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Why study RE? 

• Energy and climate policy relevance, e.g. EU goals to reduce GHG emissions by 40 percent and 
increase energy efficiency by 27 percent by 2030. 

 

•  Energy efficiency improvement (EEI) is expected to reduce energy consumption 
• Obtaining the same level of energy service using less energy 
• Doubling EE has potential to reduce energy consumption by 50 percent 

 
 

• Active debate is going on the actual size of energy savings 
• The reason behind this debate is uncertainty about energy savings in practice vs models due to potential RE 

(RE) which can be defined as ”the difference between the potential and actual energy savings” 

 

• Mechanism behind the RE 
• Substitution effect 

• Income effect 

• 50 percent RE implies 50 percent less saving than the expected saving 
 
 

 

 



Categorization of RE 

• The range of behavioural responses 

• Direct RE 

• Indirect RE 

• Economy-wide RE 

 

• The size  

• Backfire 

• Full RE 

• Partial RE 

• Zero RE 

• Super-conservation 
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Empirical Studies Measuring the RE 

• The existance of RE is not controversial. However, there is no consensus 
regarding the size of the RE. 

 

• Consumer-side RE are in focus, e.g. Orea et al. (2015) on U.S. households, 
Sorrell et al. (2009) on transports and households, and Brännlund et al. 
(2007) on Swedish households. 

 

• Direct and indirect RE for different household energy services ranging from 
partial to backfire 

 

• Few studies on measuring the direct producer side RE using U.S. and 
Chinese data with estimates ranging from partial to backfire 

 

 

 
 



How to measure RE? 

• RE can be estimated based on the elasticity of demand for energy services 
w.r.t changes in energy efficiency 

• Data on energy services or energy efficiency are unavailable or inaccurate 

 

• Indirectly estimated through other elasticities as proxies, such as the own-
price elasticity of the demand for energy.  

 

• New approach proposed by Orea et al. (2015) which links the measurement 
of RE to Stochastic Frontier Analysis (SFA) 

• (in)efficiency is measured relative to the best practice (frontier) 

• (in)efficiency scores vary between 0 and 1 
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𝑙𝑛 𝐸 = 𝑙𝑛𝑓 𝑋, 𝛽 + 𝑢 + 𝑣 



Model Specification 

Stochastic energy demand frontier model: 

 

𝑙𝑛 𝐸 = 𝑙𝑛𝑓 𝑋, 𝛽 +  1 − 𝑅 𝜆′𝑍  𝑢 + 𝑣  

 
𝑅 = 1 + 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 𝑤. 𝑟. 𝑡 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

 
• X: Output, capital (fixed), labor (fixed), relative price of energy types and year 

dummies 

• Z: Output, relative price of energy types , CO2/output, fuel or electricity share, 
EU-ETS membership and year dummies 
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Contribution of This Study 

• Very few studies on producer side RE 

• No Swedish study is found 

 

• Fill in the research gap by measuring the producer-side direct RE for four 
energy intensive sectors using a very detailed firm level panel data set 

• To understand better the effects of energy and climate policy tools 

 

• Estimate a direct measure of the RE 

• Using Orea et al. (2015), we are able to get a better understanding of determinants of RE 

 

 

 

 



Estimates of Fuel Efficiency (FE) Estimates and Fuel rebound (FRE) 

  Mean FE Mean 

FRE 

Basic Iron and 

Steel 

0.94 0.51 

Chemical 0.98 0.39 

Pulp and 

Paper 

0.97 0.30 

Mining 0.80 0.52 



Estimates of Electricity Efficiency (EE) Estimates and Electricity rebound (ERE)  

  Mean EE Mean 

ERE 

 

Basic Iron and 

Steel 

0.47 0.80 

Chemical 0.50 0.74 

Pulp and 

Paper 

0.83 0.24 

Mining 0.86 0.36 



Results 

• We have shown the existence of statistically significant electricity and fuel REs in 
all four sectors. The average RE ranges between 30-52 percent for fuel and 24-80 
percent for electricity between the sectors. 

• Mining sector and basic Iron and Steel show the highest RE for fuel and 
electricity, respectively. Pulp and Paper shows the lowest REs for both fuel and 
electricity. 

• Fuel RE decreases with fuel share (fuel/total energy ), CO2 intensity (CO2 
emissions/output) and output. 

• Electricity RE decreases with electricity share (electricity/total energy ) and CO2 
intensity. 

 

 



Conclusion 

• Substantial RE in the swedish heavy industry suggests that energy efficiency 
policies require reinforcement by policymakers in order to reach the full intended 
potential reduction in energy consumption and GHG emissions. 

• From a energy efficiency policy point of view, it makes sense to focus on sectors 
with lowest level of efficiency and at the same time lowest RE. For such a 
comparison, we need to complete our picture with conducting the same study on 
all the 14 manufacturing industry sectors in Sweden. 

•  RE decreases with CO2/output, meaning that the relatively more polluting firms 
have a lower RE. This result implies that energy efficiency policies lead to more 
reduction of CO2 emissions among the relatively more polluting firms within each 
sector than the average RE measured within each sector, and therefore these 
policies are more effective on the relatively more polluting firms since their RE is 
lower. 



Thank you for your attention! 


