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HOW TO MAKE NEW CROATIAN ENERGY STRATEGY? 

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, 2016

GEOTHERMAL
125 MWt, 295 GWh, 2014



HOW TO MAKE NEW CROATIAN ENERGY STRATEGY? 

 5D approach

Decentralization

Diversification

Decarbonization

Decoupling

Deregulation



5D IN THE DANISH ENERGY TRANSITION?



DENMARK  SEE  THE WESTERN BALKANS



100% RES ISLANDS
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Service
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Mljet 100% RES 2015 216 11

Losinj
100% RES (80% RES 

PTV) 2025 3987 520

Unije 100% RES 2030 95 6

TOTAL 4299 537



100% RES CITIES AND COUNTIES
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100% RES CROATIA!





100% RES ENERGY SYSTEM IN THE SOUTH EAST EUROPE

(BALKANS)?

 11 countries (65.5 mil. ppl)

 765,884 km2  (17% EU)

 85.5 people/km2 (113 ppl/km2 EU)

 8.9% of Europe’s total population

 Average age: 39.8 (42.2 EU-28)

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

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



DEMAND SIDE

 Efficiency increase

 Increase of DH

 Individual HP, solar thermal and biomass boilers

 Industrial CHPs

 Waste heat

 Electrification of industry

 Massive electrification of transport sector (V2G)

 Synthetic fuels as a last resort (CO2 hydrogenetaion)



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



ENERGY SYSTEMS SEE 2012 – 2050?
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Energy systems: 2012 vs. 2050
Electricity generation mix in
2050 [TWh]
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25,63
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Wind PV

River Hydro CSP

Dammed Hydro Geothermal and waste
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ECONOMIC AND TECHNICAL INDICATORS

2012 2050

PES [TWh] 1,426 702.86

CO2 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)!



FAST – METHOD FOR FLEXIBILITY ASSESMENT

 

Step 2: how much of that 

flexible resources is 

available? 

Optimise availability 

of existing flexible resource.  

If necessary, deploy additional 

Step 3: What is the net 

flexibility need? 

Existing flexibility needs 

(demand, contingencies) 

Step 4: Compare need 

with available resources 

Dispatchable 
plant 

Storage Interconnection Demand side 

Additional 
 flexibility needs from 

variable renewables 

Smoothing through 
geographical and  

VRE technology spread 
(assuming a strong grid) 

The power area 

context 

Step 1: identify flexible resource 



FLEXIBILITY GAP



REGIONAL COOPERATION (NORD POOL) AND

DEREGULATION



CREATING A REGIONAL ELECTRICITY MARKET IN THE

WESTERN BALKANS? 

Spot Market Development Cross-border Balancing



CONCLUSIONS

 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



THANK YOU FOR YOUR ATTENTION!
GORAN.KRAJACIC@FSB.HR

The authors would like to acknowledge International Centre for 
Sustainable Development of Energy, Water and Environment 

Systems (SDEWES Centre) for providing the framework for these 
calculations and French Embassy in Croatia for supporting 

awareness and debate in Central and South Eastern Europe on 
climate change.

The contribution from EU projects FP7: S2Biom and DISKNET, IEE: 
STRATEGO, BEAST, Danish innovation fund projects 4DH and 

CITIES have been greatly acknowledged.

Contribution of HR-RS   bilateral project „Energy Planning and 
Modelling of Energy Systems“ have been greatly acknowledged.

mailto:Goran.krajacic@fsb.hr


D.F. Dominković, I. Bačeković, B. Ćosić, G. Krajačić, T. Pukšec, N. Duić, N. Markovska, Zero carbon energy system of South East Europe in 2050, 

Applied Energy, Available online 19 March 2016,

ISSN 0306-2619, http://dx.doi.org/10.1016/j.apenergy.2016.03.046. (http://www.sciencedirect.com/science/article/pii/S030626191630366X)



CROATIAN ENERGY TRANSITION


