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Role of Behavior change in meeting 
2050 deep carbon reduction targets 

 Very aggressive 
carbon reduction 
targets in many states 

 How can we get there? 
 How much impact 

expected from long 
term behavior change? 

 
 

 80% reduction in 2050 from 
1990 levels in many states 
(California, Massachusetts, 
Florida, New York).   

 Demand and supply 
scenarios modeled for 
California 

 Savings potential from 
habitual behavior are 
estimated based on 
historical adoption curves. 
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Key Take Aways 
3 

 10-30% carbon savings potential from household behavior change in future 
energy systems 

 Behavior change in transportation, recycling, and reduced consumption have the 
largest impact in California. 

 Behavior change can play a key role in achieving long term carbon reduction 
targets. 
 Comparable and complementary to other approaches 

 Approach GHG Savings from 2050 
reference 

Energy Efficiency 40-50%  

Clean Electricity 25-30% 

Electrification with Clean Electricity 40-50% 

Low carbon biofuels 30-40% 

Behavior savings 10-30% 



A look back 40 years 
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 How do we reverse these trends? 
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Strategy 

Energy Efficiency  Electrification  Cleaner fuels and Clean Electricity 

Emissions = Energy Demand * ( Emissions/ Energy) 
              = Energy * GHG Intensity 

Behavior change can further reduce Energy Demand. 
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Energy Demand [Miles driven]  ~   HH   *  VMT   *  Energy [gall-gas-eq] 
            HH     VMT 
 
 
Energy Demand [Lighting Hours of Use] 
 
                  ~ HH   *   Lumens-hrs   *     Energy[kWh] 
          HH     Lumens-hr 
 
          ~ HH   *   Lumen-hrs    *     Watts 
          HH       Lumen  
 
 
 

Residential Examples 

Usage or Behavior Term 

Usage or Behavior Term 



Heuristic for Behavior savings potential 
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 Transportation and Housing are biggest 
contributors. 

 What if demand were reduced to 1970 levels or 
halfway to 1970 levels? 

 
 
 

U.S. Household emissions, 2005 

C Jones and D Kammen EST 2011 



Heuristic for Behavior savings potential 
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 Behavior savings potential: 16-33% 
 
 



Historical behaviors 
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 Many follow well behaved S-trends 
 Easily parametrized 

 Changes usually take decades 
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Estimation approach for behavior 
actions 
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Actions a, b, c, ... 
Historical 

Behaviors i, j, k, ... 

 
Multidimensional 
characterization 
(Attributes and 

Barriers) 
ar 

Correspondences 
and Affinities of 

Actions and 
Historical 
Behaviorsr 

Projected 
adoption rates of 
Actions a, b, c, ... 

Characterization attributes and barriers 



Behavior Actions and Adoption Rates, 
California 

12 

 Generally in-line with Dietz 2009 “daily, adjustment, maintenance” actions 
 Cal geo differences in winter/summer thermostats 
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California 2050 Scenarios 

Base Case 
 

 Aggressive energy efficiency (at 
maximum levels) 

 Clean or Low Carbon Electricity 

 Electrification of vehicles and 
heat 

 Low carbon biofuels 
 

 

 

 

Base Case Variants 
 

 Behavior change 
 Biofuel supply in-state and out of state 

 Electricity sector emissions (set by 
carbon cap) 

 Electrification penetration 

 



California Base Case: Household Electricity and 
Transportation Energy, Intensity, and Emissions  
 14 

 
 
Key takeaways: 
(1) Electricity pathway to 90% 

decarbonization, but 
transportation harder to 
decarbonize. 

(2) Resulting emissions in 2050 
are dominated by 
transportation 
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Scenarios meeting California target 

 Behavior change can provide a key 10-15% 
contribution to meet long term 2050 target. 
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2050 Behavior savings potential 

 Transportation (Vehicle Mile) reduction and Recycling/reduced 
MSW are largest levers 

 10-15% GHG savings potential 
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Summary 
17 

1. Using a historical database of behaviors suggest that 
long term behavior change GHG savings of 10%-
15% are possible in California. 

2. Greenhouse gas (GhG) emission savings due to 
specific behavior actions depend on long term energy 
supply assumptions. 

3. Largest impacts from behavior change: 
1. Transportation demand reduction 
2. Recycling and reduced consumption 
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Thank you for your attention. 
Questions? 
 Max Wei 

    mwei@lbl.gov 
 

Acknowledgement 
California Energy Commission (Guido Franco) for 

funding support. 
 
 

mailto:mwei@lbl.gov


Follow up work 
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 Program types, effectiveness, and cost vs other non-
behavioral measures or technologies 

 Potential of policy measures to modify behavior 
 Better quantification of behavior adoption rates 
 Understanding transportation modes and savings 

 
 



Behavior Actions and Adoption Rates, 
California 

20 

 Generally in-line with Dietz 2009 “daily, adjustment, maintenance” actions 
 Cal geo differences in winter/summer thermostats 
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2050 California results: Base Case is still 
above emissions target 

Need further push to get to 80% reduction target 
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One 
pathway 
to meet 
California 
2050 
target 
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Behavior Change savings 

 Nominal adoption :  9% GHG savings High adoption: 15% GHG savings  

Curves bend down b/c energy system is becoming cleaner. 
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