
MACROECONOMIC AND SECTORAL IMPACTS 
OF ENERGY EFFICIENCY TARGETS

A GENERAL EQUILIBRIUM APPROACH FOR PORTUGAL

Carla Teotónio
Miguel Rodriguez 

Peter Roebeling
Patrícia Fortes

MILAN, 1 DECEMBER 2016



OUTLINE

1. Context

2 Obj i2. Objective

3. Methodology

4. Scenarios

5. Results

6. Concluding remarks6. Concluding remarks
2



CONTEXT(1)

; 

CONTEXT(1)

Energy efficiency and economic development

Resource efficiency is a key tool to decouple economic growth and resource use:

“The economic efficiency and the environmental effectiveness with which an economy or a production process 

is using natural resources”

This encompasses: 

A i i di i h i f d d i h i i f l A quantitative dimension ‐ the quantity of output produced with a given input of natural resources

 A qualitative dimension ‐ the environmental consequences per unit of output produced with a given 

natural resource inputnatural resource input

The concept is closely linked to the concept of resource productivity:

“The monetary value‐added of output per physical unit of resource input”
OECD, 2008
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CONTEXT(2)

; 

CONTEXT(2)

Energy efficiency and economic development

Energy efficiency improvements 
Lowering the absolute consumption of primary and/or final energy needed to deliver certain process or product

Benefits
 Increases security of supply 
 Improves trade balance
 Reduces GHG emissions 
 Fosters economic competitiveness 
 Reduces final energy demand
 Reduces the resource use for energy‐related activities
 Reduces pollutionp
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CONTEXT(3)

; 

CONTEXT(3)

EU Energy and Climate policies promoting energy efficiency

Energy efficiency is one of the cornerstones of the EU political action towards a low carbon economyEnergy efficiency is one of the cornerstones of the EU political action towards a low‐carbon economy: 
 2020 Energy and Climate Package
 2030 Climate & Energy Framework
 Roadmap for 2050

2020 Energy and Climate Package | 20‐20‐20 goals
 20% reduction in greenhouse gas emissions as compared to 1990 levels
 20% of renewable sources in final energy consumption
 20% improvement in energy efficiencyp gy y

Portuguese goals for 2020
 20% reduction in greenhouse gas emissions as compared to 1990 levels20% reduction in greenhouse gas emissions as compared to 1990 levels
 31% of renewable sources in final energy consumption
 25% reduction in primary energy consumption
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; 

OBJECTIVE

Objective
To assess the macroeconomic impacts of complying with energy efficiency targets set for Portugal in the scope of the 

EU 2020 Energy and Climate Package

How
 Analysis of the effects of a 25% reduction in final energy consumption on the Portuguese economy Analysis of the effects of a 25% reduction in final energy consumption on the Portuguese economy
 Economic structure as of 2008
 Computable general equilibrium model (CGE)

7



METHODOLOGYMETHODOLOGY

Computable General Equilibrium model

 Static CGE model for a small open economy

 31 production sectors: 4 energy sectors and 27 non‐energy sectors 31 production sectors: 4 energy sectors and 27 non energy sectors

 3 institutional sectors: private sector, public sector, and foreign sector

 Competitive labour market with involuntary unemployment Competitive labour market with involuntary unemployment

 Technological disaggregation of the power sector: 8 technologies

 Physical consumption of final energy per energy product and by institutional sector Physical consumption of final energy per energy product and by institutional sector

 Calibrated to base year 2008

P d i GAMS MPSGE Programmed in GAMS‐MPSGE
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SCENARIOS

Simulated policy: Energy savings in absolute terms (TOE)
 A. 25% reduction in final consumption 
 B 10% reduction in final consumption B. 10% reduction in final consumption 

Policy instrument: Environmental tax on final energy consumption
 1 Covering all forms of final energy (non‐renewable and renewable energy) 1. Covering all forms of final energy (non‐renewable and renewable energy)
 2. Covering only fossil fuels (only non‐renewable energy)

Scenarios:Scenarios:
 Scenario A.1.: 25% reduction achieved by a tax on all forms of final energy (tax of 82€/bbl)
 Scenario A.2: 25% reduction achieved by a tax on fossil fuels (tax of 102€/bbl)

S i B 1 10% d ti hi d b t ll f f fi l (t f 27€/bbl) Scenario B.1: 10% reduction achieved by a tax on all forms of final energy (tax of 27€/bbl)
 Scenario B.2: 10% reduction achieved by a tax on fossil fuels (tax of 34€/bbl)
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RESULTS (1)RESULTS (1)

Macroeconomic impacts

i % d i i % d i
Unit

Scenario A: 25% reduction Scenario B: 10% reduction
1. All energy 2. Fossil fuels 1. All energy 2. Fossil fuels

Gross domestic product (GDP) % ‐3,6 ‐3,4 ‐0,9 ‐0,7
Consumer price index (CPI) % 4,0 3,5 1,1 1,0
Real GDP % ‐7,6 ‐6,9 ‐2,0 ‐1,7
Real wages % ‐4,8 ‐4,7 ‐1,4 ‐1,3
Unemployment rate p.p. 4,6 4,5 1,1 1,1
Trade balance (energy products) % 17,6 10,6 7,0 5,2

 The effects of a tax on all final energy products on real GDP are stronger than if only on fossil fuels

 Taxes on energy inputs increase production prices and inflation occurs

Trade balance (energy products) % 17,6 10,6 7,0 5,2

 Due to the decrease in GDP and the increase in prices, real GDP decreases considerably

 As the economy slows down, wages decrease. Given the rise in prices, real wages decrease significantly and unemployment 
rates increase

10 The trade balance for energy products improves, but the national balance deteriorates as exports decrease more than imports



RESULTS (2)RESULTS (2)

Sectoral impacts in the energy sectors 

Scenario A: 25% reduction Scenario B: 10% reduction
1. All energy 2. Fossil fuels 1. All energy 2. Fossil fuels

Refined petroleum ‐14,6 ‐18,3 ‐5,4 ‐7,1p , , , ,
Natural Gas ‐24,8 ‐36,7 ‐11,0 ‐17,5
Electricity ‐25,7 ‐25,3 ‐11,4 ‐10,6
Oil ‐21,2 ‐8,1
G 29 3 12 4Gas ‐29,3 ‐12,4
Coal ‐41,4 ‐19,6

 A tax on fossil fuels has the advantage of favouring electricity generation from renewable sources

 This strenghtens the national commitment with other energy and climate goals: reducing GHG emissions and 
11
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RESULTS (3)RESULTS (3)

Energy intensity 

E i t it d i ll d ti t i Energy intensity decreases in all production sectors across scenarios

 In absolute terms (kgoe/1000€), manufacturing of non‐mineral products, transportation and manufacturing

of paper products record the largest decreases

 In relative terms, the greatest changes occur in the manufacturing of metals and food products

 The energy intensity of the economy decreases by 20% in the A.1 scenario and by 8.4% in the B.2 scenario
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CONCLUDING REMARKS

 Macroeconomic and sectoral impacts of simulated policies show that imposing environmental taxes to 
achieve energy efficiency targets may hamper the national economic performance significantly  

 Results (even in the 10% reduction scenario) highlight the importance of succeeding in the implementation of 
energy efficiency measures defined in the National Energy Efficiency Plansgy y gy y

 This would allow that the eventual fiscal policies needed to achieve national targets could be smoother and, 
consequently, produce less severe impacts in the economy

 A tax on fossil fuels only appears to be a more cost‐effective instrument than a tax on all final energy products

 Beyond less severe economic impacts, such a tax is aligned and reinforces other energy policies and 
objectives, namely regarding GHG emissions and renewable energy sourcesobjectives, namely regarding GHG emissions and renewable energy sources
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METHODOLOGYMETHODOLOGY 

Production structure
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METHODOLOGYMETHODOLOGY

Consumption structure
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