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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.



Key Take Aways

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

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?




Strategy
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Cleaner fuels and Clean Electricity

Behavior change can further reduce Energy Demand.



Residential Examples
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Heuristic for Behavior savings potential
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01 Transportation and Housing are biggest

contributors.

- What if demand were reduced to 1970 levels or

halfway to 1970 levels?




Heuristic for Behavior savings potential

Behavior savings potential: 16-33%

Emissions .
Emissions
_ after
Fraction | ) /HH | reduction | > e"
Sector Demand Proxy of HH ttonnes] | to halfwa reduction
Emissions y to 1970
of 1970
level
level
Transport VMT/cap 32% 15.3 12.9 10.6
Housing | New house size/cap 28% 13.3 10.1 7.0
Food Calories/cap 15% 7.3 6.6 6.0
Goods MSW/Cap 13% 6.0 5.1 4.2
Services MSW/Cap 13% 6.3 5.3 4.4
Sum 100% 48 40.1 32.2
Savings 16% 33%




Historical behaviors
S

1 Many follow well behaved S-trends

o Easily parametrized

1 Changes usually take decades



MSW and Diet/Food

Health and Safety
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Estimation approach for behavior

actions

Actions q, b, c, ...

Historical
Behaviors i, j, k, ...

Characterization attributes and barriers

~,

Multidimensional
characterization
(Attributes and
Barriers)

Correspondences
and Affinities of
Actions and
Historical
Behaviors

Projected
adoption rates of
Actions q, b, ¢, ...

Characterization Feature Description

Attributes Visibility to Others

Visibility of Benefits to consumer

Ease of Substitution

Ease of Behavior

Feedback Visible?

Enabling long term technologies?

Enabling Policies, campaigns?
Barriers Habit

Indifference

Info/Education

Institutional/Cultural

Risk Aversion/Safety

Economic Cost

Physical (Infrastructure)
Labor/Inconvenience

Lack of Incentive/Pleasure

Climate/Weather

Persistence/Stickiness




Behavior Actions and Adoption Rates,
California

starti 2050 2050
Acti Adar tlng Hominal High ch o Behayi
ction :;pt ion Adoption Adoption ange in avior
© Rate Rate

Increase Recycling 54% a0 0%, Full recycling
Red Municipal $olid

BWEE Bunicipat sol 10% 22% 35% 33% less waste
Waste
Drive | I, biki

rive less (carpool, biking, 15% 16% 27% 30% | wer VRAT
reduced distances..)
Ecodriving (including trucks) 16% S0% 0% Lowver top speed, reduce hard stops and starts
Take public transit A% 22%, 35% Cwerall public transit miles increase by 200%
Reduce air travel 10% 29% 9% Reduce air travel mile by 30%
Telecarmmute to work 4% 20% 35% Telecommute 4 days per manth
Healthier diet 10% 28% 37%  Less red meat and dairy, more plant based food
Wiaste less food 10% 12% 20% Wiaste 25% less food
Turning off electronics 20% 7% a0 Turn off electronics when notin use
Line dry clothes b 13% 20% Line dry clothes instead of drver
Lower thermostat in winter 53% 69% 0% Turn down thermostat at night
Raise thermastat in summer Ga% 3% 7% Higher davtime thermostat setting
Cold water clothes washing 10% 36% a0 Use cold water instead of hot water

Generally in-line with Dietz 2009 “daily, adjustment, maintenance” actions

Cal geo differences in winter/summer thermostats



California 2050 Scenarios

Base Case Base Case Variants

Aggressive energy efficiency (at

. Behavior change
maximum levels)

Biofuel supply in-state and out of state

Clean or Low Carbon Electricity Electricity sector emissions (set by

Electrification of vehicles and carbon cap)

heat Electrification penetration

Low carbon biofuels



California Base Case: Household Electricity and
Transportation Energy, Intensity, and Emissions
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Scenarios meeting California target
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-1 Behavior change can provide a key 10-15%

contribution to meet long term 2050 target.
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0
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2050 Behavior savings potential
T

o1 Transportation (Vehicle Mile) reduction and Recycling /reduced
MSW are largest levers

1 10-15% GHG savings potential

16 B Home energy conservation

Waste less food

s
=

1 Healthier diets

[y
[

M Reduce air travel

10

B Ecodriving (including trucks)

B Take public transit

B Telecommute to work

GhG Savings [MMT CO2-eq]
0.2]

W Driving less (carpool, walking,
biking, reduced distances...)

m Reduce Municipal Solid Waste
(total materials)

m Increase Recycling

Nominal Adoption High Adoption




Summary

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

Greenhouse gas (GhG) emission savings due to
specific behavior actions depend on long term energy
supply assumptions.
Largest impacts from behavior change:

Transportation demand reduction

Recycling and reduced consumption
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Thank you for your attention.

Questions?

Max Wei

Acknowledgement

California Energy Commission (Guido Franco) for
funding support.
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Follow up work

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

. 2050 2050 Dietz'09 Dietz'09 s
Starting Nominal Hieh Startl 2020 Dietz'09
omina i artin
Action Adoption . g. . & . Extrapolation Change in Behavior
Adoption Adoption Adoption Adoption .
Rate Adoption Rate
Rate Rate Rate Rate
Increase Recycling 54% 80% 90% 90% overall recycling rate®
Reduce Municipal Solid Waste 10% 22% 35% 33% less waste
Drive less {carpool, biking,
o d_{ , P } 8 15% 16%  37% 5% 19% 31% 30% lower VMT
reduced distances...
Ecodriving (including trucks) 16% 50% 80% 16% 37% 53% Lower top speed, reduce hard stops and starts
Take public transit 6% 22% 35% Overall public transit miles increase by 200%
Reduce air travel 10% 29% 49% Reduce air travel mile by 30%
Telecommute to work 4% 20% 35% Telecommute 4 days per month
Healthier diet 10% 28% 37% Less red meat and dairy, more plant based food
Waste less food 10% 12% 20% Waste 25% less food
Turning off electronics 20% 57% 80% 20% 48% 66% Turn off electronics when not in use
Line dry clothes 8% 13% 20% 8% 40% 60% Line dry clothes instead of dryer
Lower thermostat in winter 53% 69% 20% 33% 57% 72% Turn down thermostat at night
Raise thermostat in summer 68% 23% 87% 25% 51% 68% Higher daytime thermostat setting
Cold water dishwashing and .
clothes washing 10% 36% B80% Use cold water instead of hot water

o1 Generally in-line with Dietz 2009 “daily, adjustment, maintenance” actions

11 Cal geo differences in winter/summer thermostats



2050 California results: Base Case is still

above emissions target
I
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Need further push to get to 80% reduction target
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Behavior Change savings

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

2010 2015 2020 2025 2030 2035 2040 2045 2050

Home energy consenation
W Waste less food
m Healthier diets
W Telecommute towork
w Reduce air trawvel
w Take public transit
w Ecodriving (including trucks)
w Driving less [carpool, walking, biking, reduced distances...)
E Reduce Municipal Solid Waste (total materials)
u Increase Recycling
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Home energy conservation
w'Waste less food
m Healthier diets
W Telecommute o waork
w Reduce air trawvel
w Take public transit
w Ecodriving (including trucks)
w Driving less [carpocl, walking, biking, reduced distances...)
m Reduce Municipal Solid Waste (total materials)
m Increase Recycling

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