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How TO MAKE NEW CROATIAN ENERGY STRATEGY?

DANICZA
Horvalzka, Slavonzka y Dalmalinzka.

Techaj I Dana 14. Szusheza 1835. Br. 10.

Podetak je veckrat dala
Stvar velikoj sréci mala.
Velike i diéne stvari
Stvar maljahna veckrat skvari.
Vitezovié.

HORVATSKA DOMOVINA. Kolo vode, zivo kolo,
I na berdu, i v dolini,
Plesu mladji sve okolo; —

Mi smo, pobre, v domovini!

Magla, sto li, Unu skriva?
Ni I' to nasiu jauk turobni?
Tko li moleé¢ smert naziva?
I' slobodni, il' su robni?

»Rat je, bratjo, rat junaci,
Pusku hvataj, sablju pasi,
Sedlaj konjée, hajd pesjaci,
Slava budi, gdi su nadil“
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GEOTHERMAL
125 MWt, 295 GWh, 2014

HYDROPOWER
2200 MW, 9000 GWh, 2014

BIOMASS

(agriculture and forests)
56 MWe, 388 GWh, 2016
515 MWt, 12600 GWh, 2014

SOLAR ENERGY

50 MWe, 61 GWh, 2016
113 MWt, 107 GWh,2014
WIND ENERGY

412 MW, 1018 GWh, 201




How TO MAKE NEW CROATIAN ENERGY STRATEGY?

5D approach
Decentralization

Diversification
Decarbonization
Decoupling
Deregulation
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5D IN THE DANISH ENERGY TRANSITION?
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DENMARK = SEE =» THE WESTERN

Gross inland energy consumption by fuel type
1 000 tonnes of oil equivalent
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1007% RES ISLANDS

Average wind velocity [mes]

Manufacturing O&M and
Island Scenario/year and Installation Service
(person years) (Jobs)
Mljet 100% RES 2015 216 11
100% RES (80% RES
Losinj PTV) 2025 3987 520
Unije 100% RES 2030 95 6
TOTAL
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1007% RES CITIES AND COUNTIES

kWh
800.000.000 M Proizvodnja VE*
700.000.000 B Proizvodnja HE
600.000.000 -  Lastovo
500.000.000 - H Mijet
M Blato
400.000.000 - w Smokvica
300.000.000 - M Vela Luka
200.000.000 - W Korcula
M Konavle
100.000.000 - M Zupa dubrovacka
0 - M Ston
2012. procjena2013. lokalno 2012. M Potroénja DU-NE 3upanija
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1007% RES CROATIA!
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H Coal = Oil N. gas

H River Hydro ® Small Hydro H Hydro storage

m Wind PV i Geothermal

M Biomass + Waste (DH, CHP, PP) m Biomass (biofuels, biogas) m Biomass (industry)

u Biomass (households) u Solar thermal
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Energy

Volume 48, Issue 1, December 2012, Pages 80-87 B—

A 100% renewable energy system in the year 2050: The case
of Macedonia

Boris Cosic ® 1. ® Goran Krajagic® 3 ™ Neven Duic? 3
+ Show more

http://dx.doi.org/10.1016/j.energy.2012.06.078 Get rights and content
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100% RES ENERGY SYSTEM IN THE SOUTH EAST EUROPE
(BALKANS)? e A

© 11 countries (65.5 mil. ppl) =

GENTEENT

© 765,884 km? (17% EU) S g

Macedonia
K(FYROM)

o 85.5 people/km? (113 ppl/km? EU)

o 8.9% of Europe’s total population

o Average age: 39.8 (42.2 EU-28)

o Urban population: 59 % (72.4% EU-28)

o GDP per capita: 9,922 $ (Slovenia: 23,962; Kosovo:
3,877%)




A 1G: STEAM 2G:INSITU 3G: PREFABRICATED 4G: 4th GENERATION
Steamn systern, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy dermands
in concrete ducts Heavy equipment Industrialised compact Smart energy (optimum
[ Large "build on site” stations substations (also with insulation) interaction of energy
% Temperature < 200°9C Metering and monitoring sources, distribution
level and consurmption)
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SUPPLY SIDE

PV: 65 GW

Wind: 50 GW

CSP: 11 GW

Dammed hydro: from 18.8 to 23.5 GW
Large-scale HPs: 1.5 GW

Solar thermal with energy storage in DH: 13.3 %
Seasonal thermal energy storage: 230 GWh
Waste incineration plants: 0.96 GWe
Geothermal plants: 1.25 GWe

Geothermal heating plants: 7.5 GW

River hydro, pumped-hydro 2 GW, 1000 GWh
Decomission of nuclear PPs

Reduction in thermal power plants capacity to 24.7 GW
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ENERGY SYSTEMS SEE 2012 — 2050?

Electricity generation mix in

Energy systems: 2012 vs. 2050

2050 [TWh]
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ERi ]
m Renewable electricity @ Renewable heat River Hydro €SP
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M Biomass I Biomass
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ECONOMIC AND TECHNICAL INDICATORS

PES [TWh] 1,426 702.86
CO, emissions [Mt] 332 0
CEEP [TWh] 0 15.64

Total annual socio-economic cost [MEUR] 63,903 44,415

Sustainable use of biomass
(785 PJ in the year 2050)!
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FAST — METHOD FOR FLEXIBILITY ASSESMENT

Step 1: identify flexible resource

y 2.7 7 4

Step 2: how much of that

flexible resources is The DOV\t/ertarea
available? contex
Smoothing through l : - .
geographical and Step 3: What is the net Existing flexibility needs
VRE technology spread > flexibility need? «—

(demand, contingencies)

(assuming a strong grid) : _ i

Step 4: Compare need
with available resources

v

Optimise availability
of existing flexible resource.
If necessary, deploy additional

g,

MACEDONIAN ACADEMY OF SCIENCES AND ARTS

Bul. Krste Misirkov 2, 1000 Skopje, Republic of Macedonia, P-O. Box 428
www.manu.edu.mk

‘email: manu@manu.edu.mk

tel: +389 2 32 35 400 fax: 4389 2 32 35 500

= |
@P""hn K n%p
Dony g 0%

%

]

2

7
%




g"&md ,
&)
oy S

%

FLEXIBILITY GAP
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Volume 115, Part 3, 15 November 2016, Pages 1701-1709 I

Two methods for decreasing the flexibility gap in national
energy systems

llija Batas Bjelic> ® . ® Nikola Rajakovic® ™ Goran Krajacic® ™ Neven Duic? &
+ Show more

http://dx.doi.org/10.1016/j.energy.2016.07.151 Get rights and content
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REGIONAL COOPERATION (NORD POOL) AND
DEREGULATION

West Denmark, Monday, 2016-8-29
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CREATING A REGIONAL ELECTRICITY MARKET IN THE
WESTERN BALKANS?

Spot Market Development Cross-border Balancing
100% 100%
80% <2 T— —
60% 60% ‘
40% 40%
20% B . -
i = l = o
Albania Bosniaand Kosovo  FYRof Montenegro Serbia Albania Bosniaand Kosovo  FYRof Montenegro Serbia
Herzegovina Macedonia Herzegovina Macedonia
W Implementation since Vienna Summit W Implementation since Vienna Summit _
W State of Implementation before Vienna Summit W State of Implementation before Vienna Summit

Energy Community

SO0 14 g, *
I_sf' =~ A MACEDONIAN ACADEMY OF SCIENCES AND ARTS G EE
2 : Bul. Krste Misirkov 2, 1000 Skopje, Republic of Macedonia, P-O. Box 428 * * '
[O] 5 www.manu.edu.mk X *
& email: manu@manu.edu.mk e 5
Y oo > tel: +389 2 32 35 400 fax: +389 2 32 35 500 sdewes x

e \CKa
Meyyi W

)




CONCLUSIONS
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It is possible to build 100% RES of the Southeast Europe

Significant integration of different energy subsectors is
needed in order to integrate high share of intermittent
RES

Biomass consumption is sustainable

Thermal and gas storage need to be maximally utilized, as
well as V2G concept for providing flexibility and energy
storage

Many coordinated steps are needed in order to reach zero
carbon energy system

Strategies and actions must be identified, planned and
coordinated on EU, macroregional, national, regional, city
and local levels
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CROATIAN ENERGY TRANSITION
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