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O projektu

* Partnerstvo s industrijom
* Trogodisnji projekt: prosinac 2015. — studeni 2018.
e Sudionici: 7 s FER-a, 17 iz HOPS-a i 2 doktoranda
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Ciljevi projekta

* Istraziti procedure vodenja hrvatskog
elektroenergetskog sustava s velikim udjelom
neizvjesne proizvodnje vjetra.

* Pronaci investicijske modele koji bi omogucili .
integraciju velike koliCine vjetroelektrana u hrvatski
elektroenergetski sustav.

* Analizirati potrebe za spremnicima energije u
prijenosnoj mrezi HOPS-a. Navedeno ukljucuje analizu
usluga koje spremnici trebaju pruzati sustavu, kao i
definiranje prikladnih tehnologija spremnika.

* Definirati regulativu vezanu za koristenja spremnika
energije u ovisnosti jesu li su predmetni spremnici u
vlasnistvu HOPS-a ili privatnih investitora.



Pogon spremnika energije

600
2 —%— s120-s00 = *—s120-s0c
= —6— 5202500 = —6— s202-50¢
o 400 I s 120-chidis 5 I s120-chidis
H I s202-chid H I s202-chi
<] -chidis <]
[=N Q
@ 06000004 @
B 200 N 4
2 \ A 2
i B\o—o-6--0-6-6-0- il
= =
s 0 S
= =
] &
= -200 = -200 [
? ?
S S
2 2
& 400 8 400
@ @
%) 0
i i

800 . A T S . . . . L ) 600 . . ) L . L . ) L |

2 4 6 8 10 12 14 186 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)
(a) Day 1 (b) Day 2
600 [ 600
e —%— s120-s00 §120-s00
A = s
400 - I s 120-chidis 400 |- - 202 enidis
I 5202 chidis Q

200 200 [

-200

-200 [

-400 | -400 |

ESS state-of-carge (MWh) and ESS power (MW)
o

ESS state-of-carge (MWh) and ESS power (MW)
o

-600 S PSS -600 S R
2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 i0 12 14 16 18 20 22 24
Time (h) Time (h)
(c) Day 3 (d) Day 4

Zora Luburié, Hrvoje Pandzi¢, Tomislav Plavsié. Assessment of Energy Storage Operation in Vertically Integrated Utility and Electricity
Market, Energies 10, no. 5: 683.



Planiranje ulaganja

e Spremnik u vlasnistvu investitora anticipira ulaganja u
vodove operatora sustava
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Yury Dvorkin, Ricardo Fernandez-Blanco, Yishen Wang, Bolun Xu, Daniel S. Kirschen, Hrvoje Pandzic, Jean-Paul Watson, and Cesar A.
Silva-Monroy. Co-planning of Investments in Transmission and Merchant Energy Storage, IEEE Transactions on Power Systems, vol. 33,
no. 1, Jan. 2018, pp. 245-256.



Planiranje ulaganja
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Kristina Pandzic, Hrvoje Pandzic and Igor Kuzle. Coordination of Regulated and Merchant Storage Investments, IEEE Transactions on
Sustainable Energy, vol. 9, no. 3, July 2018, pp. 1244-1254.



Planiranje ulaganja

TABLE III. IN-SAMPLE COMPARISON OF POST-CONTINGENCY STATES

o U Z| m a nJ e u O bZ| r WITH AND WITHOUT PRII»I‘_;[)ARY FREQSENCY RESPONSE (PFR) IN THE
primarne regulacije '

Sté’;:fe Metric Without PFR | With PFR
# of contingencies 7,722 7.459
% of contingencies
TABLE IV. PRE- AND POST-CONTINGENCY COSTS WITH AND WITHOUT High with unserved demand > .
PRIMARY FREQUENCY RESPONSE (PFR) IN THE PLANNING STAGE. E);F;iiiiuﬁmfd 1,531.7 1,214.5
Storage i i i # of contingencies 8,148 7,666
st Metric Without PFR | With PFR % of contingencies 5167 1,696
Pre-contingency cost, M $ 2,714.7 2:715:3 Med with unserved demand ’ ’
High Post-contingency cost, M $ 153 12.1 Expected unserved
Total cost, M $ 2,730.0 2.921.5 demand, MWh 1,539.9 1,2524
Pre-contingency cost, M $ 2,706.4 2,708.5 # of contingencies 8.482 8.476
Medium | Post-contingency cost, M $ 15.4 12.5 % of contingencies
Total cost, M $ g i B 2,721.0 Low with unserved demand 5.423 5.309
Pre-contingency cost, M $ 2,673.4 2,685.7 E
Low Post-contingency cost, M $ 353 16.7 EpeCte%u;Z;;\;led 3,5494 1,665.7
Total cost, M $ 27089 27024 cmand,

Miguel Carrion, Yury Dvorkin, and Hrvoje Pandzic. Primary Frequency Response in Capacity Expansion, IEEE Transactions on Power
Systems, vol. 33, no. 2, March 2018, pp. 1824-1835.



DC mikromreze sa spremnicima
energije pruzaju regulaciju
frekvencije
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Hrvoje Basié, Tomislav Dragicevi¢, Hrvoje Pandzi¢ and Frede Blaabjerg, DC microgrids with energy storage systems and demand
response for providing support to frequency regulation of electrical power systems, The 19th Conference on Power Electronics and
Applications (and Exhibition) 2017 EPE’17 ECCE, rad 0122, str. 1 — 10.



Uloga spremnika u osiguravanju
adekvatnosti sustava

|.Bistrica

Katoro ()

Role of Energy Storage in Ensuring Transmission

Zora Luburic, Hrvoje Pandzic, Tomislav Plavsic, Ljupko Teklic, and Vladimir Valentic.
System Adequacy and Security, Energy, vol. 156, pp. 229-239, 2018.



Jloga spremnika u osiguravanju
N-1

Zeleni Vir

Zora Luburic, Hrvoje Pandzic, Tomislav Plavsic, Ljupko Teklic, and Vladimir Valentic. Assessment of N-1 Criterion Using Energy Storage,
in Proceedings of 17th International Conference on Environment and Electrical Engineering (EEEIC) 2017, Milano, Italy, June 6-9,
2016, pp. 1-6.



FACTS uredaji i spremnici energije
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Fig. 3. Operating cost savings in all four cases for all four wind scenarios.

Zora Luburic and Hrvoje Pandzic. FACTS Devices and Energy Storage in Unit Commitment, International Journal of Electrical Power &
Energy Systems, vol. 104, pp. 311-325, Jan. 2019.



PST, promjena topologije |
spremnik u svrhu osiguranja N-1
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Zoran Zbunjak, Hrvoje Basié, Hrvoje Pandzi¢ and Igor Kuzle, Phase Shifting Autotransformer, Transmission Switching and Battery
Energy Storage Systems to Ensure N-1 Criterion of Stability, Conference on Sustainable Development of Energy, Water and
Environment Systems (SDEWES 2017), Dubrovnik, Hrvatska, 4-8. listopada, 2017, paper 0292, pp. 1-13.



Upravljanje i zastita
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Igor Ivankovic, Igor Kuzle, Ninoslav Holjevac, Multifunctional WAMPAC system concept for out-of-step protection based on
synchrophasor measurements, International journal of electrical power & energy systems. 87 (2017) ; 77-88



Modeliranje procesa punjenja
baterija
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Hrvoje Pandzic and Vedran Bobanac. An Accurate Charging Model of Battery Energy Storage, IEEE Transactions on Power Systems,
early access.



Standardni model baterija
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Krivulja punjenja
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Oaterlja Asoe A

Predlozeni model punjenija
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Rezultati (1C)

 Bazni model
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Rezultati (1C)

* Predlozeni model
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Rezultati (

1C)

. Linear Energy
Model Baseline CC-CV | Charging
Delivered Simulation 25.00 24.62 2497
energy (MWh) | Experiment 21.36 24.62 24.87
ene%ﬂﬁ‘;%h) Experiment | 21.36 24.62 24.87
Resulting Simulation 272.04 24951 264.71
profit (€) | Experiment 91.02 249.51 259.64




Strucni posjet

* TERNA




Diseminacijske aktivnosti

e ETIP SNET radionica na Cipru

* Smart Grid Viewed from the Regional Cooperation
Perspective konferencija u Briselu

* Novinski ¢lanci

Hrvoje Pand?i¢, docent na  zliku od ih hidro-
Fakultetu elektrotehnikeira- elektrana, praktini zato sm sku vri"ndm. N.ioemia pri-
Cunarstva kofi se bavi istrai- m e moguce pmmm miena baterijskih spremnika
i i i m je arbitraza, odnosno kupovi
l'mrriia i trie gije i njeno
e proi spremanje kada je cijena ni-

mnnd.lmuSADu(umlﬂlur -ljednaobah,isndmimr- skate prodaja, odnosno injek-
ko e proci gracije baterijskil k gile u mrezu, ka
godina d teh- mrekuje  da e cijena visoka. Medutim,
mmmmgm u tome da je motete sezonski -~ spremnici bise mogli oristiti

irati ¥ iza uslugu regulacije. Naime,

na da bi stabilizirala mrezu, i

ied.mumain’iupaxrcb(u & jenja - kad
potrofatko] elektronici

iiiclek- Pandiit i 3 i s, Buduéi
daje pmmmdnya iz vietroe-

lektrana i solarnih elektrana
neupravijiva, spremnici mo-
u nudit slugu regulirani,

adnosno

p.-n.m baterijskih mmnl
Kaenergije.
Jeftini litij

Litij-ionske baterije, kako ka-
khndﬂt danas se ne reci- |
Iiraju buduéi da je jeftinije
kupiti litj iz rudnika za pro- |
fzvodniu novih, anjihova re- |

tricnim voeilima, radise na p.!hmmtubvmhmcn)ese

terifa. Primierice, “dual-car- hatelija uzgradama  1dok se baterija koja biko-
bon"baterijekoje koriste ugljik mozZese OCeldVZﬁ U itala100 dolara po kilovatsa-
tu elektricne energije medu

brzinu punjenja 20 puta u od- m.lnstvmlnmn koji rade na
nosu na lti-lonske baterie. dmm jihovu razvoju smatra “sve-
Timebise premostilanajveca  HIVOje Pandzi¢ nmgnhm 204 godiniba-
zapreka vecoj primjeni elek- terifa za elektri¢ni automobil

tridnih vosila - duen vrileme  mieni bateriia u elektroener-  koStala je izmedu 300i 400 do-



Diseminacijske aktivnosti

 Kolokvij HAZU i HRZZ
e Zagrebacki energetski tjedan
* Medpower 2018




SmartGrid Lab
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SmartGrid Lab
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SmartGrid Lab
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Vladimir Valenti¢, HOPS: Zadovoljenje N-1
kriterija korlstenjem spremnika energije na
otoku LoSinju

Zlatko Ofak, HOPS: Prikljucenje spremnika
energije u prijenosnu mrezu

Pauza za kavu

Zora Luburic, FER: Optimalna ulaganja u
prijenosnu mrezu koristenjem DC i AC modela

Hrvoje Basic, FER: Regulacija frekvencije
koristenjem ‘mikromreia sa spremnicima
energije i odzivom potrosnje

Mateo Beus, FER: Predstavljanje ulaganja i
novosti u SmartGrid Lab-u

Domjenak
Demonstracija Smart Grid Lab-a



