom okviru.

Slika27. Prikaz metodesporedbe validacie UH] XOWDWD NRULAWHQLK PRGHOD ]D |
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2.11 EnergyPLAN model

U ovom radu razvijen je algoritam za @@ DFLMX SXQMHQMD L SUDaQMm
VPDQMHQMD YU&EQLK RSWHUHUHQMD VPDQMHQMD XYR]D L L
fleksibilnosti energetskog sustawaodeliranog za satni i ¥@inutni vremenski koraka po
XJRUX QD YHU S RBh&ERLANI EndPdyLANDje alat za analizu energetskog
sustavarazvijen u cilju SUR X paDlY DLW @ madeVMRGW ALYLK HQHUJHWVNLK
posebnim naglaskom na energetske sustave s visokim udpirRazvija se od 1999. godine
i stvorio je temelj]D 1QDpDMDQ EURM GRNWRUVNLK UDGRYD L QHNI
(QHUJ\3/$1 MH RVPLAOMHQ WDNR GD LVNRULVWL VLQHUJI
HQHUJHWVNRJ VXt WNVBHRRRXANVRRQMHSW X SDPHWQRJ HQHU
uz EneUJ\3/$1 NRULVQLN PR&H ]DX]J]HWL KROLVWLpPNL SULVW
PHYXVHNWRUVNH LQWHUDNFLMH 7UDGLFLRQDOQR UD]OLD
LQGXVWULMD L SURPHW SRYH]DQL VX V WHKQRORJLMDPD
GDOMLQVNLP JULMDQMHP L KODYHQMHP 1D WDM QDpPpLQ (C
REQRYOMLYH HOHNWULpPpQH HQHUJLMH X GUXJH QRVLWHOMF
L HOHNWURJRULYD NDR L SURYHGEX SPRERDQNMD[GBEPH HILHAH]
Detaljniji opis EnergyPLANa dat je u literaturj183], u radu[2] i u diplomskom rad{i162]
NRML DQDOL]JLUDMX HQHUJHWVNL VXRWDAYW@Q Ly RNB{RQpIME JU

EnergyPLAN je program koji radi analizu energetskog sustava na satnoj baziisr@odac
za svaki sara SRGDWND RGQRVQR UDGL SURWa&pK qjelu]D SULN
UDGD L X FLOMX XVSRUHGEH VWDQGDUGQRJ L EU]JRJ SXQM
odabranog energetskog sustava. Cilj je prikazati koliko fleksibilndstivVW DY X SUXaD UHJIX
punjenje u odnosu na neregulirano, na satnbp-minutnoj bazi. Prikazana jesporedba
reguliranog satnog i Xthinutnog modela, odnosno reguliranog standardnog i brzog punjenja.
Stoga je u EnergyPLANX NRULAWHQ GLRVPD HRGBHIX VERIWOQRIAKQHUJILMH
L SURL]YRGQMD L] 2,( NRMD XNOMXpXMH SURL]YRGQMX HQ'
pristup u EnergyPLANI i NRULAWHQL PRGHO 9 * |D UHJXODRAMX SXQ!
LIUDGX SURUD p X QelzijdN B0 LEASYYRLAMNI.NCH pMniranja je optimizirati
HQHUJHWVNL VXVWDY X VYUKX VPDQMHQMD YU&aQH SURL]Y
SURL]YHGHQH HOHNWULpQH HQHUJLMH XYRYyHQMHP GRGDW
VOXpDMX (9
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2.11.1 Opis EnegyPLAN modela

2G XOD]QLK SRGDWDND ]D -SURD PPDXWQ WO \WQ il MB/SRW UR:
HQHUJLMH NRMX MH X VXVWDYX SRWUHEQR JDGRYROMLWL
transportni sustavransportV SDGD X SRWURA&QM X [HOWWM R WLhXR PAHRGHU V X
X SURL]YRGQML HOHNWULPQH HQHUJLMH DNR VH NRULVWI
elektroenergetskog sustava u vrijeme manjka proizvodiajesvaki od ulaznih podataka bilo
MH SRWUHEQR SULSUHPLWIR WD\W @@ RNHUM RO QMM BRGEG NA/QUWILH C
SRGDWDN R XNXSQRMH®RBNEQMR@H SROHIRIAQMML RSIéH SRWU
instaliranoj snazi OIEV2G model zahtMHY DR MH XQRV MRABBE\R @GddatakaL K SRGI
za regulaciju punjenj. SUDaAaQMHQMD (9

BNXSQD SRMOWRIANMD @ 4+Q B b3 DNDHV Hs\WhDER WXJRIEQ M L
RYGMH XNOMXpXMX3@, RS &KX SRANQUMAE Q DI XS X @avitd @ujenjg® QHUH.C
("Dump chargg), @s,;i model V2G, @ga

@ég@lli- @.E @iE @sa (28)
Ukupna poizvodnja energije Az 6fREXKYDUD VDPR SURALSREGOQAY. L] 2,(
ivjetar, AggelL UDPpXQD VH SUHPD

Aacok Aod A oueE A gee (29
5D]OLND L]JPH§X SRWURAQMH L SURL]YRGQMH SUHGVWDYOMN
energije, ovisno o tomg OL VH X RGUHJHQRP VDWX |D NRML VH UDpX
HQHUJLMH QHJR aWR MH SRWUHEQR

Ae L @acok Aaconr (30)
'LVWULEXFLMD SRWURaAQMH UDVSRUHVYHQD MH XQXWDU LQW
a) uvijek mora biti pozitivha
b) tUHED ELWL QLAD RG |CQdeipirad naDIazV)L P X P D
2GUHYLYDQMH JUDQLFD YDULMDFLMD RVLJXUDYD GD SURVN
JRGIRAWQ SRWUREQML
2.11.1.1EV i model V2G

(9 VX SRGLMHOMHQD V REJLURP QD QDpLQ SXQMHQMD
ili "Dump Charge) i pametna vozila (paetno punjenje ili"Smart Charge® 8 VOXpDMX
QHUHJXOLUDQRJ SXQMHQMD XOD]QL SRGDWDN RGUHYHQ M
PrikazanajesSRGDWNRP R YULMHG QR VW L&XNiX8rQmH disRihitijgk@iH SR W I
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NULYXOMRIR B@WNWBEQMOQH HQHUJLMH 8 VOXpDMX SDPHWQR
NULYXOMX SRWUREQMH L YULM HSER RWING X & X $ QIR GFOG\LNL I NIB |
pa je potrebno odrediti nekoliko bitnih ulaznibdatakaSvi ulazi podaci darsu za cjelokupni

sustav opskrbe koji se analizira i za cjelokupni vozni park zajedno sa svim uslugama
WUDQVSRUWQRJ VXVWDYD XQXWDU VXVWDYD RSVNUEH 7D
sustava, %5 suga LIUDPXQDWR QD WHPHOMXQRDNRIRDO QIH SRPDQIR
PDNVLPDOQLP EURMHP YR]QODPNR&D X X LSAR. NNERGIBHFPHYIDAP C
ulazni podatak je distribucija satndJ. Y XOMH S R W U R g §,Mdih 9¢ Raristii@wjes R U W X
VYUKH -HGQD MH ]|DO9RGURWLOD QIRMMIEVRMDYRAQML X VDWX
VSRMHQL Tappdelatakazdjednormaksimalnin udelom YR]JLOD X YRaQML X VD)
SRWUREQRMibad ROLK VSRMHQ&8tK,,Q:ReBddddioX RGUH Y ¥djgéld UDVS
V2G voznog parka koji je na raspolaganju energetskom sustavu u bilo kojera gainjenje

Druga svrha definiranjay gy, MH RGUHYLYDQMH SUDAQMHQMD EDWHULMI

6DWQD NULYXOMD SRWURAQMH X WU BQVSRIXDD WDWHWQLP
VOMHGHUL QDpLQ

Roa L Bopn @AW [ aCRBy,4o0e Ay, (31)

2SWHUHUHQMH SULNOMXpPpND XNXSQRJ 9 * YRT@QRUDDIPXPNDD QL
se:
TeA L WooaudBt) vasapoeiummno

@& sF 8t) zoanapE 8t) roavan (32

®SF UYgar/=T:(ga::0
Formula se sastoji od tri faktora. Prvi faktoy Ppe a y gghaga ukupnog V2G voznog parka.
3RPQRAH®)MH:YooumadXGLR SDUNLUDQLK YR]LOD ]D NRMH VH
SULNOMXpHQL QD PUH&aX 7UHUL IDNWRU X ]DJUDGDPD UD]|
7UHUOL IDNWRU WHPHOML VH QD 1&§RU®RMpalepipredstaMjg WD 3 U
minimalni udio parkiranih vozila. Drugi uvjet predstavlja dodatni udio vozila koji su parkirani
]D YULMHPH QLVNRJ RSWHUHUHQMD SURPHWD 8GLR SDUNI
SRGDWND L] VDWQH NULY XHOMHMH WR FERUMFDHO B I3 3NDL R H P
RSWHUHUHQMH VYLK SULNOMXPpHQLK 9 * YR]JLOD X ELOR NR

X]JLPDMXiL X REJLU MH OL GRYROMQD GRVWXSQD VQDJD E!
SURUDpPXQX
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5DVSRORAODYD UDVSRGLMHOMHQD MH L]JPHYyX YUAaQH
RSWHUHUHQMD 2YD SRWUR&aAQMD RGQRVL VH QD SRWURAaQM.
VXVWDYD MHU VX YR]LOD QXAQR LVNOMXpHQD V PUHAaH (
prikijupND QD PUH&X RYLVL R GHILQLFLML RED XGMHOD F
8t) gouivagl XGMHOD SDUNLUDQLK YR]LOD 8N)R, MRz ¥eXwad LNOMX|
Baterije V2Gvoznog parka modelirane su kggdna "velika batga" za cijeli vozni park.
5DVSRORALYD VQDJD EDWHULM s WHGEHIHNM XM H8 PDWYDBPR®
RSWHUHUHQMH EDWHULMH QLMH UDVSRORALYR FLMHOR YUL
ne mogu se niti pra@ LWL QLWL Sostalawtilai P BR&EWMDWL YR]LWL WLMHN
nekolLNR VDWL L JERJ \WrRzhiD. 8 N YIH\IRIP P¥R@D¢Dddtxvnostinodel
SUHWSRVWDYOMD GD MH EDWHULMD X SRWSXQRVWL QDSX(
YR a @WXodelaVH ]DKWLMHYD GD RVLJXUD GD MH VYDNR SRMHCG
SULMH LVNOMXpLYDQMD 2SUHQLWR EDWHULMD MH SXQD X
OHYyXWLP NDGD QHPD YLAND SURL]J]YRGQMH HQHUnjdn®MH PRGH
prije voznog ciklusaORGHO SUHWSRVWDYOMD GD MH UDVSRUHG YR:
X XYMHWLPD RGUHYyLYDQMD NDGD UH YR]Dp WUHEDWL SRQR
X UDVSRUHGX SUHWSRVWDYOMD G®pindvidMRIUWR 6 X P OW H &YH
satima. ANR SRVWRML L PDOD SURL]JYRGQMD L] YMHWUD XVPM]I
QDGROD]HUHP YUHPHQX 7R MHVW WLMHNRP VYDNRJ VDWD
SRWUHEH YR aQ M Hbitbrijsnij©dovaljie Dapuni@idrto vrijeme, onda prisilno
SXQL EDWHUKXMXHIG RVWDY DD YTk prasediRa $ivhRlieaQiadiju u
NRMRM UH VYDNL YR]Dp SRMHGLQDpPQR RGUHYLYDWL SULRUI
s niskiP WUR&ANRP L VLIXUQRVWL QDSXQMHQH EDWHULMH SUL
RGUHGLWL QD QDpLQ GD RGUHGL FLMHQH L RJUDQLpHQMD
'DNDNR YR]Dp iH V YUHPHQRP L] LVNXVWYTDRRXHBUWIIH LJQQ B
NROLNR VDWL SULMH PRUD SRpHWL SXQLWL EDWHWLMX X V(
RYRP VOXpDMX PRGHO VDP RGUHYyXMH EURM VDWL NRML
minimalno potrebno punjenje koje treba zadovolBi RWUHEDQ EURM VDWL RYLVI
PRGHOX GLVWULEXFLMH NULYXOMH SRWURaAQMH NDR L R G
1D SULPMHU VXVWDY X NRMHP MH ]QDpDMQD NROLpPLQD
SRQRYQRJ SXQMHQ&OQ BMOMWBRLWMUWHDWHD VHQOHIJR VXVWDY X NR
nizak. 3ARWUHEQL VDWL ]D SRQRYQR SXQMHQMH WUDAH VH Q
SRNUHUH SURUDpPXQ RVLIXUDYDMXuL GD MH | DGRYROMHQR
EL RVLJXuWwROnRredrithanekidliko sati i ako to rezultira manjkom napunjenosti baterije,
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EURM VH SRGL&AH QD GYD L WDNR GDOMH %URM VDWL SRVW
NRQWUROH HOHNWULpPpQH HQHUJLMH EURM WIEWW INRIIU NYH
SRPRUX YUHPHQVNH SURJQR]H V RE]JLURP QD SaliHg YLYHQL
odnosseovdje ne uzima u obzir.

ORGHO L]YRGL SURUDpPpXQ ]|D VYDNL VDW 9 * YR]LOD V.
GRVWXSQRJ YLAND SUBidiRG,QNiHDNCSROWHILYRH NDSDFLWH\
5 6A2» 0 ¢ c 01 P6A2»0ccaaX QXWDU JUDQLFD RSWHUH Q24 BvagiU LN O M X
RGUHYHQL VDW

Stoga formula koristi minimum sve tri vrijednosti:

Apoaul | E, s 6ar»0ccodi Qerr»occofldmoawderd (33
, JPHYyX RVWDORJ NDNR MH SUHWKRGQR VSRPHQXWR SXQN
SRWURAZQMD HQHUJLMH X WUDDWERD WX P R&WOBMMEHIDLEGR Y R
EDWHULMH 8 SRpHWNX \ YULMHGQRVW MH SRVWDYOME
NROLpLQH HQHUJLMH X EDWHULML YULMHGQRVW VH SRYHIU

OLQLPDOQD NROLpHQDRMQHDPXRQBD XHDW

s@d
Qeaz»0ccmmual | Rea (39
&1
3UHPD WRPH MH SXQMHQMH EDWHULMH SRVWDYOMHQR QD (
Ao au R CQsaz»0cco ki Poar» 6 ¢caait 0640 @ (35

Ako ApesuEXGH YHUH RG YULMHGQRVWL R SMWHboHsaH @ MeD S UL N C
SRYHUD ]D MHGDQ L UDpXQDQMH VH SRQRYQR SRNUHUH 1R
JRUH L]UDpX QD WaijljeSZ4 QWIHEIMIH Q MI? X]JURAVRYDQR YRAQMRP

Qerr»0ccodi PearroccokieA E 1AD0 a0 B8040 (36)
9 * YRILOD RSVNUEOMXMX PUHA&X X VO XbdeMrin®AR:lXdoH 1D P MH

GRVWXSQD HQHUJLMD X EDWHULMDPD NRMD VH SRKUDQM
WLMHNRP YRaQMH

Asel | EIBE B@Qspr»0cco b Poarroccommu OB && saC  (37)
RezultatnovogVDGUéDMD EDWHULMH VH UDpXQD QD VOMHGHUL QI

Qer2»0ccod Pearroccobi i AMaBdnaé (39)
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=ERJ UD]J]OLND X VDGUADMX EDWHULMH QD SRpHWNX L QD N
VH SRMDWHWLWLSURWEDDPXQX 'D EL VH RQH LVSUDYLOH JRUQI
VDGU&DM VSUHPQLND QD NUDMX EXGH MHGQDN RQRP QD S¥

NDSDFLWHWD VSUHPQLND EDWHULMH 1DNRQ SUYRJ SUF
delILQLUDQ UH]XOWDWRP VDGUAaDMD QD NUDMX SURUDPXQD
neznatna.

Simulacijska strategija regulaciy2G modela u EnergyPLAN odabUD QD MH QD QDD
GD 9 * PRGHO UHJXODFLMH SXQMHQMD L S\Wh&@dheQMD (9
HOHNW U L piQ®HE H@®b b uwdHi izvoza.
212 QWHJUDFLMD WUDQVSRUWQRJ L WRSOLQVNRJ VHNWRU

SRGUXpMD

7TUDQVSRUWQL L WRSOLQVNL VHNWR Uv@eXflekdibihgsR JH PR J>
unutar EESukoliNR VH QMLKRYD RSVNUED WHPHOML QD HOHNWUL}
WUDQVSRUWQRP VHNWRUX L]YRUL IOHNVLELOQRVWL VX (91
GRGDWQLK SRWURaADpD SUHGVWDYOMDMX L VINQRB LAMAD OH C
proizvedene energije u sustavu. U toplinskom sektoru to su prvenstveno DT koje za svoj rad
NRULVWH HOHNWULPQX HQHUJLMX 2,( NDR SRWUR&DpPL X VX
ponor topline OIE. U &mbinaciji sdodatnim TES ili BES mo¥ VXGMHORYDWL L X VN
YLANRYD HOHNWULDPpQH H Q HGilpihtbhHacie Wivaju] dekiaGaHiQetatanje | (
VXGLRQLND X VXVWDY NDR aWR VX GRGDWQL VNODGLaQL N
HQHUJLMH MHVW S ReyrBdjp Y00% FORE] X prQzxodiyi ELNQOWMWU LPpQH HQHUJL
VXVWDYX 7R 0UH \sidanjery LOxbRNYhDiIWAvozKih kapaciteta i postizan;

samodostatnosti energetskog sustava energetskim planom do 2050. godine.

2.12.1 Izrada energetskog plan?/ DPRGR VW D WQ@RY | RU Halir IR0 Xdoi rie

nadogradnjom novog modela u programu Calliope

Integracija transportnogitopiv NRJ VHNWRUD RGDEUDQRJ SRGUXpMD
u programu Calliope[184]. Calliope predstavlja temeljni okvir za izgrgdnmodela
energetskog sustava.zajniranje za analizu sustava s proizvoljno visokom prostornom i
YUHPHQVNRP UD]JOXpLYRVWL .RULVWL PDWHPDWLpPpNH IRUP>
VNDOL NRMD GRSXawbD DQDOL]JH X UDVSRQX RG SRMHGLQD}p
Bazirasenam GHOLUDQMX HQHUJHWVNLK pYRURYD X]JLPDMXuUL X
HOHNWULDPQ.MXPHQUHI URBPDMNH SXNROMBBRMXDOUORREBHQRVW
YLVRNRP SURVWRUQRP L YUHPHQVNRRDDJDEKYQDRAWE N XWH
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visokog XpLQMWdgov dL]DMQ MDVQR UD]GYDMDmdISal (potakaka)l U N R C
VSHFLILpMARalrahDSUREOHP 3UXAD L VXpdi@PR Ha QragtamskE HQR J L
upotrebu. Calliope model sastoji se oskupa YAML i CSV datoteka koje definiraju
teKQRORJLMH ORNDFLMH Y H]H idvprRitefetgielR &L KXLIND DR JSJROVQH Q IR
Calliope koristt WH GDWRWHNH NRQVWUXLUD SUREOHP RSWLPL
rezultatima u obliku skupova podataksarray', koji se lako mogu spremiu NetCDF
GDWRWHNH |]D GDOMQMX REUDGX .RULVWL 3\RPR NDR SR]DC(
algoritmima, WUHQ X W Q R FUMVHBEFOYML.DMWRX (FIMHO REUR M Q RakadDdeQ HDU QR
nelinearne komponente mogu implementirati akdojgootrebnoza nove vrste problema.

Calliope RYL XJUDYHQL DODWL RPRJIJXUXMX LQWHUDNMLYQR LV
&DOOLRSH MH NRULAWHQ X UD]J]OLpLWLP VWXGLMDPD NDR &
VXVWDYD X %ULWDQLM Llide mXrfe@ Briergétskby Bustawd ki jd2inDoRriga

[184]. BURJUDP &DOOLRSH QDYHGHQLP NDUDNWHULVWLNDPD
analize u ovom radu.

'RvDGDaQMb OLWHUDWXUD MH SRND]DOD GD HQHUJHW
SURL]YRGQML H O H Nj&vaju doQakheHzQoke Wl dkisibilirbstiiiksWetavu kako bi bili
RGUALYL 2EQRYOMLYL HQHUJHWVNL VXV WDLYA X RINDR DX @
sustave koji koristédosine L] YRUH HQHUJLMH X SURL]YRSIQ MMoriL SRWUF
HQHUJLMH SUHGVWDYOMDMX YHOLNX JOREDOQX XJUR]X ]
RSUDYGDQR QDVWRMDQMH GD LKn¥igvdrB énhendije 2ahtjieva(vellel y X W L F
QDSRUH L GRGDWQD LVWUDALYDQMD NDNR EL R@DREAKWO®LRG
SUREOHPL X VXVWDYX ]JERJ LVSUHNL GD Q HOBddtRalrd Yebk€ Q M H H C
Y L & N Rividtjak proizvod MH NRML UH]XOWLUDMX GXJRURPQRP QHR
SRPQR SODQLUDWL HQHUJHWVNL VXVWDY L DQDOL]JLUDWL \
YHUD IOHNVILEH QRIRWIXILWL UHIXOLUDQMH HQHUJHWVNL WE
suwstav zahtjeva integraciju i komunikacipfHy X VY LP V XuGusRaQNjihlddotrebno
UHJXOLUDWL X FLOMX QDMEROMHJI LMNBStALEpostd@® MiDje/ YLK L]
potrebno sustavu dodati.

Pretpostavka u ovom radu, #fQHUJHWVNL SODQ RGDEUDQRJ SRGUXY|
trDQVSRUWQRJ L WRSOLQVNRJ VHNWRU brzvh GuRehjPiE\QILP VNOD
YDULMDELOQLP FLMHQDPD Q BazithiAnaslBnXnuthon\Wemensko@ H H Q H L
koraky otvoritt YLAH PRIJXUQRVWL |]D EROMX LQWHJUDFLMX 2,( X V
tokovaPRJXUH MH SRVWLUL QDMEROMX LVNRULVWLYRVW L]YRU
5HIXODFLMD HQHUJHWVNLK WRNRYD X RYRP UDNGXULDPYQHV W
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HQHUJLMH NRMH U0H SRWDNQXWL VXGLRQLNH H@HWUJHWVNR.
energetskim sustavinsavisokim ulielom OIE u proizvodnji energie SRWUDAaQMX ]D HOHN
HQHUJLMRP SRWUHEQR MH SRNXAaDRLL YRG O\ ARG R2WL BR QX(
SRVWLUL XNROLNR VYL VXGLRQLFL DNWLYQR NVYRSM HO XM X
energiie. TO][DKWMHYD YDULMDELOQH FLMHQH QD WUALaAWX HO}
LIUDGH HQHUJHWVNRGRY WDOWD RVMALWIREGD&ERYRVWL HQHUJH
WUALAWH HOHNWULPQRP HQHUJLMRP L]JPHYX YLAH PDQMLK 1

'LR HQHUJHWVNRJ SODQD RGDEUDQRJ 4aLUHJ JUDGVNRJ
analiziran u radu kroz razvoj novogatgma. NiPH VH SRNXadaDOR GRND]DWL GD
SUDAQMHQMH (9 PRGHPREBHOL WD YRYW D XU Dadl10Ynihttd HQ V N L
L UHJXOLUDQR MH PRGHORP YDULMDELOQLK FLMHQD HOHN
dodatni izvor fleksibihosti u sustavu za bolju integraciju 100% udjela OIE u proizvodnji
HOHNWULPpQH HQHUJLMH 1RY hlidba® SRotbgréfiom BvigigyRMNR.R U H Y H (
,(QWHJUDFLMD VYLK VXGLRQLND L HQél R0s6linoddliani8©DQ RGD
analizbanuprd UDPX &DOOLRSH 3URJUDP &DOOLRSH RGDEUDQ M&E
LIUDGH HQHUJHWVNRJ SODQD D SRVHELFH MHU QXGL PR
SURUDpPXQLPD (QHUJ\3/$1 UDGL QD VDWQRM ED]tkaXQRVD
LVNAGMXPR PRIXZrQRIAMN LK SURURIHAQIOIRULWDP MHaUD]YLMH
satni i 10 minutni vremenski korak uz primjenu V2G modela EV i modetulacije
energetskih tokova varijabilnim cijenamel OHNWULpPpQH HQHUJLMH =D GDO
SRWUHEQR MH MR& UDGD Q Pa po®ebR tvbyd RadalabréDeprog@iviL UD]YF
Calliope U njemu se nadogradio novi model i izradibQHUJHWVNL SODQ RGDEUDQ

JRGLQH V LIGYRMHQLP VFHQDULML Pthodro Disp@ddR $H MH W
validirati s novim razvijenim algoritmom kako bi se izradio dalin SURUDpPpXQ &LUHJ JU
SRGUXpMD

2.12.1.1Usporedba novog algoritma s programom Calliope

Usporedbanovog modela i Calliopa napravljenge na temelju rezultata jednoga dana
ziPH WUHUOD VULMHGD X VLMHpQMX L JRGLAQMLK UH]XOWD\
korak od 1 sat 10 minuta Ulazni podaci za Calliope jednaki su onima za novortigm za
scenarij S1 za 205@odinu iza oba vremenska korakdlazne podatkea 18minutni model
ELOR MH SRWUHEQR SULO DJR @patiteti G&latRadib eknglagid) ka W R J D\
RVWDOH NDUDNWHULVWLNH L YULMHGQRVWL XQRVLOL X Y
VDWQLK 5D]J]ORJ WRPH M LAYWNRUVY B WRLIMPIRREGEH O NBBRIG\DWMD ND ¢
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dok 16 PLQXWQL PRGHO NRULVWL QMLK SXWD YLad4H RGQRVQF
WRPH YULMHGQRVWL UH]XO WmntbonvXvol. DéNvRjgdhastiGeRiol Y H Q H
potrebno umanijiti svesti na satne vrijednosti, u svrhu usporedbe rezultataid@nog i
VDWQRJ PRGHOD 7DNYR SULODJRYyDYDQMH SRGDWDND ]D
SURUDXWYWDY VH VDVWRML RG SURL]YRGQMH HOHNWULpPQ'I
energtLMH L (9 NDR SRWURADpPD L VNO priGhjedom DnodeB¥2S\W U Lp Q H
SURL]YRYDpD HOHNWULpPQH HQHUJLMH 3URLJERBOQIID XNOM
2050. godine SRWUR&QMD HOHNWULPpQH HQHUJLMH XBOMXpXMH
SODQLUDQX GR JRGLQH (9 XNOMXpXMX SRWURaAQMX X'
SRWURaAQMH 3XQMHQMH (9 XVSRUHYHQR MH ]D QHUHJXOI
IHUHJXOLUDQL VXVWDY XNOMXpXMH VDPR WBKEMD MR HOY JN
XVOLMHG YRAQMH 7R SXQMHQMH SUHH VYEIY SR\ URREQR B KX
YRaAQMH L R]Q GRpHWQAaAVHNOR. UDQL VXVWDY XNOMXpXMH PR
YR]LOD SXQH X YULMHPH YLAND SURMGRG\Qjohie mdnjia, ( * 9
SURL]YRGQMH HOHNWULpPpQH HQHUJLMH L] 2,(

Jednostavni model odabranog sustaysogramu Calliope NRML MH VOXaLR ]D X\

i validaciju novog algoritmaprikazuje|Slika 28|. Slika prikazuje tri lokacije. Lokacija X1
REXKYDuUD RSUX SRWUR&AQMX HOHNWULPQH HQHUJLMH RGD
SRWURAQMX (9 XVOLMHE WRAW DHUD DR N PYRYGRYBBR/XojL X iD L 6 (
REXKYDUuD G2Y boZzl@ koja se pune i V2G vozila koja se prazdpuD SRWUR&GQMI
RGUHYNQDYMKDMRP SRWUR&QMH NDR ENSWRt#IHREQWIDha(i9 XVOLI
6( QD WOX VX X RYRPi XJRBNMHGQ VDNXNVBOWNRH/EY Bstl@avin
kapacitetomiNULYXOMRP SURL]Y R G Q% BIWHHOLHNWIDU(19 R B ¥eKaD U DL WIYHD
veliku integriranu bateijuNRMD MH RGUHYHQD XNXSQLP PDNVLPDOQLP
vozila. U nereguliranom sustavu lokacija X1 ne obthu D PRGHO 9 HY R|LP® * Y
vozila kojase puneX FLOMX IDGRYROMHQMD SRWUR&aQMH HQHUJLMH
VXVWDYX XNOMXpHQD V XpubjeBje*X M R M.XOIDX MNKR M 8 XDAQMHQMH
smanjenja uvea. G2V iV2Gsuot HYHQH PDNVLPDOGX® MIBDSMBPLW B WRPQ N
jednom vremenskom koraklk. HILNDVQRA&AUX SXQMHQMD L SUDaAaQMHQM
prethodnim scenarijima/ RNDFLMD ; REXKYDUD 9( OUDYLQMDF L 9( .F
proizvodnja je objedinjena i stjgna pod istu lokaciju VE su od,¢ HQH LQVWDOLUD
kapacitetom iINULYXOMRP SURL]YR G Q MdKadijeOX3 Niadstayh& stisjetd@H U J L M |
HQHUJHWVNL VXVWDY V NRMLP VH YUaL WUJRYDQMH HOHI
HOHNWULpPpQH NHH) RIGJLHWHH QIDQPDNVLPDOQLP RSWHUHUHQMHP
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'LVWULEXFLMVND PUH&AD HOHNWULpPQH HQHUJLMH SRYH]XM
RSVNUED SRWUR&GQMH HOHNWULpQH HQHUJLMH L L]YR] 2GU

prijencsa elekVULPpQH HQHUJLMH

Slika28 ORGHO HQHUJHWVNRJ VXVWDYD RGDEUDQRJ SRGUXpMD X .

.DR MRd MHGDQ RG GRSULQRVD RYRJ UDGD PR&H VH
programu Calliope, kojido sad@ LMH ELR LJUDYyHQ X WRP SURJUDPX 5D]

za potrebe ovog raddaziranna satnom i @-minutnom vremenskom koraku.p@an je u

nastavky a kod cjelokupnog energetskog sustan gau

PRILOG

. U novom algoritmu,

punjenje EV u nereguliranom sustavuixgazd UDGLOR MH QD QDpusakemd VH YR]
vremenskom koraku] D L]IQRV SRWURAaQMH EDW dthodhbivréhienskomV H LV S U
koraku XVOLMHG Y R aQ Mremeriskdtykdnakil R & £4R-1 U Calliopeu, za razliku

RG QRYRJ DOJRULWPD SXQMHQMH YR]JLOD X QHUHJIXOLUDQC
reguliratako da se vozila pune uviegk u VMAHPH YL&ND SURL]J]YRGQMH HOHNYV
HQHUJLMD VHEDWBDIGMB®D (9 L WUR arLkdgabim¥ Rubnj@rijeXvVX VO MH
RIQDpHQR MH V * 9 D SUDaQMH Q2¥ Mo2Hy/koja Sit&raspRlagajuH VvV (9 C
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za punjenje u svakomremerskom koraky ovise o maksimalnomS U L N O NkappdeRuP

baterijeu jednom vremenskom korakkapacitetu batge iz prethodnog korakiavzozilima koja

se voze u tonkoraku IznoV RSWHUHUHQMD RG YR]JLOD NRMD VX QD
svakom vremenskomW UHQXWNX UDpXQD N39)| Slaksiidni kapGitetD G A E L
punjenja,u svakom vremenskom trenutku, dat je izrazq(d@| On predstavlja mak®alno
UDVSRORALYX EDWHULMX VYLK (9 ]D SXQMHQMH NRMD QH X

' 3,14 @ & Broj vozila koja se voze u akom trenutku mijenja se prema zadanoj krivulji. Broj

tih vozila je objedinjen postkom iza svakkorakjejednaki iznosi 8% parasR ORaLYD EDWHU
iznosi 92% maksimalnog kapacitetasvakomvremenskom trenutku A, ¢ & Taj postotak
maksimDOQR UDVSRORAL ¥din EENANYKdm MrenutkwzetYj@dnako kao u
EnergyPLANu, kao fiksan podatakJ novomalgoritmuse maksimalno rasS8RORAaLYD EDWHL
mijenjau svakom koraku ovisi 0 zauzetim vozilima koja se voze u tom trenytkzadana su

prema prethodnmodeliranoj distribucijiSRWURQ@EBMBHLMH XVOLMHG YRAQMH

‘Aol "o0e0@F T vixgaF ' 0064des (39)
‘aiaowl coepaF uikowl 00epaw®ow (40)

U reguliranom sustavu dodao se model V2G, gdje regulacija gisjeru smanjenja
uvoza i izvoza u sustavl R]LOD VH SXQH X YULMHPH YLAND SURL]YR!
cilju smanjenja izvoza, a praznetijeme manjka proizvodnje u cilju smanjenja uvoZazila
NRMD VH SXQH * 9 RGl{(BWi‘-{@)DaWinIdIRa}&@@@@Bw,D* RGUHYHQD
su formulamf{41)|i[(42)] -HG QD GARFRPPpXQDMX VH YR]LOD NRMD VX UDVSE

u svakom vemenskom trenutku. H G Q D G(@%|8dA MH L]UD] ]|D PDNVLPDOQR U
baterjuzaSUDAQMHQMH X VYDNRP YUHPHQVNRP WUHQXWN X

"ieAwLl "0odes Fluixoas Buso (41)
"iehaoal 'ooapaF 'nixow Buad 0o0epa®Proa®@ s (42

Kapacitet baterije u svakokoraku UDpXQD VH SUHPD MHGQDGAEL ]D C

(43 GRN MH ]D UHJXOLUDQL X NDHGIQ@FD@EWGFP(RDQUQ *

kapacitetbaterije jednak je ukupnom kapacitetu baterija svih EVSULND]DQ MH MHGQ|

(49

"o00dtl "60des E ' Asi &F " wix o a (43)
. . . : " 6Ad
o0dtl '0064es E ' Asi F " wnixgaF Bo

(44)
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"d00a0el '00ap (45)

Slika 29| daje prikaz energetskih tokova u bateriju i iz baterije, odnosno punjenja i
SUDAQMHQMDEDWHQLMB REXKYDUD WRNRYH X QHUHJXOLUD
ima i V2G vozila sSUDaAaQMHQMHP X PUHax *9 L 9 * SUHGVWDYON
H Q H U J L MetecRititid & Energiju baterijeglectricity ey prilikom punjenja i obratno za
SUDAQMHQMH

Slika29. Energetski tokovi baterije E¥punjenje i pU D a Q batéi(eM H

5DYQRWHAD VXVWDYD UDW'Q/DjeMEIaSelrbgtmrniMUSt@d@lDGéEL
MH ]D UHJXOLUDQL VXVM\A—DG/lQﬂZ)E@BQ MR& 9 *

: . . A6l A ,

evF " vixoawF xzaiJFE E'agaF s LT (46)
1 1 1 IAGIé'J 1 1 1
evF wixowF xgaF R E'AzaF wri®E iea L T (47)

2.12.1.2Modeliranje 100%obnovljivog ene;e WV NRJ VXVWDYD ad4LUHJ JUDGVN

2050. godine
8 HQHUJHWVNRP SODQX RGDEUDQRJ HQHUJHWVNRJ VX'
'XEURYQLND RGUHYHQR MH GD UH VXVWDY GR JRGLQF

HOHNWULPpRHWHQHHUJLRBEQRYOMLYD L XNOMXpXMH SURL]JYRG
FN VXVWDYD QD NURYRYLPD REMHNDWD 3RWUR&QMD HOHN
HOHNWULpQH HQHUJLMH QD RGDEUDQRP SRGUXpMX WRSC
potrodaQ M X (9 i'de Gdodatni spremnici energije kao izvori fleksibilnosti u sustavu.

Mobilni spremniciodnose se na BEV u vozilima, a od stacionarnih spremnika dodane su B2U,

6(9 7(6 L 5(6 6YDND WHKQRORJLMD MH RGUHYV @RIV SRWU
VXVWDY MH VSRMHQ QD VXVMHGQR WUALdWH HOHNWULpPQRF

korak od 1 sat i 10 minuta.
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Na |Slika 30| prikazan je model 100% obnovljivog energetskog sustava odabranog
aLUHJ JUDGVNRJ SRGUXpMD ]D . Brik&zam 30 D sBlidiRcI UD P & |
sustava, odabrane lokacije i elekineegetske vez& |[PHYy X ORNDFLMD 8 PRGHOX M|
ORNDFLMD NRMH VX PHYXVREQR SRYH]DQH '9 RG NRMLK VX

Slika30. Model 100% obnovljivog engge WV NRJ VXVWDYD aLUHJ JUDGeNRJ SRGUX

programu Calliope

=D ORNDFLMX ; RGDEUDQD MH 76 .RPRODF 8 QMX VX X
VH QDOD]JH QD RGDEUDQRP SRGUXpMX RG SRWUR&GAQMH SU
SRWURaGQMD HOHNWULPQH HQHRMRM BNIDOWXEXMMR QDXU BRI
.RPRODF SRWUHEH |]D WRSOLQVNRP L UDVKODGQRP HQHUJL
SURL]JYRGQMH HOHNWULPQH HQHUJLMH X ORNDFLMX ; XY

objekata u ukupnom iznosu od 41 MWkialirane snage. Ostatak proizvodnje energije iz
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Sunca, sa instaliranom snagom od ukupno 44 MW, odnosi se na planirane SE na tlu koje su
objedinjene u lokaciji X3. Za snabdijevanje toplinskih i rashladnih potreba, dijelom se koristi
HOHNWUL p Q IbnatizadishidlsMsiavivhaM dijelom sustavi s DTMV s TES | RES. EV
XUHYyHQD VX PRGHORP 9 * JGMH YDULMDEOD * 9 R]QDpDYI
YDULMDEOD 9 * YR]LOD NRMD VH SUD]JQH X PUHAaX V %(9 NL
VXVWDY V DRFLYQPLEP HOHNWUROL]DWRULPD VOXaH NDR V!
YULMHPH YLAND SURL]YRGQMH HOHNWULPQH HQHUJLMH L]
YULMHPH PDQMND SURL]JYRGQMH HOHNWULPQH HQHUJLMH
ener)LMH X VXVWDYX 6SUHPQLFL HQHUJLMH R]QDpHQL VX ]H
NRMLPD VH YU4AL SUHWYRUED HQHUJLMH R]JQDpPHQL UXAL
raspodijeljeni na lokacije X1, X2, X3 i X4 u jednakim omjerima. Na lokacijama X2, X8 i
VPMHAWHQL VX SURL]JYRGQL VXVWDYL HOHNWULPQH HQHU
R]IQDpHQL VX SODYRP ERMRP 6YH WUL ORNDFLMH VSRMH(
IRNDFLMD ; VSRMHQD MH QD ; NRMD R]QD pRarspojgi&®ip N X XY F
MHGQX X LIQRVX RG 0: +( 'XEURYQLN WDNRYyHU MH VSR
SUHGVWDYOMD WRpPNX VXVMHGQRJ WUALAWD HOHNWULpPQRP
HOHNWULPQRP HQHUJLMRP SUHRRaBBRBGEPHWPD FLMHQD V &5:

2122 7U4L3A4QR YUHGQRYDQMH L]YRUD IOHNVLELOQRVWL X VX
BURJUDP &DOOLRSH RGDEUDQ MH NDR UDpXQDOQL DODV
d4LUHJ JUDGVNRJ SRGUXHiNDRMHHbSUX D PRIR LM YUHPH
PRIXU@@RMaNja HQHUJHWVNLP WRNRYLPD XQXWDU VXVWDYD SF
L SRYH]LYDQMHP VD VXVMHGQLP WUALAWLPD 3UXAaD PRJXI
VXVWDYD L RSAaLUQH UH]XOWDWH .DR ijavand DradicdlidpeY DUD D C
UDGL X FLOMX PLQLPLJLUDQMD WUR&GND HQHUJLMH X VXVWD
]D VYH VXGLRQLNH X VXVWDYX SRWURA&DpH SURL]JYRYDpH
tehnologiji zasve sudionike preuzete su sa internetskarste Danske energetske agencije
("Danish Energy Agency's projekcijama za 2050. godifi85]. Cijene svih sudionika kao i

podaci o tehnologiji prikazani su u modédtoji je datu [PRILOG 1. Prema cijenama i

podacima o tehnologjiSURJUDP RGOXpXMH KRiUH OL HQHUJLMX NRULV
Ukoliko je tehnologija skupa i neefikasna sustav je ne koristi ili koKStPDORM PMHUL 6WHF
se ispitati koje tehnologije su za sustav isplathte NRML VFHQDULM SUXaD ERON

integraciju OIE u sustav
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3 REZULTATI

5H]XOWDWL DQDOL]D SRGLMHOMHQL VX X pHWLUL JUXSH
korelagje i regresije. Druga grupa odnosi se na rezultate analize sustava DGH s DTMV i TES
L %(6 |][D SRGUXpMH 6WDURJ JUDGD NDR L]GYRMHQH FMHOI
GHWDOMQLMX DQDOL]X HOHNWULILNDFLMH WRS828LQVNRJ
elektrifikacije transportnog sektora u novom modelu i usporedbu s EnergPLAN modelom.
y Brta grupa odnosi se na rezultate analiza u modelu Calliope, koji je odabran za nadogradnju
novog modela u svrhu postizargamodostatnog 100% obNoO O ML Y RID&SMNRI IR GUXp M
2EXKYDUD XVSRUHGEX L YDOLGDFLMX UH]XOWDWD QRYRJ P
3.1 Linearne korelacijske i regresijskeveze L]PHYyX SDUDPHWDUD

Analiza linearne kalacije i regresije za odabrani SkpRGDWDND L]J]UDYyHQD MH
VUHGQMLK PMHVHpPQLK YULMHGQRVWL RGDEUDQLK SRGDWD
WR R B DédeMu2.7 RezultatiL XVSRUHGEH UH]XOWDWD GDMX XYL
RGQRVH SURL]JYRGQMH HOHMNWWLPRAHD M i@rieidid MWeoibljuQ H L
SR]QDWLK SRGDWDND R VXQpHYRP JUDPpHQMX EU]JLQL YMHMW
energije za odabraR SRGUXpMH 3R GD Fiti wastdprg g@lingQ12.DZD13.]iD

JRGLQX BH5H]XOWDWL DQDOL]D LIQHVHQL VX X QDVWDYN

Su u rady186].

3.1.1 Rezultati analiza prvegrupe podatakaza vremenski korak od 10 minuta i razdoblje

od tri uzastopne godine

SURUDpPXQL ]D SUYX JUXSX SRGDWDND SRGLMHIOMHQL V
uzastopne godine za svaku pojedinu vrstu odabranih podataka. Analiza je izy&@evi&X Qp HY R
JUDpPHQMH EU]JLQX YMHWUD YDQMVNX W eife AdJodabrxnd X JUD N

S R G U Xpadildu s8 temeljili na vremenskom koraku od 10 minuta za cijelu godinu. Rezultati

analize prikazani su [Tablica30|, gdje su dae vrijednostir, r2, ai b, za svaki od odabranih
SDUDPHWDUD L]JPHYyX X]DOV WRESFHEMIRGHDPOOWDWD PRaH V|
UHJUHVLMVND YH]D @D MHGQDGAEL QD

Varijablexiy X MHGQDGAaEL OLQHDUQH UHJUHVLMH PRJX \
HOHNWULpQRER MROINWHY MR PUDdHbEyAUFOR zrakd), | brzinom vjetra,
Vh. Indelsn R]1QDpDYD SULSDGQRVW SRGDWDND RGUHYHQRM JRC
MHG QD G4ifgdh&sEN SUHGVWDYOMD EURM SRGDWDND NRULAWHC(

prikazane i vrijednosti koeficijenta korelacije, L] P ldvjjX varijablexiy, kao i koeficijenta
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determinacijer?. Konstanta i koeficijent regresijds, X MHGQDGAEL OpQkdani QH UHJ!
VX 1D VO X pyMsnd Ra@jablavlikiovisna varijabla.

Tablica30. Rezultatianalize prve grupe podataka za uzastopne tri godineremenski korak od 10

minuta

X,y Srednja
vrijednost

Std.Dv. r(x,y) 2 p N a;y b;y a; X b; x
SBRWUR&AQMD HOHNWULpQH HQHUJLMH
E2012 |38219,50 (10661,31
E2013 |33931,98 |8930,11 0,85145!/0,72497¢|0,0C [5256( |6674,04:/0,71319¢(3726,99¢|1,01651¢
E2012 |38219,50 (10661,31
E2014 |28474,17 |7059,98 0,83891¢/|0,70377¢|0,0C [5256( |7241,92(|0,55553¢(2146,97{|1,26685:
E2013 |33931,98 (8930,11
E2014 |28474,17 |7059,98 0,79183¢/0,62700¢|0,0C [5256( |7232,307|0,62601:|5412,51+|1,00159:
6XQpHYR JUDPHQMH
l2022 |106,5377 (162,3647
l2013 |103,1322 |161,0447 |0,82861¢|0,68660"|0,00|34822|15,5710:|0,82188(|20,3802¢|0,83540¢
l2022 |106,5377 (162,3647
l2014 |97,8802 |158,2237 |0,81729¢|0,66797:|0,00|34822/13,0280¢|0,79645:|24,4470%|0,83868"
l2023 |103,1322 (161,0447
l2014 |97,8802 |158,2237 |0,76849:|/0,59058(|0,0034822/20,0122(|0,75503(|26,5709¢|0,78219¢
Vanjska temperatura zraka
T2012 (17,16265 |7,483789
Too13 (17,19362 (6,473829 |0,87262¢|0,76148:|0,00|48667|4,23814 |0,75486!|-0,18167|1,00876¢
T2012 (17,16265 |7,483789
To014 |17,14066 |5,622084 |0,81072¢|0,65728:|0,00|48667(6,68778 |0,60904¢|-1,33547|1,07919¢
Too13 |17,19362 (6,473829
T2014 (17,14066 |5,622084 |0,79433:/0,63096:/0,00|48667(5,28010 |0,68982:|1,51554 |0,91467:
Brzina vjetra
V2012 |3,552737 |3,137801
V2013 [3,774814 (3,369657 |0,10353{|0,01071¢|0,00|4724¢3,37980¢(0,11118:/3,18881(|0,09640¢
Vo012 |3,552737 |3,137801
Vo014 |3,746781 (3,135703 (0,14907(|0,02222:|0,0C|4724¢€|3,21752¢|0,14897(|2,99383:|0,14917(
Vo013 |3,774814 |3,369657
V2014 [3,746781 (3,135703 |0,072837|0,00530¢|0,00|4724¢|3,49092:|0,06778(|3,481547|0,07827:

-HGQDGAED OLQHDUQH UHAWK\PIRVAH V]IP HDXS LWIDUN. IM DXEYXR
vrijednosti konstante i regresijskog koeficijentd. Rezultati analiza usporedbe pojedinih
YDULMDEOL XND]JXMX QD J]QDpDMQOX YH]X TRPHYXpl DAL NERE/G
]1QDpDMQ@D YMHURMDWQR VRH YD Y\DHJ LSIDEPDWDDXQ R G'HED D QR
SRND]DWL NDR SRX]GDQ SRND]DWHOMD YH]H L]JPHYyX WLK Y|
NRHILFLMHQWD NRUHODFLMH XND]XMH QDE)]Q&pDh)VMQKROLQH |
znDpL GD QMLKRNaDLOMIDWhSIR GdmidrGHOmM neznatno odstupa u uzastopnom
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SHULRGX RG WUL JRGLQH L PRaH VH SUHGYLGMHWL ]D EXGX
korelacije. Koeficijent korelacije 24, GLVWULEXFLMX MH EOL]X awR ]QDpL
prHGYLGMHWL |D EXGXUH UDJ]GREOMH NRUL&GAWHQMHP MHGQZC
YDULUDMX L]PHYyX RGDEUDQLK JRGLQD

312 5H]XOWDWL DQDOL]H GUXJH JUXSH SRGDWDND NRMH

vrijednostima

Analiza druge grupe podataka izved@naa svaku godinu zasebno kako bi se utvrdilo
SRVWRMDQMH OLQHDRMKMMWDUHIHRISRWIMREQOML HOHNWULPQH H
brzini vjetra i temperaturi zraka unutar godine. Vrijednosti podataka se odnose na srednje
PMHVHpPpQH YdsudWiigaeagh&af Wezultati su prikazarjifablica31]. Ovaanaliza se
provekl kako bi se dala usporedba s prethodnim studijama i njihovim rezultaiezaltati u
Tablica 31], koji nisu istaknuticrvenom bojom XND]XMX GD QHPD OLQHDUQH
varijabli jer je p > 0,05.

5H]XOWDWL NR UER® Ol M H P BJXi X014 ukazuju na postojanje
OLQHDUQH YH]H LisRkhutKsurnzebdoMb g tablici. Prethodna studija, koja
DQDOL]LUD V[elX pddddaléojeldalje OD L]PHYX YEULMDNE MHEL]PHY X
iVr=0,29.$QDOL]D OLQHDUQH NRUHODFLNHILTUWIWVHWLMH PHY
WDNRYyHU MH UH]XOWLUDOD SRVWRMD Q@Mad@[STREpEMQH Y H]
DQDOL]J]LUDR VOXpDM _WDEBGCMMNMHXFERVHEREQD W VNS QRV WL
rezultati pokazali da koeficfgW NRUHODFLMH GRVHAHXYQHWRGQRRKR VS G E
5H]XOWDWL QD UD]JLQL FLMHOH G065 D06;dbkReDvajedndtblaU L M HG Q
YL4&4H EOL&D ]D VUHGQMH GQHYQH YULMHGQRVWL RGDEUDC
VH ]DSLVDWL NRULAWHQMHP MHGQDGAEH OLQHDUQH UHJUH
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Tablica3l 5H]XOWDWL DQDOL]JH GUXJH JUXSH SRGDWDND NRML V

vrijednostimaodabranih parametara

[Ezo2 [38221,26 16703,02(| | | [ [ |

[To02 (17,67 17,157 |0,278244(0,07742(/0,38119¢/12/6,32  |0,00 [33616,3:/260,61
[Ezo2 [38221,26 16703,02(| | | [ [ |

202 [113,13 57,820 0,323019/0,10434:/0,30578:/12/6,64 [0,00 [33984,6¢[37,45
[E20r2 [38221,26 6703,02¢| | | [ ] [ |

V2012 [3,59 0,980 -0,26431:/0,06986:(0,40644¢/12[5,06  |-0,00(44702,7¢/-1807,9
e st [ [ [ [ [ [ |
llzo2 [113,13 [57,820 [0,794745[0,63162(|0,00200¢[12[-0,32 [6,42 [6,54  [0,10
Wmier s [ [ [ [ [ [ |
Vao12 [3,59 0,980 [-0,834147(0,69580:(0,00074:[12[5,60 [-0,11[39,51  [-6,09
mEniee e [ [ [ [ [ [
Vaor2 3,59 [0,980  [-0,81264:]0,66038¢/0,00131![12[5,14  [-0,01[285,03 [-47,95
ez
[Ez01s [33945,51 508764 | | [ [ |

[Toois (17,57 16,024 |0,203949 0,04159:(0,52490¢/12(9,37  [0,00 [30919,7:/172,26
[Ez01s [33945,51 5087,64¢| | | [ ] [ |

llz0s  [114,51 161,956 0,459679 |0,211304(0,13271:/12|-75,51 [0,01 [29622,9¢(37,75
[Ez01s [33945,51 5087,64¢| | | [ ] [ |

Va01s 3,80 11,068 -0,22682:/0,05144¢(0,47836¢/12[5,42  |-0,00/38051,7¢-1080,3¢
N 1757 6024 | I I
llzois [114,51 61,956 0,903236 |0,81583¢[0,00005 [12]-48,67 [9,29 [7,51  [0,09
meEi7s oz [ [ [ [ [ [ |
Vao1s 3,80 [1,068 [-0,86240¢|0,74374(|0,000307[12]6,49  [-0,15[36,05 [-4,86
WSt e [ [ [ [ [ [ [ |
Vao1s 3,80 [1,068 |-0,84138:|0,70792¢[0,00060:[12[5,46  [-0,01[300,00 |-48,80
[E2014 [28452,90 3654,10¢ | | [ ] [ |

[Tao1a [17,52 5,100 [0,774233(0,59943¢/0,00311"[12[-13,23 [0,00 [18736,9:[554,70
[Ez014 [28452,90 [3654,10¢ | | [ ] [ |

llz01a  [104,55 55,722 [0,637465 |0,40636:[0,02575¢[12[-172,0¢[0,01 [24082,4¢[41,80
[E204 [28452,90 13654,10t | | [ ] [ |
Vao1s [3,74 0,987 -0,47726((0,22777:(0,11665:(12[7,41  |-0,00(35068,7:-1767,7¢
s Bao [ [ [ [ [ [ |

llz024 [104,55 55,722 [0,845374[0,714657(0,00053¢(12[-57,23 [9,24 [9,43  [0,08
memi7sz  kao [ [ [ [ [ [ [ |
Vao1a 3,74 0,987  [-0,80615¢(0,64988¢0,00154:[12[6,47 [-0,16[33,11  [-4,17
llzoss " [104,55 55,722 | | | [ | I
Vao1a 3,74 0,987  [-0,86327:(0,74524:(0,00029¢[12[5,34  [-0,02[287,03 [-48,76

108



3.1.3 RezultatianaOL]H WUHUH JU X S-HIinBtRi GrénWwiski korgkd

Tablica32 5H]XOWDWL DQDOL]H b\ 4éMrijgdndst) B élie BRIBIBUKIAN D

vremenskom koraku

[Ezoiz [36698,17 103095 | | [ ! | |

[T2012 [17,55 /6,83 |0,207789|0,04317¢|0,00000(|3918€|12,50 0,000 (31194,9: 313,546

[ [36698,17 103095 | | [ | | !

liz012 [114,88  [170,03 [0,238412(0,05684(|0,00000([3918¢[-29,42 [0,004 [35037,4¢[14,455

[E2012 [36698,17 1030957 | | | | | | |

Vaorz 3,52 13,10  |-0,03360(/0,00112¢/0,00000(|3918¢(3,89  |-0,000 [37091,7(|-111,908
Mooz [17.55 683 | | | | I | I

llz02 114,88  [170,03 [0,457128(0,20896¢0,00000([3918¢|-84,79 [11,377 [15,44 0,018
Moo [1755 683 | | | | | | |

V012 (3,52 3,10  [-0,230647[0,05319¢[0,00000(|3918¢[5,35  |-0,104 [19,34  [-0,509
Moo (11488 [170,03 | | | | | | |

Vaorz 3,52 [3,10  |-0,06065!0,00367¢(0,00000(|3918¢(3,64 |-0,001 |126,60 |-3,332

[Ez012 [36672,83  [10303,8:] | | | | | | |

[T2012 17,56 /6,83 |0,2289950,05243¢|0,00000(|39164|11,99 |0,0002 [30609,7(|345,360:

[Ezo1z [36672,83  [10303,8:| | | [ ! | |

llzo2 114,96  [170,06 [0,317798(0,10099¢0,00000([39164|-77,40 [0,0052 [34459,3¢[19,2549

[Ezo1z [36672,83  [10303,8:| | | [ ! | |

V2012 3,52 [3,10  |-0,02881(/0,00083(|0,00000((39164(3,84  |-0,000037010,1¢|-95,8866
Mooz [1756 683 | | | | | | |
[0z [114,96  [170,06 [0,456913(0,20877(|0,00000([39164|-84,72 [11,373:[1545 [0,0184
Mooz [1756 683 | | | | | | |
V2012 [3,52 3,10  [-0,23118¢|0,05344¢[0,00000(|39164[5,36  |-0,1048[19,35  [-0,5102
leosz [114.96  [17006 | | | | | | |
V2012 3,52 3,10  [-0,06095:(0,00371¢[0,00000(/39164[3,65 [-0,0011[126,73 |-3,3483

I
[E2013 [34548,85 [8804,06: | | | | | | | !

[T2013 [17,09 16,683 |0,154528|0,02387¢0,00000(|4418¢ (13,03 |0,0001 |31070,4(|203,571

[Ez05 [34548,85 [8804,06: | | | | | | | I

[z [112,82  [170,496 [0,263732(0,06955¢(0,00000([4418¢|-63,63 [0,0051 [33012,4:13,6186

[Ezos [34548,85 [8804,06: | | | | | | | |

V013 (3,80 3,418  |-0,01864:/0,00034¢|0,00008¢|4418¢|4,05 |-0,0000|34731,4:|-48,0282
MB[1709  [6683 | I O O
205 112,82 [170,496 [0,482973(0,23326:[0,00000([4418¢[-97,72 [12,321¢[14,95 [0,0189
Tl 1709 [6.683 | I I O
Va5 3,80 3,418 |-0,18060(|0,03261¢/0,00000(|4418¢|5,38  |-0,0924(18,43  |-0,3532
laoss (11282 [170,496 | | | | | I
Vao1s 3,80 3,418 |-0,11603¢0,01346!|0,00000(|4418¢ 4,06  |-0,0023(134,83 |-5,7890
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- Bxoas
[Ezoia 3452537 [8807,01 | | [ ! | |

[T201 17,09 16,679  |0,154885 |0,02398¢|0,00000(|4415¢|13,04 |0,0001 [31034,4(|204,241:

[Ezo1s [34525,37  [8807,01¢] | | | | | |

llzoss [112,71  [170,391 [0,348371(0,12136:(0,00000([4415¢[-119,9¢[0,0067 [32495,8¢18,0063

[Ez01s [34525,37  [8807,01¢] | | | | | |

V013 (3,80 3,418 [-0,01111:(0,00012:[0,01954:[4415¢(3,95  [-0,0000(34634,2:|-28,6312
oo 1700 6679 | I I
20" [112,71  [170,391 [0,416649(0,17359:[0,00000([4415¢|-68,98 [10,6291[15,25 [0,0163
oo 1705 6679 | O I
V013 [3,80 3,418  |-0,19479¢|0,03794¢|0,00000(|4415¢|5,51  |-0,0997|18,54  |-0,3806
ot 11271 [170,301 | [ I
V013 3,80 3,418 |-0,11587¢0,01342¢/0,00000( |4415¢|4,06  |-0,0023|134,67 |-5,7768

[Ezom [28172,62 [7015,75| | | [ | | |

[T2014 16,92 5,562 [0,358931|0,12883:(0,00000(/4737€(8,90 [0,0003 [20511,6:[452,741
[Ez014 [28172,62 (701575 | | | | | | |
llz004 |98,72 158,155 [0,305787 [0,09350¢|0,00000( [4737€|-95,48 [0,0069 [26833,5:|13,5647
|Ezous [28172,62 [7015,75!] | | | | | | |
V201 (3,83 13,205  |-0,00773¢/0,00006(|0,09230¢ 4737€/3,93  -0,000028237,3¢ -16,9304
Maow [1692 5562 | | | | | | |
liz004 |98,72 158,155 |0,450734 |0,20316:|0,00000(|4737€|-118,15 |12,816¢|15,36  |0,0159
Wsee  Besz [ [ [ [ [ [ [ |
Vaou (3,83 13,205 [-0,16106:(0,02594:[0,00000([4737¢€[5,40  [-0,0928[17,99  [-0,2795
Wmosz  fsess| [ [ [ [ [ [ |
Vaous 3,83 13,205  [-0,07205(|0,00519: [0,00000(/4737€[3,97  [-0,0015[112,32 |-3,5556

[Ez014 [28164,29 [7017 46 | | | | | | |

[T2014 16,92 5,564  |0,358288/0,12837(|0,00000(|47237/8,92  |0,0003 [20520,4:|451,858:
[Ez014 [28164,29  [7017 46 | | | | | | |
[lz004 |98,93 158,384 |0,360612 |0,13004:|0,00000(|47237|-130,3(|0,0081 [26583,6:|15,9775
[Ez014 28164,29 (7017 46! | | | | | | |
Vo1 (3,82 13,200 0,003552 |0,00001:(0,44018¢47237(3,77  |0,0000 [28134,5¢|7,7884
Moot 1602 (5,504 | I I
ll2004 [98,93 158,384 |0,386896 |0,14968¢|0,00000(|47237|-87,37 |11,0127|15,57  |0,0136
Moo [1692  [5.564 | | | || | | |
Vao14 3,82 3,200 |-0,17857¢0,03189(|0,00000(|47237|5,56  |-0,1027(18,10  |-0,3105
llzosa'[98,93  [158,384 | | | | I | I
Va4 3,82 3,200  |-0,07129:|0,00508:|0,00000(|47237(3,96  |-0,0014|112,40 |-3,5286

$QDOL]H WUHUH JUXSH SRGDWDND QDSUDYOMHQH VX
XVWDQRYLOD OLQHDUQDRIGDHUDRBYEPMAMNDLMBED PPRPX pLML V
10-minutnom vremenskom koraku. Rezultati su prikazaﬁlab[icaBZ.
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60XpDM $ SUHGVWDY idvedenddaHviren@mgid koitdkt, DQD®LID D VOXpDM
UH]XOWDWH VXVWDYD NRML XNOMXpXMX YUHPHQVNL RGPDN
t1 =t + 4h, za svaku godinu zasebno.

5HIXOWDWL NRUHODFLMVNH DQDOL]J]H PHYyX SIMUDPHWU
QD 1QDpDMQR VPDQMHQMH NRHILFLMHQWD NRUHODFLMH X
PMHVHPpQH YULMHGQRVWL 5H]XOWDWL X VGOWXieuvaXs@d VX QH
istaknuti crvenom bojom ]QDpH SRVWRMDQMH pQréanpeliMa BisinY ez P Hy X
L] P HBe¥4a Vs Vo014 Tu je, s obzirom na njihove niske vrijednostimalo vjerojatno da se
one mogu izraziti funkcijom linearne regresije. Funkcija linearegresije se za ostale
paramete PRAH ]DSLVDWL X] SR Prieiledvesij€ iQdzfEiehatai ® daDikeDik
SURUDPXQRP L [SablicABE]DQLK X
314 5H]XOWDWL DQDOL]H pHWYUWH JUXSH SRGDWDND ]D YU

i ljetni period

Dodatna analiza je napravljena za grymdataka koji se temelje na-b@inutnom
YUHPHQVNRP NRUDNX JGMH VX SURUDpPXQL QDSUDYOMHC
odabranih varijablizaekPHQVNL SHULRG JLPH L OMHWD ]D VYDNX RG JI
na|Slikal8f SRND]XMX GD SRWHQFLMDO YMHWUD L 6XQFD YDUL
G RV séjHnaksimum t§NRP OMHWQRJ SHULRGD GRN EU]JLQD YMHV
zimskom periodu godine. Prema tome, ta dva perioda su odabrana za dodatnu analizu. Ljetn
SHULRG RGUHYHQ MH SUHPD PDNVLPDOQRM YDQMVNRM WE
OptHUHUHQMX XVOLMHG SRWUR&AQMH HOHNWULpQ@Bh HQHUJLN
kolovoz, kakojeividlji/oizdijagraman@ =LPVNL SHU jeReGri Rz@stbphaH Q
mjesecaV QDM QL &R PteMpeiMdhNRdka i pX HILP YUEAQLP RSWHUHUHQ!
SRWURaAQMH HOHNWULpQH HQHUJLMH X UD]J]GREOMX ]JLPH =
SURVLQDF VLMHpDQM L YHOMDPRLGRNHVMKMHD VLM HRREEQLM X YR

kako je i pokazano nﬁlika 18]. Rezultati analiza linearne korelacije i regresije prikazani su

u |Tablica33], |Tablica34] i [|[Tablica35|. Svaka od tablica prikazuje svaku od odabranih
JRGLQD ]D VOXpDM $ L % 60XpDM $ RGQRVL VH QD UH]XOW
VOXpDM % RGQRVL VH QD UH]XOWDWH ]D RGDEUDQL JLPVNL
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