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Premises 

 
“Human influence on the climate system is clear. This is evident from 

the increasing greenhouse gas concentrations in the atmosphere, positive 
radiative forcing, observed warming, and understanding of the climate 

system” 
AR5, IPCC 2014 

 
“The ultimate objective of this Convention […] is to achieve […] 
stabilization of greenhouse gas concentrations in the atmosphere  

at a level that would prevent dangerous anthropogenic interference  
with the climate system” 

(UNFCCC Secretariat, 1992) 

 
Integrated Assessment Models (IAMs) are useful tools to determine key 
actions and critical bottlenecks for emission reductions 
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Scope of the challenge to achieve 2°C target 
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Emissions in a 2°C climate policy scenario (POL)  
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Are stringent climate targets achievable, 
and what determines their achievability? 
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Thesis Structure 

Variable Renewable Energies Transport 

Achievability of stringent climate targets 

What are key sectors and technologies for climate change mitigation? 
1 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

2 

How important is solar for  
power sector decarbonization? 

3 

How can transport  
be decarbonized? 

4 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 
5 
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Thesis Structure 

Achievability of stringent climate targets 
        Luderer, Pietzcker, Bertram, Kriegler, Meinshausen, Edenhofer 

Environmental Research Letters (2013) 

5 

Achievability of stringent climate targets 
       Luderer, Pietzcker, Kriegler, Haller, Bauer 

Energy Economics (2013) 

1 

Variable Renewable Energies 

        Luderer, Krey, Calvin, Merrick, 
Mima, Pietzcker, van Vliet, Wada   

Climatic Change (2014)  

2 

      Pietzcker, Stetter, Manger, Luderer                  

Applied Energy (2014) 

3 

Transport 

       Pietzcker, Longden, Chen, Fu, 
Kriegler, Kyle, Luderer       

Energy (2014) 

4 
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Thesis structure 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 

Variable Renewable Energies 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

2 

How important is solar for  
power sector decarbonization? 

3 

Transport 

How can transport  
be decarbonized? 

Achievability of stringent climate targets 

What are key sectors and technologies for climate change mitigation? 

How important is solar for  
power sector decarbonization? 

3 

        What are economic costs and challenges of different climate targets? 
5 

How can transport  
be decarbonized? 

4 

What are key sectors and technologies for climate change mitigation? 
1 



Hybrid energy-economy-climate model 
• Global scope, 11 world regions, international trade 
• Time horizon: 2005-2100 

Economy: 
• Ramsey-type growth model, maximizes intertemporal welfare 
• Pareto-optimal solution with intertemporal equilibrium of capital, energy 

and goods markets 

Energy: 
• ~70 conversion technologies with full capital vintaging 
• Represents endogenous technological improvement (learning curve) 

Climate: 
• Soft-coupled to MAGICC 
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The REMIND model 



Variable Renewable Energies 
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Thesis Structure 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 
5 

Variable Renewable Energies 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

How important is solar for  
power sector decarbonization? 

3 

Transport 

How can transport  
be decarbonized? 

Achievability of stringent climate targets 

What are key sectors and technologies for climate change mitigation? 
1 

How important is solar for  
power sector decarbonization? 

3 

4 

2 



Thesis Structure 
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Solar Power Technologies 

Photovoltaics (PV) 
• Can use indirect light – high latitudes 
• Easily scalable 

 
 
 
 
Concentrating Solar Power (CSP) 
• Needs direct light – low latitudes 
• Thermal power production 
      Heat can be stored cheaply 

 
 

Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 



Two main characteristics of Solar  
1. Temporal variability 

 
2. Heterogeneity in space 
 
 
 
 
Modeling Challenge: 
                                      How to bridge the scales between    

 Reality        IAM  
Hourly fluctuations                   versus        5-year time steps   
Irradiance differs on ~100km     versus        Continental scale   
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Driver 1: VRE Integration 

PVGIS © European Union, 2001-2012 
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New generic approach – cost markups 

Basic idea of approach: 
• Integration challenges increase with the share of each VRE 
 
 
 
 
 
 
 
 
 
 
• Variability can be reduced by storage, else results in curtailment 
• Parameters based on battery and H2 electrolysis costs, detailed modeling 
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Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 
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Resulting integration cost markups 
Specific integration costs (per kWh) 
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Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 

Main takeaways: 
• Integration costs can be of substantial size and need to be represented 
• Generic, flexible approach that can easily be adopted  
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Driver 2: Resource Potential 

Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 
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Driver 3: Technology Costs 
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Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 



Results from improved REMIND 

 



 In cost-optimal climate policy scenarios, 
– PV, CSP and wind are scaled up much earlier and to a larger extent 
– Solar supplies 48% of cumulated 2010-2100 power 
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Solar main source of low-carbon electricity 

Reference (REF) 2°C climate policy (POL) 

Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 
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Solar power has large impact on electricity prices 
Average electricity price 2050-2100 
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Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 
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Results are robust to learning curve assumptions 
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Pietzcker, Stetter, Manger, Luderer (2014) „How important is solar for the power sector?“ 
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Thesis Structure 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 
5 

Variable Renewable Energies 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

How important is solar for  
power sector decarbonization? 

2 

3 

Transport 

How can transport  
be decarbonized? 

Achievability of stringent climate targets 

What are key sectors and technologies for climate change mitigation? 
1 

3 

How can transport  
be decarbonized? 

4 



Transport 



Chain of Causality in the Transport Sector 

Pietzcker, Longden, Chen et al. (2014) „How can transport be decarbonized?” 
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Different views of future transport technologies 
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Types of transport energy in 2100 
%

 F
E

 c
om

in
g 

 fr
om

 w
hi

ch
 P

E
 

R
EF

 

PO
L 

R
EF

 

PO
L 

R
EF

 

PO
L 

Pietzcker, Longden, Chen et al. (2014) „How can transport be decarbonized?” 
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Robust finding: Transport mitigation lags behind 
Re

la
tiv

e 
Em

is
si

on
 re

du
ct

io
ns

  

Pietzcker, Longden, Chen et al. (2014) „How can transport be decarbonized?” 
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Robust finding: Transport mitigation lags behind 
Re

la
tiv

e 
Em

is
si

on
 re

du
ct

io
ns

  

Pietzcker, Longden, Chen et al. (2014) „How can transport be decarbonized?” 
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Robust finding 2: Deep reductions possible 
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Pietzcker, Longden, Chen et al. (2014) „How can transport be decarbonized?” 
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Thesis Structure 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 

Variable Renewable Energies 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

2 

How important is solar for 
 power sector decarbonization? 

3 

Transport 

How can transport  
be decarbonized? 

Achievability of stringent climate targets 

       What are key sectors and technologies for climate change mitigation? 
1 

3 

4 

   What are economic costs and challenges of different climate targets? 
5 



Thesis Structure 



Explore the full map of climate mitigation paths 

31 

Technology  
variation   

Stringency of 
climate target  

Technology  
variation   

Timing of 
climate policy 

Total:  
285 Sceenarios 

Luderer, Pietzcker et al. (2013) „What are economic costs of different climate targets?” 



Economic challenges of mitigation 

32 

Long-term mitigation costs 

Luderer, Pietzcker et al. (2013) „What are economic costs of different climate targets?” 

Long-term mitigation costs 



Economic challenges of mitigation 
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Short-term growth impact Long-term mitigation costs 

Energy Price Increase Carbon Market Value 

Luderer, Pietzcker et al. (2013) „What are economic costs of different climate targets?” 
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Thesis Structure 

Achievability of stringent climate targets 

        What are economic costs and challenges of different climate targets? 

Variable Renewable Energies 

What do different IAMs say  
about the role of renewable energies  

for climate change mitigation? 

2 

How important is solar for  
power sector decarbonization? 

3 

Transport 

How can transport  
be decarbonized? 

Achievability of stringent climate targets 

       What are key sectors and technologies for climate change mitigation? 
1 

3 

4 

5 



Summary 
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Variable Renewable Energies 
• In cost-optimal 2
 

C scenarios, solar power supplies almost half of the 
total electricity production in the 21st century 
 

• If neither photovoltaics nor concentrating solar power are available, 
electricity prices will rise strongly in climate mitigation scenarios 

 
Methodological: 
• Integration challenges need to be adequately represented 



Summary 
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Transport Sector 

• Different models have different ideas about which technologies will be 
used to decarbonize transport 
 

• The transport sector only reacts weakly to moderate carbon prices, and 
mitigation lags 10-30 years behind mitigation in the other sectors 
 

• In the long term, transport emission reductions can be deep (>90%) 



Summary 
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Achievability of stringent climate targets 

2°C target is achievable  
at moderate costs 

Immediate action 

All technologies 

Global cooperation 

IF 



Top 4 policy implications 
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1. Fast climate policy action is key. Delay increases short-term 
challenges substantially 
 

2. The power sector is a low-hanging fruit: variable renewable 
energies offer decarbonization with comparatively low side effects or 
risks. Flexibility options need to be further improved and tested. 
 

3. Policy support has achieved impressive cost reductions and market 
growth for photovoltaics. If policy makers want to sustain the dynamic 
and enable cheap power decarbonization, moderate support is still 
needed. 
 

4. There is no silver bullet for transport decarbonization. Understanding 
and influencing non-monetary drivers is important. 



Thank you for your attention! 

References 
“What are key sectors and technologies?”  
Luderer, G., Pietzcker, R.C., Kriegler, E., Haller, M., Bauer, N., 2012. Asia’s role in mitigating climate change: A 
technology and sector specific analysis with ReMIND-R. Energy Economics 34.  

„What is the role of renewable energy for climate change mitigation?“ 
Luderer, G., Krey, V., Calvin, K., Merrick, J., Mima, S., Pietzcker, R., Vliet, J.V., Wada, K., 2014. The role of 
renewable energy in climate stabilization: results from the EMF27 scenarios. Climatic Change 123. 

„How important is solar for the power sector?“:  
Pietzcker, R.C., Stetter, D., Manger, S., Luderer, G., 2014. Using the sun to decarbonize the power sector: The 
economic potential of photovoltaics and concentrating solar power. Applied Energy.  

„How can transport be decarbonized?“:  
Pietzcker, R.C., Longden, T., Chen, W., Fu, S., Kriegler, E., Kyle, P., Luderer, G., 2014. Long-term transport 
energy demand and climate policy: Alternative visions on transport decarbonization in energy-economy models. 
Energy 64. 

“What are economic costs and challenges of different climate targets?”:  
Luderer, G., Pietzcker, R.C., Bertram, C., Kriegler, E., Meinshausen, M., Edenhofer, O., 2013. Economic mitigation 
challenges: how further delay closes the door for achieving climate targets. Environ. Res. Lett. 

39 


	Slide Number 1
	Premises
	Scope of the challenge to achieve 2°C target
	Slide Number 4
	Thesis Structure
	Thesis Structure
	Thesis structure
	The REMIND model
	Variable Renewable Energies
	Thesis Structure
	Thesis Structure
	Solar Power Technologies
	Driver 1: VRE Integration
	New generic approach – cost markups
	Resulting integration cost markups
	Driver 2: Resource Potential
	Driver 3: Technology Costs
	Results from improved REMIND
	Solar main source of low-carbon electricity
	Solar power has large impact on electricity prices
	Results are robust to learning curve assumptions
	Thesis Structure
	Transport
	Chain of Causality in the Transport Sector
	Different views of future transport technologies
	Robust finding: Transport mitigation lags behind
	Robust finding: Transport mitigation lags behind
	Robust finding 2: Deep reductions possible
	Thesis Structure
	Thesis Structure
	Explore the full map of climate mitigation paths
	Economic challenges of mitigation
	Economic challenges of mitigation
	Thesis Structure
	Summary
	Summary
	Summary
	Top 4 policy implications
	Thank you for your attention!

