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Area Consumption of Renewable Energies: 

 Geothermal Heat 

 Solar Energy 

 Wind Power 
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Research questions 
•  Main question: What is the area requirement (m²/kWh/year) 

of selected renewable energies and what are the local energy 
yield variations? How can land use competition with non-energy 
land use types and the environmental impacts of renewable 
energy production be classified? 
•  Secondary question: How are the land requirements and 

competition of renewable energy production to be classified in 
“Integrated regional Spatial & Energy Planning"? 
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Population Densities and Shares from ren. Energies (2013) 
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Contribution Shares from ren. Energies (2004 - 2013) 
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Integrated Spatial  
and Energy Planning??! 
 

! Zukunft ?

"Energieraumplanung“is the integral 
component of spatial planning that 
deals comprehensively with the spatial 
dimensions of energy consumption and 
energy supply."  
 
Source: ÖROK Partnerschaft/Stöglehner 
2014 
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Methodology:  
The “Sustainable Process Index” 
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Atot = AR + AE + AI + AS + AP 
AR = ARR + ARF + ARN 
AI = AID + AII 
 
Atot = (ARR + ARF + ARN)+AE+(AID + AII)+AS + AP 
 
 
“The areas on the right hand side are the "partial areas" that refer to the impacts of the different productive aspects. 
AR, the area required for the production of raw materials, is the sum (equ. 2) of the areas to provide renewable raw 
material (ARR), fossil raw material (ARF) and non-renewable raw material (ARN). AE is the area necessary to provide 
process energy including electricity. AI, the area to provide the installation for the process, is the sum (equ. 3) of the 
direct use of land area (AID) and the area for provision of buildings and process installations (AII). AS is the area 
required for support of staff and AP is the area for sustainable dissipation of emissions and waste products into the 
ecosphere.” Source: Narodoslawsky & Krotschek 1996 
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The „Catalogue“ of renewable energy plants: 
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Area consumption=Horizontal Potential size 

 Geothermal Heat 

 Solar Energy 

 Wind Power 

 Biomass 
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The „catalogue“: Samples 
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Wind power, Neusiedl  
am See, Burgenland 

PV-Solar park, 
Oberzeiring, 

Steiermark 

Biomass plant, 
wooden chips  

Rankweil,  
Vorarlberg 

Geothermal heat, 
ATRIO Shopping 
center Villach, 

Kärnten 
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Geothermal Heat: Samples 
 

!? Zukunft 

 
 
 
 
 

Agro-
thermal 
heat 
(shallow 
pipes) 
1,5 ha 
0,3 MW 
600 MWh/a 

Shallow 
Geo-
thermal 
(deep 
probes) 
2,8 ha 
14 MW 
1.220 MWh/
a 

Shallow 
Geo-
thermal 
(deep 
probes) 
45 ha 
6,2 MW 
14.196 
MWh/a 
 

Deep 
geothermal 
(hydro-
thermal) 
2.890 ha 
2 MW 
15.300 
MWh/a 
 

Deep 
geothermal 
(hydro-
thermal) 
8.611 ha 
9,4 MW 
46.500 
MWh/a 
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Geothermal heat: Findings on the research questions 
Unsatisfactory response quality due to 
empirical uncertainties: 
•  Sources do not always document the E-

surface, therefore it must be roughly 
estimated on the basis of the size of the 
plot. 

•  In the case of deep hydrothermal 
geothermal energy, area estimates are 
very questionable 

•  Records of good data quality show yield 
values of 30 to 70 kWh/m²/a 

•  Deep probe collector energy yields are 
more independent of position than 
shallow collector energy yields, and 
clearly more efficient per m² than the 
latter 

!? Zukunft 
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Solar Energie: Samples 
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Very small 
PV unit 
(build. 
integrated) 
1,2 m² 
150 W 
1330 kWh/a 

PV, facade 
integrated 
0,02 ha 
0,03 MW 
16 MWh/a 

PV, large 
plant 
(elevated 
collectors) 
2,7 ha 
2 MW 
1.800 MWh/a 

Small Solar 
thermal 
(flat 
collectors, 
full area, 
roof-
integrated) 
10 m² 
2 MWh/a 
 

Big Solar 
thermal 
(rooftop, 
elevated 
coll.) 
0,5 ha 
1,8 MW 
1.600 MWh/
a 
 

Huge solar 
thermal 
(open space, 
incl. storage 
lake) 
23 ha 
49 MW 
28.000 MWh/
a 
 

#15 von 35  



Solar Energy: Findings on the Research Questions 
 Good "response quality" for the following reasons: 
•  Energy potential areas are clearly visible and 

measurable (e.g. from aerial photographs) 
•  The location records often have a good to very good 

data quality. 
•  Even if this is not the case, very well validated 

modelling tools "help”to achieve realistic 
estimations 

•  The records with good data quality show values 
between 65 and 170 kWh/m²/a (photovoltaics) and 
100 and 230 kWh/m²/a (photovoltaics) 

•  Differences in the North-South energy yield are 
surprisingly small. Example: Northern Scotland: 
North Africa approx. 1:2, within Austria average 
approx. 900-1,000 full-load hours 

!? Zukunft 
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Wind Power: Samples 
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Single 
(onshore, 
plains) 
25 ha 
7,5 MW 
15.000 
MWh/a 

Cluster 
(onshore, 
plains) 
785 ha 
79 MW 
166.320 
MWh/a 

Row 
(onshore, 
alpine 
ridge) 
150 ha 
15 MW 
15.000 
MWh/a 

Row 
(onshore, 
plains) 
11 ha 
1,9 MW 
3.716 MWh/
a 
 

Cluster 
(off-, on-, 
near- 
shore) 
5.700 ha 
344 MW 
937.800 
MWh/a 
 

Cluster 
(offshore) 
24.700 ha 
630 MW 
2.500.000 
MWh/a 
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Wind Power: Findings on the research questions 
 

!? Zukunft 

Good "response quality" for the following 
reasons: 
•  Energy potential areas are clearly 

visible and measurable (e.g. from 
aerial photographs). 

•  The location records often have good 
to very good data quality. 

•  Single or Row-shaped Turbine 
formations require significantly less 
space per electricity yield than 
clusters. 

•  Huge specific differences in 
electricity yield (10 to 129 kWh/m²/
a), also with the full load hours (1,000 
to over 4,000 h/a). 

•  Highest absolute, but lowest relative 
electricity yields for offshore plants. 
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Biomass: Samples 
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Wooden 
chips 
(district 
heating) 
568 ha 
1,7 MW 
10.000 
MWh/a 

Straw 
(district 
heating) 
600 ha 
2,5 MW 
8.333 MWh/
a 

Org. 
Ethanol 
4.291 ha 
x MW 
177.600 
MWh/a 

Biogas , 
Corn 
(default, 
distr. 
heating) 
100 ha 
3 MW 
5.900 MWh/
a 
 

Poplar,  
(short 
rotation, 
default, 
distr. 
heating) 
100 ha 
3 MW 
7.040 MWh/
a 
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m²/kWh/a: Treemap Comparison 
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m²/kWh/a and kWh/m²/a: Efficiency Ranking 
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Links between kWh/m²/a (E-consumption) and renewable E-generation 
 

!? Zukunft 

#25 von 35  



Vergleich: Flächeneffizienz, -konkurrenz, Umweltwirkungen  

!? Zukunft 

Energieanlagentyp m²/kWh/a Lageabhängig-
keit d. 
Potenziale 

Konkurrenzierung 
anderer Flächen-
funktionen 

Landschafts- oder 
Ortsbildeinfluss 

CO2 SOx, NOx, CxHy, 
CO, Staub 

Geothermie, Wärme, Seichte Geothermie, Flach- oder Tief-
kollektoren 

mittel gering gering gering gering gering 

Windkraft, Elektrizität, Onshore, Cluster, Ebene mittel hoch mittel hoch gering gering 

Windkraft, Elektrizität, Onshore, Einzelanlage, Ebene gering mittel gering gering gering gering 

Windkraft, Elektrizität, Onshore, Reihe, Bergkamm mittel hoch mittel hoch gering gering 

Solarenergie, Wärme, ST, Schrägdach-Anlage vollfl. gering gering gering mittel gering gering 

Solarenergie, Wärme, ST, Flachdach-Anlage, aufgest. 
Kollektoren 

gering gering mittel gering gering gering 

Solarenergie, Elektrizität, PV, mobiles Kleinstpaneel, 
vollflächig 

gering gering gering gering gering gering 

Solarenergie, Elektrizität, PV, Freiflächenanlage, aufgest. 
Kollektoren 

mittel gering mittel hoch gering gering 

Biomasse, Wärme, Agrarisch, Mais (Biogas) hoch mittel hoch gering gering mittel 

Biomasse, Wärme, Forst, Hackschnitzel hoch mittel gering gering gering mittel 
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Comparison: „overbuilt“ landuse and entire potential area 

!? Zukunft 

Name der Energieanlage, Art, Lage 
Flächengrößen  

Situation im Raum (Satellitenbild) Name der Energieanlage, Art, Lage 
Flächengrößen   

Situation im Raum (Satellitenbild) 

Windpark Neusiedl 
Mastfundament u. Wartungsflächen, 
Zufahrtswege 4,4 ha   
Windparkfläche 785 ha   
Direkt: Potenzial=1:178 

Solarpark Oberzeiring, Steiermark 
Kollektorenflächen 2,1 ha 
Gesamte Solarparkfläche 4,8 ha 
Direkt: Potenzial=1:2,3 
 

Biomasse-KW Rankweil, Vorarlberg 
Kraftwerksgelände inkl. Hackschnitzel-
Speicheranlagen 0,74 ha 
Waldfläche 568 ha   
Direkt: Potenzial=1:792 

Geothermie ATRIO Shopping center 
Villach, Kärnten 
Techn. Anlagenbauteile (Speicher, 
Steuerung) Fläche: k.A.   
Potenzialertragsfläche d. Erdreiches = 
Fundamentfläche 2,86 ha 
 

Solarthermieanlage Messe Wels, 
Oberösterreich 
Kollektorenflächen 0,8 ha 
Gesamtfl. des Flachdaches 1,57 ha 
Direkt: Potenzial=1:1,96 

ZUSÄTZLICHE Flächeninanspruchnahmen:  
 
Windkraft, Geothermie, Solarenergie: keine 
Biomassen: Kraftwerksgelände, Lager, Speicher, Umwandlungsanlagen 
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Conclusion: Response Quality (m²/kWh/a) on the Research question 

? Zukunft !

(Berchtold-Domig et al. 2015): m²/kWh/a 
E-Ertrag Holz, normaler Wald netto 0,680 
Kurzumtrieb Pappel 0,317 
Windkraft (ab 4 WKA, Annahme 8,6 ha je Anlage) 0,014 

PV-Freifläche bzw. PV-Dachfläche (Annahme 60% Flächenverlust wegen Schattenwurf) 0,023 

Grünland Gülle - Biogas 4,155 
Energiemais - Biogas 0,395 
(Stanzer, G. et al 2010):   
Kurzumtrieb, Pappeln 0,142 
Biogas, Mais 0,169 
Forst, Wald-Hackschnitzel 0,568 
(Kaltschmitt et al. 2009, S. 182):   
Stroh 0,639 
(Bundesinstitut für Bau-, Stadt- und Raumforschung 2010, S. 9):   

Biomasse-Anbau 0,490 
Biomasse-Reststoffe 0,740 
Geothermie 0,020 
Windenergie 0,070 
Photovoltaik 0,060 
Solarthermie 0,030 
Umgebungswärme 0,030 
Erdwärmesonden 0,110 
Abwasserwärme 0,530 
Österr. Katalog-Records (Durchschnitte):   
Seichte Geothermie, Tief- oder Flachkollektoren 0,025 
Windkraft, Cluster 0,04 
Photovoltaik, Freiflächen- oder Dachanlage, aufgest. Kollektoren 0,02 
Solarthermie, Freiflächen- oder Dachanlage, aufgest. Kollektoren 0,01 
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Conclusion: Further development of the „catalogue“ 
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•  more samples needed 
•  Biomass and geothermal heat: requires 

more fundamental research on the 
(local) energy yield differences AND 
the assumptions out of the literature 
benchmarks 

•  Manifold options as open decision 
support tool are possible …  

•  … e.g., as open access database map 
for researchers 

•  … and publications to reflect on its 
future properties. 
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Conclusion: Additional E-Potentials in AT? 

? Zukunft !
#31 von 35  

•  Clearly „underused“: geothermal 
heat and solar energy 

•  Serial implementation of huge 
energy plants, but with integrated 
spatial energy planning? 

•  Almost exploited: wind power, 
Biomass 

•  Additional biomass potentials only 
by system boundary research 

•  Wind Power: Repowering, 
redensification, national concept 

•  Multi-Layer-Energy-Generation! 

Bruttoinlandsverbrauch Erneuerbare pro Kopf 2014 

Anteile erneuerbarer Energieträger  
Österreich 2015 



Conclusions: Between urban and rural areas … 

? Zukunft !

•  define new energy 
alliances 

•  explain the 
successes of regional 
decision-making 
processes in terms 
of social science 
AND energy 
technology in a 
repeatable way 

•  Establish regional 
energy spatial plans 
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Create integrated regional & spatial energy plans! 
But take care for responsibility and roles of leadership or „just“ cooperation  
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Now: Discussion & questions! 
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•  Which spatial-energy related planning policies are active in Kosovo? 
•  What is their steering mechanism and their binding quality- and on 

which level (national, regional, municipalities, settlements)? 
•  What do the (UBT) planning and energy experts think of improving 

the policies in the future? 
•  Is there a strong awareness for “energy” (also compared to other 

“daily life” topics) among non-experts and in the civil society? 

#32 von 35  



Thanks! 
 

Hartmut	  Dumke,	  Dipl.-‐Ing.	  Dr.	  Techn.	  
TU	  Wien,	  Ins+tute	  for	  Spa+al	  Planning,	  Research	  Unit	  Regional	  Planning	  

and	  Regional	  Development	  
A-‐1090	  Wien,	  Augasse	  2-‐6,	  2nd	  floor,	  sec+on	  B	  

t:	  +431-‐58801-‐280705,	  +	  43-‐6991-‐9230-‐252	  
e:	  hartmut.dumke@tuwien.ac.at	  
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Geothermie: Flächenkonkurrenzen 
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Solarenergie: Flächenkonkurrenzen 
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Windkraft: Flächenkonkurrenzen 
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Biomasse: Flächenkonkurrenzen  
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Conclusions: „Positioning“ of the catalogue 
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„Steuerungshebel“ der Stadt- und 
Raumplanung 

Steuerungsebenen 

Gemeinde 
 

Region Bundesland 

Eigenschaften des „Gebäudeparks“ Instrument: Baugenehmigung Aktivität: Bauberatung Aktivität: Bewusstseinsbildung Instrument: Wohnbauförderung, 
Bauordnung 

Siedlungsstruktur, Funktionsmix, Dichte Instrument: Quartiersentwicklungskonzept (Dichte, 
Erdgeschoßnutzungen, zentrale und dezentrale Versorgungs-
Infrastrukturen) 
Instrument: Energie-Layer im örtlichen Entwicklungskonzept 

Aktivität: Interkommunale Abstimmungen zu 
Betriebsstandort-Entscheidungen 

Instrument: Betriebsstandorte-Reglements 
in Raumordnungsgesetzen 

Erneuerbare Energiepotenziale Empirische Erkenntnisse aus dem „Katalog der Flächenbedarfe erneuerbarer Energieanlagen“: 
• m²/kWh/a 
• Flächenkonkurrenzen & Umweltwirkungen 

Instrument: Energie-Layer im örtlichen Entwicklungskonzept 
Aktivität: IST und SOLL für Quartiere und Landschafts-
einheiten definieren 

Instrument: Energie-Layer im regionalen 
Entwicklungskonzept 
Aktivität: 
Flächenmanagement und Gemeindetypisierung 

Instrument: Vorrang- und Ausschluss 
Zonen (überörtliches Sachkonzept) 
Aktivität: Grundlagenforschung, 
Potenzialkartierungen, open Data 

Mobilitätsinfrastruktur Instrument: Kommunales Mobilitätskonzept (Lokaler ÖV, 
Mikro ÖV, Rad- und Fussverkehrsangebote incl. Walkability & 
Bikeability1), Energie-Layer im örtlichen Entwicklungskonzept  

Aktivität: Interkommunale Abstimmungen zum Regional- und Alltags-ÖV, und zu 
gemeindeübergreifenden Radwegen 

Mobilitätsmanagement Instrument: Kommunales Mobilitätskonzept Aktivität: Bewusstseinsbildung Instrumente: Tarifgestaltung, 
Stellplatzverordnungen 

Energiestrategien Instrument: E5 (überall), EKKO (Bgld), EGEM (OÖ), 2000 W 
Gemeinde, … 

Instrument: E5 für Regionen Instrument: Energiestrategie des 
Bundeslandes 
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Energieraumplanung im „regionalen Steuerungsvakuum“ 
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