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Introducing the macroeconomic rebound effect
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C = (Y0, E0+
δE + δY x dE/dY)

A = initial condition

B = after EE policy, 
including direct rebound

C = after EE policy and 
macroeconomic rebound

By increasing GDP, energy efficiency measures “buy back” some of their energy savings. 
The Jevons ‘paradox’ claims this buy back is large enough to cause a net increase in 
energy consumption.

William Stanley Jevons
(1835-1882)
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Key question: what’s the relationship 
between δE and δY?

Something like δY = ms, where s is 
consumer savings and m is a fiscal 

multiplier.

But what’s m? (For tax cuts, estimates 
range from 0.2 to 4.0). 
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ln E = −0.11 (ln Y)2 + 2.57 ln Y −16.44

R2 = 0.69

Examine the relationship between energy consumed per capita and GDP per 
capita

Green: India and the US
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ln E = −0.07 (ln Y)2 + 1.87 ln Y −13.54

R2 = 0.82

Examine the relationship between energy consumed per capita and GDP per 
capita

We draw upon Davis and Caldeira (2010)’s data set to correct for the effects of trade, improving 
the fit considerably.

Green: India and the US



Elasticity of consumption energy (β) as a function of 
wealth

10
2

10
3

10
4

10
5

−0.5

0

0.5

1

1.5

2

Nominal GDP/cap (2004 $)

E
la

st
ic

ity
 o

f 
e

n
e

rg
y

 

 

Cons.
Prod.



Elasticity of consumption energy (β) as a function of 
wealth

10
2

10
3

10
4

10
5

−0.5

0

0.5

1

1.5

2

Nominal GDP/cap (2004 $)

E
la

st
ic

ity
 o

f 
e

n
e

rg
y

 

 

Cons.
Prod.

The fractional rebound effect is given by
f = msβ(E/Y). 

For India, β(E/Y) = 6.7 ± 0.9 kWh/USD
For the U.S., β(E/Y) = 1.3 ± 0.4 kWh/USD

For Jevons’ paradox to hold in India,
ms >  ~15 cents/kWh (possible).

In the US, ms > ~80 cents/kWh (unlikely).



10
3

10
4

10
−1

10
0

Real GDP/cap (2005 $)

E
n

e
rg

y 
(T

J/
ca

p
)

1800 1850 1900 1950 2000
0

10

20

30

40

50

60

70

80

E
n
e
rg

y 
In

te
n
si

ty
 (

M
J/

$
 [
2
0
0
5
 U

S
D

])

Examine the relationship between energy consumed per capita and GDP per 
capita: Looking at historical data for the United States (1795-2009).

Energy data from EIA AEO 2010.
Population from US Census.
GDP data from Johnston & Williamson.

Green: Trade-adjusted
Red: Trend for trade-adjusted, 2004
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results in earlier elimination of the power deficit and also in an increasing reserve margin 
by 2017 (Figure 4) compared to that for electricity generation (Figure 10). This occurs 
because of the higher percentage of electricity deficit in the base year (13.3%) compared 
to a peak-load deficit of 10.8%.  Also, some of the end uses such as lighting run on peak 
and hence improving their efficiency contributes significantly to peak load reduction and 
to reduction in the need for supply capacity while others such as agricultural water 
pumping have the opposite effect. The combined effect of the end uses selected for the 
SEE scenario, however, is that these are somewhat but not significantly more effective in 
reducing peak load compared to reducing electricity consumption.  

Figure 9: Business as Usual (BAU) Scenario 1 –  
Electricity Demand and Availability 
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Figure 10: Supply with Energy Efficiency (SEE) Scenario 2– 
Electricity Demand and Availability 
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Sathaye & Gupta (2010)
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5. Economic Benefits, and Fuel and CO2 Savings 
In this section, we report on the economic benefits associated with the higher 

penetration of energy efficiency measures in SEE Scenario 2. The benefits occur due to 
the decreased power capacity and generation of electricity in the second scenario that 
lowers the investment and fuel costs respectively. The major benefit, however, comes 
because of the removal of electricity shortage in this scenario. The higher penetration of 
energy efficient equipment lowers the demand for electricity. The allocation of electricity 
thus saved is then adequate to eliminate the electricity shortage and the portion supplied 
to business customers leads to a significant increase in economic output, which we 
quantify below.  

The investment required for the SEE scenario includes that for building new 
power plants and for increased penetration of energy efficient devices. Since the amount 
of capacity to be built in the SEE scenario is less than that in the BAU scenario the 
investment required amounts to $74.2 billion compared to $81.4 billion in the BAU 
scenario. In addition, the investments needed for efficient devices amounts to $6.3 
billion. The total investment needed in the SEE scenario is thus $80.5 billion, which is 
only slightly less than that in the BAU case. The major benefit is thus derived from the 
reduced operating and fuel costs, and the benefit derived from the increased economic 
output, which would result from supply of electricity that fully satisfies demand. 

5.1 Capital, Variable Cost, Fuel, and CO2 Savings  
The reduction in electricity generation begins once the electricity shortage is 

removed in 2014, and accelerates thereafter. The cumulative electricity generation in 
Scenario 2 is thus lower than in Scenario 1 by 81 TWh by the end of the 12th Five Year 
Plan and by 411 TWh by 2020. 

Table 7: Cumulative Benefits of SEE Scenario Compared to BAU Scenario 
 2009-2017 2009-2020
Electricity Generation Savings (TWh) 81 411
Reduction in CO2 Emissions (Million tons) 65 333
Reduction in SO2 Emissions (Thous. tons) 410 2,100
Reduction in NOx Emissions (Thous. tons) 410 2,100
Reduction in Fly Ash SPM Emissions (Thous. tons) 120 600
Imported Coal Savings (Million tons) 36 186
Operational Cost Savings (US $ Billions) 2.2 11.0
Increase in GDP (2007 US $ billions)+ $505 $608

Note: +Values are based on an estimated 23% of C&LV-MV customers using self-generation and 
inverters in 2009 with the share increasing to 48% by 2020.  

In 2008-09, coal accounted for 69% of the generation from conventional sources 
and gas accounted for another 13%. Hydro and nuclear accounted for the remaining 16% 
and 2% respectively (CEA, 2009). Allocating the 81 TWh difference in generation as per 
these percentages and multiplying the results by the generation cost estimates in Table 2 
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Figure 10: Supply with Energy Efficiency (SEE) Scenario 2– 
Electricity Demand and Availability 
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In 2008-09, coal accounted for 69% of the generation from conventional sources 
and gas accounted for another 13%. Hydro and nuclear accounted for the remaining 16% 
and 2% respectively (CEA, 2009). Allocating the 81 TWh difference in generation as per 
these percentages and multiplying the results by the generation cost estimates in Table 2 $505 billion GDP increase, electricity 

intensity of 0.5 kWh/$ leads to an 
electricity rebound of ~$250 billion -- 
three times larger than the nominal 

savings.

(Of course, rebound will prevent the full 
GDP effect from being realized.)



Consider China...

"During the 12th five-year plan, we have set our economic growth at 7 
percent [a year]," Wen said yesterday at an online forum ahead of the 
National People's Congress and the Chinese People's Political 
Consultative Conference plenary sessions.

This is because the government will focus on improving the quality of 
economic growth and benefits and use the results of development on 
people's livelihood, he added.

So growth as outlined is lower than the 7.5 percent target for the past 
five years and significantly below the average annual gross domestic 
product growth - 11 percent - for 2005-10....

Wen also said that the exchange rate of the yuan will be gradually 
revised to ensure social stability.

28 February 2011
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So where’s the capital going instead? Need to 
consider when thinking about rebound...



A final thought: Is mitigative capacity a function of wealth?
(Do carbon dioxide emissions follow a Kuznets curve?)
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Then even with a strong rebound effect, energy efficiency measures will cause a net 
reduction in long-term cumulative carbon dioxide emissions.





Under what conditions should Jevons ‘paradox’ hold?

Let
	
 E = energy of consumption per capita
	
 Y = GDP per capita
	
 δE = energy per capita saved by EE measure (net of direct rebound)
	
 δY = GDP per capita increase from EE measure
	
 k = the net cost of conserved energy (k < 0), in units of dollars per energy
	
 m = macroeconomic multiplier associated with k
	
 ΔE = energy per capita saved by EE measure (net of direct and macroeconomic 

rebound)

By construction
	
  δY = k m δE
	
  ΔE = δE + δY (dE/dY)
So
	
  ΔE = δE (1 + k m (dE/dY) )

The fractional magnitude f of the macroeconomic rebound effect is given by
	
  f = - k m (dE/dY) 
and the Jevons paradox holds if f > 1.

Note that if E = αYβ, then dE/dY = β(E/Y), and so
	
 f = -k m β (E/Y).


