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outline 

• Challenges of  

– Defining urban areas  

– Defining urban energy use 

• Empiric patterns of urban energy use based on 
available literature data 

• Conclusions for global climate mitigation 
strategies at the urban scale 



Urban Population by City Size Class in 2005 
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Source: UN World Urbanization Prospects 2009 
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Urban Population und Settlement Size 
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• Urbanization is 
projected to rise fastest 
in small centers 

• They are less 
constrained by already 
existing infrastructure 
and other land use 
conflicts 

• But the capability of 
such settlements to act& 
implement is also weak. Source: UN World Urbanization Prospects 2009 



• a globally harmonized  and comparable database of urbanization is needed 
• Spatially explicit projections as well 

(Source: Thomas Buettner, 2007) 

Varying definitions for urban areas 



Urban Energy Use (TJ) in Asian Cities: 
The Importance of Systems Boundaries 

Sources: Dhakal, 2007.  



Direct and indirect energy consumption of Singapore 



How Urban was the World AD 2000? 

Indicator Source Range Ref. Range

Area (1000 km2) 2929 1 313-3524 Schneider et al., 2009
% of total 2.2 0.2-2.7 GlobCover-GRUMP

Population (million) 2855 2 2650-3150 Uchida&Nelson, 2008

% of total 47 44-52 size threshold: 100,000-50,000

GDP (MER 1990$) (billion) 21991 1

% of total 81 ??

Final energy use (EJ) 239 1 176-246 GEA KM18, forthcoming

% of total 76 56-78

Light luminosity (million NLIS) 33 3,1

% of total 57 50-82 IIASA, unpubl.

Internet routers (number in 1000) 592 4,1

% of total 96 73-97 IIASA, unpubl.

1 IIASA

2 UN 2010

3 NOAA 2008

4 M. Crovella 2007



Final Energy Use per Capita vs. Population Density 



Empiric observations  
from literature reviews 

• Collection of urban scale final energy 
consumption data from various sources 

 

• Economic GRP/ Regional value added data 
from Price Waterhouse Coopers rank 
distribution of urban GDP, Eurostat GVA data 
at NUTS3 level and other sources. 

 



 Urban energy consumption database and 
estimations of urban energy intensities  

Covering in total about  
 8% of the global population, 15% of the world urban population  
42 EJ (13%) of global final demand,  
about 10 trillion$ GRP (about 25% of global GDP) 
 
 



Variable correlations with economic activity 

Urban Energy use is in the range of Petajoules, GRP in the order of 100s of billion $: 
 = comparable to small or middle sized national economies 



 

Blue: urban TFC/cap< national TFC/cap;  Red: urban TFC/cap> national TFC/cap 

Final energy use per capita, annex 1 cities 
(compared to national consumption) 



Final energy per capita, non annex 1 cities 
(compared to national consumption)  

 

Blue: urban TFC/cap< national TFC/cap;  Red: urban TFC/cap>national TFC/cap 



Rank Size of Urban Energy Use (direct final energy in EJ) 

positive agglomeration economies of bigger urban centers, threshold effects. 



Opportunities for climate change 
mitigation at the urban scale 

• Spatial coincidence of various energy demand 
patterns (quantity, quality, timing) 
→ suitability for co -generation of cooling heat and power 

• High metabolic density 
→ Recycling systems (heat, material) 
→ waste to energy systems 

• High settlement density 
→ High quality public transport systems are economical 

• Network externalities 
→ Urban centers as location of inovation “hubs”  
→ Mobilization of capital and actors 

 → Positive agglomeration effects 

 



Hierarchy of urban climate mitigation 
opportunities 

1. Spatial/geographic division of labor 
(Trade, economic structure) 

2. Urban form 
(funktional Integration, public transport, car 
density, alternatives…) 

3. Energetic End use efficiency 
(buildings, appliances, processes) 

4. Energy system integration 
(co-generation, use of waste heat) 

5. Energy-mix, supply (e.g. renewables) 

 

Decreasing importance 

Rising  capability of 
urban institutions to act 
and implement 
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Global Energy Assessment 

www.globalenergyassessment.org 
 The “IPCC of Energy” 

An international, multi-stakeholder assessment 

 


