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IEA Projections

Source: IEA: 2016, Energy Technology Perspectives : ETP 2015 Data Visualization, web: http://www.iea.org/etp/explore/
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 Residential sector consumes nearly 25 – 35% of total final energy consumption

 Empirical evidence of the presence of inefficiency in the use of energy

 Improving energy efficiency using energy policy instruments is recognized as 

one of the most cost-effective ways of

 Reducing CO2 emissions

 Increasing security of energy supply

Introduction
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inefficient use of electrical 

appliances / heating system

Inefficiency in the use of energy (waste of energy) 

may be due to

low adoption of new energy-efficient 

technologies (energy efficiency gap)
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 Situation 1: Household is using the inputs in 

an inefficient way

 Behaviour: 

 amount of time windows are opened

 use of a heating/cooling system

 Substitution of energy with capital:

 Installing a device on an heating system

 Substitution of the windows

 Improving insulation of the building
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Inefficiency in the use of inputs
Microeconomics approach
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 Situation 2: Household is using an old 

technology  inefficient use of input(s)

 energy efficiency gap

 Adoption of a new technology

 new building technology

 more efficient appliances

Inefficiency in the use of inputs
Microeconomics approach
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 Estimating the potential for energy savings in the Swiss residential sector

 Identifying the differences in the level of En.Eff. between Swiss households and 

what drives them

 role of behavioral factors

 role of energy literacy

 Examining the role of technological change for the reduction of energy 

consumption in Swiss households
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Research questions



||

 Energy literacy index accounting for:

 average price of 1 kWh

 usage cost of household appliances (2 Qs)

 Consumption of household appliances (3 Qs)

 compound interest calculation

 Energy literacy score in:  0 –14

 Energy saving behaviour index

 completely switching off electronic appliances 

after use (no standby)

 running washing machine only on full load

 washing clothes on a lower water temperature

 dishwasher cycle based on level of dirtiness

 Energy saving index score in: 0 – 4
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Energy Literacy and Energy Saving Behaviour
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 Frontier functions are used to estimate the level of input specific efficiency

 Parametric approaches (Stochastic Frontier Analysis: SFA)

 Allow for unobserved heterogeneity among different economic agents

 A pre-specified (but flexible) functional form

 Separates inefficiency from noise

 GTRE model – Filippini and Greene (2015)

 Persistent inefficiency (Structural issues / systematic behavioural failures)

 Transient inefficiency
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Econometric Estimation
Theory/Methodology
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Estimation of an energy demand frontier model

Energy demand Frontier

the minimum amount of 

energy required to 

produce a given amount of 

energy services.

Energy efficiency 

measures the ability of an 

household to minimize the 

energy consumption, 

given a level of energy 

service

Energy Services (ES)

Eobs

Efro

Inefficiency term

Stochastic term

Energy Consumption (E)

Best-practice



||

Data
Household Survey on Energy Usage

 9 Swiss Electric and Gas 

utilities

 Survey organization

 Online survey in 2015 - 2016

 Randomly chosen sample

 Response rates: 3.2% - 7.6 %

 Consumption data: 2010 - 2014

 Dataset used here: 

 3 utilities: Aarau, Winterthur 

and Lugano

 ~1245 households
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 House/apartment characteristics

 Socio-demographics

 Appliance stock and energy services

 Attitudes towards environment

 Energy-related behaviour

 Energy related knowledge (energy-literacy)

 Representativeness:

→ gender, age and income groups are 

sufficiently covered

 Share of respondents who donated money to 

an environmental organization in line with 

Swiss average → limited self-selection of 

pro-environmental households
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Questionnaire
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Preliminary Results
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Estimation results
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Estimation results
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Conclusions

 Estimation of an indicator of the level of energy efficiency for each household

 Measure of efficiencies (median values)

 Persistent efficiency: 76 %

 Transient efficiency: 85 %

 Higher persistent inefficiency

 structural problems faced by household

 systematic behavioural shortcomings

 Positive role of energy related literacy and energy saving behaviour

 Electricity consumption is lower in households exhibiting energy saving behaviours

 Higher level of energy literacy is associated with lower electricity consumption



|| 27.06.20167th AWEEE 19

Thank you for your attention!



|| 27.06.20167th AWEEE 20

References

 Aigner, D., Lovell, C. A., and Schmidt, P. (1977). Formulation and estimation of stochastic frontier production function models. Journal of Econometrics, 6(1):21–

37

 BFE: 2015, Schweizerische Gesamtenergiestatistik 2014, Technical report, Bundesamt für Energie - BFE.

 BFE: 2016, Energiestrategie 2050: Stand nach der zweitberatung im Nationalrat, Abteilung Medien und Politik

 Blasch, J., Boogen N., Filippini M. and Kumar, N. (2016). Transient and Persistent efficiency in residential electricity consumption in Switzerland and the role of 

energy literacy and energy saving behavior, Work In Progress

 Blasch, J., Boogen N., Filippini M. and Kumar, N. (2015). Underlying energy efficiency and technological change in the Swiss household sector, Intermediate 

report for BFE, Nov. 2015

 Boogen, N. (2016). Essays on energy economics and policy: Price elasticity, policy evaluation and potential savings. PhD thesis, ETH Zurich

 Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical Society, pages 253–290.

 Filippini, M. and Greene, W. (2015). Persistent and transient productive inefficiency: A maximum simulated likelihood approach. Journal of Productivity Analysis, 

pages 1–10.

 Filippini, M. and Hunt, L. C. (2015). Measurement of Energy Efficiency Based on Economic Foundations. Energy Economics 

 Greene, W. (2005a). Fixed and random effects in stochastic frontier models. Journal of Productivity Analysis, 23:7–32.

 Greene, W. (2005b). Reconsidering Heterogeneity in Panel Data Estimators of the Stochastic Frontier Model. Journal of Econometrics, 126:269–303.

 IEA: 2016, Energy Technology Perspectives : ETP 2015 Data Visualization, <http://www.iea.org/etp/explore/>

 Kumbhakar, S. C. and Lovell, C. K. (2000). Stochastic Frontier Analysis. Cambridge University Press.

 Muth, R. F. (1966). Household production and consumer demand functions. Econometrica: Journal of the Econometric Society, 34(3):699–708.

 Weyman-Jones, T., Boucinha, J. M., and Inácio, C. F. (2015). Measuring electric energy efficiency in Portuguese households: a tool for energy policy. 

Management of Environmental Quality: An International Journal, 26(3):407–422.


