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283 Land 
Regions

32 Energy 
Economy 
Regions

235 Water 
Basins

 GCAM is a global integrated assessment model
 GCAM links Economic, Energy, Land-use, Water, and Earth systems

• Runs in 5-year time-steps

• Meant to analyze consequences of policy 
actions and interdependencies

• Used to evaluate impacts of these threads:
• Socioeconomic development
• Climate treaty compliance
• Technology and resource developments
• Energy policies

GCAM is an open-source 
community model
Documentation available at: 
wiki.umd.edu/gcam

Model Overview
GCAM: Global Change Assessment Model
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Review of GCAM scenarios
Policy & Technology
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We explore Energy Sustainability using 
scenarios

We explore two dimensions

POLICY

TECHNOLOGY
(Renewables)



4.2°C 
temp 
increase

Global GHG emissions (GtCO2e)

Reference: SSP2 
assumptions lead to 
>4 degree climate 
change by 2100
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GHG emissions and temperature rise
ENERGY

GCAM: Preliminary Modeling Results
Exemplary results: “Energy and Environment”



• Reference: SSP2 
assumptions
• Reference 

technology
• Advanced 

renewables

4.0 - 4.2°C 
temp 
increase

Global GHG emissions (GtCO2e)
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GCAM: Preliminary Modeling Results
Exemplary results: “Energy and Environment”

GHG emissions and temperature rise
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• Renewable Energy Share in 
Final Energy Use

• Advanced RE increases the 
RE share of final energy in 
the Reference and P2C 
scenarios

• Other technologies have 
minor impact on the RE 
share in final energy in the 
Reference scenario 

November 22, 2018

Global share of RE in final energy 
(percent) 

Adv. Ren

Adv. Ren

GCAM: Preliminary Modeling Results
Exemplary results: “Energy Security”
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• Energy 
Expenditure 
Relative to GDP

• Advanced 
renewable 
technologies help 
reduce the policy 
impact.
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Global energy expenditures as share of GDP 
(percent)

REF
Adv. Nuc

(SMR)

Adv. Ren

GCAM: Preliminary Modeling Results
Exemplary results: “Quality of Life”



• Renewable Energy Share 
in Final Energy Use

• Renewable energy use 
rises with mitigation 
ambition

• None of the scenarios 
meet the SE4all 2030 
target (36%).

• Advanced RE has 
significant impact on 
SSP2, current policies.

UNECE region share of RE in final energy (percent) 

November 22, 2018
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GCAM: Preliminary Modeling Results
ES-M3: Increase Renewable Energy
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MESSAGE: Preliminary Modeling Results
Electricity Generation

Electricity generation by technology, UNECE
Reference technology dynamics

 Large penetration 
of natural gas

 Slow but steady 
reduction in the 
use of coal

 Modest expansion 
of renewables

 Steady decline of 
nuclear power
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MESSAGE: Preliminary Modeling Results
Renewables: The role technology change

Advanced renewable technology dynamics
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MESSAGE: Preliminary Modeling Results
Electricity Generation: The Role of Renewables

Electricity generation by technology, UNECE
Advanced renewable technology dynamics

 Accelerated 
penetration of 
renewables

 Slower 
penetration of 
natural gas

 Faster reduction in 
the use of coal

 Steady decline of 
nuclear power
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MESSAGE: Preliminary Modeling Results
Electricity Generation: The Role of Renewables

Electricity generation by technology, UNECE
Advanced renewable technology dynamics


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MESSAGE: Preliminary Modeling Results
Electricity Generation

Generating capacity by technology, UNECE
Reference technology dynamics
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MESSAGE: Preliminary Modeling Results
Electricity Generation

Generating capacity by technology, UNECE
Advanced renewable technology dynamics
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MESSAGE: Preliminary Modeling Results
Electricity Generation

Electricity capacity by technology, UNECE
Difference: Adv. RES minus REF
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MESSAGE: Preliminary Modeling Results
Electricity Generation

Cumulative Investments, UNECE
Difference: Adv. RES minus REF
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MESSAGE: Preliminary Modeling Results
EN-M1: Global GHG emissions

Global GHG emissions, UNECE
Advanced renewable technology dynamics
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MESSAGE: Preliminary Modeling Results
EN-M1: Global GHG emissions

Global GHG emissions, UNECE
Advanced renewable technology dynamics
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Summary Remarks
The role of renewables

I. Technology change and technology learning improving the techno-
economic performance of renewables advance the market penetration 
of renewables

II. Technology change is a necessary but not sufficient condition 

III. Renewable energy use rises with mitigation ambition

IV. None of the scenarios meet the 36% SE4all target by 2030 

V. Accelerated energy system transformation needs dedicated policy 
support and agreed performance targets

VI. Polices towards pathways to sustainable energy futures need to 
account for trade-offs with other sustainable development goals  
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Thank you!

mailto:Stefanie.held@un.org
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