


















ranges found in the literature. The resulting total percent
rebound effect could vary between 20% and 60% in Cali-
fornia and between 7% and 50% in Alabama. However, this
translates to a much smaller (<0.2 ton CO2e per household per
year) effect in terms of a penalty on absolute emissions sav-
ings in California compared to Alabama (1 ton CO2e per
household per year ). Alabama has a much larger potential for
emissions savings with efficiency because of its higher carbon
electricity grid-mix and the larger fraction of household
incomes devoted to spending on electricity compared to
households in California.

Figure 6 shows a detailed sensitivity analysis, repro-
duced from prior work [21], of the key factors that influence
the indirect rebound in percent. States with low grid emis-
sion factors (in kg CO2e kWh-1) and higher than average
electricity prices are expected to have higher rebound
effects. Gasoline prices, budget shares, and income elasti-
cities are also important factors affecting the indirect
rebound simulation. Figure 6 suggests that regions with
higher automobile use, such as rural areas and areas with
limited public transportation, are expected to have higher
indirect rebound effects, since gasoline-based transportation
is an emissions-intensive activity compared to other goods
and services.

As the US electric grid becomes less carbon-intensive,
the indirect rebound effect will increase in percentage terms.
However, the rebound in CO2e emissions may decline as all
goods and services, including electricity, decline in carbon
intensity. This highlights the relevance of providing rebound
related results both in terms of percentage and absolute
emissions, as reporting the rebound effects only percentage-
wise may lead to erroneous environmental decision-making.

4. Discussion and conclusions

The results presented here, based on simulated electrical
efficiency investments, national income elasticities based on
historical data, and a direct rebound parameter, provide first
order simulations of the magnitude of the indirect rebound
effect by state. We have shown how rebound effects vary
across states largely due to variation in the grid emissions
factors, electricity prices, and gasoline budget shares. Based
on our simulations, we find that the direct and indirect
rebound effects for efficiency enhancement in the residential
sector that include scope 1, 2, and 3 emissions from a
electrical efficiency investments will be modest to moderate,
ranging from a low as 6% in West Virginia (which has a
high-carbon electricity and low electricity prices), to as high

as 40% in California (which has low-carbon electricity and
high electricity prices).

This work has some caveats and limitations. First, we
use a national-scope Input–Output model, which provides
limited characterization for regional or state-level variations
in industrial structure, which in turn affects the embodied
carbon of household spending in each state. Second, struc-
tural changes in the US economy and price dynamics for
electricity, fuels, and other goods since the early 2000s may
limit the validity of these rebound simulations for current
economic conditions.

Third, as Borenstein (2013) recently noted, for elec-
tricity and other utilities, it is generally the case that the
retail prices seen by consumer do not reflect the long-run
marginal cost. This means that some of the rates seen by the
consumer will include fixed charges, for example, and only
part of the energy savings will result in new net income,
while the rest is ‘a transfer of income from is a transfer of
income from the ratepayers (or shareholders) who must
cover the utility’s lost quasi-rents to the consumer investing
in energy efficiency’ [52]. We are also considering only
energy efficiency investment where the levelized costs of the
efficient technology are lower than the levelized cost of a
baseline technology. Thus, the rebound effects simulated
here are likely to be upper bound estimates.

Fourth, there is a fundamental mismatch between the
economy-wide mechanisms that influence the indirect
rebound effect and the limited jurisdiction of state policy-
makers. Under the current state-by-state framework for
Energy Efficiency Resource Standards in the US, state pol-
icymakers have no incentive to consider indirect rebound
effects, which occur through household spending on tradable
goods and services produced outside state borders. Thus, the
indirect rebound from residential sector energy efficiency in
a particular state may not be visible within that state’s
energy statistics, although the direct rebound effect may be.
In any case, we find the indirect rebound effects to be small,
so including these effects in state level policies need not to
be a priority.

Fundamentally, the more important question is whether
the indirect (as well as direct) rebound effect should be
considered a benefit or a cost of energy efficiency measures.
If CO2e and other air pollutants are priced at their social
cost, this should ensure that any rebound effects—as well as
energy consumption in general—unambiguously increase
social welfare. In other words, under carbon or pollutant
pricing policies, the rebound effect should be framed as an
additional benefit from an energy efficiency measure. The
regions with the highest rebound effects in percent, namely
California and the Northeast states, also have carbon

Figure 3. (A) Top 25 and (B) bottom 25 states ranked by rebound in annual CO2e emissions per household from residential electric end-use
efficiency investments for each state, and in 2004. Sources/Notes: the figure shows rebound effects in CO2e emissions from various types of
spending as well as actual or net emissions savings after accounting for rebound effects for scenario RB-1. RB-1 represents a scenario where
there is a moderate re-spending in transportation. RB-2 scenario is shown with gray squares, representing an upper bound rebound due to
high transport respending. Both RB-1 and RB-2 use income elasticities from Taylor and Houthakker [61]. RA (represented by the black
triangles), provides a lower bound for indirect rebound, representing households that exhibit proportional spending patterns for energy
efficiency cost savings [49]. S1, S2, and S3 mean scope 1, 2, or 3 emissions.
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Figure 4. Percent rebound effect in CO2e emissions from residential electric end-use efficiency, for (A) top 25 states and (B) bottom 25 states,
ranked by rebound in emissions (see figure 3) in 2004. Sources/Notes: the figure shows CO2e rebound effects in percent for different
scenarios. The bars represent RB-1, a scenario with moderate re-spending in transportation. RB-2, the gray squares, is the upper bound
representing high transport re-spending. Both RB-1 and RB-2 use income elasticities from Taylor and Houthakker [61]. The proportional re-
spending scenario, RA, provides a lower bound and represents a proportional spending patterns for energy efficiency cost savings [49]. S1,
S2, and S3 mean scope 1, 2, or 3 emissions.
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markets. If regulators in these states seek to enhance social
welfare from energy efficiency policies, they should ensure
that carbon prices are set to the social cost of carbon. The
presence of rebound effects highlights the importance of
complementing the ‘carrot’ of energy efficiency policy,
which enable greater household consumption with cost-

effective measures, with the necessary ‘sticks’ to price car-
bon and other emissions.
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