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Outline of the presentation
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COP21 Paris Dec. 2015
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Energy-Climate Nexus
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CO2 sources = CO2 sinks  > 2050

Coal (power) & oil (traffic) ≈ 80% of CO2

Negative CO2 emissions   >2050 ???

Fossil fuels now >80% of global energy



Forthcoming energy transition
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http://www.shell.com/global/future-

energy/scenarios/new-lens-scenarios.html

• Fossil fuels of energy: Today >80%; 22% by 2100

IEA transition scenario
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Framework for energy transition

Applied Energy 138 (2015) 150–159



Progress in new energy
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(Source:IEA,2015)

• PV modules (2015) $.53 
Wp

-1; $0.3Wp
-1 (2017); 

• PV systems (2015) $1.65 
Wp

-1 ; $1 Wp
-1 (<2020) 

full global cost-parity



 ½ of all people live in cities (70% by 2040)

 2/3 of energy consumed in cities (80% by 2040)

 Final energy use: thermal energy 50% (heat); 
electricity 20-30%; transport 25-30%

 Urban energy solutions: on-site energy 
generation, urban renewables, waste utilization, 
prosumers, etc.
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UNEP, 2010

Urban environment

important for energy



Example of urban sustainable 

heat: Otaniemi Deap Heat
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Example of single 

urban technologies

[PV-EV]



Combining PV & Tesla Battery
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Hours when solar doesn’t meet demand (black):

Self-use of PV (yearly output =100% of demand)

32% 74% 76% 

PV no battery PV + 1 Tesla battery PV + 2 Tesla batteries

Case: a typical Finnish household, PV(year)=Demand(year)



Peter Lund 2016

Built environment & smart

infrastructures & system

integration for ’new energy’

International Energy Agency (2014), Energy Technology 

Perspectives 2014, OECD/IEA, Paris



Power-to-X (P2X) linked to 

final energy
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Heat 50% 

Power 25%

Fuel 25%



Application of big VRE
*)

& P2X to urban-scale
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Power and heat demand & 
power plants in Helsinki

1GWel ;1.3GWth,CHP ; 2.0GWth,peak

(coal, gas)

*) VRE= variable renewables, 

e.g. solar & wind



How much VRE can urban 

energy systems ‘absorb’?

• Self-use limit (SUL) of VRE typically around 20-30% of yearly demand

• Going beyond SUL increases VRE share of demand, but saturates if SUL>3
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Helsinki & Wind Delhi & PV

= 8000 MWp= 470 MW

Power Power



CONCLUDING REMARKS

• Huge efforts required in clean energy to limit the 
global temperature rise to 1.5 oC;

• New energy technologies will play a key role in the 
upcoming energy transition

• Built environment, systems, and integration are 
key areas for sustainable energy

• Electricity may need to be employed in other final 
energy sectors (through advanced conversion P2X)
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