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Motivation

Ç IPCC (2007) Ÿ Global emissions of greenhouse gases are causing global

air temperatures to increase, resulting in climate change

Ç EEA (2015) Ÿ >80% of total GHG emissions due to energy (production

and consumption)

Ç Eurostat (2020a) Ÿ >95% of energy-related GHG emissions due to CO2

Ç OWiD (2020) Ÿ EU28 accounts for 10% of global energy-related CO2

emissions (China, 29%; US, 15%; Rest of Asia and Pacific Ocean, 14%)

Ç Clear relationship between energy consumption, share of low-carbon

energy sources, energy efficiency, and GHG emissions

Á UN (2015) Ÿ ñdoubling the global rate of improvement in energy

efficiencyñor ñincreasing substantially the share of renewable energy in

the global energy-mix"
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Energy and Climate Targets - EU28 and Spain

Target EU28 Spain

2020 2030 2020 2030

Reduction in emissions
(with respect to 1990 levels)

20% 40% 10%(*) 38% (**)

Energy efficiency improvement

Reduction in primary energy consumption
(with respect to 1990 levels)

20% 32,5% 20% 39,5%

Share of renewables in final energy-mix 20% 32% 20% 42%

Ç European Comission (2019) Ÿ Climate neutrality by 2050 (reduction in

emissions by 85-90% with respect to 1990 levels

(*) With respect to 2005 levels

(**) With respect to to 2017 levels
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Energy-Related CO2 Emissions
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Energy and Climate Targets - Compliance with 2020 Targets

Ç Low-carbon energy sources & energy efficiencyŸ major areas to effectively control

emissions without hindering economic activity

Á Drop in energy costs, in energy use, and in negative impacts like CO2 emissions.

Ç Not all the increase in energy efficiency is translated into energy savings Ÿ

rebound effects, infra-utilization of equipment

Á Also other contributors to emissions Ÿ economic activity, economic structure,

efficiency of conversion sector, demography, lifestyle, weather, etc.
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Ç Use very disaggregated data from 1995 to 2017 for Spain and the EU28

Ç Integrated analytical method Ÿ study driving forces behind evolution of

energy-related CO2 emissions, energy consumption & energy efficiency

Ç Through input-output Structural Decomposition Analysis (SDA)

Á Efficiency of the energy conversion sectorŸ Leontief coefficients

Á Primary energy consumption allocation diagram for assigning the

responsibility of primary energy requirements and CO2 emissions to the

end-use sectors Ÿ primary energy conversion factor

Á Renewable sources in the energy-mix Ÿ carbon conversion factor

Ç Through Index Decomposition Analysis (IDA)

Á Contributions of many potential influencing factors

Á Reconciliation between energy intensity and energy efficiency

metrics to study observed end-use energy efficiency

Á Distinction between technical and observed end-use energy

efficiencyŸ potential rebound effects and other factors
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Ç 1995-2007 Ÿ Spain 43% & EU28 4%

Á Population growth, rising per capita income, and social factorsŸ contributors to

increase in emissions in Spain and EU28

Á But very positive evolution of observed end-use energy efficiency in EU28, and

very negative in Spain.

Á Transport and services sectors Ÿ main contributors to increase in emissions in

Spain and EU28. HHs and industryŸ inhibitor in EU28, but contributor in Spain.

Ç 2007-2017 Ÿ Spain is on a path toward the decarbonization of the economy, with more

accentuated trend, Spain 19% & EU28 11%

Á In EU28 mainly by efficiency of conversion and observed end-use energy

efficiency, structural changes toward less emission-generating sectors, lower use

of fossil fuels in energy transformation.

Á Same in Spain (+ social factors), but no improvement in observed end-use

energy efficiency at all. Evolution of emissions in Spain is burdened by observed

end-use energy efficiency Ÿ Infra-utilization (installation of end-use energy

equipment above its potential)

Á HHs and industry Ÿ clear inhibitors in Spain and EU28. Transport Ÿ contribute

to fall in emissions, more in Spain than in EU28.

https://emojipedia.org/red-triangle-pointed-up/
https://emojipedia.org/red-triangle-pointed-up/
https://emojidictionary.emojifoundation.com/red_triangle_pointed_down
https://emojidictionary.emojifoundation.com/red_triangle_pointed_down
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Primary Energy & Carbon Conversion Factor - SDA
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I. Energy Input-Output Table Ç Learn moreé

Ç Find ╚╟╔╠Ÿ Total number of units of primary energy that must be consumed to

produce one unit of final energy

Ç Data Ÿ Complete Energy Balances, Eurostat (2020) Learn moreé

Ç 11 energy groups, 63 energy products (primary and secondary) Learn moreé

Ç Connection between final energy consumption (sector by sector) and primary

energy consumption (from extraction and imports) by using the Leontief inverse matrix

Ÿ Transformation or conversion sector Learn moreé
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Ç Find ╚╒ȟ╟╔╠Ÿ Total number of units of CO2 that are emitted when one unit of

energy expressed in primary energy form is consumed

Ç Data Ÿ CO2 Emission Factors by Energy Source, IPCC (2006)

Ç ╚╒ȟ╕╔╠Ÿ Total number of units of CO2 that are emitted when one unit of energy

expressed in final energy form (rather than in primary energy form) is consumed

Ÿὑȟ ὑȟ ẗὑ Learn moreé

II. Estimation of Energy-Related CO2 Emissions

Structural Decomposition of Energy-Related CO2 Emissions

ὅ Ὁ ȟẗὑȟ ȟẗὑ ȟ Ὁ ȟẗὑȟ ȟ

ὅŸ total energy-related CO2 emissions

Ὁ Ÿ the final energy consumption

jŸ energy product, Ὦɴ ρȟςȟσȟȣȟφσ
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Ç Energy-Related CO2 can be calculated as a summation over sectors
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VI. LMDI Decomposition Calculation

Energy-Related CO2 Emissions
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LMDI Decomposition of the Change from◄ to◄ ╣
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withὒὥȟὦ ϳὥ ὦ ÌÎὥ ÌÎὦ Ÿ logarithmic mean of two positive real numbers
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VII. Factor Aggregation Scheme
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Ç Technical energy efficiencyŸ Methodology from ODYSSEE-MURE (2020)

Ç Rebound effectŸ Peña-Vidondo et al. (2012) and Adetutu et al. (2016)

Ç What is behind the observed/apparent end-use energy efficiency
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Estimated Energy-Related CO2 Emissions

Ç 1995-2007 Ÿ Spain 43% & EU28 4%

Ç 2007-2017 Ÿ Spain 19% & EU28 11%
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I. By Energy Source

Ç Primary Energy Requirements
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I. By Energy Source

Ç Energy-Related CO2 Emissions
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II. By End-Use Sector

Ç Primary Energy Requirements
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II. By End-Use Sector

Ç Energy-Related CO2 Emissions
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I. By Influencing Factor

Ç Factor contributions to total change in energy-related CO2 emissions (Overview)
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I. By Influencing Factor

Ç Evolution of energy-related CO2 emissions and contributors (I) Learn moreé
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I. By Influencing Factor

Ç Evolution of energy-related CO2 emissions and contributors (II)
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I. By Influencing Factor

Ç Evolution of energy-related CO2 emissions and contributors (III)
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II. By Sector

Ç Sectoral contributions to total change in energy-related CO2 emissions (Overview)



Decomposing Evolution of CO2 Emissions

30/37Serrano-Puente, Darío| Bank of Spain | DG Economics, Statistics and Research.

II. By Sector

Ç Evolution of energy-related CO2 emissions and sectoral contributions



Structural Change in Economy
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Ç GVA sectoral and sub-sectoral shares



Decomposing Observed End-Use Energy Efficiency

32/37Serrano-Puente, Darío| Bank of Spain | DG Economics, Statistics and Research.

I. Spain & EU28

Ç Contributors to aggregate observed end-use energy efficiency
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II. Spain ïBy Sector

Ç Contributors to sectoral observed end-use energy efficiency in Spain Learn moreé
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I. Efficiency of the Conversion Sector

Ç ὑ of main energy products
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II. Cleaner primary energy-mix

Ç ὑȟ andὑȟ of main energy products
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Conclusions ïQ&A
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Ç 1995-2007 Ÿ Spain 43% & EU28 4%

Á Population growth, rising per capita income, and social factorsŸ contributors to

increase in emissions in Spain and EU28

Á But very positive evolution of observed end-use energy efficiency in EU28, and

very negative in Spain.

Á Transport and services sectors Ÿ main contributors to increase in emissions in

Spain and EU28. HHs and industryŸ inhibitor in EU28, but contributor in Spain.

Ç 2007-2017 Ÿ Spain is on a path toward the decarbonization of the economy, with more

accentuated trend, Spain 19% & EU28 11%

Á In EU28 mainly by efficiency of conversion and observed end-use energy

efficiency, structural changes toward less emission-generating sectors, lower use

of fossil fuels in energy transformation.

Á Same in Spain (+ social factors), but no improvement in observed end-use

energy efficiency at all. Evolution of emissions in Spain is burdened by observed

end-use energy efficiency Ÿ Infra-utilization (installation of end-use energy

equipment above its potential)

Á HHs and industry Ÿ clear inhibitors in Spain and EU28. Transport Ÿ contribute

to fall in emissions, more in Spain than in EU28.
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Spain and EU28. HHs and industryŸ inhibitor in EU28, but contributor in Spain.

Ç 2007-2017 Ÿ Spain is on a path toward the decarbonization of the economy, with more

accentuated trend, Spain 19% & EU28 11%

Á In EU28 mainly by efficiency of conversion and observed end-use energy

efficiency, structural changes toward less emission-generating sectors, lower use

of fossil fuels in energy transformation.

Á Same in Spain (+ social factors), but no improvement in observed end-use

energy efficiency at all. Evolution of emissions in Spain is burdened by observed

end-use energy efficiency Ÿ Infra-utilization (installation of end-use energy

equipment above its potential)

Á HHs and industry Ÿ clear inhibitors in Spain and EU28. Transport Ÿ contribute

to fall in emissions, more in Spain than in EU28.
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Thank you!
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Appendix

I. Example of Energy Input-Output Table Return
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Appendix

II. Sankey Diagram of Energy Flow ïSpain (2017) Return
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III. List of Energy Products and Carbon Content Return
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IV. Acquirement of ╚╟╔╠ Return
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IV. Acquirement of ╚╟╔╠ Return
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V. Intermediate Conversion Sector in Energy I-O Table Return
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Appendix

VI. Population, Income & Other Social/Comfort Factors Return
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VII. Acquirement of ╚╒╠ Return
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VII. Acquirement of ╚╒╠ Return
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VIII. Transport Mode Composition
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IX. Sub-Sectoral Contributions to End-Use Efficiency Return
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IX. Sub-Sectoral Contributions to End-Use Efficiency Return
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X. Heating and Cooling Degree Days Return
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