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Chapter 1 – Taxonomy and Model of Price-Based Mitigation Policies 

1.1: Introduction 
Climate change mitigation finance1 and carbon market mechanisms – for example, the Clean 

Development Mechanism (CDM) – have historically tended to support projects (individually or 

programmatically). The Transformative Carbon Asset Facility (TCAF)2 instead offers climate finance and 

carbon market transactions to support changes in policies at the national level to transform3 and 

redirect entire economies towards a Paris-compliant low-carbon development path. TCAF will provide 

funds for various transformative policies at a national scale.  

To date, much of the policy work for tackling global warming has aimed at generating political pledges 

to reduce future emissions. Such pledges do not directly constitute emissions-reducing policies. TCAF, in 

contrast, encourages concrete policies to reduce emissions, such as carbon taxes and sectoral 

technology transformations. This paper outlines general policies on changing incentives in the economy 

to tackle global warming. 

The scope of this paper is Price-Based Mitigation Policies (PBMPs). These are defined as taxation and 

other policies that change the relative prices of economic activities that use fossil fuels, in a consistent 

way across an economy, to incentivize carbon emissions reductions. Examples of PBMPs include carbon 

taxes, feebates (combining a tax with a rebate), and the removal of fossil fuel subsidies.  

Such policies provide a general incentive to firms and households to abate emissions at least-cost 

locations in the short-term (static efficiency), while incentivizing investment into the development 

and adoption of low-carbon technologies (dynamic efficiency). In this way, PBMPs can have a 

transformational impact at the level of economies. 

The paper investigates how TCAF funds can be used to support PBMPs. 

The paper finds that there are many different types and design options for PBMPs and different ways 

TCAF can support PBMPs to achieve large scale mitigation of greenhouse gases. However, the paper 

also finds that so far there are very few examples of successful PBMP implementation in developing 

countries with rather limited mitigation impact hinting to the political economy challenges such policies 

face. 

The audience of this paper is both internal addressing TCAF Contributors – helping define how TCAF 

can be implemented to encourage PBMPs in developing countries – and external – to inform 

economists in the WB and in the finance ministries of developing countries that might be interested in 

accessing climate finance or engaging in carbon market transactions through TCAF.  

  

 
1 See: https://unfccc.int/topics/climate-finance/the-big-picture/climate-finance-in-the-negotiations 
2 See: https://tcaf.worldbank.org/ 
3 Transformative changes are large scale, scalable, permanent, overcome barriers to change, and are consistent with, and 

supportive of, a Paris-compliant low carbon development trajectory. 

https://unfccc.int/topics/climate-finance/the-big-picture/climate-finance-in-the-negotiations
https://tcaf.worldbank.org/
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1.2: Examples of Price-Based Mitigations Policies 
This section defines and gives examples of price-based mitigation policies4. 

Policy Scope 
The scope of Price-Based Mitigation Policies is defined hereafter as:  

Revenue-neutral or revenue-raising instruments that change relative prices in a consistent 

fashion, raising the cost of high-carbon-emitting processes compared to low-carbon-

emitting processes, thereby incentivizing emissions reductions.  

The following mitigation policies are not included in the scope of PBMPs: 
● Regulations (e.g. rules mandating that coal-fired power plants be phased out); 
● Emissions Trading Schemes (ETSs), which are ‘quantity-based mitigation policies’ in the 

terminology of this paper; however, such policies would be in scope for carbon-price coordinating 
policies which are referenced here. 

● Public sector procurement and investment policies, for example the introduction of a ‘shadow 
price of carbon’ to guide public investment appraisal. 

 
Such measures may well be required or desirable for the purpose of achieving a timely transition to a 
low-carbon global economy but are beyond the scope of this paper.  
 
In relation to subsidies, this paper covers only subsidies that are combined with taxation instruments (i.e. 
feebates) and not stand-alone subsidies. There are as many possible subsidies as there are sectors, and 
these policies are covered in separate sector-specific blueprints. 
 
In this paper, we also do not cover any instruments that cover Land Use, Land-use change and forestry 
(LULUCF), including, for example, avoided deforestation. This is not within the scope of TCAF.  
 

Examples of Covered Policies 
The main examples of Price-Based Mitigation Policies are carbon taxes, other fossil fuel taxes, fossil fuel 

and agricultural subsidy removal, and feebates. PBMPs also include reform to pre-existing policies to 

make them more ‘climate smart’. 

Carbon tax: A carbon tax is a tax on fossil fuels such as coal, oil, and gas, levied in proportion to the carbon 
content of each fuel, and hence also proportional to the emissions of carbon dioxide per unit of fuel 
burned. A carbon tax can most efficiently and comprehensively be imposed 'upstream': i.e. at the point 
that bulk fossil fuels are extracted from the ground or imported into a country. This paper does in principle 
cover taxes on non-CO2 GHGs but in practice it is not an area of focus of this paper: energy-related CO2 
emissions are our focus. 

Fossil fuel taxes: Often fossil fuels are taxed, but not in proportion to carbon content. For example, road 
transport fuels are frequently taxed relatively highly, whereas other uses of fossil fuels, such as jet fuel or 
coal for power generation, are not. Differential taxes on different fossil fuels can be justified by local 
pollution, but in most circumstances should be levied directionally like a carbon tax – i.e. coal should be 
taxed the most heavily, followed by oil products, and then natural gas. 

 
4 Climate Change Mitigation: Reduction in greenhouse gas emissions or approaches to retain or increase carbon stocks (for 

example in a forest). We do not cover forest carbon stores in this paper. 
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Fossil fuel and agricultural subsidy reform or removal: Countries often subsidize energy and agriculture 

products for political and welfare reasons. However, 

such subsidies divert government revenues from more 

productive uses, and disincentivize emissions 

reductions. By removing energy subsidies, fiscal space 

can be freed up for other purposes, and emissions 

reductions can be incentivized. Agricultural subsidies 

include, for example, reductions on the diesel fuel tax 

paid by farmers, or producers’ subsidy of fertilizers, 

subsidies for the production or consumption of 

unsustainable biofuels such as palm-oil-derived 

biodiesel. Significant progress can be made by making 

subsidies ‘climate smart’, for example by paying 

farmers for environmental services provided.5 

Feebates: A feebate is a combination of a tax and a 
rebate, at levels that typically generate no net 
revenue for the government. The aim is to create 
financial incentives that nudge market choices in a desired direction. Vehicle feebates are an example: a 
government can levy a fee on sales of heavily polluting vehicles, and then allocate the money raised to 
providing a subsidy to purchasers of electric cars.6 

The diagram (Figure 1) shows the difference between an environmental tax and a feebate. A feebate 

combines a tax with a subsidy so that some agents pay net tax and others have a subsidy. Usually 

feebates would be revenue neutral instruments, i.e. the total government revenue would be zero.  

A form of feebate, output based rebating, could be useful (in industrial sectors) as an alternative to 

exemptions. Carbon taxes with output-based rebates are a form of feebate whereby a carbon tax is 

combined with rebates made in proportion to physical output produced. OBR can be broadly applied 

including in the energy sector and in the industrial sector.  

OBR could also be a way of phasing in a carbon tax. We discuss this policy choice in the next section. 

Coordination of PBMPs: The effectiveness, transformation potential, permanence, and feasibility of 

PBMPs could be enhanced by coordination of PBMPs between countries, and with other policies. The 

coordination of PBMPs is covered in Appendix B: Coordination of Mitigation Policies. 

Contradictory, antagonistic or countervailing policies could negate the price signal generated by a 

PBMP.  Implementation of a PBMP to be effective and efficient might then require further policy 

reforms. 

 
5 Abdullah Mamun, Will Martin, and Simla Tokgoz, ‘Reforming Agricultural Subsidies for Improved Environmental 
Outcomes’, September, 2019 <https://www.foodandlandusecoalition.org/wp-
content/uploads/2019/08/Reforming-Agricultural-Subsidies-for-Improved-Environmental-Outcomes-2019_09_06-
.pdf>. 
6 John German and Dan Meszler, Best Practices for Feebate Program Design and Implementation, 2010. 

   

Tax Paid 

Subsidy 

Received 

Emissions  

Environmental 

Tax 

Feebate 

Figure 1 Schematic comparison of carbon tax and feebate 
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Phasing In Policies  
Even within a particular example policy we could introduce it in different ways. Let’s pick the Carbon 

Tax. This could be introduced in various different ways.  

Slow Introduction of a Carbon Tax 

The standard way that a carbon tax could be implemented is slowly. A country would start with a small 

carbon tax, for example $2/tCO2, and then increase it slowly. There are relatively few situations however 

where this has actually happened.  

Output-based rebates (OBR) 

An alternative to the slow introduction of a carbon tax is output based rebating (OBR). In this case, a 
high relative carbon price is introduced in a way that is non-disruptive. A relative carbon price simply 
refers to a higher price of more polluting activities relative to non-polluting activities. One such system is 
one of Output Based Rebating, as previously introduced – i.e. a tax on carbon inputs combined with a 
subsidy on physical output (for example MWh of electricity in the power sector). So, to implement OBR 
in the power sector, a carbon tax on carbon emissions from electricity generating companies could be 
combined with a rebate which pays utilities an amount per MWh of electricity generated, regardless of 
whether it was generated from fossil fuels or renewables.  

This will give electricity producers a financial incentive to shift from fossil fuel-based electricity 

generation to renewables. Compared to a simple carbon tax, an OBR structure may be able to support a 

higher level of relative carbon price compared to a simple carbon tax. Then the process of power sector 

decarbonization would naturally reduce the revenues to rebate and thus the per-MWh rebate would 

also fall. Thus OBR, is properly a different means to introduce a carbon tax ‘slowly’. 

OBR is suitable for the power sector for transitional reasons. Of course, the result of OBR on end-prices 

may depend on institutional structures: whether the power market is competitive, monopolistic, or 

state-owned. In the case of a state-owned power sector, OBR is equivalent to the carbon tax not being 

passed on in prices.  

1.3: Dimensions of PBMPs 

This section categorizes the dimensions over which PBMPs can vary. 

Carbon Tax versus non-Carbon-Proportional Fossil Fuel Taxes and Subsidy Removal 
A carbon tax increases the tax on fossil fuels in proportion to its carbon content. On the other hand, 

subsidies are not typically proportional to carbon content, so their removal will not be equivalent to a 

carbon tax. Furthermore, taxes on fossil fuels can be different from that of a carbon price due to other 

externalities such as air pollution, congestion and road accidents. Typically, these externalities are 

directionally equivalent to a carbon tax – coal and transport fuels have much higher pollution and other 

environmental costs than natural gas) – but economic theory would justify additional taxes proportional 

to pollution impact in each jurisdiction. 

Revenue Neutral Versus Revenue Raising Changes 
One dimension in which the above policies differ is between revenue neutral changes such as 

feebates and revenue positive changes such as taxation. A tax raises revenue, a feebate does not. 
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Fuel Use Incentives Versus Capital Investment Incentives 
A standard carbon tax is a tax on the use of fuel according to carbon content. But we can also change 

the incentives on the purchase of durable goods and on capital investment (we classify both durable 

goods such as cars and new capital investment in factories as the ‘capital stock’ for our purposes).  

 

Figure 2: Examples of different types of price-based mitigation policies 

Consider incentives on personal road transportation. We could put a tax on road fuels, on road usage 

(congestion charge), on the purchase of new vehicles, or on their registration every year.  We focus here 

on two options: purchase and fuel use.  A tax or feebate on vehicle purchase affects the stock of long-

lived vehicles. We call this type of incentive a ‘capital investment incentive’. A tax or feebate on road fuels 

affects both which vehicles are purchased and how vehicles are used. We call this type of incentive a ‘fuel 

use incentive’. We argue that there is a role for both types of incentives.  

Fuel use incentives have the advantage that they affect the original purchase decision and how a vehicle 
is used. If gasoline is made expensive then electric cars will seem more attractive, and existing internal 
combustion engine (ICE) vehicles will be used less often.  

On the other hand, capital investment incentives also have advantages.  The purchase decision maker 
may be myopic, accounting for the initial capital investment but not the fuel cost differential. Once that 
car is purchased, the sensitivity of fuel use to fuel price is low. The initial vehicle manufacture decision 
(which is economically driven by the consumer’s purchase of that vehicle) is more permanent. Both 
investment and production decisions are to a large extent irreversible. 

So, an incentive that directly affects the initial decision has more permanently transformative effects 
than one that affects the use of existing cars. Finally, the capital investment incentive may be fairer and 
more popular, in the sense that those who have already purchased ICE automobiles cannot easily and 
cheaply switch to cleaner alternatives: their purchase has already been made. Fuel price increases may 
be viewed as unfair because they put up people's costs without a cheap alternative being available. 

Treatment of Imports and Exports 
There are two possible bases for carbon taxes regarding the treatment of imports and exports. A 

standard carbon tax simply taxes all use of fossil fuels in a country, whether for domestic use or for 

export. Furthermore, imports that involve emissions in their manufacture (embodied emissions) are not 
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taxed. This can cause competitiveness concerns in relation to trade-exposed industries (exporting 

and/or import-competing). 

An alternative is to move towards the ‘destination’ tax principle, where the intention is to tax 

according to the jurisdiction of the consumer rather than the producer. In practice, only a few 

emissions intensive goods such as aluminum, iron and steel, would be affected. Implementing this can 

involve border tax adjustment (BTA), where a tax exemption would be made to exporters, equivalent to 

the carbon tax paid, and an equivalent tax charged on imports.  

Another approach involves the phased introduction of a carbon tax with output-based rebating (OBR) 

on energy intensive industries such as steel and aluminum. We cover OBR later. 

These approaches can create additional support for the policy changes, as they protect those that are 

asked to change behavior by the policy. 

Implementation Choices for Carbon Taxes 
An equivalent carbon tax can also be imposed on an ‘upstream’, ‘midstream’ or ‘downstream’ basis. An 

upstream carbon tax is imposed on fossil fuels as they are extracted or imported, a midstream tax is 

imposed at the point of intermediate consumption (e.g. at a gasoline refinery), and a downstream tax is 

imposed closer to the point of use. For a general carbon tax, an upstream approach has the advantage 

that the administrative burden is considerably less. These advantages include far fewer points of taxation, 

transparency, fewer requirements for MRV processes, larger coverage/tax base, and pre-existing 

administrative systems that can be utilized, e.g. customs processes at ports of entry. On the other hand, 

when a compensating approach such as OBR is used, it may make administrative sense that the entity 

paying the tax and the refund are the same (e.g. power producers are both charged for coal inputs and 

paid for electricity outputs), unless that the sector that is rebated is merely a small part of a wider tax 

reform.  

 

However, the distributional impacts among countries can be dramatically different, as the proportion 

of fossil fuels used by different socioeconomic groups can be radically different between very poor 

countries (where fossil fuels are used by the middle classes more than the poor) and richer countries. 

 

Sectoral Approaches. 
There are two possible ways for how to structure carbon taxes. The first is a sector-by-sector approach, 

such that the price is ‘enough’ to motivate decarbonization in each sector. What is enough in one sector 

might be insufficient in another. As ‘sufficient’ carbon prices are put in place sector by sector, the 

cumulative impact will be to reduce emissions in all sectors.  

 

The second approach is a single, one-size-fits-all carbon tax applied across all sectors. According to 

(simplified) economic theory a consistent price is optimal, but pragmatically, this may generate sub-

optimal results, since the price elasticity of demand in relation to the cost of fossil-fuels inputs is very 

different between sectors (e.g. in the short run, price elasticity is much higher in electricity generation 

than in transportation fuels, and so an even higher tax per ton of carbon is needed in transportation to 

have a significant effect). 
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1.4: Experience of PBMPs 

Here we outline experience with carbon taxes and fossil fuel subsidy reform.7  

Experience with Carbon Taxes 
There are very few carbon taxes (or ETSs) in developing countries, and those that do exist have a 
relatively low rate below the level of $40-80/tCO2 suggested by the High-Level Commission on Carbon 
Pricing in order to reach the Paris Agreement temperature targets. Ukraine, Mexico, Chile, Colombia, 
Argentina, and South Africa have carbon taxes in the $1-10/tCO2 range. Some Chinese provinces have 
ETSs, also with a carbon price in a similar range.8  
 

 

 
Year 
Implemented 

Emission 
Coverage  

Tax rate 
($/tCO2) 

Argentina 2018 20% 6 

Chile 2017 39% 5 

Colombia 2017 24% 5 

Mexico 2014 46% <=3 

South Africa 2019 80% 9 

Ukraine 2011 71% <1 

Table 1: Carbon Taxes in developing countries. Source: https://carbonpricingdashboard.worldbank.org (accessed August 2020). 

 

 

 

 
7 For discussions of vehicle feebates see Cambridge Econometrics, ‘The Effectiveness of CO2 -Based “Feebate” 
Systems in the European Passenger Vehicle Market Context An Analysis of the Netherlands and the UK’, 533100 
(2013); German and Meszler. 
8 World Bank Group, State and Trends of Carbon Pricing 202020 (Washington, DC.: The World Bank,May 

2020)https://openknowledge.worldbank.org/handle/10986/33809. 

https://carbonpricingdashboard.worldbank.org/map_data
https://openknowledge.worldbank.org/handle/10986/33809
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Fossil Fuel Subsidy Reform 
There are a few examples, both positive and negative, of developing countries raising energy prices 

through subsidy reform. Figure 3 summarizes the experience of seven different developing countries in 

raising fuel prices: those that were successful (blue circle), partially successful (blue diamond), and 

unsuccessful (red cross).9 

Figure 3: Developing Country Experience with Raising Energy Prices. Source: Heine & Black (2018) originally IMF (2017) 

The final Malaysian fuel reform was mostly successful.10 The initial reform was only partially successful. 

Prices were still fixed, just at a higher level than before. It had been announced that there would be direct 

 
9 Dirk Heine and Simon Black, ‘Benefits Beyond Climate: Environmental Tax Reform’, in Fiscal Policies for 
Development and Climate Action, ed. by Miria Pigato (Washington D.C.: The World Bank, 2018). 
10 Anna Bridel and Lucky Lontoh, Lessons Learned: Malaysia’s 2013 Fuel Subsidy Reform, International Institute for 
Sustainable Development, 2014. 
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cash transfers to low-income groups, but the details of these transfers 

were not made clear until the budget of 2014. Transparency about the 

original subsidies seems to be a key factor in the reform (see Figure 4, 

right). But clarity and consistency were somewhat lacking: the detail of 

the multiple stages of policy implementation and the compensating 

payments were not provided up-front. Some commentators were unclear 

why the reforms were an improvement, given the compensating 

payments were almost as big as the fiscal savings from the reform. 

Subsequently, further liberalization of diesel and gasoline prices took 

place (see Figure 3, above). 

Laan et al. investigate fuel subsidy reform in Ghana.11 The subsidy 

reform was repeatedly attempted and suffered setbacks. The partial 

success of the reform was driven by the following factors: 

● Research was conducted to identify those most likely to be impacted by reform.  
● A communications strategy was employed to increase popular support.  
● Semi-independent and transparent institutions were established to manage fuel pricing. 
● Domestic prices were linked with international prices. 
● Policies were implemented to reduce impacts on the poor, such as direct transfers. 

In Senegal, canisters of LPG (butane) had been subsidized with the justification that this would reduce 

use of charcoal with concomitant environmental and health damages.12 However, it was found that such 

subsidies mostly benefited the already well-off and contributed to cross-border smuggling. The reform 

was unsuccessful: "A phased reduction of the subsidy in annual increments of 20 per cent was started in 

1998 but suspended in 2002. These reductions were undermined by increasing global LPG prices, 

exchange rate variations, and inflation, resulting in continuing high subsidies." 

In the Islamic Republic of Iran, antedating of benefits was used to build political support for eliminating 

fuel subsidies.13 Citizens were given ‘frozen’ bank account with the per capita payments that they were 

to receive on completion of the subsidy reform. As a result, despite a significant increase in fuel prices the 

reform faced little opposition. By contrast, the most recent energy price reform in Iran (2019) did not 

incorporate antedated benefits and resulted in wide-scale protests.  

 

 

 
11 Tara Laan, Christopher Beaton, and Bertille Presta, Strategies for Reforming Fossil-Fuel Subsidies: Practical 
Lessons from Ghana, France and Senegal, International Institute for Sustainable Development, 2010 
<https://doi.org/10.2139/ssrn.1596033>. 
12 Laan, Beaton, and Presta. 
13 Heine and Black. 

  

Figure 4: Malaysian Government 
Communication of Fuel Subsidy.  
Source: Bridel and Lontoh, 2014  

(Top line is cost price, second line 
subsidy, third line subsidized price.) 
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1.5: Modelling Emissions Reduction Potential 

The purpose of this section is to model the emissions reduction potential of PBMPs in order to find 
those country contexts where such policies could have a large effect and prioritize PBMP 
interventions that are particularly significant.  It should be noted, however, that the responsiveness to 
carbon pricing depends on other factors outside the scope of a carbon tax, for example emissions 
reductions of a state-run power sector depend on electricity sector planning, investment and dispatch 
decisions – and the meaning of a carbon tax is really the weighting of emissions in such decisions.  

Our main purpose here is to prioritize where a 
carbon tax would have the largest effect.14 The 
importance of Policy MRV should be stressed; ex 
ante estimates are highly uncertain. 

The channels of impact of Price Based 

Mitigation policies are summarized in the 

following diagram (the actual model is reduced 

form, and therefore simpler than this, but this 

diagram rather maps out the real-world causal 

chain). 

  
Figure 5: Channels of Impact of PBMPs. Source: Pigato (2019).  

There are three parts we consider here:  

1. Emissions from the existing capital stock; 
2. Emissions from the future capital stock due to investment decisions, which the policies may 

redirect; 
3. Indirect and transformational effects (for example on technology costs, policy coordination, and 

the perception of policy feasibility). 
 

In this section we restrict ourselves to 1 and 2, with 3 more qualitative and hard to estimate quantitatively 

at this stage. 

 

For a given carbon tax, what are the energy-related emissions reductions which will result? This is not, 
we should say, recommended as a policy recommendation, but rather simply to order those countries 
and sectors. 
 

To answer this question, a simplified, and international version of the Carbon Pricing Assessment Tool 

(CPAT) is used. This tool is based on the IMF methodology15  and the assumptions used are outlined in 

Appendix C: Simple Mitigation Model. The tool uses a basic methodology related to fuel price elasticities. 

A carbon tax affects fuel prices according to the carbon intensity of that fuel. The relative change in prices 

is also dependent on the original fuel prices – with lower fuel prices, the relative effect of a carbon tax is 

greater.  

 
14 Steven Nadel, ‘Learning from 19 Carbon Taxes: What Does the Evidence Show?’, 2016 ACEEE Summer Study on 
Energy Efficiency in Buildings, 2015, 2016, 1–17. 
15 International Monetary Fund, ‘Fiscal Policies for Paris Climate Strategies’, May, 2019. 
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Results of Model 
The model differs from simply considering the largest emitting sectors, in that it accounts for the 

different sensitivity of sectors to carbon prices due to different existing costs of fuel (and fuel 

elasticities). It also projects emissions into the future. 

The following graph shows the modelled responsiveness to carbon taxes for major middle- and low-

income countries. The middle-income countries with greatest emissions potential are shown below 

(Figure 6).  

 

 
Figure 6: Responsiveness to Carbon Tax in major middle- and low-income countries. 

 

The responsiveness to carbon tax (Figure ) varies according to the relative proportion of coal intensive 

sectors such as power and industry relative to oil-intensive sectors such as road transportation which 

are less responsive to a carbon tax. 
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Figure 7: Emissions reduction potential from a carbon tax by sector and country, faceted by country type.  

Notes: ind = industrial; pow = power; res = residential; tra = transport. 

 

 
Figure 8: Large, Medium-Large and Medium developing countries: emissions reduction potential from a carbon tax 
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Table 2 below shows annual emission reductions generated by a carbon tax for $5/tCO2 tax increments 

for different developing countries. 

Country 
Baseline Emissions 2030 

(MtCO2 per year) 
Total Emissions Reduction, 2030, (MtCO2 per year), 

under given Carbon Tax, relative to Baseline 

Carbon Tax ($/tCO2)  

           
5  

         
10  

         
15  

         
20  

         
25  

         
30  

         
35  

         
40  

         
45  

         
50  

China 14160 1422 2464 3273 3927 4470 4931 5330 5679 5987 6264 

India 3588 332 579 773 932 1064 1178 1277 1364 1441 1511 

Indonesia 781 54 97 132 161 186 208 228 246 262 276 

South Africa 492 52 90 119 143 162 178 193 205 216 226 

Turkey 513 38 68 92 112 130 145 158 170 181 191 

Kazakhstan 363 31 54 73 89 102 113 123 132 140 147 

Iran 586 30 56 79 99 117 133 147 161 173 184 

Brazil 542 30 54 75 94 110 124 137 149 159 169 

Mexico 540 30 54 76 94 111 125 138 150 161 171 

Vietnam 316 27 47 63 76 87 97 105 113 119 125 

Malaysia 348 25 44 60 73 85 95 104 112 119 126 

Thailand 368 24 42 58 72 83 94 103 111 119 126 

Ukraine 265 22 38 52 63 72 81 88 94 100 105 

Egypt 397 20 37 52 65 77 87 97 106 114 121 

Pakistan 280 18 32 44 54 63 71 78 85 90 96 

Philippines 211 16 29 39 47 55 61 66 71 75 79 

Iraq 220 11 20 28 35 42 47 53 57 62 66 

Bangladesh 179 10 19 26 32 38 42 47 51 55 58 

Uzbekistan 169 10 18 25 31 36 41 45 49 53 56 

Algeria 156 8 15 21 26 31 35 39 42 46 48 

Turkmenistan 141 7 14 19 24 29 32 36 39 42 45 

Colombia 117 7 13 18 22 25 29 32 34 37 39 

Nigeria 139 7 12 17 22 26 29 33 36 39 41 

Romania 97 7 12 16 20 23 26 28 31 33 34 

Morocco 78 5 9 13 15 18 20 22 24 25 27 
Table 2: Baseline Emissions and Emissions Reductions by Carbon Price Level  
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1.6: Implementation Costs and Barriers  
Resistance Due to Financial Losses 
PBMPs increase the prices of fossil fuels. As a result, various industries and population groups may 

expect financial losses. 

Industrial resistance to carbon pricing generally arises in those industries that are most affected. We 

can split industrial resistance into two components: Those facing international competition, and those 

that have a very carbon-intensive capital stock and therefore own assets that could become 'stranded 

assets' with reduced residual asset values if significant carbon prices are implemented.16 

These include industries heavily reliant on energy inputs in the form of fossil fuels. There are only a few 

sectors that are typically highly carbon intensive; the ‘Big Six’ are: cement, refined petroleum, iron & 

steel, aluminum, other inorganic chemicals, and paper.17 Opposition can also arise from industries that 

would become less competitive on international markets, such as aluminum production. 

In contrast to the typical situation in developed countries, fuel taxes tend to be progressive in 

developing countries, since the poor do not spend as high a proportion of their income on (fossil) fuels 

as the rich.18 However, whilst the distributive effect of increased fuel prices may not fall so badly on the 

very poor as in richer countries – in relative terms, there is still a need to ensure energy access for the 

poor. The middle classes may have more political clout than the poor, and so the overall level of political 

resistance to higher fuel prices may be similar or higher. 

Technical Capability, Corruption, and Trust 
How much capacity is there at the government and industry level for change? Is this capacity utilized 

in the most efficient way? The administration and guidance a policy needs in order to be successfully 

implemented on the ground can be the make-or-break criterion for its success. Governance bodies 

with high levels of corruption, low levels of public trust, and little funding allocated to the monitoring 

and collection of carbon taxes or enforcement of regulation, can be significant barriers to successful 

policy implementation.  

Political Perception: Air Pollution, Just Transition and Communication 
Without clearly communicated outcomes and visible benefits to the citizens who are impacted by 

environmental policy, carbon-pricing implementation can fail. The gilet jaunes protests of 2018 were a 

signal example of such a failure. Public acceptance of environmental policy is tied to citizens' perceptions 

of how a policy affects their economic wellbeing, as well as their perceived relationship to their 

environment (urban citizens' desire for less polluted cities, for example).  

Since reducing air pollution is a key co-benefit (a benefit other than to the climate), a lack of 
motivation for reductions in air pollution, or a lack of understanding of the positive effects of reform, 
can be a barrier to change. 

 
16 NGFS, ‘Network for Greening the Financial System First Comprehensive Report: A Call for Action -- Climate 
Change as a Source of Financial Risk’, April, 2019 <https://www.banque-
france.fr/sites/default/files/media/2019/04/17/ngfs_first_comprehensive_report_-_17042019_0.pdf>. 
17 Michael Grubb, Planetary Economics: Energy, Climate Change and the Three Domains of Sustainable 
Development (Routledge, 2014). 
18 Heine and Black. 
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Governments must balance health damage to humans and associated costs to health-care systems with 
the economic costs and benefits of pollution abatement measures to business.  
Political will to implement pollution abatement measures differs between rich, medium, and poor 

countries. It will be worthwhile to develop and strengthen metrics to measure and study this.19 

The need to ensure a just transition for developing countries is a key barrier to implementing stringent 

environmental policy in those countries. The willingness of a government or population to accept 

relatively stringent carbon pricing could also be influenced by the lack of available data on the long-term 

impacts of environmental policy. Inadequate answers (or inadequate communication of answers) to 

questions such as ‘what effects will green investments or policies likely have on economic outcomes for 

medium-income and poor countries?’ also provide a barrier to the acceptance of such policies. 

Communication is a necessary ingredient, but effective and good policy design is key. 

When we combine the benefits of improved air with the benefits of acting on climate change, we can 

dramatically improve public perception. To unlock this, there needs to be public awareness of the 

impacts of air pollution. Such a communication strategy might include: 

1. Research and consult opinions locally with genuine engagement exercises. 
2. Consider beneficiaries and others, to mitigate impact.  
3. Tweak international best practice to local climate, needs and skills. 
4. Communicate clearly and in advance. 
5. Implement and gather feedback. 
6. Quickly address any teething issues. i.e. administration. 

  

 
19 See David Klenert and others, ‘Making Carbon Pricing Work for Citizens’, Nature Climate Change, 8.8 (2018), 
669–77 <https://doi.org/10.1038/s41558-018-0201-2>. 
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1.7 Conclusions of Chapter 1 
Large developing countries with significant potential growth in energy demand, are a priority for 

PBMPs. Price-based mitigation policies have the potential to make a major contribution to mitigating 

climate change, if political economy and transitional concerns are dealt with. To achieve significant 

emissions mitigation does however require a sufficiently high carbon price (carbon tax) level.20 To 

overcome barriers, the following factors must be considered: 

1. There must be political support driving PBMP. A PBMP can be motivated by fiscal or 
environmental reasons, or because such policies lead to international recognition or funding 
flows.  

2. There must be enough awareness and understanding of a PBMP to ensure it is recognized as a 
suitable and available option to achieve the desired ends. 

3. A PBMP must be understood to have political benefits that overwhelm political costs for the 
governments that implement it. 

4. There must be administrative capacity in place to competently implement the PBMP.   
5. Governments implementing the PBMP must have political power, trust, and credibility on this 

topic in order to persuade relevant stakeholders that the change is desirable. 

To overcome barriers, policy makers can implement behavioral-economics-informed strategies to build 

and maintain political support for PBMPs: 

1. Antedating of benefits where possible: traditionally, the costs of PBMPs – in the form of higher 
energy costs – accrue before much of the benefits. Paying compensation to households before, 
instead of after, the environmental tax is introduced, can overcome several behavioral biases 
(such as discounting, lack of trust in the government, and risk aversion).  

2. Informational campaigns: informational campaigns are a primary means of communicating to the 
public the benefits of PBMPs.  

3. Broad consultation: consultation goes beyond informational campaigns, allowing stakeholders to 
directly influence policy during its development.  

4. Labelling PBMPs as subsidy reduction: Taxes may be perceived as more coercive than the 
removal of subsidies. 

5. Smart spending: Using revenues to decrease taxes that are more salient can help increase support 
and address rational-ignorance and risk-aversion issues. 

6. Timing of reforms: PBMPs tend to have more support during periods of low energy prices. Fiscal 
needs may be greater at times of lower energy prices in fossil-fuel producing countries. 

The following supplementary policies are suggested to avoid resistance to new policies: 

1. Compensating low- or middle-income households. 
2. Protecting internationally competing firms in a way that maintains incentives towards emissions 

abatement 
3. Managing other undesirable effects (e.g. smuggling or switching to even dirtier fuels). 

  

 
20 Joseph E. Stiglitz and Nicholas Stern, Report of the High-Level Commission on Carbon Prices, 2017. 
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Chapter 2: Application of TCAF Guidelines to Blueprint PBMPs 

2.1: The TCAF Core Requirements 
TCAF has predefined requirements on (i) transformational change; (ii) baseline setting and additionality; 

(iii) Monitoring Reporting and Verification (MRV); (iv) avoidance of double counting; (v) sustainable 

development; and (vi) crediting parameters and safeguarding against regrets.21 This section provides 

guidance on how to apply these TCAF requirements to PBMPs.  

The core idea of TCAF, as applied to PBMPs, is that its available funding is meant to be used as a tool to 

support countries into adopting carbon pricing regimes that move them more robustly and quickly onto 

a clean development path than they otherwise would.  Sometimes, a carbon tax or other PBMP would 

not exist without TCAF support. In other cases, the tax would be higher in the presence of a carbon tax 

than it would be otherwise.  

Given that the TCAF budget is limited, this will involve:  

● prioritization, i.e. figuring out which sectors in which countries should be targets for application 

of TCAF support, to achieve the maximum overall TCAF program emissions reduction result; 

● transformative policy design, i.e. working out specific policies that will obtain maximum 

transformative impact and minimize resistance in each client country; and  

● realism, i.e. dealing effectively with the political-economic barriers in each client country. 

Transformational change 
PBMPs can be highly transformational and thus fulfill all TCAF criteria for transformational change. TCAF 

criteria for transformational change are:  

● size: TCAF operations are expected to show their transformational quality in achieving a large 

volume of emission reductions, i.e., at least 5 million tons CO2e over the crediting period of 5-7 

years. 

● sustainability: emission reductions must be sustainable over time;  

● leverage: TCAF operations are expected to enable the host country to increase its domestic 

emissions-reduction ambition over time;  

● carbon pricing: TCAF operations should contribute directly or indirectly to the development and 

implementation of explicit or implicit domestic carbon pricing policies, and catalyze a new and 

scaled-up international carbon market, or some wider set of policy mechanisms adopted by 

countries committed to a joint approach on rapid decarbonization. 

Two elements are crucial to maximizing transformative impact: the carbon price and the design of the 

carbon pricing instrument. PBMPs have a transformative impact only insofar as the relative carbon price 

is enough to encourage transformative change and as the pricing instrument is well designed and adapted 

to country circumstances (see chapter 1 section 2). There are price-sensitive sectors (typically those which 

involve burning coal, for example power generation or industry) and less price-sensitive sectors (for 

example transport, fueled by gasoline and diesel). For a given carbon price, the mitigation impact is much 

greater for the price-sensitive coal-dominated sectors, such as power generation or steel-making industry, 

 
21 These requirements are defined in the document “Core parameters for TCAF operations”: 

https://tcaf.worldbank.org/sites/tcaf/files/TCAF_Core%20parameters_July%202018.pdf  

https://tcaf.worldbank.org/sites/tcaf/files/TCAF_Core%20parameters_July%202018.pdf
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than for the transport sector. However, political-economic resistance to transformative carbon prices (and 

therefore the political cost to policy decision-makers) is also likely to be higher for the price-sensitive 

sectors, because a transformative carbon tax will lead to dirty technologies becoming uneconomic, 

thereby harming the financial interests of key stakeholders in important corporations. There is therefore 

a need for developing specific politically astute transitional plans for those sectors.  

Assessing PBMPs for transformative impact is best done through a screening-for-design constraints 

approach. The carbon price is one (key) element among several required for such transformational 

changes. As such, PBMPs are typically highly transformative, provided the carbon price is high enough to 

incentivize decisions to either (i) refrain from building new fossil-fueled assets, and (ii) shut down existing 

fossil-fueled assets and replace them with low-carbon-emitting alternatives. To test PBMPs for 

transformative impact potential it is best to apply an inverse logic asking if the concrete PBMP suffers 

from design constraints that could undermine its transformative impact. Examples of such design 

constraints include: Too low carbon prices, combined with high transaction costs; insufficient social 

acceptance due to lack of policies compensating negative effects on income distribution; or negative 

impacts on industrial competitiveness. PBMP design constraints can undermine the environmental impact 

and sustainability of the PBMP. Design constraints can justify deselection of concrete PBMPs from TCAF 

support, but can also define a TCAF business case, if TCAF support can successfully address these issues. 

Supporting PBMPs can be a highly transformative use of funds. This is the case if the PBMP is 

transformative, and if TCAF support adds value by contributing to successful PBMP design and 

implementation, or if it leads to increased ambition and mitigation efforts beyond the concrete PBMP. 

International support of PBMPs has so far primarily been provided through technical assistance and 

policy lending. Results-based payments for emissions reductions achieved through PBMPs – either 

through climate finance (results-based climate finance (RBCF)) or via carbon market transactions – have 

a high, but as-yet unproven, potential to effectively support PBMPs.  

There is a strong rationale for choosing results-based payments as an instrument to support PBMPs. 

Differently from investments, policies have reversal risks. Paying ex post for policy outcomes instead of 

ex ante (upfront) for policy implementation reduces the risk that scarce public funds are wasted. This is 

particularly relevant if the support is driven by the concern for a global externality and not (exclusively) 

by development assistance objectives in a domestic context. Besides safeguarding funds against policy 

reversals, results-based payments can effectively:  

● build measurement, reporting and verification (MRV) capacity crucial for PBMPs;  

● phase-in enhancing features of PBMPs such as feebates (see below);  

● finance administrative costs;  

● compensate for potential welfare losses, in particular in case implicit or explicit carbon prices 

exceed domestically optimal levels (see below), or  

● replenish compensation schemes for adversely affected households or enterprises.  

However, there are caveats to results-based payments as well. Depending on the exact details of a 

PBMP, results-based payments will typically remain low or even marginal as compared to fiscal revenues 

from PBMPs, and they cannot contribute to frontloading of such fiscal revenues. In other words, other 

financial instruments would be needed if moneys need to be spent in the present in anticipation of 

future fiscal revenues, a legitimate approach but not one that results-based payments can offer. 
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Moreover, there is a potential ‘moral hazard’ risk: By compensating the government of a given country 

for adopting PBMPs, one may set up an incentive for other governments to delay PBMPs until they are 

similarly compensated.22 There is even a risk that the TCAF program could become counterproductive, 

and cause emissions to be greater than they otherwise would have been, if it sets up unrealistic 

expectations for compensation of country-specific measures, in particular if countries anticipate support 

as a positive function of current emissions. TCAF aims to address these challenges through its approach 

to baseline setting and additionality. 

Baseline setting and additionality 
TCAF requires a new and objective approach to baseline-setting and additionality. TCAF will not use 

business-as-usual (BAU) baselines for determining creditable emission reductions. Rather, it will 

calculate emissions reductions achievements in relation to new baselines that reflect the existing 

mitigation efforts of host countries in the absence of TCAF incentives. Where possible, such new 

baselines will be derived from NDC targets what might require modelling efforts, and/or crediting 

thresholds will be agreed with the supported countries.23 Accordingly, the TCAF approach to 

additionality does not rely on the twin criteria “below BAU emissions plus direct financial impact,” but 

rather on the twin criteria “above domestic mitigation effort and beyond impact of climate finance 

received.”  

In a first step the mitigation impact of the TCAF support for a PBMP need to be established. The most 

straightforward case would be the direct causation of a PBMP through TCAF. A likely more realistic case, 

given the political economy of PBMPs and the limited volume of TCAF funds,  is strengthening an already 

implemented or planned policy. The basic idea here is to identify the incremental impact crediting might 

have on the design features of an existing or planned policy. If the results-based payments received 

from TCAF enabled a host country to increase the rate of a carbon tax beyond the originally planned or 

implemented level, or complemented a fuel tax with a feebate policy, or accelerated the phasing-out of 

a fossil fuel subsidy, etc., then in principle, the mitigation impact of these policy improvements, could be 

credited by baseline comparison against the mitigation impact of the original policy design. 24 However, 

determination of policy strengthening is not straightforward. For the enhancement of existing policies, 

evidence could be sought in existing laws, and for planned policies, in climate strategies or NDCs if 

available.  

In theory, policy strengthening could be objectivized through economic rationale: This would require 
determining the domestically optimal policy parameters without consideration of the global externality 
and using these parameters for deriving the baseline or – if more ambitious the policy parametrization 
under the NDC target. This seems more appropriate for smaller countries whose contribution to global 
GHG emissions is minor. Such a country might set the rate for a fuel tax at a level that just satisfies its 
need for fiscal revenues or internalizes domestic externalities such as air pollution. Increasing that tax 
rate beyond the domestically optimal level would reduce the welfare of the country and require 

 
22 This risk is not specific to PBMPs but apply to carbon crediting in general. 
23 In most real-world cases direct reflection of NDC targets in crediting lines for a PBMP will not be feasible as real- 
world NDCs typically are not granular enough for that purpose, e.g., in defining an NDC target carbon price level. 
24 For a detailed presentation of this concept of crediting at the policy margin see: 

https://cpf.wbcarbonfinance.org/content/supporting-energy-pricing-reform-and-carbon-pricing-policies-through-
crediting 
 

https://cpf.wbcarbonfinance.org/content/supporting-energy-pricing-reform-and-carbon-pricing-policies-through-crediting
https://cpf.wbcarbonfinance.org/content/supporting-energy-pricing-reform-and-carbon-pricing-policies-through-crediting
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compensation through results-based payments25  

Besides the direct causation of a PBMP and the strengthening of an existing or planned PBMP, TCAF can 
support a historic PBMP. In this case providing payments for the emission reductions generated by the 
PBMP would not alter the policy but reward the host country for the achieved mitigation from a policy 
effort already undertaken. In this case additionality relies on the existence of a stringent mitigation 
target covering all sectors affected by the PBMP and on ensuring that the full volume of TCAF purchased 
emission reductions exceeds the country’s NDC target. TCAF would then cause the need to undertake 
further mitigation activities to still meet the target. Crediting of historic policies can be of interest in a 
piloting phase of policy crediting with limited opportunities to credit ongoing policy reform and lack of a 
proven concept.  

In all three cases attribution is required, but in a narrow boundary. For purposes of calculating TCAF 

crediting, TCAF requires excluding the counting of emissions reductions achieved through measures 

other than TCAF external support, to safeguard environmental integrity. This requires applying the TCAF 

attribution methodology, i.e., in attributing emissions reductions achieved against the TCAF baselines 

respectively to TCAF and other external financial support, pro rata to respective grant equivalents.26 To 

determine the external financial support received, a narrow program boundary is the correct approach 

in case of PBMBs; i.e., what matters is the support the policy directly received through targeted grants 

and potential policy lending. It is however not required, and would not be practical, to include all 

support the sector(s) impacted by the policy might receive. For example, investment grants for 

renewable energy should not be included in attribution of grants to a fossil fuel subsidy reform policy. 

The reason is that in all policy crediting, the mitigation impact of the policy itself must be determined, 

i.e., mitigation impacts of other interventions in the impacted sector(s) are already excluded. 

Monitoring reporting and verification (MRV) 
MRV for PBMPs needs to be based on economic modelling (policy MRV). Policy MRV is different from 

MRV for investment projects, which can rely, to a much higher degree, directly on measured and 

identified physical flows and technological features of the concrete activity (“physical MRV”). An 

example of pure physical MRV is an end-of-pipe project, such as destruction of industrial gases. To 

determine emission reductions from such a project, it is in principle enough to measure the volume of 

industrial gases destroyed (leaving potential adverse incentive effects and additionality issues aside). A 

windfarm is a more complex project case. Still, renewable power is a purely physical flow, and can be 

measured with certainty; but to derive emissions reductions, more sophisticated methodologies are 

needed in order to estimate the impact the new generation will have on the existing electricity grid and 

its expansion over time. These methodologies already use techno-economic models of the respective 

power systems, going beyond a purely physical MRV. MRV for PBMPs, however, need to go much 

further into economic modelling. Figure 9 below shows the differences between MRV for projects and 

policy MRV. Modelling is required to estimate the causative impact of the policy (shift). 

 
25 For a formalization of this approach see Jon Strand, ‘Transformational Climate Finance Donors’ Willingness to 
Support Deep and Transformational Greenhouse Gas Emissions Reductions in Lower-Income Countries’, May, 
2020. 
26 See TCAF attribution methodology. 
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Figure9: MRV for projects versus policy MRV 

In assessing a policy, we recognize that individual activities (“projects”) incentivized by the policy 

ultimately generate the emission reductions, but the details of these activities are not known with 

certainty. They typically occur in large numbers and are of various types. To take one example: The 

removal of fossil fuel subsidies will cause energy prices to rise. Therefore, millions of households and 

enterprises will change (to some degree) their behaviors, their consumption spending, and their 

investment decisions. These effects, and resulting changes in physical flows, cannot be known with 

certainty; they can only be estimated by means of economic modelling. Moreover, the sectors in which 

these changes will translate into emission reductions will themselves change in size, composition, and 

dynamics. An increase in energy prices will over time change the entire system of relative prices in the 

economy. These effects need to be considered. 

The first step in policy MRV consists in formulating a robust theory of change. A theory of change for a 

PBMP explains how, i.e. through which impact channels, a PBMP will generate impacts on emissions in 

the relevant sectors. This theory of change is purely qualitative. Quantification through modelling comes 

later. The mapping of impact channels should be as comprehensive as possible. For example, a World 

Bank policy MRV methodology for fossil fuel subsidy reform in Morocco maps the following impact 

channels for the power sector: (i) electricity generation profile and dispatch; (ii) new power sector 

investments; (iii) operation of off-grid and captive capacity; (iv) electricity demand in the end-use 

sectors; and (v) use of fiscal revenues freed-up through implementation of the subsidy reform policy.27 

Step two consists in defining the quantification approach and the scope of modelling. For each impact 

channel, one of the following conditions can apply: (a) the direction of the impact - does it drive 

emissions up or down? - is known, and model-based quantification is feasible; (b) the direction of the 

impact is known, but model-based quantification is not feasible; and (c) the direction of the effect is 

unknown.  

Only under condition (a) is quantitative modelling possible. An example is modelling of the electricity 

dispatch (impact channel (i) in the example above). Under condition (b), quantification can be done not 

 
27 See http://documents.worldbank.org/curated/en/964331541085444404/pdf/Morocco-Energy-Policy-MRV.pdf 

http://documents.worldbank.org/curated/en/964331541085444404/pdf/Morocco-Energy-Policy-MRV.pdf
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through modelling, but only through conservative assumptions. An example of the use of conservative 

assumptions is the impact of a policy on electricity demand (impact channel (iv)). Such assumptions can 

be based on existing intelligence and data, e.g., on historic price elasticities of demand, discounted by a 

conservativeness factor.  

Condition (c) is obviously the most challenging. The only option here is to design the policy in a way that 

such a situation cannot occur. If this is not possible, then the policy does not qualify for crediting. In the 

example above: impact channel (v) could, under condition (c), depend on the exact circumstances. If, for 

example, all fiscal revenues from the PBMP were used to support clean investments, uncertainty of the 

direction of the effect would disappear. If usage of revenues is unknown, limiting the duration of the 

crediting period to a short-term in which the public spending effect cannot play out can be a strategy to 

shield TCAF support from uncertainties about a policy’s consequences. The different elements of a 

quantification approach are visualized in Figure 30. 

 

Figure 30: Elements of a quantification approach 

 

Step 3 consists of applying the quantification approach to determine the without-policy baseline. In 

policy crediting, baseline determination must be done on an ex-post basis. It is still useful to simulate 

the with-policy and without-policy scenarios to test plausibility of results and enable a first estimate of 

the mitigation effect of a policy. However, for policies, mitigation impact depends critically on economic 

variables that are difficult to predict and that are outside the boundary of the policy, such as GDP in 

future periods, or the level of world market prices for fossil fuels. Such parameters need to be 

monitored over time, and from there the counterfactual baseline (without-policy) scenario needs to be 

calculated back. This typically requires a major modelling effort. The beforementioned Morocco policy 

MRV modelling is an example how this modelling can be done. Determination of emission reductions 

can then be undertaken in comparing the ex post baseline emissions with the ex post policy scenario 

emissions. Note that the latter results from applying the same quantification approach (with different 

parametrization). The policy scenario emissions are not directly observable. Directly observable are, e.g., 
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emissions in the power sector, but those are affected by several variables other than the impact of the 

PBMP policy under review. Finally, emission reductions estimates should be discounted by reasonable 

factors to account for uncertainty. 

Step 4 consists in assessing the plausibility of the results. At a minimum, this step requires us to 

compare emission reductions estimates determined under step 3 with emission reductions achieved by 

the policy-impact-relevant sector(s) against the sectoral BAU scenarios and the actual empirically 

recorded sectoral emission trajectories. Determination of these sectoral BAU scenarios can require 

substantial efforts in case robust BAU scenarios are not available under host countries’ NDCs. In 

addition, further indicators should be assessed, such as investment volumes in renewable energies, 

improvements in energy efficiency, etc. This allows us to build an opinion on the plausibility of the 

quantification results from the perspective of observed physical change. Finally, MRV needs to integrate 

indicators for sustainable development following general TCAF guidance (see below). 

Avoidance of double counting 
On avoidance of double counting, the general guidance for TCAF operations apply directly.28 

Corresponding adjustments to avoid double-counting of achieved emission reductions in case of market-

mechanism transfers are possibly easier to agree and implement for policy crediting as compared to 

project-based crediting, since the counterpart in the transaction is directly the sovereign of the host 

country. On the other hand, avoidance of double issuance can be more difficult for policy crediting than 

for project-based crediting in cases where the latter is happening in parallel to policy crediting in the 

relevant sector. Safe practice in this case is to fully discount emission reductions determined through 

policy MRV by any project-based issuance occurring during the crediting period of the PBMP. 

Sustainable development 
Sustainable development needs to be part of the theory of change and safeguard assessment of a 

PBMP. This follows TCAF general guidance and World Bank requirements. It is therefore necessary to 

map possible sustainable development benefits, define appropriate indicators, and integrate them in 

the MRV procedures. For the example of removing fossil fuel subsidies, such benefits could, for example, 

consist in better energy availability due to reduction of waste and losses, reduced air pollution driven by 

an increasing share of renewables in generation, and poverty reduction and environmental 

improvements enabled through targeted government spending programs funded by freed-up fiscal 

revenues. To safeguard against possible negative effects, such as burdening poor households with 

higher energy costs, a similar mapping of these possible negative effects needs to be undertaken. 

Depending on the outcomes, changes to the design of the PBMP might be required as a condition for 

TCAF support following standard World Bank safeguard procedures. 

Crediting parameters and safeguarding against regrets 
The three key crediting parameters are: length of the crediting period, share of emission reductions 

purchased by TCAF, and the price of verified emissions reduction units. All these can be relevant to 

safeguard host countries against regret because of overselling. Under TCAF general guidance, these 

three crediting parameters can be set at program-specific levels, while crediting periods will last typically 

from 5-7 years, and TCAF will typically purchase less than 100% of all emission reductions a program can 

 
28 https://tcaf.worldbank.org/sites/tcaf/files/TCAF_Core%20parameters_July%202018.pdf 

https://tcaf.worldbank.org/sites/tcaf/files/TCAF_Core%20parameters_July%202018.pdf
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achieve. Safeguarding against regret of overselling is only relevant for carbon market transactions, not in 

cases where emission reductions are still used against the host country’s NDC target (RBCF operations).  

In the case of carbon market transactions, emissions reductions need to be priced at the level of the 

opportunity cost of the host country to reach its NDC target. This level will be higher the higher the 

purchase volume is, i.e., it will increase with the length of the crediting period and the share of 

purchased emission reductions. In cases of RBCF operations, program-specific costs will ultimately drive 

the crediting parameterization.29  

2.2 Policy Cost and Benefits 
In order to assess the quantity of funds necessary to be transferred to developing countries for policy 

changes, it is necessary to create an analytical framework to assess the policy costs and benefits to 

the country concerned, and to the policy makers and powerful groups in a society.  

We put these costs and benefits under two main categories: 

‘Permanent’ Costs and Benefits 
In this section we talk about relative cost and benefits in the long run between having the policy and not 

having the policy. So, in our new case, it is assumed that we have a substantial carbon tax which is 

raising revenue in an administratively efficient fashion. This carbon tax revenue can replace some of the 

revenues from other policies and taxes. The cost-benefit assessment (CBA) should include the 

administrative cost/benefit of the policy in the long run. It also should include deadweight losses 

associated with the policy, including tax-distortionary losses net of the distortionary costs of the taxes 

that are replaced. It also should include, if appropriate and feasible, any local benefits associated with 

reductions in air pollution and other environmental externality costs. In general, the co-benefits of such 

policies in relation to air pollution can be substantial. 

This framework complements the work of Jon Strand, which relates the mitigation (deadweight) cost 

to the tax rate. Per unit of mitigation, the deadweight cost is half the tax rate that induces that 

mitigation.30 We use this pricing formula in later sections. 

 ‘Transitional’ Costs and Benefits 
As well as permanent cost and benefits, there will also be substantial temporary cost. This cost is 

associated with the economic losses attached to high-carbon infrastructure being retired and replaced 

by new low-carbon infrastructure. Transitional financial costs are associated with the retirement of the 

dirty infrastructure and its replacement with clean alternatives. We refer to this in the Transitional 

Justice section in Appendix D: Theoretical Framework for Policy Viability. 

Politically relevant economic costs will also be associated with the transition to a new, cleaner, policy. 

For example, if a policy raises transportation fuel prices, groups (including morally salient vulnerable 

groups) which have high exposure to fuel price rises will be displeased.  

 
29 An exemption is crediting of historic policies where RBCF operations require generation of compensating 
emission reductions somewhere else in the economy to establish additionality and therefore opportunity cost 
pricing. 
30 Strand, J., Supporting Carbon Tax Implementation in Developing Countries Through Results-Based Payments for 
Emissions Reductions, 2020 (forthcoming). 
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2.3 Blueprints for TCAF programs supporting PBMPs 
As shown in chapter 1, PBMPs can be of different kinds and be designed in different ways, and so can 

respective TCAF support programs. It is not possible to provide a complete typology of design options 

for the latter. Ultimately, the right design will be specific to each individual case. This section presents 

four generic cases to illustrate how existing mitigation potential can be accessed, and how the guidance 

provided in the previous section can be applied. To recall, the different forms of guidance are as follows: 

Transformational change: The policy should maximize the emissions reduction by prioritizing those 

sectors where the PMBPs can have the greatest impact. The policies should also be screened for 

potential design constraints. As mentioned in Section 1 of this chapter, such design constraints could 

include low carbon prices, insufficient social acceptance, and lack of policy elements compensating for 

undesirable income distribution effects or potential harm to industrial competitiveness.  

Baseline settings and additionality: Baseline setting and safeguarding additionality require modelling of 

the without-policy scenario, consideration of NDC mitigation targets and attribution of emission 

reductions to TCAF support and other types of international climate finance support. 

Monitoring reporting and verification: In the case of policy change, monitoring, reporting and 

verification will need to take place through modelling approaches. Given that the effect of a PMBP 

policy on emissions will be indirect and spread across the whole economy, a theory of change is needed 

that identifies each channel of impact, quantifies each channel, and compares the impact of the PBMP 

to a without-policy baseline. Finally, the plausibility of results is assessed. 

Sustainable Development: Positive and negative impacts of the policy on aspects on sustainable 

development should be assessed. For example, this includes air pollution impact, increases in fuel prices 

and therefore fuel poverty, and development of domestic industries.  

Parameters in Crediting: There are three main crediting parameters: the length of the crediting period, 

the share of the total emissions of purchase by TCAF, and the price paid for verified emissions reduction 

(VER). 

In the following we assume that the price paid per VER is half (0.5) of the incremental tax rate achieved 

through the TCAF program if the VER stays in the country (case 1). If VERs are transferred out of the 

country this price needs to increase to pay for the opportunity costs of NDC achievement. The price to 

be paid then triples, i.e., is 1.5 times the initial incremental tax rate. The rationale for that is that in 

order to enable transfer of one unit out of the country a further unit need to be generated that stays in 

the country what requires to (at least) double the tax rate. The total deadweight loss (DWL) is then four 

times the DWL occurring in case 1 (double quantity times double cost), i.e., 2 times the initial tax rate 

instead of 0.5 times the initial tax rate. As the VER staying in the country generates a DWL of 0.5 of the 

initial tax rates (case 1), the price to be paid for the transferred VER need to be 1.5 times the initial tax 

rate to compensate for the remaining DWL.31  

 
31 These price formulas reflect a conservative estimate of the welfare loss caused by a carbon tax 

without taking into account compensating co-benefits of carbon taxation. These formulas are derived in 
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The four blueprinted cases presented in the following are: (i) Strengthening of an existing carbon tax; (ii) 

Crediting of a historic subsidy reform policy; (iii) crediting the transition of a vehicle tax to a feebate 

scheme; and (iv) crediting of a new mid-stream carbon tax with output-based rebating. We also mention 

in Appendix B: Coordination of Mitigation Policies (v) the possibility of coordination schemes. 

For the sake of simplicity, we assume that in all cases except case (ii) all of the achieved emission 

reductions stay in the country and are used for domestic NDC compliance. In those cases, we assume 

that the VER price is half of the tax rate increment. For case (ii) we assume that none of the VERs is 

available for domestic NDC compliance. For this case we assume that the VER price is the triple of the 

implicit tax rate increment according to the beforementioned price formula. 

It should be noted that all the numbers are fictional. 

(i) Strengthening of an existing carbon tax 
In this example, we show how a carbon tax can be incremented using TCAF funds. Imagine that a 

country has already implemented a carbon tax. We wish to extend this carbon tax, by increasing the 

rate, for example from $5 to $10/tCO2.  

 

TCAF offers to purchase verified emission reductions resulting from the tax increase at a rate high 

enough to compensate for any transitional or welfare losses due to the policy.  

 

Context: Country One already has fossil fuel taxation. Each fossil fuel is taxed at different levels (per ton 

of CO2), and furthermore the same fuel is frequently taxed at different rates in different contexts. The 

average rate remains low: according to the mitigation effect, around $2/tCO2. Emissions in 2020 

without the pre-existing taxes are expected to be around 350MtCO2/y, and the existing fossil fuel taxes 

reduce this to 348MtCO2/y.   

 

There are substantial local advantages of a higher-level and more consistent carbon tax. A true carbon 

tax could be expected to reduce emissions by around 10 MtCO2/y per $10/tCO2 increment but at a 

decreasing rate.32  Local air pollution, both from coal and road transport pollution, causes many health 

problems and premature deaths, especially in the high population density capital city area. A higher 

carbon tax could reduce emissions both of global greenhouse gases and of the pollutants which cause 

health problems locally. 

Proposed Policy and Ex Ante Expectations 

Thus, we propose a strengthening of the existing fossil fuel taxes to a consistent carbon tax of $10/tCO2. 

Certain energy-intensive industries (iron/steel, aluminum) use a system of Output Based Rebating (See 

Appendix A: Output-Based Rebating (OBR) ), in order to ameliorate competitiveness effects in these 

sectors.  

 

 
Strand, J., Supporting carbon tax implementation in developing countries through results-based 

payments for emissions reductions, 2020 (forthcoming).  

 
32 The decreasing mitigation returns of carbon taxation is reflected in the table below where taxation at $20/tCO2 
less than double mitigation achieved at a tax rate of $10/tCO2. 
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Expected Emissions, Country One, All Sectors (MtCO2/year) 2020 2025 2030 

Emissions without existing fossil fuel taxes 350 370 390 

Effect of existing fossil fuel taxes  
(equivalent in mitigation impact to $2/tCO2) 

-2 -2 -2 

Baseline Emissions 348 368 388 

Change due to upgrading existing taxes ($2/tCO2) to a  
$10/tCO2 Carbon Tax  

 -8 -8 

Emissions with $10/tCO2 Carbon Tax  360 380 

Additional Change from $10 to $20 Carbon Tax  -9 -9 

Emissions with $20/tCO2 Carbon Tax  351 371 
Table 3: Expected Emissions in Country One with and without a carbon tax (fictional numbers) 

TCAF Guidelines 

Transformational change is achieved through the carbon tax being implemented across the economy at 

a high enough level to motivate substantial differences in investment and resource utilization decisions 

in a lower-carbon direction, affecting many different industries and sectors. Enhancing the policy’s  

transformational potential could involve maximizing the carbon price and minimizing resistance by 

compensating those people that lose out in the value of past industrial investments that are no longer 

price-competitive, which therefore become ‘stranded assets,’ or by adjusting tax and welfare policies to 

compensate lowest-income consumers for fuel price increases. 

Additionality is ensured in limiting crediting to target overachievement and attributable emission 

reductions (implicitly assumed in this case). Further it might be possible to show that the policy would 

not have been strengthened without TCAF funding.   This would be substantiated either by evidencing 

prior TCAF policy parameters or economics (going beyond domestic optimum) – see Section 2.1: The 

TCAF Core Requirements. 

MRV:  Emissions, with and without the policy are modelled and compared.  

Sustainable Development: The policy should be assessed for consistency with the UN Sustainable 

Development Goals. Any net-negative effects on disadvantaged groups should be avoided or 

compensated. 

Baseline setting:  Here we simply assume that adoption of a policy change is caused by provision of TCAF 

funding, and the emissions reduction are consequences of the policy. We then model the emissions with 

and without the increased stringency.  

Crediting approach: Here we outline crediting of the increased carbon tax. In this case we predict the 

emissions without the policy and use this as the baseline against which the policy is credited. 

 

Example Outcome 

Let’s now consider the situation ex post. Let’s say that the country implemented a $10/tCO2 carbon tax, 

but the actual emissions were 363MtCO2/year, rather than the predicted 360MtCO2/year. Of this, let’s 

imagine and our ex post analysis finds +2MtCO2 is due to a positive GDP shock,33 and +1MtCO2 is due to 

 
33 We would use an ex post model for the purposes of MRV to determine the relative impacts of the GDP shock 
and the carbon price on the emissions 
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a lower effectiveness compared to our ex ante model (so the table below shows -7 rather than -8). 

(These matters are of course not known in advance, only by modelling the outcome after the event.) 

 

Let’s say the price per verified emissions reduction is half the increase in carbon tax, i.e. $5/tCO2. Then 

the carbon tax of $10/tCO2 would be credited with approximately 7MtCO2 emissions reductions (that 

which is due to the policy) giving $35m per year of results-based payments. 

 

Actual Emissions, Country One, All Sectors (MtCO2/year) 2020 2025 2030 

Baseline Emissions 348 368 388 

Ex ante expectations  -8 -8 

Expected Emissions with $10/tCO2 Carbon Tax  360 380 

Actual Emissions 350 363 363 

Ex post analysis effect of reform  -7 -7 

Other Effects (e.g. Positive GDP shock)  +2 +2 

Actual Change relative to baseline  -5 -5 

Credited VERs for policy reform (per year)  7 7 

Price Paid per VER  $5 $5 

Payments per year  $35m $35m 
Table 4: Outturn Emissions in Country One with and without a carbon tax (fictional numbers) 

 

 

(ii) Crediting of a historic subsidy reform policy 
This case refers to the removal of an existing subsidy, a policy action which we would credit using the 

TCAF methodology, and reward using TCAF funds. Such crediting would reward the emissions 

mitigation impact of the policy reform. It would be conditional on the client country exceeding its NDC 

targets (or a tighter target if the NDC is thought to be insufficiently stringent – see section 1 of this 

chapter).  

 

Here we blueprint based on a policy reform that has already happened. The crediting of this policy in 

the future time period is conditional on sectoral target achievement. Crediting does not change anything 

about the PBMP but rewards the overall mitigation impact. The payment (a) acknowledges a past action; 

but (b) is related to overachievement elsewhere in the economy relative to an NDC target.  

 

Crediting the historic policies requires more mitigation activity somewhere else in the economy to still 

achieve the NDC target. This bring the overall emission level of the country down and facilitates 

adoption of more ambitious NDC target in the next NDC cycle. 

Proposed Policy and Ex Ante Expectations  

The policy increases the price of fossil fuels by an average of $10/tCO2. Calculations suggest that the 

policy reduces emissions relative to a counterfactual baseline by about 1MtCO2/year, rising to 

3MtCO2/year in 2030. Expectations are that this policy would continue to reduce emissions relative to 

the counterfactual baseline in the years ahead but that the policy, on its own would be just enough to 

reach the target. 

 



Supporting Price-Based Mitigation Policies (PBMPs) in Developing Countries through Results-Based 

Payments for Verified Emission Reductions 

32 
 

Expected Emissions, Country Two, All Sectors (MtCO2/year) 2020 2025 2030 

Predicted Counterfactual emissions without  
(historic) subsidy reform 

57 59 62 

Effect of subsidy reform -1 -2 -3 

Predicted Baseline Emissions 56 (Actual) 57 59 

Emissions Target  57 59 
Table 5: Expected Emissions in Country Two with and without a carbon tax (fictional numbers) 

 

TCAF Guidelines 

Transformational change is achieved through the subsidy reform being maintained and not reversed, 

and through the additional sectoral measures taken in other parts of the economy, required to 

overachieve the target.  

Baseline setting:  Here TCAF straightforwardly rewards the overachievement of the target up to the 

volume of emission reductions achieved by the subsidy removal, however that is accomplished. 

MRV:  Total emissions are compared to targets and so MRV is relatively straightforward.  

Environmental integrity is achieved through target conditionality: if a certain quantity of ERs are 

purchased from the policy, the ERs must be achieved somewhere else in the economy. Since the policy 

has already been implemented, environmental integrity would be achieved through emissions reduction 

achieved elsewhere in the economy through implementation of an assumed carbon tax at $10/tCO2 tax 

rate. Revenues can be generated from the historic policy ERs to finance the new measures.  So perhaps 

an additional solar power plant would be built, causing further emissions reductions. This would allow 

the crediting of the emissions reductions. 

Crediting approach: TCAF will purchase the ERs up to the volume of emission reductions achieved by the 

subsidy removal according to the overall overachievement of the target.  

Example Outcome 

The table below shows both our ex ante predictions (already mentioned above) and the outcome 

achieved. 

Outturn Emissions, Country Two, All Sectors (MtCO2/year) 2020 2025 2030 

Predicted Counterfactual Emissions without  
(Historic) Subsidy Reform 

57 59 62 

Effect of Subsidy Reform -1 -2 -3 

 Predicted Baseline Emissions 56 57 59 

Effect of Additional Policies ($10 carbon tax)  -4 -7 

Actual Emissions  53 54 

Emissions Target  57 59 

Outturn against target   -4 -5 

Verified Emissions Reductions  4 5 

Cost Per Emission Reduction  $15/tCO2 $15/tCO2 

Payments in specific year  $60m $75m 
Table 6: Outturn Emissions in Country Two with and without a carbon tax (fictional numbers) 
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(iii) Crediting the transition of a vehicle tax system to a feebate scheme 
Here we focus on transitioning an existing policy to one that is more climate-friendly, i.e. making such a 

policy ‘climate-smart’. For example, suppose we want to transform a vehicle tax in a country so that it 

becomes more climate friendly. Here we propose a shift of a vehicle tax structure to one that includes 

an element of subsidies for electric vehicles, leading to a lower transportation emissions trajectory. 

Proposed Policy 

Imagine a country has a vehicle tax of $1,000 for each new registration in place, regardless of vehicle 

class. Because of TCAF, the country will change it to an emission-specific registration tax, including a 

$1,000 subsidy for each newly registered electric vehicle in non-luxury vehicle segments (luxury EVs are 

excluded because the wealthy don’t need subsidies). The vehicle tax on fossil-fueled vehicles is raised 

slightly, e.g. to $1,200, with the extra $200 allocated to a feebate program (i.e. to pay for the subsidies 

to EVs).  

Rationale: An approach that converts the capital stock of vehicles from petrol to electric motors is more 

likely to be consistent with popular opinion than one which is based purely on fuel price changes, in part 

for reasons of transitional justice (See Appendix D). 

 

TCAF Guidelines 

Transformational change is achieved through the enhanced roll-out of electric cars throughout an 

economy.   

Sustainable Development: It is important to ensure that every electric car has a sustainable supply chain. 

This would need to be accredited for an electric car to be part of the scheme. The switch to electric cars 

also reduces the demand for unsustainable biofuels, and the policy is conditional on phased reductions 

in these subsidies and moves towards an electric car-based approach to reduce environmental impact  

Baseline-setting, Additionality & MRV: We used a sectoral target-based approach. 

Crediting approach: We assume that the feebate is equivalent to a carbon tax of $40/tCO2, and then use 

our standard crediting procedure. 

Example: Predictions and Outcome 

The table below shows both our ex ante predictions (already mentioned above) and the outcome 

achieved. 

Emissions: Country Three, Transport sector only 2020 2025 2030 

Baseline sectoral emissions 143 145 149 

Projected Effect of the Feebate Policy  
(equivalent to a sectoral $40/tCO2 carbon tax) 

 
-6 -15 

Expected Outturn  139 134 

Sectoral Target (NDC)  142 136 

Actual Outcome  138 133 

Achievement relative to target  -4 -3 

Verified Emissions Reductions  4 3 

Price per tCO2  20 20 

Payments per year  $80m $60m 
Table 7: Expected and Outturn Transport Emissions in Country Three with and without feebate (fictional numbers) 
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(iv) Crediting of a new mid-stream carbon tax with output-based rebating 

Proposed Policy 

This section describes an Output Based Rebating (OBR) scheme. The scheme is outlined in somewhat 

more detail in the appendices.  An output-based rebating scheme compensates a carbon tax with a 

subsidy based on physical output. For example, we might rebate money to producers on a dollars-per-

ton basis for steel production or dollars-per-MWh basis for electricity generation.  

Let’s consider the case of electricity generation. Imagine a coal-dominated sector such as that in Country 

Four.  

We would charge a high carbon tax per ton of CO2 emitted to coal-fired electricity production 

companies, yet immediately rebate all carbon tax revenues collected back to the power-generating 

companies in direct proportion to the amount of electricity they generate.  

However, we would also enable companies to claim the same payments per MWh for electricity 

generated by means of renewable energy equipment. In this way, companies that generate electricity 

from renewable sources would be cross subsidized by those that only generate power from coal.  

The expected result would be a race amongst companies to shift from coal-fired to renewable energy 

electricity generating assets.34 The total phase out rate of coal to renewables under TCAF is still 

expected to be somewhat slow – around 10 years. For certainty sake, there would be an expected phase 

out rate and to preserve recyclable revenues there would need to be a limit on the rapidity of the phase 

out.  

The policy is mid-stream – imposed on the power producer, as opposed to upstream at coal extraction 

or importation, or downstream at the end user of power. Thus, both the tax and the output-based 

rebate are both charged on the same entity – the power producer. Both the tax payments and the 

compensating subsidies would be made at the same time.  

TCAF Guidelines 

Transformational change is thereby achieved by enabling a much higher implicit carbon price than 

would be possible under a pure carbon tax. Indeed, promoting such transformational change is the 

rationale for the policy design. 

Crediting approach, Baseline-setting, Additionality & MRV: Here we credit a new PBMP considering the 

country’s sectoral NDC target. TCAF will purchase the resulting ERs at a price compensating the country 

for any gap between the fiscal revenues and the output-based subsidy.  

Sustainable Development: The policy is intended to contribute significantly to sustainable development, 

since it strongly encourages the switch away from coal in key sectors, leading to better local air quality 

and health outcomes as well as a significant contribution to climate security. 

Example: Predictions and Outcome 

The table below shows both our ex ante predictions and the outcome achieved. Payments are based on 

a carbon price half of the tax increment, i.e., $12.5. 

 

 
34 This would require a relatively high carbon tax. 
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Emissions: Country Four, Power sector only 2020 2025 2030 

Baseline sectoral emissions 218 217 216 

Effect of the OBR (equivalent to $25->$50/tCO2 carbon tax)  -53 -78 

Expected Outturn  164 138 

Sectoral Target (NDC)  174 158 

Actual Outturn  164 138 

Achievement relative to target  -10 -20 

Verified Emissions Reductions  10 20 

Payments per year  $125m $250m 
Figure 6: Expected and Outturn Power Emissions in Country Four with and without feebate (fictional numbers) 

Appendices 

Appendix A: Output-Based Rebating (OBR)  
To date, carbon taxes have only been imposed at extremely low levels ($1 to $5/tCO2) in a few developing 

countries (see Chapter 1). However, the report of the High-Level Commission on Carbon Prices35 argues 

that tax rates of at least $40-$80/tCO2 this year (2020) and $50-$100/tCO2 by 2030, assuming additional 

complementary policies, are necessary to reach the Paris temperature targets. How can we square this 

circle with limited funds? One option is to impose a relative carbon price in high-priority sectors such as 

power and industry and rebate the revenues according to physical output. In this way an incentive to 

decarbonize is put in place whilst minimizing the price effect on output and reducing industrial and 

popular resistance.  

The existence of very long-lived assets (such as coal power stations) will limit the impact of changes in 

current pricing. A carbon price can efficiently prevent new assets from being built but it will take a higher 

price to close down existing assets before the end of their economic lives. 

Output-Based Rebating, OBR, is an approach to compensating producers of a commodity with the 

proceeds of a carbon tax levied from their industrial sector. The compensation based on the output of 

physical commodity produced: e.g. tons of aluminum or MWh of electricity. OBR could be useful in those 

sectors that are price-sensitive, internationally competitive, and/or use a lot of coal: the effect of an 

uncompensated carbon tax on the price of coal is relatively extreme due to coal’s high carbon intensity 

and low global fuel price per GJ. Such sectors include heavy industry (aluminum; iron and steel) and the 

power sector. Exemptions are often put in place to carbon taxes to protect export intensive trade exposed 

(EITE) carbon-intensive industrial sectors. OBR can be a useful alternative to an exemptions-based 

approach.  

Output-Based Rebating (OBR) in the Power Sector 
We focus here on the power sector where the justification for OBR is transitional costs and preventing the 

passed-through cost of electricity from increasing. A focus on the ‘supply side’ of decarbonization is 

particularly important in the power sector, since electricity is generally carbon intensive itself and yet also 

 
35 Stiglitz and Stern. 
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potentially low- or zero-carbon and thus  an energy vector itself with the potential to achieve full 

decarbonization of other sectors like transportation or home heating away.  

Output-based rebating (OBR) in the electricity sector focuses on reducing initial political and industrial 

resistance to a new carbon tax by ensuring transformational incentives are in place early and deprioritizing 

the revenue-raising effect (at least in the sectors covered by OBR).  

The basic idea is to levy a high carbon tax per ton of fossil fuels used, but then return the entire amount 

of the revenue raised to electricity producers in the form of a payout per MWh of electricity, regardless 

of whether that electricity is produced from high-carbon or low-carbon generating equipment. The net 

effect is to reward companies that shift their electricity production to low carbon generating equipment, 

over a period of several years, more quickly than their rivals and/or to ensure that the price of electricity 

to consumers does not rise. 

After an initial year or two, OBR subsidies per MWh would be scheduled to decline rapidly, in tandem with 

the progress of decarbonization (which is likely to be rapid, given the strong financial incentives).  

There are two possible simple ways that OBR could be introduced in the power sector addition to i) a 

carbon tax --  ii) treating the whole electricity sector as the ‘system boundary’ within which revenues are 

recycled, or iii) differentiating between types of power plant, and drawing a system boundary around each 

fuel type separately (e.g. existing coal power stations, existing gas, existing renewables and all new 

generation are treated separately, as four distinct systems from which four distinct pots of revenues are 

recycled).  

Tax Burdens of Different Policy Instruments 
The overall burden of a tax from the point of view of the legal person required to pay it depends in part 
on whether that agent can pass on the burden of the tax to someone else, e.g. whether operators of 
fossil-fueled electricity generating plans can pass on the cost of a carbon tax to electricity end-users.  

‘Grandfathered’ permits (in an emissions trading scheme) are a pure benefit to the incumbents, as they 
are not output-dependent. Thus, the recipient of a grandfathered ETS permit can both pass on the price 
to end consumers and pocket the value of the grandfathered permits. This undermines dynamic 
incentives. By contrast, an output-based allocation provides both a cost and a benefit to the marginal 
competitive provider. In the EU, there has consequently been a move to output-based allocation.  

Similar effects exist with carbon taxes. However, there is a case for subsidizing incumbents conditionally 
– so long as they close old dirty capital stock (power stations) and replace them with new cleaner 
generation. Thus, a subsidy is acceptable so long as it compensates for the transitional cost of shutting 
down the old generation before the end of its working life.  

We can distinguish between two separate burdens: the burden of the carbon tax revenue (the money 
that the government raises from a carbon tax must come from somewhere) and the mitigation burden 
(transitional costs). In the case of OBR, the instrument is revenue neutral (the government does not 
retain net revenue), so there are only transitional costs. Note that the transitional costs will shrink over 
time, as the price of renewable energy equipment continues to decline. Bloomberg New Energy Finance 
(BNEF) suggest that for new investment, renewables are already the cheapest measure for mass 
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generation in most parts of the world (for example in India, PV is estimated to be the cheapest). 
However, closing a newly constructed coal power station would clearly involve a financial loss.36 

First (i) a pure carbon tax: in this case, the carbon tax revenue part of the burden falls on consumers of 
power, and the mitigation cost falls on owners of old power stations which are put out of action. This 
increase in the cost of power is counterproductive, in the sense that we want to encourage users of power 
to switch to clean generation, not to pay more for electricity in the short run. (If however the renewable 
energy dominated system is lower cost than the fossil fuel based one, then in the long run, the costs would 
still be higher under an OBR system). 

Now consider (ii) simple output-based rebating, where we treat the whole electricity sector, including 
producers and consumers, as the ‘system boundary’ within which revenues are recycled. Assume that 
carbon taxes are levied on operators of fossil fueled electricity generating stations, and the entire pot of 
carbon tax revenues raised this way is refunded to electricity end-consumers, in direct proportion to how 
much power they consume. In this case, it can be expected that coal power producers will still have capital 
losses. The main effect of the scheme is to prevent the cost of power rising for end consumers. The 
mitigation cost burden falls on coal generators. Since the government rebates all the revenues from the 
carbon tax to end-users, there is no net tax burden on end-consumers. 

Finally, consider the (iii) grandfathered-for-transition output-based rebating case, where we recycle 
revenue within each type of existing generation, and have a separate category for new generation. This 
case is more like an ETS-style ‘grandfathering’ scheme, but with the important difference that incumbents 
would benefit from net subsidies only if they transition rapidly to clean generation.  

Revenues from a tax on the coal used in existing coal power stations would be rebated to electricity 
producers (not consumers) according to power produced, within the particular producer pool (e.g. the 
coal-fired pool or the gas-fired pool), but each year they would be permitted to close down some fraction 
of the existing power stations and replace them with renewables. The subsidy would be applicable to the 
new renewables output. The net subsidy is a reward for having transformed part of fossil generating 
capacity to renewables. The benefit of these subsidies falls on the fossil power stations owners; it exists 
by virtue of the fossil generation being closed and replaced with renewable power generation by 
companies within that same pool of generators.  

Similarly to the second case, there is no overall tax burden in the sense that the government rebates the 
entirety of the revenues raised back to the industry (it doesn’t retain net tax revenues for other purposes). 
The transitional costs now are split between electricity end-consumers and ‘slow’ fossil generators who 
take longer to close their generation than average.  

The total transitional costs depend on the timeframe over which the phase-out takes place. A slow phase-
out of coal which prevents new coal-fired generation from being constructed, but gives owners of old coal 
power stations a few years to shut them down, would not entail very high transitional costs, as inefficient 
plants coming to the end of their duty cycle would probably be shut down anyway. A rapid coal phase-out 
would cost the owners of these power stations more financial losses than a slow phase-out but is desirable 
for climate stabilization.  

 
36 It was argued however that in many cases even early retirement of operating coal plants and 

replacement by renewable capacity can generate savings. See, e.g.,  https://rmi.org/insight/how-to-

retire-early. 

https://rmi.org/insight/how-to-retire-early
https://rmi.org/insight/how-to-retire-early
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In order to provide certainty, there would be a schedule in terms of the phase out rate. The scale of the 
country’s contribution to total global emissions should be considered, within the framework of the total 
global carbon emissions consistent with staying below the 1.5 degree C target agreed in Paris in 2015. 

Appendix B: Coordination of Mitigation Policies 
Coordination of mitigation policy is the intentional decision to introduce several mitigation policies, 

either within a country or amongst a ‘climate club’ of different countries, on an agreed schedule. 

Coordination is relevant because it relates to TCAF’s objective to be ‘transformative,’ in the sense of 

causing tangible changes to a whole society. Creating a ‘club’ of countries with coordinated carbon taxes 

creates both an ‘intensive’ margin, in the sense of a policy ladder which enables progressive increases in 

the carbon tax over time, and an ‘extensive’ margin, i.e. a shared system which other countries are 

encouraged to join. 

Coordination of mitigation policies between countries relates to wider mitigation efforts. Within the 

terms of the Paris agreement, countries around the world have agreed the overall goal of keeping global 

temperature rises within 1.5-2C above the preindustrial level. The agreement also provides for the 

submission of nationally determined commitments (NDCs), which constitute countries’ commitments to 

reduce their own emissions. However, beyond offering a central repository, attempts to coordinate such 

commitments are limited. As Victor, Geels, and Sharpe37 point out, there is significant potential for 

sectoral coordination. However, carbon-pricing reforms offer a cross-sectoral approach. 

So why might we be interested in coordination in the first place? The first reason for being interested in 

formal coordination of emissions-mitigation policies, including price-based mitigation policies, is the 

transitional game-theoretic view that the climate change problem is principally one of agents (countries) 

with sovereignty over their actions and a collectively desirable outcome. According to this perspective, 

climate change is characterized as a prisoner’s dilemma game, where the collectively preferred outcome 

is to cooperate by limiting emissions to safe levels, but where each country faces incentive to ‘defect’, 

thus leading to an ‘uncooperative’ outcome.  

Achieving a different outcome within this framework requires positive or negative incentives (carrots 

or sticks), or both. But there seems to be no agent with enough power and inclination to easily impose a 

negative incentive or ‘stick’, although the European Union could do so with trade measures. Positive 

incentives (‘carrots’, i.e. subsidies) could be provided by some outside agent.  

Coordination could be a way to provide such incentives. Simultaneous Policy38 (SimPol) implementation 

allows more than one agent to ‘act as one’. Coordination can also create further peer pressure on others 

to join. In short, by coordinating a response, and incentivizing countries to join in that response, countries 

can be induced to behave collectively.  

Existing Pledge-And-Review Systems 
Pledge-and-review is a term for the system of emissions reduction targets inaugurated under the Kyoto 

treaty. Countries pledge a certain emissions reduction, and their efforts are then reviewed later. A similar 

approach underlies the Paris Accord’s system of Nationally Determined Commitments (NDCs) 

 
37 http://www.energy-transitions.org/sites/default/files/Accelerating-The-Transitions_Report.pdf  
38 https://simpol.org/ 

http://www.energy-transitions.org/sites/default/files/Accelerating-The-Transitions_Report.pdf
https://simpol.org/
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International emissions trading constitutes the schemes by which those countries that overachieve their 

targets can receive payments from those who underachieve. Note that international emissions trading is 

quite different from cap-and-trade schemes such as the ETS, which is a scheme for pricing carbon within 

a jurisdiction.  

Targeting national emissions and coordinating them between countries does have one important positive 

aspect: it is a reasonably comprehensive measure of the direct influence of a country on the outcome. 

But there are important downsides. For a start, there’s little enforcement. Secondly (as previously 

discussed and elaborated in the section below), there is little incentive to commit to serious emissions 

reduction.  

Policy Under Uncertainty 
There are reasons why coordinating policies and the carbon tax rate (or carbon price) may be important. 

Emissions caps and mitigation policy stringency exist within a context of macroeconomic uncertainty. 

Emissions are historically highly correlated with GDP, but new technologies are available that can allow 

countries to cut emissions without cutting GDP.  

Countries who commit to hard carbon budget caps have a risk of overwhelming their cap if a positive 

shock to GDP occurs. A cut in GDP would reduce emissions, yet no country would adopt such a strategy. 

Other strategies to reduce emissions, by deploying new technologies to reduce the carbon intensity of 

production, need not involve a cut in GDP: perhaps the opposite. For example, a carbon tax offset fiscally 

by cutting income taxes, or a carbon tax whose revenues are used to fund a renewables-building program, 

might be positive to GDP growth and yet still cut emissions.  So why can’t a country sign up to an emission 

cut and then just use the carbon tax to implement that cut?  

This may work in some cases, but the low-carbon technology pathway must be followed in a disciplined 

and comprehensive way. If there’s a positive GDP shock when the bulk of a country’s infrastructure 

remains fossil-fueled, it will tend to increase emissions and could lead the country to exceed its allocated 

carbon emissions budget.39 

Open Economy Effects 
The ‘Kyoto-basis’ (i.e. emissions of imports/exports are counted within the carbon budget of the 

producing country) has severe downsides. It creates competitiveness effects, seen particularly in energy-

intensive industries (e.g. Aluminum manufacture), which would not be the case if a ‘destination’ basis for 

carbon accounting were in place. Coordination of carbon taxes could remove the concerns around 

industrial competitiveness felt by energy-intensive industries.  

Perverse Incentive and Rent-Seeking Effects 
There are several reasons from a game-theoretic perspective why coordination of price-based 

mitigation policy may be superior to pledge-and-review combined with international emissions trading. 

What the pledge-and-review system does is encourage overachieving targets, but it does this at the cost 

of incentivizing countries not to pledge too difficult emissions reductions in the first place. Why? For these 

main reasons: 

 
39 Peter Cramton, Axel Ockenfels, and Steven Stoft, ‘Global Carbon Pricing’, in Global Carbon Pricing, ed. by Peter 
Cramton and others (Cambridge, Massachusetts: The MIT press, 2017), pp. 31–90. 
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1. Countries may have an incentive to commit to some emissions trajectory whose initial level in 
year zero is overestimated.  

2. Some countries might not reduce emissions unless they receive external support. There might 
even be quite cheap policies that countries are not employing because they are waiting for 
external support to make the same changes. This ‘rent-seeking’ behavior can delay emissions 
reduction actions. 

Options and Experimentation  
One possibility is that coordination at a sub-global level can ‘road-test’ potential coordination designs 

that could, if they work well, later be expanded geographically and even implemented at the global 

level. A 'multilevel' approach would encourage coordinated carbon pricing at lower levels, e.g. 'bilaterally'. 

Such coordination could take place in many ways: for example, there could be the coordination of carbon 

tax implementation thus putting in place a ‘climate club’ that includes those countries which already have 

a carbon tax. 

Coordination Within A Country 
Coordination of mitigation policies within a country is a way to increase the effectiveness of a reform. 

For example, the effectiveness of a carbon tax could be enhanced by measures to plan for the addition of 

renewable energy to the grid by physically expanding grid access, since the competitiveness of renewables 

is enhanced by the carbon tax, and the availability of grid connections allows an elastic supply-side 

response. Such coordination is not covered directly in this paper, but it is highly desirable. In other words, 

policy measures and technologies should be considered in an integrated, systems-dynamic model of the 

national economy being considered. 

Coordinated Carbon Pricing Blueprint 
An additional possibility is a specific coordinated carbon pricing scheme within aregion. TCAF would in 

either of these cases provide funds for setting up the scheme and for ensuring that the scheme grows. 

This is expected to be transformative because it is ensured that permanent structures are set up such 

that participants have an incentive to reduce their emissions and enhance their mitigation effect. 

Appendix C: Simple Mitigation Model 
The purpose of this section is to explain the mitigation model in our model of mitigation, which comes 

from the model by Ian Parry et al.40 

Basic Model 
Fuel use is usage of fuel-burning capital multiplied by inverse efficiency of that capital: 

𝐹𝑡
𝑞𝑖

= (
𝑢𝑡

𝑞𝑖

𝑢0
𝑞𝑖

∙
ℎ𝑡

𝑞𝑖

ℎ0
𝑞𝑖

) 𝐹0
𝑞𝑖

 

where 𝑢𝑡
0𝑞𝑖

 is usage of fuel-consuming products or capital (i.e., the stock of fuel-using capital times its 

average intensity of use) 

ℎ𝑡
0𝑞𝑖

 is the fuel consumption rate, the inverse of energy efficiency. 

 
40 International Monetary Fund, p. 56. 



Supporting Price-Based Mitigation Policies (PBMPs) in Developing Countries through Results-Based 

Payments for Verified Emission Reductions 

41 
 

These two terms can be explained again as follows: 

Behavioral Equation 1: Usage Rate goes up with GDP and down with price of energy services: 

𝑢𝑡
𝑞𝑖

𝑢0
𝑞𝑖

= (
𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜈𝑖

(
ℎ𝑡

𝑞𝑖

ℎ0
0𝑞𝑖

∙
𝑝𝑡

𝑖

𝑝0
𝑖
)

𝜂𝑈𝑖

 

The first term relates usage rate to GDP. 

The second term relates the price of energy services to price * inverse efficiency. 

Behavioral Equation 2: Inverse efficiency improves autonomously and in response to prices: 

ℎ𝑡
𝑞𝑖

ℎ0
𝑞𝑖

= (1 + 𝛼𝑖)
−𝑡

(
𝑝𝑡

𝑖

𝑝0
𝑖
)

𝜂ℎ𝑖

 

 

Algebraic Simplification 
Combining these equations give us: 

𝐹𝑡
𝑞𝑖

= 𝐹0
𝑞𝑖

((1 + 𝛼0𝑖)
−𝑡

)
1+𝜂𝑈𝑖

(
𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜈𝑖

(
𝑝𝑡

𝑖

𝑝0
𝑖
)

𝜂𝑈𝑖+𝜂ℎ𝑖+𝜂𝑈𝑖𝜂ℎ𝑖

 

This can be split into four key terms: 

• Baseline Fuel use: 𝐹0
𝑞𝑖

 

• Autonomous Energy Efficiency Improvements: ((1 + 𝛼0𝑖)
−𝑡

)
1+𝜂𝑈𝑖

 

• Income elasticity of demand: (
𝐺𝐷𝑃𝑡

𝐺𝐷𝑃0
)

𝜈𝑖

 

• Price elasticity of demand: (
𝑝𝑡

𝑖

𝑝0
𝑖 )

𝜂𝑖

 

Where   𝜂𝑖= 𝜂𝑈𝑖 + 𝜂ℎ𝑖 + 𝜂𝑈𝑖𝜂ℎ𝑖  is the overall price elasticity. 

Assumptions 
Both our price and energy balance data are for 2017. The energy balances are taken from the 

International Energy Agency. The price data are taken from the WB/IMF Carbon Pricing Assessment Tool 

(CPAT) prototype, which in turn takes its estimates from the IMF. The elasticities used are described in 

the following table and are taken from the CPAT. Note that a simplified power sector is used like the 

industrial sector in CPAT. 

Quantity  Symbol Code in CPAT  Long term (from 2021) 
elasticities in CPAT 

Income Elasticity of 
Demand 

𝜈𝑖 el_inc_i 0.6 for all in transport fuels.  
For other sectors: 0.5 for coal,  
0.15 for biomass, 1.0 for 
others 
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Demand elasticity with 
respect to unit fuel costs 

𝜂𝑈,𝑖  el_dem_i -0.3 for all 

Elasticity of Consumption 
Rate with respect to fuel 
price 

𝜂ℎ,𝑖 el_cons_i -0.3 for all 

Overall Price elasticity 𝜂𝑖 𝜂𝑈𝑖 + 𝜂ℎ𝑖 + 𝜂𝑈𝑖𝜂ℎ𝑖   -0.51 for all 

    

Annual [autonomous] 
decline in consumption 
rate due to improving 
efficiency 

𝛼𝑖 eff_i 
 

1% for transport.  
For all other sectors: 0.5% for 
coal/oil;  
1% for gas and biomass;  
3% for renewables 
 

 

Income elasticities are given by the following table: 

FuelType Transport 
Other 
sectors 

coa 0.6 0.5 

nga 0.6 1 

oil 0.6 1 

gso 0.6 1 

die 0.6 1 

lpk 0.6 1 

jfu 0.6 1 

bio 0.6 0.15 

ore 0.6 1 

 

Efficiency Improvements are given by the following table: 

Fuel Transport  
Other 
Sectors 

Coal 1% 0.5% 

Natural Gas 1% 1% 

Oil 1% 0.5% 

Gasoline 1% 0.5% 

Diesel 1% 0.5% 

LPG and 
Kerosene 1% 0.5% 

Jet Fuel 1% 0.5% 

Biomass 1% 1% 

Other 
Renewables 1% 3% 
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Overall Price Elasticity is given by the following table: 

Fuel 
All 
Sectors 

Coal -0.51 

Natural Gas -0.51 

Oil -0.51 

Gasoline -0.51 

Diesel -0.51 

LPG and 
Kerosene -0.51 

Jet Fuel -0.51 

Biomass -0.51 

Other 
Renewables -0.51 

 

Appendix D: Theoretical Framework for Policy Viability 
Political Lock-in 
A key constraint on policy choice is the matter of what is considered politically realistic. The barriers to 

subsidy reform are summarized by Rentschler et al.41 Dolphin, Newbery and Pollitt describe the landscape 

of carbon taxation and the political economy of their adoption.42 The political feasibility of carbon taxes 

is outlined in a paper by Carattini et al.43 

The resistance of high-carbon producers is closely related to the financial losses that such parties expect 

to suffer under a carbon tax. For example, the owners of coal-fired power stations may resist a carbon tax 

due to the consequent large increase in the price of coal, especially if their increased cost of fuel input 

means their product (coal-fired electricity) will become uncompetitive compared to a viable alternative 

(e.g. wind-turbine generated electricity). But the carbon tax is the main mechanism to drive the 

decarbonization of the sector – i.e. closing the coal power station and replacing it with a cleaner 

alternative is the policy objective. 

Put another way, the politically and economically feasible level of a carbon price can depend on the carbon 

intensity of the capital stock, and the carbon intensity of the capital stock can depend on the carbon price. 

We call this self-reinforcing causality circle 'political lock-in'. 

To break this loop, we need the intervention of a policy that will not be resisted by the owners of the 

existing high-carbon capital stock. We need policies that encourage rapid technological transformation 

 
41 Jun Rentschler and Morgan Bazilian, ‘Reforming Fossil Fuel Subsidies: Drivers, Barriers and the State of Progress’, 
Climate Policy, 17.7 (2017), 891–914 <https://doi.org/10.1080/14693062.2016.1169393>. 
42 G.G. Dolphin, M G Pollitt, and D M Newbery, ‘The Political Economy of Carbon Pricing’, 2016, 2015–17. 
43 Stefano Carattini, Maria Carvalho, and Sam Fankhauser, ‘Overcoming Public Resistance to Carbon Taxes’, Wiley 
Interdisciplinary Reviews: Climate Change, 9.5 (2018), 1–26 <https://doi.org/10.1002/wcc.531>. 
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that will be welcomed by firms as well as by the public. The strategic response of firms given such a policy 

would then be to transform their business, rather than to lobby against the policy.  

Transitional Justice 
A second framework that can help us here is transitional justice. Our interest in transitional justice 

stems from the climate-dynamics-driven need for policy changes that are, to some extent, abrupt. 

The easiest way to explain transitional justice in relation to existing fixed capital stock is to consider the 

value of an investment as currently amortized. For example, imagine that a coal power station has an 

original investment cost five years ago of $100 million. We amortize this investment over ten years, so 

the residual value after 5 years is $50 million. Now suppose our policy change will reduce the value of the 

power station to $10 million, a reduction of $40 million. 

There are several approaches to deal with this. One way is to ignore it. Another is to do something to 

mitigate the impact on the balance sheet of the owner, e.g. by imposing an investment feebate rather 

than a carbon price on fuel. A third option is to provide direct compensation. 

If we compensate, in the example above we could grant the power station subsidies to construct 

alternatives such as solar panels with a value of $40 million (the difference between the old value of $50 

million and the new value of $10 million). The advantage of offering some moderate compensation is that 

it also can be used as a transition strategy, in combination with a clear policy signal emphasizing that 

beyond a certain defined date, further compensation will not be forthcoming. That date should ideally be 

set globally, or failing that, the same date should be agreed by all the member nations of a ‘climate club’. 

After this point in time, prospective investors in dirty assets should be aware that they will not be 

compensated for subsequent closures of unamortized fossil-fueled equipment. We cover the feebate 

option in Appendix A: Output-Based Rebating (OBR). 
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