
Delivering Climate-Change 
Mitigation under Diverse National 
Policy Approaches 
An independent IMF/OECD report to support the German 
2022 G7 Presidency  
December 2022 



2 |   

DELIVERING CLIMATE-CHANGE MITIGATION UNDER DIVERSE NATIONAL POLICY APPROACHES © IMF AND OECD 2022 

  

 
  

 

 

      
 
 
 
 
 
 

Delivering Climate-Change Mitigation under 
Diverse National Policy Approaches 

An independent IMF/OECD report to support the German 2022 
G7 Presidency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PUBE 
 

 



  | 3 

 © OECD/IMF 2022 
  

This work was prepared by staff of the Organisation for Economic Co-operation and Development 
(OECD) and International Monetary Fund (IMF) to support the G7 Finance Ministers and Central Bank 
Governors.  
For the IMF, the views expressed here are those of the authors and should not be construed as the 
views of the IMF, its Executive Board, member governments, or any other entity mentioned herein. For 
the OECD, the report is published under the responsibility of the Secretary-General of the OECD, and 
the opinions expressed and arguments employed herein do not necessarily reflect the official views of 
the Member countries of the OECD. 
 
The names of countries and territories used in this joint publication follow the practice of the OECD.  
 
This document, as well as any data and any map included herein are without prejudice to the status of or 
sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name 
of any territory, city or area. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© OECD/IMF 2022 
The use of this work, whether digital or print, is governed by the Terms and Conditions to be 
found at https://www.oecd.org/termsandconditions. 

 

  



4 |   

 © OECD/IMF 2022 
  

Table of contents 

Delivering Climate-Change Mitigation under Diverse National Policy Approaches 6 
Executive summary 6 
Introduction and motivation 8 
What do we have to compare mitigation policies and their effects? 9 
Possible avenues to enhance the comparability of climate policies 17 
Climate policy assessment and international policy dialogue 19 
References 21 

Annex I: Comparing the Effectiveness of Climate Policies (OECD) 23 
Annex I References 37 

Annex II: Emissions Impacts and Economywide Carbon Price Equivalents (ECPEs) 
of Prospective Mitigation Policies (IMF) 38 
Annex II References 50 

Annex III: Broader Policy Impacts of Different Mitigation Policies Including Carbon 
Pricing (IMF) 51 
Annex III References 73 

 

FIGURES 
Figure 1. The Climate Challenge Global CO2 emissions, gigatonnes 8 
Figure 2. OECD Environmental Policy Stringency Can Inform the Stocktaking of Climate Change Policy 10 
Figure 3. Explicit Carbon Pricing Schemes (Panel A) and Effective Carbon Rates, 2021 (Panel B) 11 
Figure 4. Global Effects of an ECR Floor on Emissions 12 
Figure 5. Impacts of Carbon Pricing on CO2 Emissions 2030, G20 Countries 13 
Figure 6. Combined Effects of Current Policies and Sectoral Targets for 2030 15 
Figure 7. Economic Impact of Pricing and Non-pricing Climate Policies on G7 Countries 17 
Figure 8. Marginal Abatement Costs 25 
Figure 9. Mapping of Explicit Carbon Pricing 42 
Figure 10. Mapping of Power Generation Targets 43 
Figure 11. Mapping of Industrial Targets 44 
Figure 12. Mapping of Vehicle Sector Targets 46 
Figure 13. Mapping of Building Sector Targets 48 
Figure 14. Mapping of Building Sector Targets 49 
Figure 15. Power Scenarios: Changes in Power Mix in 2030 57 
Figure 16. Power Scenarios: The Effect of Policies on Electricity Prices in 2030 58 
Figure 17. Power Scenarios: The Effect of Policies on the Electricity Supply in 2030 59 
Figure 18. Power Scenarios: Impacts on GDP and Investment for Two Types of Revenue Recycling 61 
Figure 19. Power Scenarios: Household Consumption and Employment 62 



  | 5 

 © OECD/IMF 2022 
  

Figure 20. Power Scenarios: Impact on EITE Sectors 63 
Figure 21. Power Scenarios:  The Role of Policy Ambition Level for the Ranking of Policies for G7 Countries 64 
Figure 22. Power and EITE Sectors Scenarios: Macroeconomic Impacts 65 
Figure 23. Power and EITE Sectors Scenarios: Sectoral Results 66 
Figure 24. Electricity and EITE Sectors Scenarios: Gross Output and Trade Shares of EITE Industries 67 
Figure 25. Power and EITE Scenarios: Leakage Rates in 2030 68 
Figure 26. Power and EITE Sector Scenarios: Fossil Fuel Imports 69 
Figure 27. Asymmetric Policies Scenarios: Effect of Policies on Competitiveness of EITE Sectors 70 
Figure 28. Losses in Market Share of G7 Countries and the Influence of Coalition Size 71 

 

TABLES 
Table 1. A Typology of Selected Mitigation Policies 9 
Table 2. IPCC Overview of Policy Instruments Countries Use to Mitigate Climate Change 30 
Table 3. Explicit Carbon Pricing Policies, G20 Countries 41 
Table 4. Sector-Specific Targets and Policies for Power Generation, G20 Countries 42 
Table 5. Sector-Specific Targets and Policies for Power Generation, G20 Countries 44 
Table 6. Vehicle Emission Rate Targets, Electric Vehicle Targets, and Fiscal Incentives in Vehicle Registration 
Fees, G20 Countries 45 
Table 7. Sector-Specific Targets and Policies for Buildings, G20 Countries 47 
Table 8. Excise Taxes by Fuel and Sector in 2020, G20 Countries 49 
Table 9. Power Scenarios: Policy Stringency in 2030 56 
Table 10. Tax Changes for Carbon Tax and Feed-in Subsidy Scenario 60 

 

BOXES 
Box.1. Price-based Instruments are Becoming More Widespread but Average Carbon Prices Remain Low 11 
Box 2. Estimating the CO2 Emissions Effects of Carbon Pricing 12 
Box 3. Carbon Border Adjustment and Non-price-based Climate Mitigation Policies 24 
Box 4. Power Sector and Power Policies in the IMF-ENV Model 71 

 

 



6 |   

 © OECD/IMF 2022 
  

Executive summary 

In the face of the huge global challenge of climate change, international cooperation and dialogue are key 
to achieving substantial progress – effectively and rapidly reducing emissions, in an economically efficient 
and publicly acceptable manner. Such dialogue needs to be underpinned by hard evidence on policies and 
their effects.  

In spite of progress made to date and the significant long-term ambition announced by many countries, 
policy actions on climate remain insufficient to meet the Paris Agreement objectives. The difference 
between 1.5 and 2 degrees is predicated on actions in the next 5-10 years, making the deficit in action 
from now to 2030 particularly worrisome. In addition, countries’ reliance on different combinations of a wide 
range of price-based and non-price-based policies, to suit country-specific circumstances, hampers the 
assessment and comparison of policy approaches over time and across countries. Several international 
initiatives aim to track and monitor climate policies, and through the Paris Agreement the UNFCCC has 
established a formal framework under which countries are to report progress towards their climate targets 
from 2024. However, there is not yet a “go to” place for a comprehensive inventory of policy actions and 
best practices worldwide, also serving to compare policies’ effectiveness under different country 
circumstances.  

Such gaps in evidence on policies can amplify concerns over competitiveness losses and/or carbon 
leakage (especially given that alternative policies with similar effects on emissions can have quite different 
impacts on firms’ costs), undermining trust and raising the risks of implementation slippage and free-riding. 
Given the urgency of addressing the climate challenge and the concerns with high and volatile energy 
prices, now more than ever there is a need for a focused, international and inclusive dialogue to ensure a 
more globally coherent approach to climate change mitigation. 

In light of this, the German G7 Presidency is focussing its climate work on turning climate commitments 
into action, through enhancing frameworks for climate policy dialogue and co-operation. The aim is to 
promote an ambitious but globally more coherent and better coordinated approach to emission reductions 
through a broad range of policies. This report lays out a roadmap for data and analytical work to support 
this aim, with a view to enhancing global dialogue and building trust on issues spanning climate change 
and its macroeconomic repercussions. 

This report outlines key elements to strengthen the assessment and comparison of countries’ climate 
change mitigation policies across countries and better understand their effects:  

• Broadening and deepening the stocktaking of mitigation policies and mapping them to the 
emission base that they affect, which would build on numerous initiatives already under way. It 

Delivering Climate-Change Mitigation 
under Diverse National Policy 
Approaches 
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would lay the foundations for comparing a larger set of mitigation policies in more countries and 
sectors and at a more granular level than is currently possible, and for identifying asymmetries in 
policy approaches. 

• Extending and agreeing on an operational methodology for estimating the impact of these 
policies on emissions and on potential metrics to compare them (e.g. by estimation of the 
“carbon price equivalent”). Developing and agreeing on such a methodology would strengthen 
countries’ capacity to monitor progress towards climate change targets and improve the 
comparability of reporting such progress. This report provides a stylized example for such policy 
comparisons, applied to G20 economies and provides a roadmap for future work. Developing and 
agreeing on such methodologies would strengthen countries’ capacity to monitor progress towards 
climate change targets and improve the comparability of reporting such progress. A platform 
whereby countries and experts can share their knowledge and experience in these areas is key to 
overcoming numerous methodological challenges and expediting progress. 

• Further assessing the broader economic effects of different climate policies taking into 
account cross-country spillovers. Understanding these effects would help design policy 
approaches that minimize concerns about competitiveness, carbon leakage, and burden sharing 
of global mitigation efforts. 

The methodological process discussed in this report is a necessary condition for effective international 
cooperation in the presence of diverse national policy approaches. It assists and complements ongoing 
and future international policy co-operation, including in the G7/G20/IMFC, Border Carbon Adjustments 
(BCAs), climate club initiatives, tracking progress under UNFCCC’s Enhanced Transparency Framework, 
the International Carbon Floor Price (as proposed by the IMF) or the Inclusive Forum on Carbon Mitigation 
Approaches (as proposed by the OECD). 

This report reflects the views and analysis of IMF and OECD staff, and not necessarily those of G7 
members, or any endorsement of specific approaches or methodologies presented. It is intended 
to form the basis for discussion, and to help to build consensus on the need to improve the 
assessment of comparability of climate mitigation polices, as well as to suggest directions for 
needed additional work in this area. 
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Introduction and motivation 

In recent years, more than 130 countries, 
covering nearly 90 percent of global 
greenhouse gas (GHG) emissions, have set or 
proposed net-zero emission targets by around 
mid-century. But in the near term a large gap 
remains between the sum of country-level 
mitigation pledges and global climate goals. 
While recent Nationally Determined 
Contribution (NDC) pledges provide hope and 
momentum for international climate action, 
they will reduce global GHG emissions by only 
about half of what would be required by 2030 
to be on track to meet the Paris Agreement's 
goal of limiting global warming to 1.5°-2°C (or 
to reach net zero emission by mid-century). 
This disparity between long-term and the 
nearer-term commitments in NDCs is 
compounded by lagging policy implementation 
(Figure 1). 
The Paris Agreement embodies a bottom-up 
approach that does not prescribe the manner 
in which countries will reach their emission reduction targets, or the stringency of their targets. This is to 
be decided by each country, as every country has a different starting point and faces different domestic 
economic structures, social preferences and political circumstances. These specificities result in a variety 
of policy approaches (e.g., broad-based carbon pricing, feebates, emission rate standards, investment 
incentives, technology subsidies, etc.). Carbon pricing will remain a key tool in lowering emissions, but the 
diverse combinations of policy instruments make it difficult to compare countries’ mitigation strategies and 
their effects. The lack of comparable metrics can heighten concerns about free riding on mitigation, 
competitiveness losses and/or carbon leakage, and thus undermine trust, hindering more ambitious 
actions. 
Comparing mitigation approaches can be rooted in inputs, e.g., by focusing on the effects of policies 
themselves, or rooted in outcomes by measuring the carbon content of individual goods. Both approaches 
have merits and are complementary. 
A shared framework to describe policies and assess their effectiveness (which is the focus of this report) 
is key to providing forward-looking insights on emission reductions. It would allow for a structured and 
collaborative debate on climate policies such as the Inclusive Forum on Carbon Mitigation Approaches 
(IFCMA) proposed recently by the OECD and supports initiatives to scale up global mitigation action such 
as the Climate Club proposed by the German G7 presidency and the International Carbon Price Floor 
proposed by the IMF. It would also help to bring a stronger focus on tracking progress and policy 
implementation under the Enhanced Transparency Framework of the UNFCCC. Measures of carbon 
content and data on policy instruments could inform debates on the international spill-overs of climate 
policies, for instance in the context of proposals for border carbon adjustment mechanisms. Carbon content 
measures are however backward looking as they reflect the impact of past policies on current emissions. 
Assessing and comparing effectiveness of current policies could then also be useful as an input to compute 
current and forward-looking carbon content measures. 
The first section of the report summarises progress on: (i) stocktaking mitigation policies and mapping 
these policies into their emission bases; (ii) the development of an operational methodology for estimating 

Figure 1. The Climate Challenge 
Global CO2 emissions, gigatonnes 

 
Source: Authors based on IEA (2021) 
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the impact of these policies on emissions, as well as a potential metric to compare them (i.e., the economy-
wide carbon price equivalent); and (iii) analyses of the broader economic effects of different mitigation 
policies (taking also into account cross-country spill-overs). The second section discusses what additional 
policy instruments and modelling efforts are required to improve the assessment and comparability of 
countries’ mitigation policy approaches. The last section details how these efforts could complement 
various international policy coordination workstreams (macro economy, trade, climate clubs, UNFCCC 
etc.). 

What do we have to compare mitigation policies and their effects? 
Stocktaking and mapping of price and non-price-based policies 

The distinction between price-based instruments and non-price-based instruments rests on the channels 
through which they impact emissions. Price-based instruments (which include explicit carbon prices, such 
as carbon taxes, and other price-based instruments, such as fuel taxes or feed-in tariffs) change the prices 
of activities or assets and leave it to producers and consumers to react to the new price signals (Table 1). 
Non-price-based instruments (e.g., clean technology subsidies, vehicle emission rate standards, energy 
efficiency regulations) instead put constraints on producers and consumers to only pursue activities or 
invest in assets complying with regulatory requirements. They do not result in the same response as price-
based instruments and tend to be less efficient from a purely economic standpoint. At the same time, they 
can complement price-based measures and enhance the social acceptance of mitigation strategies 
(D’Arcanelo at al. 2022, Dechezleprêtre et al., 2022). 

Table 1. A Typology of Selected Mitigation Policies 
  Price-based  

instruments  
Non-price-based  

instruments 
  Explicit carbon 

prices 
Other price-based 
instruments 

 

Climate change 
mitigation policy 
instruments (main policy 
motivation is to reduce 
greenhouse gas 
emissions) 

• Carbon taxes (1)  
• Emissions 

trading schemes 
(2) 

• Emissions-based vehicle 
taxes 

• Feed-in tariffs  
• Feebates 
• Tradable emissions 

performance standards 

• GHG emissions intensity 
standards 

• Technology deployment 
subsidies 

• Technology mandates or bans 

Non-climate change 
mitigation policy 
instruments 
(Other principal policy 
motivation but highly 
climate-relevant) 

  • Fuel excise taxes (3) 
• Fossil fuel subsidies (4) 
• Electricity excise taxes (5) 
• Electricity subsidies (6) 
• Some industrial and 

agricultural subsidies 

• Air pollution standards  
• Fertiliser regulations 
• Fuel efficiency regulation 

Source: OECD. 
Note: 1, 2, and 3 are systematically analysed in the OECD (2021) Effective Carbon Rates 2021. OECD (2019) Taxing Energy Use 
2019 additionally accounts for 5. Recent and ongoing OECD work integrates 4 and 6 into the OECD’s effective tax rates framework; 
see also OECD (2021), Companion to the Inventory of Support Measures for Fossil Fuels 2021. 

Conducting a stocktaking and comparing the impacts on emissions of price-based and non-price policies 
is challenging. There is a large variety of pricing and non-pricing instruments, which may interact in 
complex ways. 
The OECD has made several contributions to document climate policies across countries. The OECD’s 
Environmental Policy Stringency (EPS) index developed in 2013 and updated in 2022 was the first effort 
to gauge price and non-price-based policies.1 The EPS covers and rates 13 policies across 40 countries 
over three decades from 1990 to 2020 (Figure 2). Yet, the indicator does not measure the emission 
coverage and includes a restricted set of key mitigation policies. The OECD’s Effective Carbon Rates 

 
1 Botta and Koźluk (2014), Kruse, Dechezleprêtre, Saffar and Robert (2022). 



10 |   

 © OECD/IMF 2022 
  

(ECRs) report provides a comprehensive stocktaking of emissions trading systems, carbon taxes, and fuel 
excise taxes as well as mapping these policies to the sectors and fuels.2 Box 1 provides a summary of the 
most recent update of this dataset. The OECD Taxing Energy Use report provides additional detail on fuel 
and carbon taxes and estimates the energy-price signals from electricity taxes. Annex I elaborates on 
these and other initiatives that have taken place to document climate policy globally. 

Figure 2. OECD Environmental Policy Stringency Can Inform the Stocktaking of Climate Change 
Policy 

A. The 2021 Environmental Policy Stringency Index 

 
B. EPS sub-indicators across countries, 2020 

 
Note: Panel A shows the aggregation structure of the updated EPS index (referred to as “EPS21”). ELV is short for Emission Limit 
Value. Panel B shows the contribution of the policy components to the EPS across countries for the year 2020. The blue bars show 
the contribution of non-market based policies to the EPS. The red bars show the contribution of market based policies. The green 
bars show the contribution of technology support policies. Data for Colombia, Costa Rica, Latvia and Lithuania were not available. 
Source: OECD. 

The mitigation policy comparison shown in the next Section relies on an IMF stocktaking, which includes: 
a compilation of carbon pricing policies at the economy wide or sectoral level; future targets at the sectoral 
level for emission rates or clean technologies (e.g., renewables) along with a qualitative listing of policy 

 
2 https://www.oecd.org/tax/tax-policy/effective-carbon-rates-2021-0e8e24f5-en.htm. 

https://www.oecd.org/tax/tax-policy/effective-carbon-rates-2021-0e8e24f5-en.htm
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instruments being used to implement these targets; and fuel taxes. See various tables in Annex 2, which 
also elaborates on this stocktaking. 

A systematic stocktaking and mapping of policies into their emission bases will already provide much 
additional orientation for policy makers, and are key steps towards estimating the emission reduction of 

Box.1. Price-based Instruments are Becoming More Widespread but Average Carbon Prices 
Remain Low 
The most recent update of the OECD Effective Carbon Rates database (limited to G20 countries, except 
for Saudi Arabia) indicates that in 2021 49% of CO2 emissions from energy use were priced, up from 37% 
in 2018. This large increase in coverage took place almost entirely through emissions trading systems, 
including but not limited to changes in Canada, China, and Germany. 
Between 2018 and 2021, explicit carbon prices resulting from carbon taxes or emissions trading systems 
rose markedly, driving effective carbon rates higher across most fossil fuels, especially for coal and natural 
gas. Currently, thirteen G20 countries have explicit carbon pricing instruments in place at the national or 
subnational level or participated in the EU ETS. However, coverage and rates vary strongly across 
countries and sectors, and explicit carbon prices remain low when averaged across all emissions and 
countries (Figure 3, Panel A.). On this basis the IMF estimate the latest G20 average explicit carbon price 
at USD 8. Further, carbon prices increasingly diverge across countries, adding to concerns about 
competitiveness and/or leakage. Countries with the highest effective carbon rates in 2018 saw prices rise 
further, while there was little change in countries where they were low. And considerable variation persists 
in effective carbon rates across sectors, with the largest emitting sectors still facing very low average 
effective carbon rates (Figure 3, Panel B). 

Figure 3. Explicit Carbon Pricing Schemes (Panel A) and Effective Carbon Rates, 2021 (Panel B)  
A. Coverage and level of explicit carbon prices B. Effective carbon rates (left axis) and sectoral CO2 

emissions (RHS) axis) 

 
Panel A notes: EU ETS includes Norway, Iceland and, Liechtenstein. Prices are a weighted average between schemes. EU countries 
use weighted average with EU ETS. China's price is based on the opening price of USD 7.40/tCO2e. Canada's price reflects the 
federal backstop.  Mexico's subnational schemes are not included due to lack of data. World carbon price equates to $6 averaged 
over all emissions. 
Panel B notes: G20 includes all G20 individual countries, except Saudi Arabia. Taxes are those applicable on 1 April 2021. The ETS 
price is the average ETS auction or spot price for 2021. Effective carbon rates (marginal ETS permit price + carbon tax + fuel excise) 
are averaged across all energy-related CO2 emissions from each sector, including those not covered by any carbon pricing 
instrument. 
Panel A Source: IMF staff calculations based on the Word Bank Carbon Pricing Dashboard and national sources. 
Panel B Source: OECD (2021), “Carbon Pricing in Times of COVID-19: What Has Changed in G20 Economies”. 
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price and non price-based instruments in a consistent way across countries and sectors. Box 2 discusses 
results indicating that while price-based measures are effective in reducing emissions they alone are not 
sufficient to meet net-zero emissions targets given current technologies and abatement costs. This 
underlines the importance of non-price-based, complementary policies that can accelerate the 
development and deployment of clean technologies and ease the substitution of low-carbon energy 
sources for fossil fuels. 

As discussed in the next sections, assessing and comparing the effectiveness of countries’ 
decarbonisation strategies requires further work. This will have to cover a wider range of price and non 
price-based policies, taking into account their complex interactions. 

Box 2. Estimating the CO2 Emissions Effects of Carbon Pricing 
A recent OECD study estimates the long-run responsiveness of CO2 emissions and government 
carbon-pricing related revenues to carbon pricing within a unified empirical framework across countries, 
sectors and fuels. The analysis uses the OECD Effective Carbon Rates (ECR) database and covers 44 
OECD and G20 countries over the 2014-18 period. 

The baseline estimates imply that an increase in ECRs by EUR 10 per tonne of CO2 reduces CO2 
emissions from fossil fuel use by 3.7% on average. This responsiveness varies by sector and fossil fuel,  

being stronger for road transport, agriculture & fisheries, coal, diesel and kerosene. At the global level, 
a minimum international carbon price of EUR 60 per tonne of CO2 (which is 2.4 times the 2018 average 
effective carbon rate) would lower global CO2 emissions from fossil fuels by about 17%. More than half 
of this emission reduction would result from starting to price emissions that are currently unpriced. The 
results underline that while price-based measures are effective in reducing emissions they alone are 
not sufficient to meet net-zero emissions, unless Effective Carbon Rates (ECR) reach very high levels 
under current technologies (Figure 4). 

Figure 4. Global Effects of an ECR Floor on Emissions 
CO2 emissions from fossil fuel use 

 
Note: Simulations of a global ECR floor by EUR 5 increments. The maximum ECR floor for emissions unpriced in 2018 is EUR 60 per tonne 
of CO2. Beyond EUR 60, the price floor on already priced emissions in 2018 keeps on rising until EUR 175, while that for unpriced emissions 
in 2018 remains at EUR 60. Semi-elasticities vary by sector. An ECR floor of 0 corresponds to 2018 policies. 
Source: D’Arcangelo, F., et al. (2022) (2022), “Estimating the CO2 emission and revenue effects of carbon pricing: new evidence from a 
large cross-country dataset”, OECD Economics Department Working Paper, No. 1732, OECD Publishing, Paris 

Complementary IMF analysis using the Climate Policy Assessment Tool (CPAT), described in Annex 
2, reinforces this finding. The IMF analysis assesses the impacts of carbon pricing on reducing future 
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CO2 emissions below projected baseline levels that would occur in 2030 with no new, or tightening of 
existing, mitigation policies—any existing carbon pricing or fuel taxes are held fixed at their current 
levels in these projections. As indicated in Figure 5, even additional carbon pricing of USD 75 per tonne 
in 2030 would not be sufficient to meet mitigation pledges in NDCs for most advanced, and a couple of 
emerging market, economies, underscoring the need for reinforcing pricing with sectoral measures that 
are less efficient, but likely more acceptable, as (unlike pricing) they avoid significant increases in 
energy prices. 

Figure 5. Impacts of Carbon Pricing on CO2 Emissions 2030, G20 Countries 

 
Source: IMF staff using CPAT. 

A recent OECD study estimates the long-run responsiveness of CO2 emissions and government 
carbon-pricing related revenues to carbon pricing within a unified empirical framework across countries, 
sectors and fuels. The analysis uses the OECD Effective Carbon Rates (ECR) database and covers 44 
OECD and G20 countries over the 2014-18 period. 
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effective carbon rate) would lower global CO2 emissions from fossil fuels by about 17%. More than half 
of this emission reduction would result from starting to price emissions that are currently unpriced. The 
results underline that while price-based measures are effective in reducing emissions they alone are 
not sufficient to meet net-zero emissions, unless Effective Carbon Rates (ECR) reach very high levels 
under current technologies (Figure 3). 
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2, reinforces this finding. The IMF analysis assesses the impacts of carbon pricing on reducing future 
CO2 emissions below projected baseline levels that would occur in 2030 with no new, or tightening of 
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A comparison of price and non-price-based policies 

To facilitate international policy cooperation, a transparent methodology is required to map and compare 
alternative policy approaches (e.g., partial carbon pricing, renewables incentives, emission rate 
regulations, changes in fuel taxes). 

The results presented below compare policies based on their: (i) emissions reductions; and (ii) economy-
wide carbon price equivalent (ECPE). The ECPE refers to the economywide carbon price that is estimated 
to yield the same emissions reduction as the policy under consideration. 

These results are illustrative, and to date, there is no unique methodology. The exercise depends on model 
assumptions, the level of policy detail, metrics used for policy comparison in addition to the choice of 
benchmark scenario, assumptions about the evolution of national and global variables, and how to treat 
policies applied internationally and at sub-national levels. Differences in price and quantity-based 
instruments due to uncertainty over future abatement costs are also beyond the scope of the analysis 
presented below. While we have tried to use central-case assumptions, an important further development 
of this methodology would be to conduct sensitivity analysis to provide confidence bands or robustness 
checks on the estimates. Annex 2 describes the methodology used here for this purpose based on the 
IMF-World Bank Climate Policy Assessment Tool (CPAT), applied to each G20 country, for economy wide 
and sectoral mitigation policy commitments to 2030. CPAT provides country-level estimates (for 200 
countries) of future fuel use and emissions by major energy sectors as well as the emissions impacts of a 
diverse range of pricing and non-pricing mitigation approaches. The tool is parameterized so that 
emissions projections and the responsiveness of fuel use and emissions to mitigation policies are 
consistent with the mid-range of the broader energy/climate modelling literature. 

At the sectoral level, mitigation instruments frequently overlap (e.g., commonly used non-pricing measures 
in power generation include feed-in tariffs, renewable portfolio standards, net metering, and tax credits) 
and it can be extremely challenging to disentangle the contribution of individual measures to emissions 
reductions. It is, however, feasible to assess the emissions reductions and ECPEs of future sectoral targets 
(e.g., for renewable power generation) that overlapping measures are designed to achieve. In other cases, 
sectoral policies may be implemented at the same time as overarching carbon pricing—here, double 
counting of emissions reductions should be avoided when aggregating over policies. Annex 2 discusses 
the CO2 reductions and ECPEs for G20 countries of the following policies/targets in isolation: 

• Explicit carbon pricing: which is currently implemented by 13 G20 countries, though with substantial 
variation in sectoral coverage and expected future price levels; 

• Power: future renewable generation targets (which apply in all G20 countries but are not always 
binding) and coal phase outs (which apply in eight cases); 

• Industry: CO2 intensity standards (which apply in eight countries); 
• Transport: Future CO2 per kilometer standards or similar fuel economy requirements (which apply 

in nine countries) for new vehicles and sales share requirements for electric vehicles (applying in 
15 cases); 

• Buildings: Emissions targets for all buildings (applying in three cases) or new buildings (applying 
in six cases); 

• Fuel taxes/subsidies: (applying in all countries) though it is not entirely clear whether currently 
existing taxes (whose emissions impact is already observed), as opposed to future tax increases, 
should count towards ECPEs for future policies. 

These policies/targets were chosen for this exercise because they are the main approaches used by a 
significant number of G20 countries to make progress on their mitigation commitments and are not 
intended to be exhaustive. Some approaches are not included, for example policies to scale up nuclear 
power or reduce emissions from existing vehicles, because they are not very common among G20 
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countries or have not been specified in numerical terms. As highlighted in the previous section, deepening 
and broadening the stocktake of policies and mapping them to the emission base that they affect are key 
elements of more transparent and comprehensive approaches to estimate the emission reduction of price 
and non price-based instruments in a consistent way across countries and sectors. 

The combined effect of the above policies and targets varies substantially across countries. Compared to 
a counterfactual with no carbon pricing or other new mitigation measures in 2030, CO2 reductions are 
around ten percent or less in four countries and range more than 50 percent in the other four (Figure 6, 
panel A). Additionally, countries vary significantly in their choice of instruments and the relative 
contributions of sectoral targets. Renewables targets make a significant contribution to emissions 
reductions in the policy mix in twelve countries and explicit carbon pricing contributes substantively in eight 
countries3. For most countries, a significant contribution to achieve mitigation commitments in NDCs may 
come from policies that are either not modelled here, or that have not yet been specified in numerical 
terms. ECPEs for policies combined exceed $100 per tonne of CO2 in seven cases, are around $30 per 
tonne or less in another nine cases (panel B). 

Figure 6. Combined Effects of Current Policies and Sectoral Targets for 2030 

A. Economywide CO2 Reductions B. ECPEs 
 

 
Source: IMF staff using CPAT. 
Note: * ‘Other policies or unspecified’ includes policies not quantified in this exercise or not yet specified by the authorities. For the 
United States sectoral targets are inferred from estimates of sectoral impacts from provisions in the Inflation Reduction Act. 

Assessment of broader economic effects of mitigation policies 

Understanding the economic effects of different climate policies is key both from a domestic and 
international perspective. From a domestic perspective, climate policies can have different economic 

 
3 The attribution of emissions reductions to individual policies and targets is ambiguous, however, where they overlap hence 
the total CO2 reductions (and ECPEs) should be considered more than the relative contribution of specific policies/targets. 
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effects, including on economic cost, employment, energy prices, fiscal accounts, energy security, and 
competitiveness, even if they reduce emissions in the same amount. They can also affect other 
environmental policies, such as tackling biodiversity loss, in different ways. This raises important trade-
offs. Understanding these trade-offs is key to designing a policy mix that is tailored to a country’s economic 
structure and its political economy. From an international perspective, understanding the spillovers climate 
policies generate – through international trade and competitiveness, international fossil fuel markets, and 
technology developments – will support an international dialogue and coordination on issues relating to 
climate policy, competitiveness and carbon leakage. 

Modelling tools are useful to assess these effects. One common tool is a dynamic and global CGE model 
(such as the IMF-ENV and OECD ENV-Linkages models), which represents economic sectors and 
international trade in detail and relates emissions directly to specific economic activities. Illustrative 
simulations using the IMF-ENV model provide insights about the relative strengths of different policies for 
the main sectors with the largest amount of emissions, namely electricity generation and energy intensive 
and trade exposed (EITE) industries. G7 countries (and the EU), China, and India are assumed to take 
climate action in these scenarios. Annex 3 provides more details on the design of the simulations and 
country-specific results. 

In the power sector where many technologies exist, most pricing and non-pricing climate policies are all 
effective options but vary in their impact on electricity prices and government revenues. A carbon tax for 
electricity generation, a direct regulation on the share of fossil fuel power, and a feebate system have 
similar and small economic costs, below 0.2 percent of GDP for policies equivalent to a 20-percentage 
point decrease of the fossil fuel share (Figure 5). One exception is the feed-in subsidies for solar and wind 
electricity generation, which cost more than the other options because the lower energy price causes a 
rebound effect in energy demand and the subsidy needs to be financed by taxes. If electricity prices are a 
political focus, however, feed-in subsidies—which reduce prices—as well as regulations and feebates—
which only increase them very moderately—are preferable alternatives to carbon pricing, although even 
carbon pricing increases electricity prices by less than 10 percent. At the same time, carbon taxation allows 
for lowering labour income taxes (through revenue recycling), resulting in higher real income of households 
(the opposite effects of feed-in subsidies). These results thus highlight the importance of taking into 
account so-called “general equilibrium” effects. 

In EITE industries where technical substitution possibilities are limited, regulation could be significantly 
more costly than carbon pricing. The EITE industries include many sectors with largely different technical 
substitution possibilities. For some of the EITE sectors, complying with a common regulation is extremely 
difficult and it is much easier to handle carbon pricing, which gives them the option to pay the tax and 
adjust their production process only a little. The carbon tax allocates emission reductions to where they 
are cheapest. This keeps the aggregate economic cost lower but also leads to a more even distribution of 
economic costs across sectors. Avoiding the larger costs of regulation through sector-specific regulation 
requires detailed sectoral knowledge to avoid heterogeneous implicit carbon prices (and therefore 
heterogeneous marginal abatement costs). The potential for policy mistakes is a lot higher with regulation 
than it is with carbon pricing. 

From a cross-border perspective, competitiveness effects for EITE industries depend on the extent of 
participation of other countries in the global mitigation effort, but also on the nature of policies used and 
the differences in economic structures across countries. Losses in competitiveness are more substantial 
when countries that are large producers in EITE sectors (for instance, China, India) do not participate in 
global mitigation. Carbon pricing on EITE industries is better at protecting these industries than regulations 
that are not well-tailored to specific sub-sectors. Feed-in subsidies and feebates in the power sector help 
protect the market shares in EITE industries relative to non-acting countries but can also cause significant 
changes in market shares between acting countries, reflecting different initial conditions in the use of solar 
and wind technologies. Finally, the use of different policy mixes across acting countries—where some 
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countries use carbon pricing while others implement regulation or feed-in subsidies—can further amplify 
competitiveness effects, but the effects vary across sectors and policies. 

Figure 7. Economic Impact of Pricing and Non-pricing Climate Policies on G7 Countries  
Real GDP in 2030 
(Percent deviation from baseline) 

Electricity prices in 2030 
(Percent deviation from baseline) 

  
  
Trade share of EITE industries in 2030 
(Percentage point deviation from baseline) 

Trade share of EITE industries in 2030, asymmetric policies 
(Percentage point deviation from baseline) 

 
 

Source: IMF-ENV model. 
Note: In panel 4, the first three sets of bars refer to the “Power sector scenarios.” They compare a scenario where all countries 
implement a carbon tax vs. scenarios where CAN, EU, and the UK implement a carbon tax but JPN, USA (and China and India) 
instead implement either (i) a regulation or (ii) feed-in tariffs. The three sets of bars on the right refer to the “Power and EITE sector 
scenarios.” Similarly, they compare a scenario where all countries implement a carbon tax vs. scenarios where CAN, EU, and the 
UK implement a carbon tax but the other countries implement either (i) a regulation in both power and EITE sectors or (ii) feed-in 
tariffs in the power sector and a regulation in the EITE sectors. FIT=Feed-in tariffs, also referred to as feed-in subsidies in the text. 

Possible avenues to enhance the comparability of climate policies 

Expanding the existing work of the IMF and OECD and other international organisations requires actions 
in two areas: (i) broadening and deepening the stocktaking and mapping of climate policies, which would 
allow covering a larger set of mitigation policies in relevant countries and sectors and at more a granular 
level than what currently done; and (ii) extending and agreeing on methodologies for estimating expected 
emission reductions for policies or policy packages where it has so far not been feasible to decompose 
their emissions impacts. In addition, performing work in these two areas would allow further investigations 
of the macro-economic effects of different policy mixes, covering a rich variety of policy configurations and 
additional sectors. 
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A broader and more granular stocktaking and mapping of price and non-price-based 
policies 

Broadening and deepening the stocktaking would result in a rich database and could serve as a basis for 
the estimation of expected emission reductions as well as for the calculation of carbon price equivalents. 
A harmonised database could also provide some orientation for international discussions on climate 
change mitigation and be an input to further research and analysis. 

Contributing to this broader stocktaking exercise, the OECD is currently developing the Climate Actions 
and Policies Measurement Framework (CAPMF). This includes a harmonised and structured climate policy 
database covering more than 120 policies and actions coherent with the UNFCCC and IPCC frameworks. 
The information collected so far covers international policies, cross-sectoral policies as well as policies in 
the major emitting sectors, including power generation, industry, transport, and buildings, focussing on 
CO2, but also other GHG emissions (e.g. methane and nitrous oxide). Yet, the CAPMF does not capture 
the entire set of policies that may affect emissions and should be seen as a starting point for more extended 
data collection efforts.4  

In addition to the stocktaking, mapping policies to the emissions base would show in which sectors policy 
instruments apply to and how much of the emissions in that sector they cover. The OECD has already 
carried out a similar exercise for the Effective Carbon Rates dataset, which covers key price-based carbon 
policies.5 Recent and ongoing OECD work is integrating selected fossil fuel subsidies to consumers and 
electricity subsidies into the OECD’s Effective Carbon Rates, and extends mapping beyond CO2 to all 
GHGs.6 

Estimating emission reductions of a wider range of pricing and non-pricing policies  

Estimating the expected emission reductions attributable to a policy instrument requires detailed analysis 
focusing on each instrument’s effectiveness. There are two approaches to estimate expected emission 
reductions: "top-down" and "bottom-up" approaches. 

The first approach consists of general models that capture economy-wide features and that can be applied 
to different countries after being rightly parametrised. The results presented above rely on a “top-down” 
approach. But as acknowledged above, there are several and difficult challenges to developing models, 
consistently parameterized across countries, which can disentangle the individual impact of multiple, 
overlapping instruments. 

The second approach attempts to capture country, sectoral and technological specificities that general 
models find difficult to take into consideration. This approach relies on country or industry experts’ 
judgement to estimate emission reductions of various policy instruments - either in addition to, or as a 
substitute for, more formalised assessments.7 As highlighted above, developing and implementing sector-
specific regulation to limit its costs require detailed sectoral knowledge. This approach, although complex, 
would make the assessment of the expected emission reductions of policies and eventually the 
computation of their carbon price equivalents more objective as it would allow replacing emission targets 
for a commonly agreed emissions reduction estimate of a given policy or policy package. A challenge for 

 
4 https://www.oecd.org/climate-action/ipac/. 
5 https://www.oecd.org/tax/tax-policy/effective-carbon-rates-2021-0e8e24f5-en.htm. 
6 http://oe.cd/TEU-SD, https://doi.org/10.1787/e670c620-en . 
7 The OECD (2013) Effective Carbon Prices report employed this approach. https://doi.org/10.1787/9789264196964-
en. 

https://www.oecd.org/tax/tax-policy/effective-carbon-rates-2021-0e8e24f5-en.htm
http://oe.cd/TEU-SD
https://doi.org/10.1787/e670c620-en
https://doi.org/10.1787/9789264196964-en
https://doi.org/10.1787/9789264196964-en
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this approach is to develop procedures that facilitate transparent and consistent cross-country 
comparisons. Annex I elaborates further on this approach and ways to address this challenge. 

Enhancing and tailoring the analysis on macro-economic effects of policy mixes 

The economic analysis work can be extended in two directions. First, as highlighted above, the domestic 
and cross-border effects of climate policies depend on the specific configuration of policies of various 
countries. Building on broader and deeper policy stock-taking than undertaken so far, models could help 
understand how the planned policy mixes of countries would affect both domestic and global macro-
economic outcomes. Model-based analysis can also shed light on the likely macro-economic outcomes of 
international initiatives such as carbon club, carbon price floors or BCAs.8 

Second, efforts are ongoing to enhance the modelling toolkit, beyond CGE models, aiming at better 
integrating macroeconomic and climate-related variables and policies. This will allow gaining a deeper 
understanding of the interactions between the green transition and the near-term macroeconomic 
outcomes, including how they vary with monetary and fiscal policy responses. 

Climate policy assessment and international policy dialogue 
A robust, transparent and shared methodology to assess and compare climate change mitigation policies 
across countries could help to assuage policy makers’ persistent concerns over competitiveness losses 
and/or carbon leakage, and overcome international policy coordination failures. As such it could contribute 
to scaling up national and international climate change mitigation endeavours by fostering international 
policy dialogue along the aspects analysed below. 

Macroeconomic policy 

Climate policy is becoming part and parcel of macroeconomic policy. Integrated assessment models and 
macro-economic models incorporating climate-change features suggest that different transition paths will 
have profound effects on macroeconomic outcomes. In particular: 

• Climate policy commitments may reshape fiscal policy and rules; 
• To the extent that central banks give greater importance to the pursuit of climate policy objectives, 

this may introduce policy trade-offs; 
• Financial policy – whether banking supervision or prudential rules – is increasingly taking into 

account climate related risks, both physical risks of climate impacts and transition risks linked to 
mitigation policies. 

As a result, climate change mitigation policy will become an integral part of macroeconomic policies and 
feature prominently in discussions among Finance Ministers and Central Bank Governors. Thorough 
stocktaking of key climate policies and a solid, transparent and shared methodology to compare a wide 
range of mitigation policies across countries would hence improve the knowledge base to inform 
macroeconomic policy discussions. 

International trade 

The effect of climate policies on trade have already been widely discussed in international forums, such 
as the G7, G20 and the World Trade Organization Ministerial Conferences, and the Trade and 
Environmental Sustainability Structured Discussions. The OECD has provided guidance on trade and 

 
8 For an analysis of the macroeconomic and spillover effects of carbon price floors, see 
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2022/03/16/Economic-and-
Environmental-Benefits-from-International-Cooperation-on-Climate-Policies-511562. 

https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2022/03/16/Economic-and-Environmental-Benefits-from-International-Cooperation-on-Climate-Policies-511562
https://www.imf.org/en/Publications/Departmental-Papers-Policy-Papers/Issues/2022/03/16/Economic-and-Environmental-Benefits-from-International-Cooperation-on-Climate-Policies-511562


20 |   

 © OECD/IMF 2022 
  

environmental provisions in Regional Trade Arrangements9, as well as the stringency of environmental 
policies as a driver for trade in goods and services.10 

Instruments designed to avoid carbon leakage and to level the playing field between domestic and foreign 
producers are likely to become prominent issues in future climate policy discussions11.  This is especially 
true for the introduction and implementation of Border Carbon Adjustments (BCAs). Though BCAs are 
primarily climate and not trade instruments, their design and implementation will need to comply with WTO 
rules to avoid strains in international trade relations.12 Clear evidence on effectiveness of the wide range 
of policies (both price and non-price-based) countries rely on to reducing emissions could help to this end. 

UNFCCC 

The Paris Agreement established, among other things, an Enhanced Transparency Framework (ETF). The 
ETF requires that parties report biennially on their progress in implementing and achieving their NDCs, 
recognizing at the same time that different Parties have varying levels of technical capacity and experience 
in reporting on the type of information the ETF requires. As a result, the ETF reporting is unlikely to be 
uniform in comprehensiveness, quality and detail across all Parties. In addition, when considering reporting 
of mitigation policies and action, there is no mandatory methodology across Parties for estimating the 
projected emissions reductions, even though Parties are encouraged to use the agreed methodology of 
IPCC guidelines. 

Third party organisations can help to improve understanding of different methodologies for estimating 
emissions reduction potential of different types of policies Parties have in place or plan to implement. More 
streamlined and comparable methodologies may also contribute to building confidence on reported data 
and, ultimately, mutual trust across Parties for more effective policy implementation. 

Climate Clubs  

There are growing discussions of potential climate clubs and policy coordination mechanism designed to 
complement and reinforce the Paris Agreement and facilitate a scaling up of global mitigation action13. A 
climate club would begin with an initial group of countries agreeing to coordinate key aspects of climate 
policy with a view to encouraging broader membership over time. 

There is ongoing debate about what elements would be included in a climate club, its design features and 
its mandate. One core element could involve coordination over carbon pricing or equivalently effective 
mitigation approaches to help overcome obstacles to scale up climate action. Other elements might 
include: policies to facilitate trade for participating countries and the transition of energy-intensive trade-
exposed industries; mutual agreements to create markets for low-carbon products; and financing 
technological transfers mostly from advanced to developing countries. A shared and consensual policy 
assessment framework, with detailed and comparable information on the mitigation policies of the climate-
club founding and prospective members, is key to the transparent and effective implementation of these 
elements. 

 
9 https://doi.org/10.1787/5jz0v4q45g6h-en. 
10 https://doi.org/10.1787/5jxrjn7xsnmq-en. 
11 https://doi.org/10.1787/8008e7f4-en.   
12 https://doi.org/10.1111/1475-5890.12307; Potential impacts and challenges of border carbon adjustments | Nature 
Climate Change; EU in Search of a WTO-Compatible Carbon Border Adjustment Mechanism (cepii.fr) . 
13 See https://www.bundesfinanzministerium.de/Content/EN/Pressemitteilungen/2021/20210825-german-
government-wants-to-establish-an-international-climate-club.html?utm_source=pocket_mylist and Parry and others 
(2021). 

https://doi.org/10.1787/5jz0v4q45g6h-en
https://doi.org/10.1787/8008e7f4-en
https://doi.org/10.1111/1475-5890.12307
https://www.nature.com/articles/s41558-021-01250-z
https://www.nature.com/articles/s41558-021-01250-z
http://www.cepii.fr/PDF_PUB/wp/2022/wp2022-01.pdf
https://www.bundesfinanzministerium.de/Content/EN/Pressemitteilungen/2021/20210825-german-government-wants-to-establish-an-international-climate-club.html?utm_source=pocket_mylist
https://www.bundesfinanzministerium.de/Content/EN/Pressemitteilungen/2021/20210825-german-government-wants-to-establish-an-international-climate-club.html?utm_source=pocket_mylist
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Annex I: Comparing the Effectiveness of Climate 
Policies (OECD) 

Background and introduction 

Approaches countries currently use or plan to use to limit emissions differ widely. Some countries price 
carbon emissions explicitly – through carbon taxes or emission trading systems. Almost all countries 
deploy price-based instruments, such as excise taxes on fossil fuels, carbon-differentiated motor vehicle 
taxes, and a number of subsidies related to the carbon intensity of different products or services. Non-
price-based instruments, such as energy efficiency standards and outright bans on certain products or 
activities, are equally ubiquitous. However, the balance between price and non-price-based instruments 
varies across countries, as well as the stringency of these instruments. 

The distinction between price-based and non-price-based instruments is important. Price-based 
instruments can provide strong and explicit economic incentives to households and firms to change 
behaviour and production practices in the desired manner by altering the price of products, services or 
assets. Non-price-based instruments, in contrast, attempt to reduce emissions through legal obligations or 
moral suasion. 

Comparing the effectiveness of price-based and non-price policy instruments raises a number of 
challenges, but methods exist that can provide some useful insights in these regards. This Annex suggests 
a process and methodology to estimate the abatement impact of the different instruments in order to 
assess and compare their environmental effectiveness. This Annex also suggests a method for estimating 
the “carbon price equivalent (CPE)” of the instruments in question. This is the level of a carbon tax that 
would achieve the same reduction in GHG emissions as the policy or policy package that is being studied 
is estimated to generate. As such, the CPE would provide a common metric to assess and compare the 
effectiveness of widely different policy instruments. 

CPEs can be calculated at a nation-wide or a sector-wide level. Using a fuel-efficiency standard for motor 
vehicles as an example, the nation-wide CPE would indicate the level of an economy-wide carbon tax that 
would cause a similar reduction in emission to the fuel-efficiency standard. A sector-wide CPE would 
instead indicate the level of carbon tax on motor-vehicle fuels that would cause a similar reduction in 
emissions to the fuel-efficiency standard. Both these measures can help to compare the stringency of 
diverse policy instruments, and their relative usefulness is context specific. 

This Annex builds on a previous OECD report that provided estimates of how much abatement, compared 
to a “no-policy” baseline, different policy instruments achieved OECD (2013[1]). That report also estimated 
the costs to society of each of these policy instruments, namely the losses in so-called producer and 
consumer surpluses that they entailed. The report provided estimates on the social cost per tonne of CO2-
equivalent abated, referred to as each instrument's “effective carbon price”.  The report in turn built on an 
earlier attempt by the Australian Productivity Commission (2011[2])14, which made similar calculations 
regarding policy instruments applied in the electricity generation and road transport sectors in nine 
countries. OECD (2013[1]) extended the country coverage, and also provided estimates of effective carbon 
prices regarding the pulp & paper and cement sectors, as well as household energy use. 

 
14 Productivity Commission (2011[2]) in turn drew on a report that Vivid Economics had prepared for The Climate 
Institute in Australia (Vivid Economics, 2010[6]). 
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“Effective carbon prices” and “carbon price equivalents” are different metrics to compare climate policies. 
The former focuses on the social costs generated by different policy instruments; the latter measures the 
level of a carbon price needed to achieve a given amount of abatement.  The results in OECD (2013[1])point 
to large differences in effective carbon prices: within a given sector, across the countries covered; across 
the different sectors, within each of the countries; across the different instrument types, such as taxes, 
emission trading systems, fuel efficiency standards, etc., across all the countries covered. 

Despite this difference, the methodology used to estimate “effective carbon prices” offers useful lessons 
on how to compute “carbon price equivalents”, especially regarding the estimation of the emission 
abatement of a given policy instrument. The present Annex outlines a project for comparing a wide range 
of climate policies, and discusses some of the methodological choices that would need to be made. 

Estimating the abatement impacts of the several policy instruments will in many cases be challenging, as 
available general equilibrium or partial economic models may not model them sufficiently well. For many 
policy instruments, estimating their emission reduction impact may need to rely on ad hoc approaches and 
experts’ judgments with detailed sector and country-specific knowledge. The OECD  (2013[1]) followed 
largely this approach. 

Rationale and links to other approaches 

Comparing mitigation approaches can be rooted in outcomes by measuring the carbon content of individual 
goods, or rooted in inputs by focusing on policies. Both approaches have merits and are complementary. 
The first approach focusses on the carbon intensity or footprint of individual products (i.e. carbon content). 
Such initiatives have been undertaken by the Green House gas protocol, the ISO and are likely to become 
important contributions to climate disclosures in most advanced economies. This process is based on 
output and could become a powerful tool to compare progress in reducing emissions by providing a 
granular view on the carbon content of individual goods. The second approach does not rely on output but 
tries to estimate the effects of policies on emissions. This approach can inform more directly on the 
expected results of policy action as well as carbon-leakage risks by taking into account cross-country spill-
overs. 

Outcome-based and policy-based approaches could be combined to some extent. A policy-based 
approach (which is the focus of this Annex) is key to providing forward-looking insights on emission 
reductions. Such an approach is key to building a structured and collaborative debate on climate policies 
(such as the Inclusive Forum on Carbon Mitigation Approaches proposed recently by the OECD) and 
supporting initiatives to scale up global mitigation action (such as the Climate Club proposed by the 
German G7 presidency and the International Carbon Price Floor proposed by the IMF). Measures of 
carbon content (i.e. outcome-based approaches) could instead inform debates on the international spill-
overs of climate policies, for instance, in the context of Border Carbon Adjustments (BCAs). Content 
measures are however backward-looking as they reflect the impact of past policies on current emissions. 
Assessing and comparing the effectiveness of current policies could then also be useful as an input to 
forward-looking carbon content measures. 

Non-price-based policies are also fundamentally different from price-based policies to the extent that they 
do not price firm's remaining emissions. This is one of the reasons why price and non-price-based policies 
may be treated differently in the design of BCAs (Box 3). 

Box 3. Carbon Border Adjustment and Non-price-based Climate Mitigation Policies 
Growing cross-country dispersion in carbon prices has prompted policymakers in some countries to 
consider and propose Border Carbon Adjustments (BCAs). The main rationale for these border 
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adjustments is to reduce the risk of carbon leakage and prevent a loss of competitiveness among 
domestic producers vis-à-vis producers from countries with less ambitious environmental objectives. 

Differentiating the treatment of price and non-price-based policies in the design of CBAs may be 
warranted on economic grounds. Non-price policies are fundamentally different from price-based 
policies in that they do not impose a tax on a firm's remaining emissions, as highlighted by Keen et al. 
(2022). To illustrate this point, consider a domestic and foreign firm with the same marginal abatement 
costs (Figure 8). To cut emissions from E0 to E1, the foreign country adopts a form of regulation. This 
emission reduction imposes efficiency costs (C) since moving to, for instance, cleaner production 
technologies is expensive. Note that this efficiency cost to the foreign firm arises only from a reduction 
in emissions. Now consider the domestic country imposing a carbon price P per unit of CO2 to achieve 
the same emission reduction per unit of production. The domestic firm now faces the same emission 
reduction and efficiency costs as the foreign firm, but it must additionally pay a price for its remaining 
emissions per unit of output. Hence, the foreign firm enjoys a cost advantage (equivalent to the transfer 
payment, T). This cost advantage makes exempting the foreign firm from the BCA unwarranted on 
economic grounds. 

Figure 8. Marginal Abatement Costs 

 
Source: IMF staff 

Adjustments to a BCA, exemptions from it, or assistance to developing countries in complying with BCA 
rules could be warranted on the grounds of international environmental cooperation, but this might raise 
conflicting issues with WTO rules (Davidson Ladly, 2012). The Paris Agreement (Art. 2) states that its 
implementation should “…reflect equity and the perspective of principle of common but differentiated 
responsibilities and respective capabilities, in the light of different national circumstances”. These 
different national circumstances lead countries to rely on different combinations of a wide range of price-
based and non-price-based policies, which may then motivate assistance in implementing the BCA 
obligations, adjustments to or exemptions from BCA on the ground of international environmental 
cooperation (Keen et al., 2022; Cosbey et al., 2019). However, such country-by-country assistance, 
adjustments and exemptions would need to comply with WTO rules, in particular with non-discrimination 
rules, highlighting the need for careful design of CBAs. 
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Key steps to estimate the environmental effectiveness of climate policies 

This project aims to develop comparable metrics for assessing and comparing the effectiveness of a wide 
range of climate policies. This will involve three steps: 1) stocktaking and mapping of mitigation policies; 
2) estimating impacts on emissions of policies; 3) computing the carbon price equivalent. This section 
outlines each of the three steps, their main challenges and possible solutions 

Stocktaking and mapping of mitigation policies 

Deciding on which types of policy instruments to include 

The first step involves choosing what types of policy instruments the project needs to cover. As mentioned 
above, one can distinguish between price-based instruments (instruments that alter prices and provide 
explicit economic incentives to households and firms to change behaviour and production practices in the 
desired manner, e.g. carbon and fuel taxes, emission trading systems and various subsidies) and non-
price-based instruments (legal obligations or moral suasion, e.g. bans, emission or technology standards 
and information campaigns). 

In its 2014 contribution to IPCC’s fifth assessment report, Working Group III of IPCC provided the overview 
below of policy instruments countries use to mitigate climate change, cf. Table 2. A large number of these 
instruments are relevant candidates for inclusion in this project. 

A stocktaking of current climate policies can build on several existing databases and publications. These 
include, but are not limited to: 

• The Climate Change Performance Index (CCPI)15 (Burck et al., 2020) focusses for example on 
climate mitigation output indicators, covering four topics: Climate Policy, Energy Use, Renewable 
Energy and GHG Emissions evaluating, amongst other things, the progress towards countries’ 
NDCs. 

• The IEA's Policies and Measures Database16 provides access to information on past, existing or 
planned government policies and measures to reduce greenhouse gas emissions, improve energy 
efficiency and support the development and deployment of renewables and other clean energy 
technologies. This policy database gathers data from the IEA/IRENA Renewable Energy Policies 
and Measures Database, the IEA Energy Efficiency Database, the Addressing Climate Change 
database, and the Building Energy Efficiency Policies (BEEP) database since 1999, along with 
information on carbon capture and methane abatement policies. As it stands it is composed of 
more than 6000 individual policies. 

• The European Energy Agency has assembled a similar database of policies and measures (PaM) 
that are implemented, adopted or planned by European countries to reduce greenhouse gas 
(GHG) emissions. These PaMs have been reported by European countries under the Governance 
of the Energy Union and Climate Action Regulation and are collected via the Reportnet platform. 
Where available, each policy is linked to quantitative information on the GHG emissions savings 
achieved by PaMs (or groups of PaMs), both ex-post (retrospectively) and ex-ante (anticipated 
savings). 

 
15 https://ccpi.org/wp-content/uploads/CCPI-2022-Results_neu.pdf. 
16 https://www.iea.org/policies.  

 

http://pam.apps.eea.europa.eu/?source=%7B%22track_total_hits%22%3Atrue%2C%22query%22%3A%7B%22match_all%22%3A%7B%7D%7D%2C%22display_type%22%3A%22tabular%22%2C%22sort%22%3A%5B%7B%22Country%22%3A%7B%22order%22%3A%22asc%22%7D%7D%2C%7B%22ID_of_policy_or_measure%22%3A%7B%22order%22%3A%22asc%22%7D%7D%5D%2C%22highlight%22%3A%7B%22fields%22%3A%7B%22*%22%3A%7B%7D%7D%7D%7D
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2018.328.01.0001.01.ENG
https://reportnet.europa.eu/public/dataflow/112
https://ccpi.org/wp-content/uploads/CCPI-2022-Results_neu.pdf
https://www.iea.org/policies


  | 27 

 © OECD/IMF 2022 
  

• The NewClimate Institute, with support from PBL Netherlands Environmental Assessment Agency 
and Wageningen University and Research, gathers information on climate mitigation policies and 
benchmarks these against a policy matrix, representing a comprehensive policy package to 
mitigate the effects of climate change. Planned policies are excluded from the database, with an 
exception for energy and emission targets announced as Intended under Nationally Determined 
Contributions (INDCs) for the post-2020 period. Policy coverage varies across countries but is 
comprehensive for G20 economies. 

• Climate Change Laws of the World covers national-level climate change legislation and policies 
globally. The database covers climate and climate-related laws, as well as laws and policies 
promoting low carbon transitions, covering climate litigation cases from over 40 countries. These 
cases raise issues of law or fact regarding the science of climate change and/or climate change 
mitigation and adaptation policies or efforts before an administrative, judicial or other investigatory 
body. 

In principle, the project should focus on all instruments that intentionally or unintentionally affect GHG 
emissions. However, almost any policy measure will have some impact, either positive or negative, on 
GHG emissions. So, such as approach may produce an exceedingly large list of policy instruments. 

To limit the list of instruments to a manageable size, a first delimitation could be to only include policy 
instruments that are presumed to have a relatively large impact on GHG emissions in the country, whether 
this is intentional or not.  Policy instruments introduced with an explicit intention to reduce GHG emissions 
may have only a modest – if any – impact on GHG emissions, for instance due to interactions with other 
policy measures (which will be discussed further below). Despite this, the project should probably cover 
most policy instruments that have been introduced with the explicit intention of limiting GHG emissions, as 
these policies are central ingredients of countries’ decarbonisation strategies. Assessing and comparing 
the effectiveness of these strategies is one of the main goals of this project. 

However, as shown in both OECD  (2013[1]) and Productivity Commission  (2011[2]), some of the policy 
instruments that have the largest impact on a country’s GHG emissions were not introduced with the 
explicit goal of reducing emissions. Taxes on motor vehicle fuels are a prominent example. These mainly 
were introduced many years ago primarily for fiscal reasons, or as a road pricing system. Another example 
concerns standards for the insulation of buildings. More recently, many countries have made such 
standards stricter, in view of limiting emissions. 

• Price-based instruments -- Taxes 

To be more specific, the project should, among others, cover all price-based instruments with a clear 
impact on GHG emissions. This includes any taxes on fossil-fuel-based energy products, such as taxes 
on motor vehicle fuels, heating fuels, coal and natural gas, whatever the original motive behind their 
introduction. The project should also cover carbon-differentiated motor vehicle taxes and any climate-
related trading systems, such as GHG emission trading systems, tradable green certificate systems (e.g. 
tradable certificates that document that electricity has been generated by renewable sources), tradable 
renewable energy content systems, road pricing and congestion charging systems. 

• Price-based instruments -- Subsidies 

A large number of governments provide different types of subsidies to limit GHG emissions. They include 
but are not limited to direct tax preferences to stimulate the purchase of various low-carbon products or 
services (e.g. purchases of energy-efficient household appliances, installation of solar panels on roof tops, 
promotion of public transport), feed-in tariffs for renewable energy generators (solar photovoltaics, wind 
turbines, hydro-electric power generation, etc.) and public support for research and development (R&D) 
activities.  

http://www.newclimate.org/
https://www.pbl.nl/en
https://www.wur.nl/en.htm
https://climate-laws.org/
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Public R&D support measures often involve subsidies, but their impacts on emissions are difficult to 
quantify as the outcome of R&D activities is highly uncertain. Another potentially important group of 
subsidies include support measures to promote afforestation and to prevent deforestation. Such measures 
can help reducing GHG concentrations in the atmosphere, but their impacts are challenging to quantify as 
they realise over the long term. Issues related to the durability of some of these measures are an additional 
complication as forests that are planted or protected today could be cut or burned down in the future. 

• Non-price instruments -- Bans 

Countries also apply a large range of non-price policy instruments in order to limit GHG emissions. 
Examples are bans on certain products or activities deemed to cause large emissions, such as bans on 
the opening of new coal mines, bans on the sales of incandescent light bulbs, bans on the sales of motor 
vehicles with internal combustion engines, bans on the sales of fossil fuel-based domestic heating 
systems, etc. Such bans can certainly help reducing a country’s GHG emissions, but the magnitude of the 
reductions will depend on the emission-intensity of the goods or services that effectively replace them. 

• Non-price instruments -- Standards 

A wide variety of standards are also in use with the aim to limit GHG emissions, including outright bans to 
certain products and activities. These include emission standards for power plants, energy-efficiency 
standards for individual products (e.g. refrigerators, deep freezers and other electrical appliances or for 
new buildings) or for an average of the products that a given producer places on the market, such as the 
CAFE standards for motor vehicles in the United States or the motor vehicle CO2 emission standards 
applied by the European Union. Other examples are standards for the content of biofuels in motor vehicle 
fuels, or for renewables contents in the electricity that power generators place on the market.  

• Non-price instruments – Information measures 

Various forms of information-related policy instruments are also being used in many countries. This could 
be public information campaigns that try to encourage “climate-friendly” behaviour. Compulsory labelling 
systems that provide information on the climate impacts of a range of products (including motor vehicles, 
electrical appliances, food products, etc) are also a type of information-related policy instrument.  

• Non-price instruments – Voluntary measures 

Some countries rely also on voluntary policy instruments to limit GHG emissions. These could, for example, 
be negotiated agreements between public authorities and individual firms or a group of firms, where the 
latter commit to reducing emissions by a certain amount. Another example of voluntary policy instruments 
is the establishment of criteria for labelling systems that allow compliant firms to put a certain label on their 
products, such as the EnergyStar system in the United States. 

While such policy instruments can reduce GHG emissions, it is difficult to quantify their effects, as one 
would need to envisage what firms would have done in their absence. For example, OECD  (2003[3]) found 
that whereas the targets set for most voluntary approaches seemed to be met, these targets seldom were 
much different from what would have happened in any case. An additional challenge to estimate the impact 
of voluntary approaches on emissions is that they differ greatly in scope, time horizon and in other 
dimensions across countries. 

In some country public procurement rules require the public sector to purchase only products with a certain 
voluntary label. In this case, one could try to estimate the emission impacts of these rules, based on some 
stylised, simplifying assumptions – such as an assumption that the labelled products cause 5% lower 
emissions than non-labelled products. 

• Other non-price instruments 
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Another instrument category used in some countries concerns area planning regulations o, such as 
minimum housing density in a given area opened up for development, or good access to public transport 
for new housing areas. The impact of such regulations might be important, but they will materialise over a 
very long time period and therefore can be difficult to quantify. 

Some countries have recently introduced new speed limits on different types of roads with an aim to reduce 
GHG emissions. While these limits clearly can have an impact on emissions, it can be difficult to quantify 
their effects as it is not clear what the baseline (i.e. the “normal” speed limit) they need to be compared 
with. For new speed limits, the old speed limits could be used. 

• Instruments with unintended impacts 

Though no policy instruments are introduced with an explicit objective of increasing GHG emissions, some 
can unintentionally have this effect. This is the case for instance of various types of subsidies for fossil fuel 
use or generation, whose main aim is to provide relief for the energy poor; to protect employment in fossil-
fuel-related activities; to enhance energy security. The OECD companion to the inventory of support 
measures for fossil fuels (OECD  (2021[4]) covers more than 1300 government budgetary transfers and tax 
expenditures providing preferential treatment for the production and consumption of fossil fuels. Some of 
these measures – such as income support for former coal miners – may not have a large impact on 
emissions, but others, such as tax exemptions for fuels used in shipping, are likely to increase GHG 
emissions. 
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Table 2. IPCC Overview of Policy Instruments Countries Use to Mitigate Climate Change 

 
Source: IPCC (2014). 

There are also examples of policies that unintentionally may have contributed to reduce GHG emissions. 
National parks were established to protect nature and provide recreation opportunities and not to reduce 
such emissions. Also, many countries have for many years been promoting cycling – mainly for health 
reasons, to reduce congestion and local air pollution. 
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Deciding on which emission categories to cover 

Should the project only address the impacts of different policy instruments on CO2 emissions, or should 
also possible impacts on other types of GHG emissions (methane, N2O, SF6, …) be included? Focussing 
only on impacts on CO2 emissions would clearly be easier, and for most policy instruments, this would also 
capture the bulk of total GHG emission impacts. Hence, the project could, in a first phase, focus on CO2 
emissions only. 

However, some countries apply policy instruments that explicitly aim to limit non-CO2 GHGs, for example, 
methane emissions in the agriculture sector or from gas pipelines, SF6 emissions in selected industry 
sectors, etc. Hence, in a second phase, the project could also cover the impacts of policies that directly 
aim to reduce such non-CO2 emissions. 

Deciding on which jurisdictions to cover 

In a number of countries, policy instruments aiming to limit GHG emissions are being applied at national 
and sub-national levels, such as the States in the United States, States and Territories in Australia, 
Provinces and Territories in Canada, Länder in Germany, etc. In some cases, these policies have similar 
aims and overlap. 

On the one side, only focussing on nation-wide policy instruments may give a very partial picture of climate 
policies in a country. On the other side, including in the stocktaking all relevant policy instruments of many 
sub-national governments (i.e. the 50 US States) could be very time consuming. 

A practical solution could involve covering all relevant nation-wide policy instruments, as well as 
instruments applied by a selection “reasonably representative” of sub-national governments.  

The treatment of policy instruments applied at the European Union (EU) level is a similar issue. This 
includes, among others, the Union’s emission trading system for GHG emissions (EU ETS), and the EU-
wide average CO2 emission limits for new passenger vehicles in member countries. These instruments 
play an important role in the abatement efforts of the member states but allocating to individual countries 
the overall emission reductions that these instruments are estimated to generate is difficult. Hence, one 
feasible option would involve considering the policy instruments applied by the EU as separate from 
national policy instruments and including them in country-level analysis. A similar approach could be 
applied in federal countries, such as the United States, Australia and Germany. 

Estimating the abatement impacts of different policy instruments 

Establishing a baseline against which to compare future GHG emissions 

Establishing a baseline is a necessary step in estimating the abatement impact of policies. The baseline 
helps to answer this question: what would the GHG emissions be if this policy instrument was not in place? 
This is a hypothetical question and as such, it is impossible to provide an exact answer to it even in the 
best of circumstances because of multiple sources of uncertainties. For instance, nobody can say with 
certainty what the price of crude five years from now will be. Political events, which are difficult or 
impossible to predict, also have larga e effect on the economy. For instance, following the Russian invasion 
of Ukraine, many countries have stated the intention to radically change their energy policies, putting much 
greater emphasis than before on energy security and promoting domestic and renewable energy 
resources. 

Relying not on one on multiple baselines would help to explicitly recognise these uncertainties and take 
them into account in assessing the impact of policies on GHG emissions. These baselines could be based 
on varying assumptions concerning macroeconomic variables, such as price developments of fossil fuels, 
and structural factors, such as the functioning of energy markets and the extent of fossil fuel import 
restrictions. The robustness of these assumptions and of the impact-assessment of policies on emissions 



32 |   

 © OECD/IMF 2022 
  

will diminish with the length of time the project will cover. The longer the time, the larger the set of factors, 
such as technological developments, likely to violate the baseline assumptions to estimate the abatement 
impact of emissions. 

Once a set of possible future scenarios has been established, the project will estimate the impact of the 
policy instruments on GHG emissions against each baseline. There are two approaches to estimating 
expected emission reductions: "top-down" and "bottom-up" approaches. 

The first approach consists of general models that capture economy-wide features, and that can be applied 
to different countries after being rightly parametrised. However, there are several and difficult challenges 
to developing models, consistently parameterized across countries, which can disentangle the individual 
impact of multiple, overlapping instruments. 

The second approach attempts to capture country, sectoral and technological specificities that general 
models find difficult to take into consideration. This approach relies on country or industry experts’ 
judgement to estimate emission reductions of various policy instruments - either in addition to, or as a 
substitute for, more formalised assessments.17 This would provide an objective assessment of the 
expected emission reductions of policies and eventually the computation of their carbon price equivalents 
as it would allow for a commonly agreed emissions reduction estimate of a given policy or policy package. 
A challenge for this approach is to develop procedures that facilitate transparent and consistent cross-
country comparisons. 

Macroeconomic models underlying the top-down approach often focus on price-based policy instruments, 
as these instruments tend to be important in addition to being easier to implement in models. For policy 
instruments modelled explicitly in a global or national macroeconomic model, one can “simply” run the 
model with and without the instrument in question being applied (for each of the baselines taken into 
consideration). One would then get an estimate of how much abatement each of these instruments 
contributes to compared with each baseline. Complications to be considered include: interactions among 
different instruments; price elasticity estimates and other assumptions that might be no longer relevant 
given changing circumstances and large out-of-sample changes in policy variables, which may have non-
linear effects not captured by the model. 

Estimating the impact on emissions of non-price instruments is more challenging as general equilibrium 
models cannot easily accommodate them. One example is tenders for power purchasing agreements, 
which may occur at infrequent and varying time intervals, with y varying price outcomes. It can also be 
difficult to include several price-based instruments, such as carbon-differentiated motor vehicle taxes, in 
macroeconomic models. 

This may therefore require resorting to partial equilibrium or bottom-up ad hoc approaches.  A 
disadvantage is that such approaches will often not reflect second-round and rebound effects, for example, 
when higher energy prices trigger shifts in consumption, which could cause increased consumption of non-
energy products – which also could have positive or negative impacts on GHG emissions. 

Some models of national or international energy markets are partial equilibrium models and can perform 
similar “with and without” analyses as suggested for the macroeconomic models above. For instance, in 
the context of a case study of Denmark for the OECD (2013) report, the consultant (Copenhagen 
Economics) used a simulation model incorporating the link between prices and taxes on energy with the 
final use of energy demand. In every sector, the consumer was assumed to be able to substitute between 
the relevant energy types, while it was not possible to substitute between sectors, and between the 
consumption of energy and the consumption of other goods and services. 

 
17 The OECD (2013) Effective Carbon Prices report employed this approach. https://doi.org/10.1787/9789264196964-
en. 

https://doi.org/10.1787/9789264196964-en
https://doi.org/10.1787/9789264196964-en
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Consultants preparing a case study of Canada (Bataille and Melton of Navius Research Inc.) used an 
integrated, energy-economy equilibrium model (CIMS) that simulated the interaction of energy supply-
demand and the macroeconomic performance of key sectors of the economy, including trade effects. 

Unlike most computable general equilibrium models, however, that version of CIMS did not balance 
government budgets and the markets for employment and investment. Also, its representation of the 
economy’s inputs and outputs was skewed toward energy energy-intensive industries, and key energy 
end-uses in the residential, commercial, institutional and transportation sectors. 

The project can also build on more ad hoc judgements of different experts to assess the impacts on GHG 
emissions of policies – either in addition to, or as a substitute for, more formalised assessments. These 
experts will need to have in-depth knowledge of the respective countries that they cover, in relation to i.e. 
the operation of their energy markets, the different policy instruments they apply, their economic structure, 
typical behaviour of different market actors, etc. Such expert judgements also played an important role in 
the preparation of OECD (2013): 

• For example, given the dominance of the oil-shale in electricity production in Estonia, the 
consultants (Silja Kralik and Eva Kraav) that prepared the case study of that country for OECD 
(2013) assumed that the electricity source that was replaced by new renewable generation or 
lower emission technologies was oil-shale – which cause very high GHG emissions. The authors 
of the Chilean case study (Menecon), assumed that electricity generation based on non-
conventional renewable energy sources induced by the policies in place in that country displaced a 
mix of fossil-fuel generation having an emissions intensity equal to the average emissions intensity 
of fossil-fuel generation in Chile. 

• The authors of the French case study (Jouvet et al. of Paris-Dauphine University) assumed that 
the cement sector in the country buys its electricity at non-regulated prices where CO2 cost pass-
through can occur. Vivid Economics, which prepared case studies of policies applied in the pulp & 
paper and cement sectors in a number of countries, in many cases had to make their own 
assumptions regarding the electricity prices applied in these sectors, as this information was often 
not publicly available. 

Expert judgments may result in estimates that are difficult to compare as they may rely on different 
assumptions and approaches. International Organisations (IOs) involved in the project would then need to 
harmonise to the largest extent possible the assumptions and approaches of country experts. 

In addition to partial equilibrium models and ad-hoc approaches, reliable price elasticity estimates of 
emissions can also be useful in estimating the impact of policies on emissions. For instance, the Australian 
Productivity Commission (2011) report used price elasticity estimates in most of the case studies it 
covered. For the electricity demand in pulp and paper and the cement sectors, the Productivity Commission 
used a price elasticity range between -0.2 and -0.7; for the fuel demand in the transport sector, it used a 
range of -0.25 to -0.75 for long-term policies. Most of the case studies prepared for OECD (2013) used a 
range between -0.25 to -0.75; however, the Spanish and the Brazilian case studies used country-specific 
and fuel-specific estimates. 

For other relevant policy instruments, it might be possible to carry out new econometric analyses (e.g. 
differences-in-differences analyses) to assess their impacts on emissions. The behavioural changes 
policies might engender are a difficulty shared by all the approaches outlined above. A stricter energy-
efficiency standard for motor vehicles will lower the cost of using the vehicles, and could hence trigger 
more driving – i.e. a rebound effect. A stricter energy efficiency standard for dwellings might cause people 
to increase the indoor temperature, or to keep windows open for longer periods than what is needed to 
properly ventilate the flats. It is vital to try to take such behavioural changes into account when estimating 
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the impact on emissions of a given policy instrument. The consultants preparing case studies for OECD 
(2013) made several ad hoc attempts to take possible behavioural adjustments into account. 

Deciding on the treatment of overlapping policy instruments 

In many cases, a country applies several policy instruments with the aim of limiting emissions from the 
same sources. In this case policies overlap, complicating the assessment and comparison of their 
effectiveness. For example, if electricity generation in a country is covered by a binding and fixed cap on 
CO2 emissions (which was the case, for instance, in the EU ETS prior to certain modifications introduced 
in 2017, which included mechanisms that effectively could reduce the total cap on emissions), a ban on 
the use of incandescent light bulbs, or a stricter energy efficiency standard for electrical appliances, would 
not cause any additional emission abatement overall. Instead, such overlapping policy instruments would 
only shift CO2 emissions from one source covered by the “cap” to another one. 

The EU-wide and US-wide standards on average motor vehicle CO2 emissions are other examples of 
instruments that can have important interactions with other policy instruments, such as subsidies applied 
to promote the sales of zero-emission vehicles. As long as the upper limits of these emission standards 
are binding, subsidies for zero-emission vehicles will make it easier for car producers to comply with them, 
which would allow them to sell more high-emission vehicles. 

There can also be overlaps between one or more policy instruments applied (only) within a given 
jurisdiction. One example would be if a country applied a tax on some potentially high-emission products, 
in combination with a labelling system and an information campaign highlighting the relevance of the labels 
and the emissions that these products could cause. In this example, the overlapping instruments could be 
underpinning each other, with the existence of the tax and the information campaign increasing people’s 
awareness of the labels in question – and the labels making it easier for people to avoid paying the tax by 
choosing to buy low-emission product varieties. OECD (2007[5]) provides further discussion of different 
types of interactions between policy instruments. 

One possibility is to take into account such policy overlaps based on a case-to-case assessment but 
following a common general methodology to make them comparable. In the previous example, it could for 
instance be appropriate to allocate a relatively large share of the overall emission reduction to the tax 
(depending on its magnitude), as empirical evidence suggest that taxes are more effective in reducing 
emissions than labelling systems and information campaigns. 

However, it would perhaps be best not to consider overlaps between instruments applied by jurisdictions 
at different levels (e.g. States and Federal authorities in the United States, or individual member states 
and the EU). This would, for example, mean that individual member states would be “awarded” the within-
country impacts on CO2 emissions from motor vehicles stemming from any subsidies for zero-emission 
vehicles that they provide, even if these subsidies will have little or no impact on EU-wide emissions from 
motor vehicles. Despite the overall environmental inefficacity of the “additional” policy instruments, such 
an approach would perhaps be the best way to illustrate the efforts each country is willing to make in order 
to reduce GHG emissions. 

Deciding on which sectors to be included 

An important issue is what sectors of the economy the project should cover. Ideally, it would be to cover 
all economic activity– but that may turn out very complicated, time consuming and costly. 

OECD (2013[1]) focused on electricity generation, road transport, pulp & paper, cement and the household 
sectors. These sectors were selected also because they are reasonably comparable across countries. 

Other relevant sectors that the project could cover include iron & steel, aluminium, petroleum refining and 
(perhaps more difficult) agriculture. Production techniques in some other sectors (e.g. chemicals and 
transport equipment) can vary greatly across countries, so it can be difficult to compare findings. 
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In the end, the scope of the sectors covered depends on the resources available. One option could be to 
include the same five sectors that were covered in OECD (2013[1]), plus two or three additional sectors, in 
order to have a more complete picture of climate related policies. These two or three additional sectors 
could for instance cover Iron & steel and aluminium production, including a sector (aluminium) where non-
CO2 GHGs can be of large importance. 

Deciding on the time dimensions of the analysis 

The time dimensions of the analysis regard the time when a given instrument was first introduced and the 
time period over which the abatement impact of the instrument is estimated. 

Regarding the first issue, one option could be to only include policy measures introduced after the 
agreement on the Kyoto Protocol in 1997, or after the Paris Agreement in 2015, as this would put the focus 
on what countries have done to comply with these agreements. However, the “starting point” would differ 
across the countries covered – some countries had already taken many measures affecting GHG 
emissions prior to these agreements, while others had not done much to limit their emissions. 

In addition, such a limitation would exclude some of the most important policy measures affecting GHG 
emissions; in particular taxes on motor vehicle fuels and, in some countries, on other fossil fuels. As 
mentioned above, in many cases, such taxes were introduced long before policymakers started to worry 
much about the concentrations of GHGs in the atmosphere. 

Hence, it can seem best to include all relevant policy instruments, regardless of when they first were 
introduced – even if it can be somewhat difficult to establish the “counterfactual” to a tax on petrol or diesel 
that was, for instance, introduced many decades ago. 

Difficulties in establishing a counterfactual could in this case be overcome by basing the analysis on price 
elasticity estimates which generally are already available for energy products – even if these estimates are 
most reliable when marginal changes in the prices or taxes are analysed. 

Another decision related to the time dimension is whether the analysis should try to make a backwards-
looking “snapshot” of the impacts of the relevant policy instruments applied in a given year, or whether the 
project should aim to make a forward-looking estimate of the impact of current policy instruments up to a 
given year in the future, for example 2030. 

OECD (2013[1]) and Productivity Commission (2011[2]) both provided backward-looking snapshots of the 
abatement impacts of the policy instruments in the most recent year for which emission data was available. 
However, given the urgency to accelerate emission reductions and monitor progress in this direction, this 
project needs to be forward looking. In addition many countries have committed to “build back better” in 
response to the pandemic, and have put in place a number of new policy instruments aiming to reduce 
GHG emissions. The impacts of these instruments will only to a small extent show up in currently available 
emission data as the effects will materialise over many years. One possibility would be to do both; i.e. to 
make a backward-looking snapshot of the impacts of the policy instruments that each country had in place 
in 2019 (or the latest year for which emission data are available), and to make estimates of the impacts of 
all relevant policy instruments that countries have put in place by 2022, up until 2025 or 2030 – compared 
to the set of baselines. 

Deriving the carbon price equivalent of policies  

The abatement impact of a policy instrument is a key input to estimate the carbon price equivalent (CPE). 
This is the carbon price that would be needed to trigger the same amount of emission reductions of a given 
policy. Such estimates could be made considering the economy-wide carbon prices, or sector-wide carbon 
prices (carbon prices applied only to the sector in question). 

If the policy instrument that is being analysed is applied only in one sector of the economy (say an energy-
efficiency requirement regarding electricity generation or road transport), one can estimate:  a) the 
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economy-wide carbon price that would have caused the same amount of abatement; b) the carbon price 
applied only in this sector that would cause the same emission abatement amount – or one can present 
both estimates. 

In the economy-wide case, if the policy instrument is applied to a relatively small sector of the economy, 
the “carbon price equivalent” could be low, even if the policy regarding that sector is highly ambitious and 
effective. In case of sector-wide case, the estimated “equivalent carbon price” would be higher, possibly 
giving the impression that the policy is very ambitious and effective – even if only a small part of the 
economy is being affected and the overall emission abatement is small. 

Hence, in addition to the nation-wide and sector-wide “equivalent carbon prices”, the project could present 
information on how much emission reduction each policy instrument contributes to in each of the base-line 
scenarios. 

Deciding on the treatment of possible co-benefits 

Many of the policy instruments to reduce emissions generate other benefits than limiting GHG emissions. 
For example, public support for the insulation of low-quality housing and stricter standards for energy-
efficiency of energy appliances can reduce energy consumption and strengthen energy security. Support 
measures for electric vehicles can lower air pollution. Speed limits on roads can reduce the number of 
traffic accidents. 

Neither OECD (2013[1]) nor Productivity Commission (2011[2]) took such co-benefits into account. However, 
both reports also made it clear that it could be “unfair” to judge the environmental effectiveness and 
economic efficiency of the policy instruments in question only according to their impact on emissions. 

This project focusses on the impact of policies on GHG emissions and not on assessing their overall impact 
on social welfare. This does not require taking into consideration policies’ co-benefits. However, 
disregarding such benefits will certainly make some instruments seem more costly to society – than if they 
had been taken into account. For this reason, important co-benefits could be listed separately to give 
readers a good idea of major aspects of the policy instruments. 

Interpretation of the findings of the project 

It is important to be aware that no single number can provide a complete and “fair” comparison of all the 
policy instruments across all the countries covered. Instead of presenting one figure for the amount of 
abatement that a given policy instrument causes, it would be better to present a range, based for example 
on different price elasticity assumptions, etc. 

All the estimates of abatement impacts and related costs will be rather uncertain, given the difficulties in 
determining what would have happened in the absence of policy instruments and uncertainties regarding 
future economic and geopolitical developments. As suggested above using a selection of baseline 
scenarios based on different assumptions sand performing sensitivity analysis could help to address this 
problem by producing a number of estimates.  



  | 37 

 © OECD/IMF 2022 
  

Annex I References 

 
Australia Productivity Commission (2011), Carbon Emission Policies in Key Economies, 

Australia Productivity Commission, https://www.pc.gov.au/inquiries/completed/carbon-
prices/report/carbon-prices.pdf. 

[2] 

OECD (2021), Effective Carbon Rates 2021: Pricing Carbon Emissions through Taxes and 
Emissions Trading, OECD Series on Carbon Pricing and Energy Taxation, OECD Publishing, 
Paris, https://doi.org/10.1787/0e8e24f5-en. 

[8] 

OECD (2021), OECD Companion to the Inventory of Support Measures for Fossil Fuels 2021, 
OECD Publishing, Paris, https://doi.org/10.1787/e670c620-en. 

[4] 

OECD (2019), Taxing Energy Use 2019: Using Taxes for Climate Action, OECD Publishing, 
Paris, https://doi.org/10.1787/058ca239-en. 

[7] 

OECD (2013), Effective Carbon Prices, OECD Publishing, Paris, 
https://doi.org/10.1787/9789264196964-en. 

[1] 

OECD (2007), Instrument Mixes for Environmental Policy, OECD Publishing, Paris, 
https://doi.org/10.1787/9789264018419-en. 

[5] 

OECD (2003), Voluntary Approaches for Environmental Policy: Effectiveness, Efficiency and 
Usage in Policy Mixes, OECD Publishing, Paris, https://doi.org/10.1787/9789264101784-en. 

[3] 

Vivid Economics (2010), The implicit price of carbon in the electricity sector of six, The Climate 
Institute, https://www.ourcommunity.com.au/files/aicr/Fact_Sheets/Vivic_Economics.pdf. 

[6] 

 
 



38 |   

 © OECD/IMF 2022 
  

Annex II: Emissions Impacts and Economywide 
Carbon Price Equivalents (ECPEs) of Prospective 
Mitigation Policies (IMF) 

To facilitate monitoring of internationally coordinated climate mitigation regimes, a transparent 
methodology is required for mapping alternative policy approaches (e.g., partial pricing, regulations, 
changing fuel taxes) into their emissions and/or CPEs, while accounting for potential overlaps (e.g., where 
the power sector is subject to both carbon pricing and renewables policies). 

This Annex illustrates how a modelling framework can be used for this purpose. The methodology is based 
on the Climate Policy Assessment Tool (CPAT), which is routinely used for individual- and cross-country 
assessments of mitigation policy.18 The Annex first describes CPAT and then discusses, for each G20 
country, the emissions impacts and SCPEs of explicit carbon pricing schemes, sectoral approaches, and 
fuel taxes. Given the focus on 2030 among commitments in Nationally Determined Contributions (NDCs) 
and sectoral targets, the focus is a snapshot in that year. Where countries use a variety of overlapping 
measures whose emissions impact is difficult to disentangle, the focus is on sectoral emissions or clean 
energy targets rather than individual instruments. 

Climate Policy Assessment Tool (CPAT) 

Model description 

CPAT is a climate mitigation policy modelling platform developed jointly by the IMF and World Bank staff. 
Covering over 200 countries, CPAT provides projections of fuel use and CO2 emissions for the four major 
energy sectors—power, industry, transport, and buildings. The tool starts with recently observed use of 
fossil fuels and other fuels by sector and then projects fuel use forward in a business as usual (BAU) case19 
using assumptions on: 

• GDP projections; 

• the income elasticity of demand and the price responsiveness of fuel use across sectors; 

• the rate of technological change that affects energy efficiency and the productivity of different 
energy sources; and 

• future international energy prices. 

The impact of carbon pricing on fuel use and emissions depends on: (i) the proportionate impact on future 
fuel prices; and (ii) the price responsiveness of fuel use in different sectors. Proportionate price increases 

 
18 See for example, Black and others (2021a, b), IMF (2022), Parry and others (2021b). CPAT evolved from earlier 
modelling used, for example, in IMF (2019a and b).  
19 That is, with no new or tightening of existing, mitigation policies. 
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depend on BAU prices, carbon emissions factors for fuels, and the pass through of carbon charges into 
fuel user prices which, for the most part, is taken to be 100 percent.20 

In the power (and district heating) sector, results are averaged over two models. One is a simplified model 
of fuel generation choices, parametrized to match the fuel price responsiveness of more complicated 
energy supply and integrated assessment models. The other is a technology-explicit, hybrid economic-
engineering model where forward-looking agents choose dispatch and investment decisions to minimize 
levelized costs (e.g., capital, operational, and fuel costs). In the latter case, carbon prices reduce dispatch 
from fossil fuel plants and shift investment towards now-cheaper (in levelized terms) renewable generation. 
Switching between sources for dispatch and investment are gradual given constraints on the rate 
renewables can be scaled up, lags in altering investment decisions, and the distribution of costs within 
generation sources. 

The industrial sector is disaggregated into eight industries (e.g., iron and steel, machinery, cement). In 
each industry, carbon pricing reduces the emissions intensity of production (e.g., through adoption of 
cleaner or more energy efficient technologies) and reduces production levels as carbon charges are 
reflected in higher consumer prices. In the transport sector, fuel consumption from gasoline and diesel 
vehicles declines in response to higher prices as individuals switch to more fuel-efficient vehicles and 
reduce vehicle miles travelled. And in the buildings sector, fuel and electricity demand are decomposed 
into responses reflecting changes in energy and CO2 intensity (e.g., insulation upgrades, shifting from 
fossil to electric heating, adoption of energy-efficient appliances) and behavioral changes (e.g., 
economizing on use of lighting, heating). 

To analyze policies affecting only new investment in the transport and building sectors, CPAT is 
supplemented with two dynamic models of capital turnover. In the light-duty vehicle sector, the dynamic 
model distinguishes internal combustion engine vehicles (ICEVs) and electric vehicles (EVs) in the vehicle 
stock in any future period, as determined by the previous history of purchases of these vehicle types and 
vehicle fleet turnover rates (6.7 percent a year based on an assumed 15-year life). In the building sector, 
commercial and residential buildings are distinguished with 1.8 and 1.2 percent of these stocks replaced 
annually (based on assumed building lives of 55 and 85 years respectively). The CO2 and electricity 
intensity of new buildings is initially assumed to be 30 percent of that of the existing building stock, 
consistent with observed rates of energy efficiency improvement. 

CPAT is populated using energy consumption data by country and sector compiled from the International 
Energy Agency (IEA) and other sources (the latest data is for 2019). GDP projections are from the latest 
IMF forecasts. Data on energy taxes, subsidies, and prices by energy product and country is compiled 
from publicly available and IMF and World Bank sources, with inputs from proprietary and third-party 
sources.21 International prices for coal, oil, and natural gas are projected forward using IMF price 
projections as of October 2022. Fuel and electricity price responsiveness is parameterized to be broadly 
consistent with empirical evidence and results from energy models (fuel and electricity price elasticities 
over the longer term are generally between -0.5 and -0.8). Carbon emissions factors by fuel product are 
from IIASA (2021), and emissions in 2019 are calibrated to match those implied by inventories countries 
reported to the United Nations Framework Convention on Climate Change. 

Caveats  

One caveat is that fuel price responses become very uncertain for large policy changes that might 
ultimately drive non-linear adoption of technologies, like carbon capture and storage and direct air capture. 

 
20 That is, fuel supply curves are perfectly elastic, which can be a reasonable approximation when fuel prices are 
determined on world markets or, in the longer term, there are large reserves. In countries with state-owned enterprises 
or regulated fuel pricing, pass through rates for fossil fuels are estimated based on historical relationships.  
21 See Parry and others (2021c) for details. 
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In addition, fuel price responsiveness is approximately similar across countries—in practice, price 
responsiveness may significantly differ across countries with the structure of the energy system and 
regulations on energy efficiency and emission rates. CPAT implicitly accounts for general equilibrium 
effects such as the (modest) feedback effect on energy demand from policy-induced changes in GDP but 
does not explicitly account for international feedback effects (e.g., changes in trade patterns) and changes 
in international fuel prices that might result from simultaneous climate or energy price reform in large 
countries. The model is parameterized, however, such that emissions projections and the price 
responsiveness of fuel use and CO2 emissions is broadly consistent with that from far more detailed energy 
and computable general equilibrium models that, to varying degrees, account for these sorts of factors. 

Calculating CO2 reductions and CPEs for alternative mitigation approaches 

The economywide CO2 reductions of alternative mitigation approaches are obtained by subtracting 
economywide emissions in 2030 under the policy or target from economywide BAU CO2 emissions in 2030. 
The SCPE of the other policy is then obtained by modelling in CPAT the equivalent carbon price at sectoral 
level required to achieve the equivalent CO2 reduction. 

Renewables targets in CPAT are modelled by a renewable generation subsidy funded by a tax on electricity 
consumption (this promotes shifting towards renewables while approximately neutralizing any impact on 
overall electricity production). Similarly, coal phaseouts are modelled by a tax on coal use with impacts on 
electricity demand approximately neutralized through using revenues used to subsidize electricity 
consumption. 

Policies to reduce the (direct) CO2 intensity of industrial production are modelled by a charge on the carbon 
content of fuel inputs with revenues returned in output-based subsidies. 

The supplementary dynamic model of vehicle turnover is used to assess CO2/km standards and EV targets 
for new vehicles, in the former case through a ‘shadow’ price set to achieve the target. Similarly, the 
supplementary building model is used to calculate (direct and indirect) reductions in CO2 emissions from 
emissions targets for new and existing buildings emissions. 

Lastly, the ECPE of countries’ pre-existing fuel tax/subsidy systems is computed by first setting the 
tax/subsidy on all fossil fuels across different sectors gradually to zero by 2030 (which in most cases 
increases economywide emissions). An economywide carbon price is then imposed to equal the emissions 
reductions sufficient to achieve the original BAU emissions with pre-existing fuel taxes/subsidies kept fixed 
at 2021 levels. 

Existing Explicit Carbon Pricing in G20 Countries 

Explicit carbon pricing. Economywide carbon pricing—carbon taxes or emissions trading systems 
(ETSs)—promote the full range of behavioral responses for reducing energy use and shifting to cleaner 
energy sources across the economy. This includes fuel switching from coal and gas to renewables in the 
power sector, switching to more efficient gasoline/diesel and electric vehicles as well as reductions in 
vehicular km travelled in road transport, and improvements in energy efficiency and CO2 intensity in the 
industrial and buildings sectors. 

Eleven G20 countries plus the EU have carbon pricing instruments (Table 3). This includes a mix of ETSs, 
carbon taxes, or both, while covered sectors and fuels vary. Canada requires all provinces and territories 
to have a carbon pricing system in place that meets minimum national stringency standards, including a 
common scope and minimum price trajectory or equivalent emissions cap. Japan and South Africa have 
implemented carbon taxes midstream on fuel supply, while Korea has implemented an ETS downstream 
for large emitters in the power and industry sectors and midstream for suppliers of heating fuels. ETSs at 
the EU level and in the UK apply to emissions from power generation and industry. France and Germany 
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also apply pricing systems (a tax and ETS respectively) midstream to fuels used in the building and 
transport sectors. 

However, only four countries (plus the EU) have prices of about $35 per tonne or above on covered 
emissions: Canada, France, Germany, and the UK. In April 2022, the EU ETS’s permit prices were $100 
per tonne, while prices in the French and German schemes were $87 and $34 per tonne, implying average 
carbon prices of $92 and $69, respectively.22 Prices are expected to rise in the EU, UK, and German ETS 
and Canadian federal pricing system, but future price trajectories are not available for the other schemes. 
China has introduced a mechanism for power, though it is not yet equivalent to an ETS23 and initial prices 
are low ($7 per tonne). The US has three regional ETSs covering 8 percent of nationwide emissions. 

Accounting for expected increases in emissions prices to 2030 implies total reductions of 4-18 percent in 
France, Germany, Italy, and the UK and 38 percent in Canada. On this basis ECPEs exceed $45 per ton 
in four cases (France, Germany, Italy, UK), more than $125 in Canada but are around $10 or less in seven 
other countries with pricing policies. See Figure 9. 

Table 3. Explicit Carbon Pricing Policies, G20 Countries 
  Instrument/coverage (April 2022, 2030 prices, US $/ton)a 

Argentina Carbon tax for all emissions (5,5) 
Canada Carbon tax/ETS for power, industry, transport, buildings (40, 140) 
China ETS for electricity to be expanded to industry (9, 9)b 
France EU ETS for power/industry (87,140), domestic tax for industry/buildings/transport (49, 60) 
Germany EU ETS for power/industry (87,140), domestic ETS for buildings/transport (33,55) 
Italy EU ETS for power/industry(87,140) 
Japan Carbon tax for all emissions (2,2), Subnational ETS schemes 
Mexico Carbon tax for all emissions (0.4-4,0.4-4)c,ETS for power/industry (4,4). Subnational CT schemes 
South Africa Carbon tax for all emissions (10, 10) 
South Korea ETS for power/industry/buildings (19, 19) 
UK ETS for power/industry (99,130), domestic tax for power (24,24) 
US Subnational ETS schemes 

Note: aWhere prices, or caps in ETSs, are not specified in legislation for 2030 they are based on 2022 prices or, as in Germany, the last available 
year where a price is specified. For the EU ETS, the 2030 price is an estimate based on CPAT. bChina's ETS takes the form of a tradable 
emission rate standard. cMexico's carbon price on additional CO2 emission content compared to natural gas. 
Source: WBG (2022), IMF staff, and national sources 

 
22 Prices are weighted average prices of covered emissions, and hence are the average price facing emitters.  
23 Specifically, coal and natural gas generators must meet separate emission rate standards. 
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Figure 9. Mapping of Explicit Carbon Pricing 

 
Source: IMF Staff using CPAT 

Other Policies in G20 Countries 

Power. All G20 countries have policies intended to increase the future share of renewables in power 
generation and all but one have renewable targets (see Table 4). Multiple and overlapping instruments, 
which either explicitly or implicitly subsidize renewables relative to other generation technologies, are 
commonly used including feed-in tariffs, renewable portfolio standards, net metering (allowing households 
to sell renewable energy to the grid), and investment or production tax credits for renewables. Country-
specific policy instruments are not modelled here, given the impracticality of decomposing their individual 
impacts—instead, countries are assumed to achieve their renewable generation shares for 2030.24 Eight 
G20 countries have also pledged to phase out coal-fired power generation including, in five cases, a 
complete ban on or before 2030. In modeling these combinations, the CO2 reduction from the combined 
policies is compared with that from the renewables target alone to infer the additional emissions reduction 
from the coal phaseout—this avoids double counting emissions reductions but, given the ambiguity in 
attributing CO2 reductions to the individual targets, the focus should be on the combined effect. 

Table 4. Sector-Specific Targets and Policies for Power Generation, G20 Countries 
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Argentina 27 20 
(2025)a 

● ●  ● ● 1  

Australia 20 68 (2030) ○ ● ● ○  51  
Brazil 83 b    ● ● 5  
Canada 68 90 (2030) ○ ○ ● ○ ● 4 0 (2030) 

 
24 Or linearly interpolated shares for countries with target dates beyond 2030. 
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China 28 80 (2060) ● ●   ● 56  
France 22 40 

(2030)c 
●  ●  ● 1 0 (2022) 

Germany 41 80 (2030) ●  ●  ● 17 0 (2030) 
India 22 50 (2030) ○ ● ● ○ ● 64  
Indonesia 17 48 (2030) ● ●   ● 51 30 (2025) 
Italy 41 55 (2030) ●   ● ● 5 0 (2025) 
Japan 21 36-38 

(2030) 
●  ●   36 19 (2030) 

Mexico 18 35 (2024)    ● ● 5  
Russia 18 20 (2020) ●     9  
Saudi Arabia 0 50(2030)    ●  0  
South Africa 6 41(2030)  ●    87  
South Korea 5 30 (2030)  ● ● ● ● 30 0 (2050) 
Turkey 44 60(2030)d ●   ●  19  
UK 39 100 

(2035) 
○ ● ●   2 0 (2024) 

US 19 28(2030)d ○ ○ ○ ○ ●,○ 12  
Note: aArgentina's target excludes large hydro, which is included in its generation share. bBrazil's latest NDC no longer includes a renewable 
target. cEU wide target. dInferred from numeric targets. ●= national. ○=subnational. 
Source: REN21(2021); Government websites; and IMF staff estimates 

At the economywide level, achieving stated renewables and coal phaseout targets for power generation 
would reduce CO2 emissions by between 3 percent (Korea) and 28 percent (Saudi Arabia) below 2030 
BAU levels, and (where targets bind) on average by 11 percent across countries (see Figure 10). The 
SCPEs of renewables targets vary between $24 per tonne (Korea) to over $150 per tonne in ten cases.  

Figure 10. Mapping of Power Generation Targets 

 
Source: IMF Staff using CPAT. 

Industry. Beyond carbon pricing (and fuel taxes), there is little in the way of concrete policies for the 
industrial sector in G20 countries. Eight countries have targets for reducing CO2 or energy intensity of 
industry (see Table 5) though in four cases these targets overlap with explicit carbon pricing. Implementing 
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industry emissions targets would reduce economywide CO2 emissions most significantly in France, 
Germany, Japan, and UK—about 8-10 percent below BAU levels in 2030 respectively with SCPEs above 
$150 in each case. See Figure 12. 

Table 5. Sector-Specific Targets and Policies for Power Generation, G20 Countries 

  Target 
Australia Reduce the energy intensity of industry 30 percent between 2015 and 2030. 
China Peak aluminium and steel CO2 emissions by 2025, and reduce them 40 and 30 percent, respectively from that peak by 2040.   
France Reduce (all GHG) emissions from industry 37 percent by 2030 relative to 2019.  
Germany Reduce CO2 emissions 49-51 percent below 1990 levels by 2030 
Japan Reduce CO2 emissions 38% below 2013 levels by 2030 
South 
Africa 

Reduce energy consumption of manufacturing 16 percent below 2015 levels by 2030. 

Turkey Reduce energy intensity by at least 10 percent in each sub-sector by 2023 (2011 baseline) 
UK Reduce CO2 emisisons 67 percent below 2018 levels by 2035.  

Source: Climate Transparency; Climate Action Tracker: IEA; Government Websites 

Figure 11. Mapping of Industrial Targets 
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the EU level, and have been gradually tightened over the last two decades. Standards in 2020 varied from 
the equivalent of around 100 grams CO2 per km in EU countries and Korea to 140 grams CO2 per km in 
South Africa and are scheduled to continue tightening (Table 6).  Feebates—applying fees to the purchase 
of emissions-intensive vehicles and subsidies for relatively clean vehicles—promote similar behavioral 
responses as CO2/km standards. 

Nine G20 countries include some form of feebates into initial vehicle purchase tax systems (Table 6), with 
electric vehicle (EV) subsidies varying between $2,000 (UK) and $7,500 (US) and fees for high emitters 
rising to between $3,000 (Italy) and $12,000 (France). Again, given the overlapping nature of non-pricing 
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transport policies, it is difficult to separate the individual impacts of regulations and feebates on emission 
rates—instead it is more practical to look at the emissions impacts from countries achieving their specified 
reductions in future CO2/km. Targets for phasing in EVs or phasing out internal combustion engine vehicles 
(ICEVs) also apply in 15 G20 countries—indeed 10 countries have pledged to fully phase out ICEVs in 
new vehicle sales by 2030 or 2035.25 

Achieving both CO2/km and EV share targets combined would reduce economywide CO2 emissions below 
2030 BAU levels by 7 percent or less in all but one case (Italy). These reductions are much smaller than 
those from the power sector, due to generally smaller proportionate reductions in sectoral emissions, the 
smaller share of light-duty vehicles in economywide BAU emissions, and that policies only affect new 
investment (whereas power sector policies affect both dispatch and investment). SCPEs of transportation 
targets are around $50 per tonne or less in six cases, and about $100 per tonne and higher in seven 
countries. See Figure 12 

Table 6. Vehicle Emission Rate Targets, Electric Vehicle Targets, and Fiscal Incentives in Vehicle 
Registration Fees, G20 Countries 

  CO2/km % EVs in vehicle sales   
  2020 Target (year) 2021 Target (year) Additional incentives in registration fees (in US$) 

Argentina 
    

  
Australia 

  
1 30 (2030) EV luxury car tax threshold at $56,800 compared with ICE threshold of 

$49,370. 
Brazil 125 119 (2022) <1 

 
  

Canada 123 100 (2026) 4 100 (2035) Feebate: $4,000 subsidy for EVs, taxes on ICEVs rising to $3,200. 
China 116 72 (2030) 6 100 (2035) Feebate: $4,000 subsidy for EVs, taxes on ICEVs risng to 40% of base 

prices. 10% sales tax exemption for EVs.  
France 100 61 (2030) 11 100 (2030)a Feebate: $7,000 subsidy for EVs, taxes on ICEs rising to $12,000. 
Germany 100 61 (2030) 14 100 (2030)a Feebate: $7,000 subsidy for EVs, taxes on ICEVs rising to $5,000. 
India 114 112 (2022) <1 30 (2030)b Subsidy up to $137/kWh for EVs <$20,455, general sales tax reduced 

28% to 5%.  
Indonesia 

  
<1 numeric (2025)c EV luxury tax exemption. 

Italy 100 61 (2030) 4 100 (2030)a Feebate: $4,600 subsidy for EVs, taxes on ICEs rising to $3,000. 
Japan 106 92 (2030) <1 100(2035) Feebate: $7,000 subsidy for EVs, rising environmental performance tax 

on ICEVs. 
Mexico 114 85 (2025) <1 n/ae   
Russia 

   
production 

(2030)f 
5% purchase price subsidy on Russian-made EV up to maximum of 
$8,570. 

Saudi Arabia 
   

30 (2030)   
South Africa 138 n/a <1 

 
  

South Korea 98 84 (2030) 3 numeric (2025)d EV subsidy up to $17,000; excise tax reduction up to $2,700; acquisition 
tax reduction up to $1,200. 

Turkey 
   

numeric (2030)g Special consumption tax reduced from 45%-160% to 10%- 60% for 
ZEVs. 

UK 100 61 (2030) 11 100 (2030) Feebate: $2,000 EV subsidy, taxes on ICEs rising to $3,870. 
US 123 100 (2026) 2 50 (2030) $7,500 producer subsidy for EVs (for first 20,000 vehicles sold). 

 Note: aEU wide target. bTarget is for private cars. Target for commercial vehicles=70%, buses=40%, two and three-wheeler sales=80%. cTarget 
of 2 million EVs in the passenger vehicle stock by 2025. dTarget of 1.13 million EVs in the passenger vehicle stock by 2025. eNo federal target 
but Jalisco, Mexico committed to 100(2030). fAnnual EV production target of 220,000 units by 2030. gTarget of 1 million EVs in the vehicle stock 
by 2030. 
Source: IEA (2021b); ICCT (2017); Government websites 

 
25 In computing the emissions effects, offsetting indirect emissions from the additional electricity used by EVs are not 
accounted for in this analysis but are generally modest. 
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Figure 12. Mapping of Vehicle Sector Targets 

 
Source: IMF Staff using CPAT. 

Buildings. France, Germany, and Italy have targets for reducing energy use from the building stock, by 25-
44 percent between 2020 and 2030, Japan by 66 percent between 2013 and 2030, while six other G20 
countries have zero emissions targets for new buildings by 203026 (in five cases) or later. Again, countries 
typically use multiple overlapping instruments (Table 7) including building codes, retrofitting incentives 
(e.g., for insulation), building certification programs, clean fuel requirements (e.g., phasing out fossil fuel 
heating systems in new buildings), performance standards and labelling schemes for household 
appliances. 

At the economywide level, CO2 emissions reductions from energy targets for buildings (Figure 13) for 
France and Germany are 10 percent below BAU levels, about 5 percent in Italy and Japan, but less than 
2 percent in the other eight cases where standards apply only to new buildings (given that less than 2 
percent of the building stock is replaced each year and new buildings are already far more energy efficient 
than existing buildings). The SCPE is higher than $150 per tonne in Germany, France, Italy, and Japan, is 
about $30 per tonne in Korea and the UK, and is about $20 per tonne or less in other cases. 

 
26 That is, any net electricity use by buildings (after buying/selling to the grid) needs to be provided by renewable 
sources like solar panels.  
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Table 7. Sector-Specific Targets and Policies for Buildings, G20 Countries 

 Targets Policies 
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Argentina    ●v  ● ● 
Australia  ●  ●m,v  ● ● 
Brazil    ●v  ● ● 
Canada All new buildings net zero emissions by 2030. ● ● ●v  ● ● 
China Green buildings to account for 50% of new 

urban buildings. 
● ● ●m,v  ● ● 

France Reduce building sector emissions 44% below 
2020 emisisons by 2030; EU legislation requires 
all new buildings to be nearly zero energy.  

● ● ●m,v ● ● ● 

Germany Reduce building sector emissions 43% below 
2020 emisisons by 2030; EU legislation requires 
all new buildings to be nearly zero energy.  

● ● ●m,v ● ● ● 

India Reduce energy use for new commercial 
buildings 50% by 2030. 

  ●v  ● ● 

Indonesia Reduce energy intensity ≥ 1% per year till 
2025.* 

  ●v  ● ● 

Italy Reduce building sector emissions 25% below 
2020 emisisons by 2030; EU legislation requires 
all new buildings to be nearly zero energy.  

● ● ●m,v ● ● ● 

Japan Reduce building sector CO2 emissions 66% 
below 2013 levels by 2030. All new houses net 
zero emissions by 2030. 

●  ●m,v  ● ● 

Korea All new buildings net zero emissions by 2030. ● ● ●v  ● ● 
Mexico Reduce energy consumption for all buildings 

3.7% a year 2031-2050. 
● ● ●v  ● ●* 

Russia  ● ● ●m,v   ● 
Saudi Arabia  ● ● ●v  ● ● 
South Africa All new buildings net zero emissions by 2030. ● ● ●m,v  ● ● 
South Korea All new buildings net zero emissions by 2030. ● ● ●v  ● ● 
Turkey  ● ● ●v  ● ● 
UK Reduce CO2 emisisons for all new buildings 75-

80% by 2030.  
● ● ●m,v ● ● ● 

Note: ●= national policy.●v=widely voluntary. ●m,v= Partially mandatory, widely voluntary. 
Source: Climate Transparency (2021); IEA (2020); Government Websites 
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Figure 13. Mapping of Building Sector Targets 

 
Source: IMF Staff using CPAT. 

Fuel taxes. Fuel taxes and subsidies have been implemented historically for many reasons, usually 
unrelated to climate mitigation—for example, to raise revenue or address (albeit bluntly) local externalities 
like air pollution and traffic congestion. Tax rates (expressed in terms of their emissions-weighted charges 
per ton of CO2) and subsidies vary considerably across fuels, sectors, and countries (see Table 8). For 
example, coal remains relatively untaxed across all countries and sectors, while gasoline and diesel 
account for much larger taxes relative to other fuels. 

Scenarios for increasing individual fuel taxes are not considered because countries have not made specific 
commitments to significantly increase them over the next decade. Rather, the focus is on the ECPE implied 
by each country’s set of fuel taxes or subsidies, which gives a sense of how a proportionate scaling up or 
down of these tax/subsidy schemes might enhance, or offset, the effect of an explicit carbon pricing 
scheme. Whether existing fuel taxes should be included in an assessment of countries’ current ECPEs is 
not entirely clear. On the one hand, as noted these taxes have generally been imposed for non-climate-
related reasons, taxes are not levied in proportion to carbon content, the impact of these taxes is already 
implicit in currently observed emissions, and if taxes remain unchanged, they will not contribute towards 
cutting emissions from current levels to levels consistent with future mitigation targets. On the other hand, 
fuel taxes are transparent and raise fuel prices, so they do act to reduce emissions compared to a scenario 
without them. These arguments apply conversely to subsidies. 

However, for reference, Figure 14 shows estimates of economy-wide CO2 reductions implied by existing 
fuel taxes compared with a baseline of removing those fuel taxes by 2030 along with corresponding 
ECPEs. In most cases, fuel tax systems reduce economywide CO2 emissions by around 5-20 percent or, 
where there are subsidies, moderately increase them by 1-8 percent. ECPEs are mostly in the range of 
$5-40 per tonne and are negative in cases where fuels are subsidized (Russia, Saudi Arabia, and South 
Africa). 
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Table 8. Excise Taxes by Fuel and Sector in 2020, G20 Countries 
expressed in charges per ton CO2)a 

 power industry transportationb Buildingsc 

 coal Natural 
gas 

oil coal Natural 
gas 

oil gasolin
e 

diesel Natural 
gas 

oil 

Argentina 0 -31 19 5 0 33 105 45 -41 1 
Australia 0 0 79 6 24 96 157 99 -54 68 
Brazil 5 106 20 42 106 23 149 42 203 65 
Canada 5 -34 14 5 -45 90 157 83 -9 97 
China 3 70 6 4 70 35 168 65 -24 49 
France -7 113 79 29 111 192 377 262 93 208 
Germany 14 -22 31 -3 -18 167 364 218 -60 213 
India 4 -99 101 4 -99 50 232 130 0 -2 
Indonesia 0 33 -7 0 11 -10 38 -11 -65 -93 
Italy -1 -51 7 16 -3 191 396 278 -120 201 
Japan 0 -25 21 3 80 98 270 148 218 178 
Korea 0 39 2 24 78 92 296 175 -43 108 
Mexico 0 -16 8 1 0 44 112 103 -71 18 
Russia 0 -34 2 0 -33 2 49 5 -158 -25 
S. Arabia 0 -68 -13 0 -68 -26 -46 -159 0 -88 
S. Africa 0 79 90 0 79 107 204 101 0 75 
Turkey 0 20 0 5 14 43 219 74 -133 111 
UK 20 -35 53 37 73 176 341 285 -103 93 
US 0 0 10 0 0 39 71 46 -19 33 
Simple average 2 2 28 9 20 76 193 105 -20 69 

Note: aTax rates include fuel excises and subsidies (VAT is excluded).  b For light-duty vehicles.  c For fuels used in residential buildings 
Source: Black and others (2022) 

Figure 14. Mapping of Building Sector Targets 

 
Source: IMF Staff using CPAT. 
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Annex III: Broader Policy Impacts of Different 
Mitigation Policies Including Carbon Pricing (IMF) 

Introduction 

While economists overwhelmingly recommend carbon pricing as the most efficient form of climate policy, 
other types of climate policy have great importance in practice. The idea of carbon pricing is to directly 
internalize the externality of carbon emissions. By using a price signal, market forces are employed to 
identify the most efficient measures to reduce emissions. Since carbon pricing is efficient and can be scaled 
up in a straightforward manner, economists recommend it as the best option (High-Level Commission on 
Carbon Prices 2017). In practice, however, a great variety of climate policies exist that can be used by 
themselves or in combination with carbon pricing (Nascimento et al. 2022).27 One advantage of these other 
policies is that they do not appear as a new tax  and their costs to economic agents are less visible than 
those of carbon pricing, making them easier to implement politically (Furceri, Ganslmeier, and Ostry 2021). 
Another rationale for these policies is that they can address bottlenecks or market imperfections that would 
limit the efficiency of carbon pricing. An example are subsidies for insulating buildings to overcome 
misaligned incentives in the sector. Another example are R&D subsidies to accelerate the development of 
low-carbon technologies in sectors where no low-cost clean alternatives exist yet. Finally, considering 
policy objectives beyond environmental and aggregate economic performance, such as distributional 
equity and minimizing the risk of an inefficient level of abatement in the presence of uncertainty, can also  
justify the use of a country-specific policy mix (Goulder and Parry 2008). 

Understanding the economic effects of different climate policies is key both from a domestic and 
international perspective. From a domestic perspective, climate policies that generate a same emissions 
reduction can have different economic effects, such as on economic cost, employment, energy prices, 
fiscal accounts, energy security, and competitiveness. This raises important trade-offs. Understanding 
these trade-offs is key from a political perspective to design a policy mix that is optimal and tailored to a 
country’s economic structure and political economy. From an international perspective, climate policies 
generate multiple spillovers, most prominently through trade and competitiveness, fossil fuel markets, and 
technology developments. These spillovers will depend on the extent of participation of other countries in 
the global mitigation effort, but also on the nature of policies used and the differences in economic 
structures across countries. Uneven climate policies across countries cause governments to be concerned 
about changes in economic competitiveness and loss of economic activity to countries with less ambitious 
policies and can hold back countries’ efforts to mitigate. Understanding these spillovers is important to 
support an international dialogue and international coordination on climate policy. 

This Annex compares and quantifies the broad economic effects of different climate policies in major 
emitting sectors and countries. The analysis focuses on climate mitigation in the G7 countries (plus Europe) 
as well as China and India. It compares policy options for two major emitting sectors, namely the power 
sector and energy-intensive and trade-exposed (EITE) industries. In the power sector, it compares the 
effects of four alternative policies, namely a carbon tax on electricity generation, a direct regulation on the 

 
27 The descriptive literature on the comparison of climate policy instruments has established that a mix of policy 
instruments is necessary to achieve desirable outcomes across a set of relevant indicators. (Bennear and Stavins 
2007) identify two reasons for using multiple policy instruments: multiple market failures and political constraints. (Vogt-
Schilb and Hallegatte 2017) provide a systematic comparison for seven policy options across nine outcome variables 
based on a literature review. They conclude that a carbon price combined with sectoral policies which aim at long-term 
decarbonization (such as renewable energy targets), would perform well across the set of outcome variables. 
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fossil fuel share, a feed-in subsidy for solar and wind power generation, and a feebate system. In the EITE 
industries, it compares carbon pricing and regulation on the carbon emission intensity of the industry. The 
simulations are done across a range of outcome variables, including real GDP, investment, employment, 
household consumption, electricity prices, electricity supply, government revenues and spending, gross 
output and market shares of EITE industries, carbon leakage rates, and import bills of fossil fuels (as a 
measure of energy security). The model used in this Annex is the IMF-ENV model, a dynamic and global 
computable general equilibrium (CGE) model, which endogenously determines a range of relevant policy 
outcomes and features a detailed representation of sectors and world trade. 

The IMF-ENV model and scenario design 

This section introduces the modeling setup. It first gives a brief description of the model used. It then 
describes the scenarios and adds some theoretical considerations on the effects to be expected in these 
scenarios. 

The model 

The model IMF-ENV allows to analyze the economic effects of climate policy options in a CGE perspective. 
IMF-ENV is a global, dynamic, and sectoral CGE model, see (Chateau, Jaumotte, and Schwerhoff 2022) for a 
brief description, especially Box 4. It is built on the ENVISAGE model (van der Mensbrugghe 2019) and 
the OECD ENV-Linkages Model (Chateau, Dellink, and Lanzi 2014). The model allows simulating impacts 
of climate mitigation policies on emissions, macroeconomic variables, sectoral outcomes, and trade. The 
model is based on a neo-classical framework, dealing only with real values and with almost perfect markets 
for commodities and production factors. One important feature of the model is that it has vintage capital. 
This captures the fact that while new investment is flexible and can be allocated across activities until the 
return to the “new” capital is equalized across sectors, the “old” (existing) capital stock, on the contrary, is 
mostly fixed and cannot be reallocated across sectors without costs. As a consequence, short-term 
elasticities of substitution across inputs in production processes (or substitution possibilities) are much 
lower than long-term elasticities, which makes the adjustment of capital more realistic. The model also has 
a detailed sectoral and trade representation, making it well suited to study the effects of climate policy on 
trade and fossil fuel markets. Finally, the model relates directly emissions to economic activities. The model 
does not have heterogenous households, so that distributional effects within countries cannot be analyzed. 
Further, it does not have endogenous technology, so that technology spillovers cannot be modeled directly. 

Scenario design 

Two sets of scenarios are designed, scenarios for decarbonization of the power sector and scenarios for 
a deeper decarbonization of both power sectors and Energy Intensive and Trade Exposed (EITE) 
industries. We illustrate the results by assuming that only nine countries (the G7 countries as well as China 
and India) and the EU are acting. These countries are chosen as major emitters with different economic 
structures. We next present these scenarios but Box 4 also provides further detail on the implementation 
of the scenarios in the model. 

Scenarios on decarbonization of the power system 

Scenarios are designed to compare four policy options of equivalent stringency. The four policies are 
calibrated to achieve the same environmental outcome, namely the same cumulative decrease in CO2 
emissions from fossil fuel combustion in power generation. These four scenarios are: 

• Regulation on a clean energy standard: a regulation mandates a reduction in the share of fossil-
based power by 20 percentage points relative to the baseline by 2030. Exceptions are France and 
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Canada, which already have a very high share of low-carbon energy and hence are assumed to 
reduce the fossil fuel share by respectively 7 and 10 percentage points only. 

• Carbon tax for power sector: a gradually increasing carbon tax for electricity generation is 
implemented, with the level of the tax calibrated to achieve the same path of CO2 emission 
reductions as in the regulation scenario. 

• Feed-in-tariff for solar and wind power generation: the producers of wind and solar receive a 
subsidy in USD per unit of electricity, such that they sell electricity above their unit cost of 
production. The subsidy rate is assumed to be the same for solar and wind power. It is adjusted in 
each period in such a way that the resulting cumulative CO2 emissions for the power sector are 
the same as in the regulation policy. 

• Feebates: a system of fees and rebates across electricity generation types is implemented. The 
system implies that electricity generation which emits more (less) than a given target of CO2 
emissions per kwh will pay (receive) a fee (a rebate). The price of emission per KW/hr is adjusted 
in each period to guarantee same emissions reductions as under the regulation policy. The 
feebate system is balanced across electricity producers so that it is neutral on public finance. 

To make this comparison fair in terms of fiscal resources used, all policies are designed to be budget 
neutral through changes in wage income tax rates (or VAT in a sensitivity analysis). This means that the 
feed-in subsidy is financed by raising wage income taxes, while revenue from carbon taxes is used to 
reduce wage income taxes. 

Scenarios on decarbonization of Energy Intensive and Trade Exposed (EITE) industries 

Climate policy in the EITE sectors is implemented as two types of carbon taxes and a regulation. Four 
EITE sectors are considered here to implement these targets: “Iron and Steel”, “Chemicals”, “Non-metallic 
minerals” and “Pulp and paper”.  

The three “power and EITE sectors scenarios” are: 

• Regulation for power and EITE sectors: CO2 emission reductions are controlled i) by a regulation 
on the share of fossil fuels in the power sector (identical to the power regulation scenario 
discussed previously), and ii) by a regulation on the “direct” (scope 1) CO2 emission intensity for 
each individual EITE sector. The mandatory regulations for the energy intensive industries assume 
linear reductions, starting in 2022, of each EITE sectoral emission intensity (“direct” CO2 
emissions per unit of gross output). The emission intensity is designed to decline by 20 percent 
below the baseline level by 2030. 

• Uniform carbon tax on power and EITE sectors: the power sector and EITE industries all face the 
same carbon tax, as in an Emission Trading Scheme with permit auctioning. The level of the CO2 
tax is adjusted each year such that the joint annual total CO2 emissions of power and EITE 
sectors are identical to the corresponding emissions in the “Regulation for power and EITE 
sectors” scenario. 

• Segmented carbon markets: the scenario assumes two distinct carbon markets, one for the EITE 
sectors and one for the power sectors. The sectors thus have different carbon taxes, each of them 
is adjusted such that the emissions of the corresponding group of acting sectors are the same as 
in the “Regulation for power and EITE sectors” scenario. 
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Again, all these scenarios are budget neutral: the wage income tax rates are adjusted so that the policies 
are revenue neutral for the government. It should be mentioned that “non-ferrous metals” production is 
generally considered an energy intensive activity as well, but energy demand by this sector is mostly 
electricity, and not fossil fuels. For this reason, the regulation is not applied to this sector since its “direct” 
carbon intensity is low. But since it is still electricity intensive and therefore very sensitive to policies 
implemented in the paper, this sector is included as part of EITE sectors in the corresponding charts. 

Theoretical considerations on economic cost 

Both regulation and carbon pricing impose a permanent cost on the sector to which they are applied. When 
a sector (or firm) is subject to carbon pricing, it substitutes away from emissions to other factors of 
production until further substitution is as expensive as the carbon price. Similarly, regulation forces the 
sector to substitute inputs and thus operate at a more expensive input mix than the unregulated sector 
would. While the ongoing cost due to the carbon price are more visible, both types of climate policy are 
similar in the sense of imposing an ongoing cost on the sector. 

Several factors influence the relative economic cost of carbon pricing and regulation. On the one hand, 
carbon pricing incentivizes the use of all margins of adjustment, and hence delivers a given emission 
reduction at the least cost. This is especially visible when the carbon price is applied to multiple sectors 
with different substitution possibilities. Carbon pricing will allocate emissions reductions to sectors with the 
greatest substitution possibilities, reducing the overall aggregate cost. Regulation will be costlier than 
carbon pricing (to achieve a given emission reduction objective) the more it implies heterogenous implicit 
carbon prices (and therefore heterogenous marginal abatement costs) across different emission sources. 
Designing smart regulation that avoids too stringent quantitative constraints on emission sources that are 
hard to cut and therefore entail high marginal abatement costs requires detailed sector-specific knowledge 
and entails potential for policy mistakes. On the other hand, carbon pricing imposes an additional cost, 
because the tax needs to be paid on remaining emissions. This means the sector has two types of 
additional cost compared to before the introduction of the carbon price: a slightly more expensive mix of 
production factors and the carbon price paid on remaining emissions. Finally, revenues from carbon pricing 
can be recycled into other cost reductions (e.g., lower wage tax) for the abating and other sectors, partly 
offsetting the cost from carbon taxation. The net effect will depend on the sectoral coverage of the carbon 
tax, the emission intensity of production and ease of substitution to alternative low-carbon technologies in 
the various sectors covered, and the use of carbon tax revenues. 

Feebates share features with both regulation and carbon taxes. Like carbon taxes, feebates affect 
electricity generation from fossil fuels according to the carbon content. At the same time, just like the 
regulation, the sector as a whole does not have additional external payments under feebates, because 
fees and rebates net out. However, the internal pricing signals cause the sector to reoptimize production 
factors. Again, the resulting mix of production factors is more expensive than the production factors in the 
unregulated situation would be. 

For feed-in subsidies, the rebound effect is an important influence on the overall cost. Feed-in subsidies 
impose a cost on the economy, if not on the targeted sector, because they need to be financed by increased 
taxes. Compared with the other policies which aim directly at reducing fossil fuel emissions, they operate 
by making renewable energy cheaper. The rebound effect occurs when savings on energy cost cause an 
increase in energy consumption. If the government subsidizes the production of renewable energy, the 
supply of energy with a low cost to consumers increases. This reduces the equilibrium energy price and 
thus increases demand. As a result, the additional renewable energy does not replace fossil fuel energy 
fully, but only partially (Kalkuhl, Edenhofer, and Lessmann 2013). Due to this mechanism, displacing fossil fuels 
with subsidies to renewable energy requires a large subsidy, which causes a large cost to the government. 
Further, the feed-in subsidy does not differentiate incentives for different fossil fuels and hence does not 
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use the option to switch from coal to gas to reduce emissions. Lacking this adjustment option is a further 
cause for the higher total cost of feed-in subsidies. 

Additional factors influence the cost of climate policy but are not represented in the model. When 
technology is endogenous, the cost of a given input mix changes over time. The input factors which are 
employed most receive most R&D. A change in the input mix would thus redirect R&D and reduce cost 
over time. Another cost factor is the administrative and monitoring cost of the policies. However, IMF-ENV 
has neither endogenous technological change nor administrative cost. The cost of climate policies in the 
results below thus reflect only the cost differences due to changes in the mix of production factors, taxes 
and subsidies and their recycling or financing. 

Political economy 

The political feasibility of climate policy requires comparing policy options across more variables than just 
aggregate GDP effects. The aggregate economic effect is a major focus of climate policy, because when 
economic losses are minimized, redistribution should allow the government to achieve an optimal 
allocation of resources within the economy. However, political economy effects require additional 
considerations. One consideration is that energy prices are very visible and can elicit a broad mobilization 
against policy reforms which cause these increases. Energy prices are thus an important additional 
consideration because policies which minimize economic losses cause higher energy prices. Another 
consideration is that energy intensive and trade exposed (EITE) industries are aware that climate policy 
can put them at a disadvantage with international competitors. This is not a major consideration for the 
economy as a whole (Chateau, Jaumotte, and Schwerhoff 2022), but EITE industries are politically influential. 
Given these two considerations, we compare the effects of the policy options for energy prices and market 
shares of the EITE sectors in addition to aggregate GDP. 

Section 3 presents the results of scenarios on the decarbonization of power systems, and Section 4 those 
on the joint decarbonization of power systems and EITE industries. Section 5 elaborates further on the 
international spillovers, discussing carbon leakage rates, considerations on energy security, and 
competitiveness effects under different coalition size and policy mixes. 

Decarbonization of power systems under alternative policies 

We compare scenario outcomes for all politically relevant indicators available in the model. Since the policy 
measures are implemented in the electricity sector, we begin the scenario comparison with the electricity 
mix, electricity prices and total electricity supply in Section 3.1. Given that the direct effect of the policies 
has different fiscal impacts, we next discuss fiscal effects in Section 3.2. In a third step, we evaluate the 
aggregate macroeconomic effects in terms of GDP, investment, household income and employment in 
Section 3.3. In Section 3.4 we conclude with the effects on competitiveness, which have a considerable 
relevance for the political economy of climate policy. 

Carbon pricing, regulation and feebates achieve similar macroeconomic outcomes, but feed-in subsidies 
have the advantage of reducing energy prices. The comparison in climate policy outcomes in this Annex 
is in line with standard results on climate policy in that carbon pricing generates in most cases the least 
aggregate economic cost (High-Level Commission on Carbon Prices 2017). The effects of carbon pricing on 
GDP, household income and employment are better than for all other climate policies. The reason is that 
carbon pricing leaves the most flexibility to the economy to implement emission reductions. The regulation 
and feebates, however, perform almost as well and are thus attractive alternatives if they are more feasible 
politically. Feed-in subsidies have a higher aggregate cost because they require an increase in the overall 
level of taxation and thus more distortions. If electricity prices are a political focus, all three alternatives 
might be better than carbon pricing, although even carbon pricing increases electricity prices by less than 
10 percent. 
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Policy instruments 

Differences in power systems and economic structures imply very different magnitude of policy tools, even 
with a similar environmental target. Table 9 shows that while the policies in all countries achieve similar 
economy-wide emission reductions across countries (second column), the level at which they need to be 
implemented varies. A regulation that requires a 20-percentage point decline in the share of fossil fuels in 
all countries translates into carbon prices (third column) that vary from 13 USD in China to 67 USD in the 
UK. Differences in the level of carbon taxes reflect differences in opportunities for cheap abatement (higher 
in countries starting with a high fossil fuel share) and differences in the stringency of the targets 
(conditioned on the initial level of the renewable share). For feed-in tariffs, only the data for solar energy is 
shown, the numbers for wind energy are similar. The subsidies for wind and solar are in the range of 22 to 
45 percent of the production cost, with highest values for France and Canada which have already very 
high levels of low-carbon technology. Feebates add a fee on fossil-based power, proportional to their 
carbon content, and subsidizes non-carbon electricity (for sake of simplicity only the values for coal and 
solar are shown in the last two columns). The rebates paid to solar energy are all below 10 percent of 
production cost, showing how competitive solar energy already is. The level of the fee on coal is inversely 
proportional to the share of coal power in electricity mix: with a large share of coal, a low fee is sufficient 
to generate sufficient revenue for financing low-carbon electric generation. 

Table 9. Power Scenarios: Policy Stringency in 2030 

Policy in 2030 Economy-wide 
CO2 emission 

reduction# 

Additional carbon 
tax 

Feed-in tariffs for 
wind and solar 

Rebates for Solar 
power (in feebate) 

Fees for Coal 
power (in feebate) 

Unit Percent deviation 
from Bau 

2018 USD/t of CO2 percent of unit 
production cost 

percent of unit 
production cost 

percent of unit 
production cost 

Canada -5.5 39 -45 -4.2 44 
China -12 13 -28 -8.8 15 
France -6.5 43 -36 -1.6 26 
Germany -13.6 45 -31 -6.3 25 
India -14.5 15 -22 -6.3 7 
Italy -7.6 63 -33 -4.2 32 
Japan -11.2 38 -22 -4.1 12 
UK -10 67 -26 -0.9 21 
USA -10 17 -30 -3.3 18 

Note: The carbon tax reported here is the additional price of CO2 relative to baseline needed to generate the same emissions for the power 
sector as under the “regulation” scenario. Feed-in tariffs also present subsidy rates as difference from baseline level. # The Economy wide 
CO2 emissions reductions are for the scenario “regulation”. 
Source: IMF-ENV model 
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The electricity sector 

While emission reductions in the power sector are the same across policies by scenario design, the energy 
mix changes in different ways. The regulation to reduce the share of fossil fuels by 20 percentage points 
(except for France and Canada) is directly visible in Figure 15. 

Figure 15. Power Scenarios: Changes in Power Mix in 2030 

Percent of total electricity generation 

 
Source: IMF-ENV model. 

In the other three policy scenarios, the options to adjust the electricity mix are used differently. The carbon 
tax, for example, generally causes a lower reduction in the fossil fuel share. The reason is that the 
emissions reductions are achieved not only through a shift from fossil fuels to low-carbon energy, but also 
by fuel switching, in particular from coal to gas. The feed-in subsidy is designed to support only wind and 
solar energy. As a result, the emission reductions are achieved by boosting these two sources—even 
though they may not be the most cost-effective for all countries. This contrasts with the regulation which 
limits the use of fossil fuels, but allows all low-carbon options, including hydropower and nuclear power, to 
expand. Feebates generate an energy mix which is very similar to that of the carbon tax. This is not 
surprising, because feebates change the relative price among the energy sources depending on their 
carbon intensity, as does carbon pricing. 



58 |   

 © OECD/IMF 2022 
  

Figure 16. Power Scenarios: The Effect of Policies on Electricity Prices in 2030 

(Percent changes with respect to baseline) 

 
Source: IMF-ENV model. 

The construction of additional natural gas capacity is not consistent with net zero emission targets. As 
mentioned above, a carbon tax incentivizes fuel switching, that is, moving to fuels with a lower emission 
intensity. An important example for this is the United States, which can reduce the use of coal by expanding 
the use of natural gas, to which it has access through fracking technology. However, it is important to note 
that the analysis here focuses on the year 2030. The United States government has committed to reaching 
net zero emissions by 2050 (US Department of State 2021). Building additional capacity for generating 
electricity with natural gas would not be consistent with the net zero goal, because this kind of infrastructure 
is typically used for 40 years or more. If the US were to use carbon pricing as its main climate policy 
strategy, it would implement a steadily increasing price path until 2050, which would make a large-scale 
switch to gas unattractive. An expansion of gas capacity would also be inconsistent with President Biden’s 
goals to create a carbon pollution-free power sector by 2035.28 An accelerated exit from fossil fuels might 
cause stranded assets (Mercure et al. 2018), but expanding capacity in natural gas risks causing more 
stranded assets later. A precise understanding of stranded assets requires a detailed analysis of the age 
distribution of the fleet of electricity generation capacity, which is beyond the scope of a CGE model. 

Carbon prices increase the electricity prices the most, while other policies have more muted effects or 
even decrease prices substantially in the case of feed-in tariffs. Carbon prices increase the electricity prices 
the most, despite making use of all the possible margins of adjustment, see Figure 16. These margins 
include a switch to all kinds of less carbon intensive energy sources (as we have seen above). The 
comparably high effect on prices results because the carbon tax keeps taxing emissions that have not 
been abated. France excluded, price increases are between 3 and 8 percent, with lower values in the US 
and UK and higher values in China, India, and Japan where the power sector is more fossil fuel intensive. 

 
28 https://www.whitehouse.gov/briefing-room/statements-releases/2021/04/22/fact-sheet-president-biden-sets-2030-
greenhouse-gas-pollution-reduction-target-aimed-at-creating-good-paying-union-jobs-and-securing-u-s-leadership-
on-clean-energy-technologies/ 
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Regulation and feebates also tend to increase the electricity price, but by much smaller amounts. 
Regulations put a restriction on the electricity market, which increases the cost of electricity production. 
Under feebates, the impact of the fee on fossil fuels is broadly offset by the subsidy on low-carbon energy, 
but not fully so. The remaining price increase is due to a forced switch to electricity sources with higher 
cost. Feed-in subsidies, by contrast, provide additional resources to the sector. As a result, prices fall by 5 
to 15 percent depending on the country. In the interpretation of the higher prices, we also need to take into 
account that the policies affect household income differently through the financing of the policies, as 
discussed below. In the carbon tax scenario households benefit from a tax reduction while under feed-in 
subsidies households have less income due to higher taxes. 

Policies which increase electricity prices decrease electricity supply and vice versa. Figure 17 shows 
electricity generation in deviation from the 2021 level. The fast-growing countries India and China have the 
highest growth in electricity generation. Feed-in subsidies increase electricity generation compared to the 
baseline (BAU) scenarios throughout. All other scenarios incentivize a moderate increase in energy 
efficiency. The carbon tax, which increases the electricity price the most, also has the lowest supply. 
However, changes are quite close to BAU in all cases. The policy scenarios chosen here are designed 
only for the electricity sector. In the case of economy-wide climate policy, end-uses like transportation 
would electrify. Electrification would cause an increase in electricity generation for all policy options. 

Figure 17. Power Scenarios: The Effect of Policies on the Electricity Supply in 2030 
(Percent deviation from 2021) 
 

 
Source: IMF-ENV model. 

Fiscal implications 

While the introduction of carbon taxes allows the reduction of other distortionary taxes, the financing of 
feed-in subsidies requires an increase in other taxes. To ensure a fair comparison, the model implements 
all policies as budget neutral in the sense that (real) government expenditures are the same in all 
scenarios. Carbon taxes, for example, generate government revenue, see Table 10. That revenue can be 
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used, if the budget is kept balanced, to reduce other taxes, for example labor income taxes and VAT.29 
Table 10 also shows that feed-in subsidies generate a cost between 0.3 and 0.8 percent of GDP depending 
on the country. This needs to be financed by increasing other taxes (see last column). However, even 
policies which do not affect tax rates might still change tax bases. If that happens, the model adjusts tax 
rates in such a way that the policy is again revenue neutral. As a result, even regulation and feebates 
cause changes in the composition of government revenue. The change in other taxes is reflected in net 
household income. This means that the higher electricity prices caused by carbon taxes are compensated 
by higher net earnings for households and vice versa for feed-in subsidies. 

Table 10. Tax Changes for Carbon Tax and Feed-in Subsidy Scenario 
  Carbon Tax Scenario Feed in subsidy Scenario 
  Carbon tax revenue in 

percent of GDP 
Change in Labor Tax rate 

(percentage point) 
Feed-in subsidy 

expenditures in percent of 
GDP 

Change in Labor Tax rate 
(percentage point) 

Canada 0.02 0 0.7 1.4 
China 0.09 1.7 0.4 3.3 
France 0.01 0.1 0.4 1.7 
Germany 0.02 0 0.3 1.5 
India 0.4 -0.3 0.8 2.6 
Italy 0.1 -0.2 0.3 1.1 
Japan 0.19 -0.4 0.3 1.3 
UK 0.02 0 0.4 1.7 
USA 0.05 0 0.4 0.8 

Source: IMF-ENV model 

The effect of climate policy on government revenue depends on the country’s emission intensity and its 
ability to substitute between energy sources. India and Japan require particularly high carbon taxes 
(compared to GDP) to achieve the required emission reductions, because they cannot easily substitute 
away from coal. When the electricity sector has a high emission intensity, it needs to continue paying 
relatively high carbon taxes, even though it has achieved the targeted emission reductions. The more 
flexible electricity systems of Germany and the UK require taxes of only 0.02 percent of GDP. Among the 
countries with a low share of carbon taxes to GDP, Germany can switch relatively easily to renewables 
and the US to gas. 

Macroeconomic implications 

Economic costs are similar and small for the different policies, except for feed-in subsidies which are more 
costly. Figure 18 shows the effect of the different policies on GDP and investment when tax reductions (to 
recycle carbon tax revenues) or increases (to finance feed-in tariffs) are applied to wage taxes (first row), 
compared to a recycling through changes in VAT (second row). In almost all cases, a feed-in subsidy 
causes higher GDP losses than the other policy options.30 This is for two reasons. First, the policy is less 
efficient at reducing emissions because it does not directly target the carbon content of fossil fuels and it 
creates a rebound effect in electricity consumption as it reduces the price faced by consumers. The 

 
29 For China, it appears that despite extra revenues from the carbon tax, it is not possible to reduce the labor tax. This 
is because the carbon tax implies GDP losses that reduce tax bases and therefore to keep the budget balanced, the 
government needs to increase tax rates. 
30 It should be noted that Germany is an exception where feed-in tariffs perform well. But this result is not robust when 
a more significant decarbonization of the power sector is considered, reducing the fossil fuel share by 30 instead of 
20 percentage points (see sensitivity analysis in sub-section 3.6 below). 
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subsidies must be financed by an increase in income taxes which increases the overall tax level, unlike 
the other policy options. Second, the cost is also higher because the policy is focused on solar and wind, 
which may not always be the most cost-effective sources of low-carbon energy and hence distorts the 
optimal mix of low-carbon energy sources. The other policy options (carbon tax, regulation, and feebates) 
have overall similar and smaller economic costs. 

Another striking result is that across countries, the cost of decarbonization is much higher for China than 
the other countries, no matter the policy considered. As shown later, Chinese and Indian EITE industries 
are much more affected by adjustment of the power system since the share of electricity costs in total costs 
of these industries are much higher than for G7 economies. Moreover, given the importance of EITE 
industries in the total Chinese economy (in terms of valued added share as percentage of GDP), China 
records the largest cost, even if the unit abatement cost in the Chinese power system is lower than in G7 
countries. 

Figure 18. Power Scenarios: Impacts on GDP and Investment for Two Types of Revenue 
Recycling 

Real GDP in 2030 with wage tax recycling 
(Percent deviation from baseline) 

 

Real investment in 2030 with wage tax recycling 
(Percent deviation from baseline) 

 

Real GDP in 2030 with VAT recycling 
(Percent deviation from baseline) 

 

Real investment in 2030 with VAT recycling 
(Percent deviation from baseline) 

 
Source: IMF-ENV Model. 

Implementing tax reductions through VAT instead of wage taxes causes a shift from consumption to 
investment in IMF-ENV. Under standard assumptions, a change in VAT has equivalent effects to a change 
in wage taxes, except that wage taxes can be designed to affect the degree of redistribution (Atkinson and 
Stiglitz 1976). As IMF-ENV has only a representative household, the two types of tax changes should thus 
not make a difference, because they affect the amount of consumption that can be purchased with a given 
amount of work in the same way. Nevertheless, investment behavior changes noticeably when tax 
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adjustment is done via VAT instead of labor taxes, see Figure 18. With large VAT increases, like in the 
feed-in subsidy scenario, households observe the current increase in the price of consumption (relative to 
the price of the investment good) and therefore increase savings relative to consumption. This reflects the 
myopic expectations of agents in the IMF-ENV model. In a model with perfect foresight, households would 
also anticipate the future increases of prices for consumption goods compared to current prices and would 
therefore probably increase less current savings than they do in this model. 

Carbon taxes are the policy option which is best suited for employment. All policy options have only a small 
effect on employment, see Figure 19. Carbon pricing has the lowest employment cost of all. In Japan, 
carbon pricing would even increase employment. The reason is that the carbon tax revenue is used to 
reduce labor income taxes, which reduces the gross cost of labor and hence provides an incentive to 
create employment. Feed-in tariffs have somewhat higher employment costs as they are financed by a 
larger increase in wage taxes (see last column of Table 10), which reduces the real income of households. 

Figure 19. Power Scenarios: Household Consumption and Employment 
Household consumption in 2030 
(Percent deviation from baseline) 

Employment in 2030 
(Percent deviation from baseline) 

  
Source: IMF-ENV Model. 

Competitiveness effects 

The effect of climate policy on gross output in the Energy Intensive and Trade Exposed (EITE) sectors 
depends on the direction of energy prices and relative competitiveness changes. As we have seen above, 
climate policies cause a mix of higher and lower cost to firms, due to the revenue neutral design of the 
policies. For EITE industries, however, the energy prices are decisive (third panel of Figure 20). The impact 
on competitiveness, and output, of these industries will depend on relative price changes across countries.  

Climate policies mostly reduce market shares of EITE industries for countries implementing climate policies 
in the power sector, but the effects are small. The scenarios assume that only the countries shown 
implement climate policy and all other countries don’t. As a result, the acting countries tend to lose a small 
share in global trade of EITE goods, see the second panel of Figure 20. However, losses are limited to 0.3 
percentage points given electricity is but one component of production costs. Losses in market shares are 
typically a bit larger under the carbon tax that increases electricity price the most, except for the US that 
gains market share due to greater use of low-cost gas with the carbon tax and France which implements 
smaller policies. Feed-in subsidies reduce electricity costs and producer prices in EITE industries in most 
countries. Therefore, acting countries as a whole are losing less market shares under this scenario. But 
due to the differentiation in price changes, some acting countries gain market share in EITE sectors and 
increase output consequently, while others lose market share and reduce output. Across countries, China 
is experiencing the largest market share losses for EITE sectors for all policy options, because energy 
intensity for those sectors is higher than in high-income countries. 

CAN CHN DEU EU FRA IND ITA JPN UK USA
-2.0

-1.5

-1.0

-0.5

0.0
Carbon tax Feebates Feed-in tariffs Regulation

CAN CHN DEU EU FRA IND ITA JPN UK USA

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

Carbon tax Feebates Feed-in tariffs Regulation



  | 63 

 © OECD/IMF 2022 
  

Figure 20. Power Scenarios: Impact on EITE Sectors 
Gross output of EITE industries in 2030 
(Percent deviation from baseline) 

 

Trade share of EITE industries in 2030 
(Percentage point deviation from baseline) 

 

Producer price of EITE industries in 2030 
(Percent deviation from baseline) 

 

 

Source: IMF-ENV Model. 

Ambition level 

The ranking of policy options may depend on the ambition level. The ranking of climate policies regarding 
economic impact depends on many factors. One of these factors is the ambition level of the policy. 
Figure 21 compares the effect of the four policy options on three outcome variables for two different 
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ambition levels. A decrease in the fossil fuel share by 20 percentage point has been implemented above. 
We compare these results to a 30 percentage-point decline in the fossil fuel share. Naturally, the higher 
ambition levels cause slightly higher losses in GDP and trade shares (although still well below 1 percent 
from baseline), as well as more extreme changes in the electricity price. While for the 20 percent target, 
carbon pricing causes a somewhat larger loss in trade shares than regulation, it is the other way around 
for the 30 percent target. This reversal in the ranking shows that the ranking at one ambition level cannot 
necessarily be transferred to other ambition levels. At higher ambition levels, the larger flexibility of the 
carbon tax proves to be a more important advantage. 

Figure 21. Power Scenarios:  The Role of Policy Ambition Level for the Ranking of Policies for G7 
Countries 
Real GDP in 2030 
(Percent deviation from baseline) 

 

Electricity price in 2030 
(Percent deviation from baseline) 

 
Trade share of EITE industries in 2030 
(Percentage point deviation from baseline) 

 

 

Source: IMF-ENV Model. 

Decarbonization of industrial and power sectors with alternative polices 

This section discusses scenarios where both power and EITE sectors face climate policy. It compares 
regulations to control power and EITE emissions and two types of carbon price systems as alternative 
policies to achieve the same emissions reductions. Under the regulation scenario, the emission intensity 
in four EITE sectors (“Iron and Steel”, “Chemicals”, “Non-metallic minerals” and “Pulp and paper”) is 
mandated to decline by 20 percent below the baseline level by 2030. 

The scenario comparison in the energy intensive industries is quite different from the electricity sector, 
mostly because the EITE industries are more difficult to regulate. There are many ways to produce 
electricity, but the product, electricity, is highly homogenous. In the EITE sectors, however, many different 
products are produced, both across subsectors and within. The ability for technical substitution varies 
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strongly between sectors. Broad regulation requiring a same reduction in emission intensity for all EITE 
sectors affects the different sectors so differently, that meaningful emission reductions might cause strong 
disruptions in some of them. Avoiding this through sector-specific regulation requires detailed sectoral 
knowledge. This difference makes it relevant to analyze both types of sectors. 

Macroeconomic implications 

Regulation generally causes higher economic cost than carbon pricing in the EITE sectors. As shown in 
Figure 22, regulation causes higher GDP losses than a carbon tax in the EITE sectors in all countries. The 
reason is that for some of the EITE sectors, complying with regulation is extremely difficult. For these 
sectors, it is much easier to handle carbon pricing, because it gives them the option to simply pay the tax 
and adjust their production process only a little. With a carbon tax, emissions reductions are then larger in 
the EITE sectors where it is cheaper to abate, in particular in non-metallic minerals that embody a large 
part of CO2 process emissions (left panel of Figure 23. In addition to reducing the aggregate economic 
cost, the use of a carbon tax—as opposed to regulation constraints—also leads to a more even distribution 
of economic costs across sectors (right panel of Figure 23). Linking carbon markets (i.e. uniform CO2 tax) 
or not (i.e. two distinct CO2 taxes) is of secondary importance. 

Across countries, China has the highest GDP losses, while India and Japan are the most sensitive to the 
switch from carbon taxation to regulation. Figure 22 shows that China has the highest GDP losses from 
decarbonization across all policy types. While the EITE sectors in China do not experience higher losses 
(in percentage changes) than the EITE sectors in other countries as shown below, the key difference is 
that these sectors account for much larger share of the economy in China (around 15%) than in other 
countries (5% on average for G7). The carbon tax generates very moderate GDP losses for all other 
countries. However, a switch to regulation would significantly increase the cost for India and Japan. Both 
countries have low-cost abatement options but, in both countries, there are individual sectors which cannot 
adjust to regulation well. This is the iron and steel sector in India and chemicals in Japan. 

Figure 22. Power and EITE Sectors Scenarios: Macroeconomic Impacts 
Real GDP in 2030 
(Percent deviation from baseline) 

Employment in 2030 
(Percent deviation from baseline) 

  
Source: IMF-ENV Model. 

CAN CHN DEU EU FRA IND ITA JPN UK USA ROW

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

Carbon taxes, power & EITE Uniform carbon tax, power & EITE
Regulation, power & EITE

CAN CHN DEU EU FRA IND ITA JPN UK USA ROW

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

Carbon taxes, power & EITE Uniform carbon tax, power & EITE
Regulation, power & EITE



66 |   

 © OECD/IMF 2022 
  

Figure 23. Power and EITE Sectors Scenarios: Sectoral Results 

Changes in power and EITE# sectoral CO2 emissions 
in 2030 
(Contribution to deviation of emissions from baseline) 

Gross output of EITE industries 
(Range of deviation from baseline across five industries) 

  
Source: IMF-ENV Model. 
Note: # Sectoral emissions for EITE reported here are only direct CO2 emissions, indirect emission associated to electricity are reported in “Power”. 
Sectoral CO2 includes emissions from fossil fuel combustion, as well as process and non-energy related CO2 emissions. 

Competitiveness effects 

The EITE sectors suffer larger losses in competitiveness when climate policy applies directly to them. 
Figure 24 shows the effect of climate policy on gross output and trade shares in the EITE sectors. 
Compared to the losses caused by climate policy in the electricity sector (Figure 20), losses in the EITE 
sectors are considerably larger. Note that the scale Figure 24 is different from the scale in Figure 20. One 
reason is that Figure 24 shows the effect of climate policy in two sectors (electricity and EITE), while Figure 
6 shows the effect of policy in only one sector (electricity). However, the most important difference is that 
the EITE sectors are, by definition, trade exposed. Changes in trade shares are driven strongly by the 
assumption that only the countries under consideration here implement climate policy. As a result, when 
climate policy is implemented both in the electricity and EITE sectors, the rest of the world (ROW) gains 
substantial market shares for EITE sectors at the expense of the acting countries. 

Regulation is more damaging to competitiveness than carbon pricing, especially in Japan and India. 
Figure 20 shows that in several countries gross output losses in the EITE sectors are higher under carbon 
pricing than under regulation (note, however, that this does not apply to economywide GDP). When climate 
policy is applied to the EITE sectors directly, losses are considerably higher under regulation for the group 
of acting countries as a whole and for most countries (Figure 24). The negative impacts of regulation in 
the EITE sectors are particularly large for Japan and India. Each of these countries has a sector where 
regulation as designed here is prohibitively expensive. The carbon tax performs better because the burden 
of emission reduction is smoothed across sub-sectors, while regulation imposes very different costs to 
each EITE sub-sector. The cost smoothing channel is thus stronger than the effect of taxing the unabated 
emissions which caused the carbon tax to have higher cost in Figure 20. 
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Figure 24. Electricity and EITE Sectors Scenarios: Gross Output and Trade Shares of EITE 
Industries 

Gross output of EITE industries in 2030 
(Percent deviation from baseline) 

Trade share of EITE industries in 2030 
(Percentage point deviation from baseline) 

  
Source: IMF-ENV Model. 

International Spillovers 

In the last section, we analyze the interaction of climate policies between countries. Climate policy in one 
country affects economic outcomes in other countries through various channels. We discuss carbon 
leakage, energy security and the effect of diverse climate policies across countries. 

Carbon Leakages 

In total, carbon leakage is close to zero, mostly because the group of countries implementing climate policy 
includes the major global economies. Carbon leakage has the potential of undermining the purpose of 
climate policy. Whereas a loss in competitiveness affects the economic cost of climate policy, leakage 
might undermine the environmental effect of climate policy. It is therefore important for countries to 
understand the possible extent of leakage before implementing ambitious climate policy. Recent research 
shows that strategic behavior of firms could keep leakage to zero (Baccianti and Schenker 2022). Even 
without representing the strategic behavior of firms, the IMF-ENV simulations find nearly zero leakage for 
the total economy, see Figure 25. The reason for the low leakage rates is mainly that the scenarios assume 
that countries representing two thirds of global CO2 emissions implement climate policy jointly. There are 
thus not many countries to which emissions could leak, meaning that the competitiveness channel of 
carbon leakage remains limited. In addition, the second channel for carbon leakage, through the 
international fossil fuel market, is not very strong either, because the scenarios discussed here do not 
directly involve large changes in oil demand, as the emissions from transportation and housing sectors are 
not targeted. 
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Figure 25. Power and EITE Scenarios: Leakage Rates in 2030  

(Percent of Emission Reduction in Acting Countries) 

 
Note: Leakage rates are defined as the change (with respect to baseline) in carbon dioxide (CO2) emissions in nonacting countries expressed 
as a percentage of the reduction in CO2 emissions in acting countries. 
Source: IMF-ENV Model. 

In the EITE sectors, leakage is at up to 7 percent in “Chemicals” and lower in all other sectors. The main 
reason for these low leakage rates is, as before, that the main producers of EITE goods are assumed to 
implement climate policy jointly. The effect of the choice of climate policy on sectoral leakage depends on 
the specific sub-sector. A common carbon tax identifies the cheapest abatement options across sectors, 
which might be concentrated in some sectors. Regulation, by contrast forces all sectors to reduce emission 
intensity by the same amount, which may impose higher costs and hence more leakage on sub-sectors 
with limited technical substitution possibilities. 

Energy Security 

Both regulation and carbon taxes increase energy security by decreasing fossil fuel imports, with more 
gains in terms of value under regulation. Climate policy affects the demand for the different energy sources. 
Each type of climate policy does so in a different way. Carbon taxes, for example discourage the use of 
coal more than the use of other fossil fuels, because coal has a higher carbon intensity per unit of energy. 
Regulation as implemented here, does not distinguish between the types of fossil fuels, and thus does not 
put an extra penalty on coal. The change in domestic demand directly affects imports since fossil fuel 
resources are unevenly distributed across countries. A reduction in fossil fuel imports translates into a 
higher level of energy security since low-carbon energy is mostly produced domestically. Figure 26 shows 
that imports of fossil fuels decline in all acting countries relative to the baseline. The declines in the volume 
of imports (in terms of oil equivalent) is similar in the two scenarios in all countries except for Italy and 
India, see the right panel. However, the value of imports declines more under regulation because oil and 
gas are more expensive than coal for the same energy content, and the reduction in fossil fuel consumption 
is more tilted toward oil and gas under regulation than under carbon pricing. 
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Figure 26. Power and EITE Sector Scenarios: Fossil Fuel Imports 
Changes in import bills in 2030 
(Constant USD, Difference from baseline as percent of 
GDP) 

Changes in import volumes in 2030 
(Mtoe, percent deviation from baseline) 

  
Source: IMF-ENV Model. 

Diverse climate policies across countries 

When acting countries adopt different climate policies, the resulting economic impacts differ from the cases 
where all countries implement the same policy type. To study the effect of different policy options in 
different countries we implement two “asymmetric policies” scenarios. The first one has EU countries, the 
UK and Canada implement carbon taxes, while the US, Japan, India, and China implement regulation. The 
second one assumes EU countries, the UK and Canada implement carbon taxes, while the US, Japan, 
India, and China implement feed-in tariffs in the power sector and regulation in EITE sectors. As before, 
the ambition level of the policy is similar across all countries. Figure 27 shows a comparison of the three 
scenarios, a carbon tax for all countries, and the two asymmetric scenarios. 

For climate policy applied to the power sector only, most countries implementing a carbon tax face slightly 
higher losses in market shares of EITE industries. In the first asymmetric scenario, most of the countries 
implementing the carbon tax (except Canada) lose a little bit in terms of trade shares when other countries 
implement a regulation rather than a carbon tax, as shown in the left panel of Figure 27. As explained 
before, this is because the carbon tax keeps taxing emissions that have not been abated while regulation 
does not. However, of the countries switching to regulation, the US is much worse off with regulation than 
with a carbon tax because the carbon tax allowed them the flexibility to substitute coal with natural gas 
while the regulation imposes a given reduction in the fossil fuel share. It also causes the US to import more 
electricity from Canada. The increase in exports allows Canada to benefit from the US’ switch from a 
carbon tax to regulation.31 In the second asymmetric scenario, where other countries implement feed-in 
tariffs, the losses of trade shares for countries implementing the carbon tax are larger. 

For climate policy applied to both power and EITE sectors, countries implementing a carbon tax are now 
slightly better off. Consider a switch from the uniform carbon price to the first asymmetric policies scenario 
in the right panel of Figure 27. The countries staying with carbon pricing increase slightly their trade shares 
while countries switching to regulation have lower trade shares, especially India and Japan. The reason 
for this development is that regulation is more expensive for EITE sectors, as discussed above, and in the 
scenario covering both types of sectors, this effect prevails. When these countries implement feed-in tariffs 

 
31 These changes in EITE market shares however do not correlate closely with changes in aggregate GDP, reflecting 
effects through other sectors. 
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in the power sector while continuing to implement regulation in EITE sectors, it helps offset some of the 
negative effects of regulation in EITE sectors, but they are still worse off than under carbon pricing. 

Figure 27. Asymmetric Policies Scenarios: Effect of Policies on Competitiveness of EITE Sectors 
Trade share of EITE industries in 2030, Power 
sector scenarios 
(Percentage point deviation from baseline) 

Trade share of EITE industries in 2030, EITE and 
electricity sector scenarios 
(Percentage point deviation from baseline) 

  
Source: IMF-ENV Model. 
Note: On the left panel countries that implement carbon tax scenarios are ordered in the top of the charts, while other countries implement 
for power sectors either feed-in subsidies (purple bar) or regulation (orange bar). In the right chart when EITE industries are also regulated 
countries on top implement carbon tax for both EITE and Power while countries at the bottom implement feed-in subsidies for power and 
regulation for EITE sectors. 

Losses in competitiveness decrease in the size of the coalition. Figure 28 shows the effect of the coalition 
size on competitiveness losses. The figure compares competitiveness losses only for G7 countries but 
varies the size of the coalition implementing climate policy. The blue bars show results when only the G7 
implement climate policy and the red bars show the results when India and China implement climate policy 
as well. The left panel focuses on the case where climate policy is implemented the electricity sector only, 
the right panel shows results for the case when climate policy is implemented in both the EITE and the 
electricity sectors. The losses vary by scenario, but they are always smaller when the larger coalition acts. 
The reason is that in the larger coalition, the additional countries do not free-ride on the efforts of the G7 
countries by taking over some of their market share. 
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Figure 28. Losses in Market Share of G7 Countries and the Influence of Coalition Size 
Power sectors scenarios 
(Percentage point deviation from baseline) 

Power and EITE sectors scenarios  
(Percentage point deviation from baseline) 

  
Source: IMF-ENV Model. 
Note: The green bars correspond to core scenarios where all G7, India and China are acting. The blue bars show alternative scenarios where 
only G7 countries are acting. 
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Box 4. Power Sector and Power Policies in the IMF-ENV Model 
Representation of the power sector 
The standard representation of electricity supply in each region r in the IMF-ENV model assumes that a 
representative electricity provider chooses an optimal mix of electricity generation across electricity 
generation technologies a = {solar, hydro, nuclear, wind, other renewables, oil power, gas power, coal 
power}: 

𝑀𝑀𝑀𝑀𝑀𝑀 𝑋𝑋𝑒𝑒𝑒𝑒𝑒𝑒  .𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑋𝑋𝑇𝑇𝑇𝑇 .𝑃𝑃𝑇𝑇𝑇𝑇 −� 𝑋𝑋(𝑎𝑎). 𝑝𝑝(𝑎𝑎)
𝑎𝑎

 

𝑋𝑋𝑒𝑒𝑒𝑒𝑒𝑒 < 𝐹𝐹�𝑋𝑋𝑇𝑇𝑇𝑇 ;   𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝(𝑋𝑋(𝑎𝑎1), … ,𝑋𝑋(𝑎𝑎𝑛𝑛) � 

where the supply of electricity X_ely is a combination of X_TD, the demand for electricity transmission and 
distribution services, and the demand for power X_pow. Electricity generation Xpow is a combination of 
electricity generation from various primary energy sources X(a). p(a) is the production cost by type of 
electricity generation technology, in USD per kilowatt hour. 

The production function F(.) is a nested CES function of electricity generated by the various primary energy 
sources a. 
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Implementing Power Policies 
This box provides more detail on the design of the policy scenarios for the electricity sector discussed 
above. 

Regulation on a Clean Energy Standard 
The regulation scenario requires that a minimum share of electricity must be generated from low-carbon 
sources (all energy sources except fossil fuels). It is modeled as an additional constraint to the optimization 
described above, which imposes a minimum share of non-fossil power generation (Φ in total electricity 
generation. The share Φ is growing from the starting year of the policy (here 2022) until it reaches a given 
target in 2030: 

Power Sector and Power Policies in the IMF-ENV Model (Concluded) 

𝑀𝑀𝑀𝑀𝑀𝑀 𝑋𝑋𝑒𝑒𝑒𝑒𝑒𝑒  .𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑋𝑋𝑇𝑇𝑇𝑇 .𝑃𝑃𝑇𝑇𝑇𝑇 −� 𝑋𝑋(𝑎𝑎). 𝑝𝑝(𝑎𝑎)
𝑎𝑎

 

𝑋𝑋𝑒𝑒𝑒𝑒𝑒𝑒 < 𝐹𝐹(𝑋𝑋𝑇𝑇𝑇𝑇,𝑋𝑋(𝑎𝑎1), … ,𝑋𝑋(𝑎𝑎𝑛𝑛) ) 
 Φ.𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝 < [𝑋𝑋(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) +   𝑋𝑋(𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤) +   𝑋𝑋(ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) +   𝑋𝑋(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛) +  𝑋𝑋(𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒)] 

Feed-in tariff policy 
Under this policy, the producers of wind and solar receive a subsidy in USD per unit of electricity, such that 
they sell electricity above their unit cost of production. The representative electricity provider pays only 
p(a)*( 1-subs) for solar and wind. The subsidy rate is assumed to be the same for solar and wind power. It 
is adjusted in each period in such a way that the paths of CO2 emissions from the power sector are the 
same as in the regulation policy.   

Carbon Tax 
In the carbon tax scenario, each electricity producer pays a tax in USD for each unit of CO2 emissions 
from fossil fuel combustion. This tax is therefore paid only if fossil fuels are burned and therefore is not 
paid by producers of renewable and nuclear energy. Since the carbon content of coal, oil and gas differs, 
the extra cost of the tax for one unit of electricity will differ by fuel. 

Feebates 
The system of fees and rebates in the power sector implies that electricity generation which emits more 
than a given target of CO2 emissions per kwh will pay a fee and vice versa. In other words, the system 
can be summed up as follows: the price of electricity is adjusted to 

𝑝𝑝(𝑎𝑎) + 𝑝𝑝� �
𝐶𝐶𝐶𝐶2(𝑎𝑎)
𝑋𝑋(𝑎𝑎) −

𝐶𝐶𝐶𝐶2
𝑋𝑋

�. 

where ¯CO2/¯X=  (∑_a▒〖CO2(a)〗)/(∑_a▒〖X(a)〗) is the target of CO2 per Kwh and p ̃ is the carbon 
price in USD. In the policy simulation, this price is adjusted in each period (and for each country) in such 
a way that the path of CO2 emissions from the power sector is the same as under the regulation constraint. 
The feebate is balanced so that it is neutral on public finances. 
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