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Abstract 

Various tradable instruments have been implemented for climate change mitigation: emission trading 

systems, tradable energy-efficiency obligations, and tradable renewable energy quotas. Their track 

record has been disappointing so far: almost every emission trading has suffered from over-allocation 

which has undermined its effectiveness; tradable energy-efficiency obligations seem to have mostly 

co-financed investments that would have taken place anyway; tradable renewable energy quotas 

suffer from several shortcomings compared to alternative support systems, i.e., feed-in tariffs and 

premiums. I discuss the reasons for these failures (especially too superficial a reading of the work of 

researchers by policy makers) and ways to improve the situation (including encouraging systematic 

syntheses of academic work). 
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INTRODUCTION 

Dozens of policies officially aimed at reducing greenhouse gas emissions are in place in every OECD 

country (OECD, 2020). Many of them belong to the so-called ‘economic instruments’ (Postic and 

Fettet, 2020): taxes on greenhouse gas emissions (which fall outside the scope of this article) and 

‘tradable instruments’ (Cf. Box 1 for definitions). The situation is quite different for other environmental 

problems such as local air pollution or the protection of biodiversity, for which most countries have 

made greater use of prohibitions and emission or technology standards. 

The argument in favour of tradable instruments goes back at least to Dales (1968) and Crocker 

(1966), and can be stated as follows. In general, polluters know the cost of reducing their own 

emissions better than public authorities, so that, starting from a situation where the latter set a given 

quantity of emissions for each polluter, letting polluters negotiate to reallocate these limits among 

themselves reduces costs without changing aggregate emissions and therefore, for a well-mixed 

pollutant such as atmospheric CO2, without impact on the environment. 

The development of tradable instruments can be interpreted as an ‘economisation’ of environmental 

policies, both in terms of ‘economy’ (the production, distribution, and consumption of goods and 

services) and of ‘economics’ (the social science that studies the economy). Concerning economy, 

economisation has taken the form of the creation of markets, resulting from the combination of a 

quantitative objective (cap) and flexibility (trade). Concerning economics, it has taken the form of 

using economics to justify tradable instruments, whereas for regulations, other disciplines (mainly 

natural and engineering sciences) have had a much more important role. 

Has this increasing use of tradable instruments made it possible to reduce costs without weakening 

the effectiveness of environmental policies, as their promoters have claimed? I review here the 

applications of tradable instruments in three areas, all aimed at reducing greenhouse gas emissions, 

directly or indirectly (by saving energy or developing renewable energies). These three cases, dealt 

with in turn, are emission trading systems (ETS); tradable energy-efficiency obligations; and tradable 

renewable energy quotas. I therefore leave aside other applications of tradable instruments, which are 

also widely used in the areas of air pollution, water and fish catching, and even in offsetting 

biodiversity damage (Smessaert et al., 2020). Finally, I discuss whether other public policies applied 

to climate change mitigation have a better record. 
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Box 1. Definition of a ‘tradable instrument’ 

I use the term ‘tradable instrument’ in the sense of a public measure or policy that: 

- sets a maximum or minimum quantity (of polluting emissions, of extraction of a natural resource, of 

electricity from renewable sources, of energy savings, etc.) expressed in physical units; 

- allows flexibility between economic agents as to how compliance with this limit is distributed; 

- and allows market exchanges to set the price of a legal object (usually called a tradable allowance, 

certificate or permit) whose ownership is necessary to comply with this tradable instrument. 

This definition excludes ‘price instruments’ (taxes, subsidies and deposit-refund systems), since they 

do not comply with the first criterion above. The expressions ‘economic instruments’ and ‘market-

based instruments’ are generally used in a broader sense, which includes both tradable instruments 

and price instruments. 

However I include among the ‘tradable instruments’ the so-called ‘indexed’, ‘relative’ or ‘intensity’ 

policies, i.e. those that limit the ratio between the quantity that the public authorities seek to influence 

(e.g., polluting emissions) and an economic quantity, generally the production of a good or service, or 

an aggregate of these. Examples include policies that set a share of renewable energy in the 

electricity sold (called Renewable Portfolio Standards in the United States) or that limit CO2 emissions 

per tonne of steel, per MWh of electricity generated or per unit of GDP (Newell and Pizer, 2008; 

Quirion, 2005). 

 

 

EMISSION TRADING SYSTEMS FOR GREENHOUSE GAS EMISSIONS 

Applied in the United States to reduce air pollution in the 1990s, these systems have developed in 

many countries to limit greenhouse gas emissions: the United Kingdom, the European Union, South 

Korea, New Zealand, and several cities, provinces and states in Canada, the United States, China 

and Japan (Postic and Fettet, 2020). A public authority allocates or sells a limited number of tradable 

allowances, which must be given back in amount equal to emissions. 

While it is of course difficult to summarise the results of all these systems in a few lines, they have at 

least one thing in common: everywhere except in South Korea there has been an over-allocation of 
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allowances, in the sense that the quantity of emissions allowed has exceeded the level of emissions 

that would have occurred in the absence of these systems, at least for a period of time
1
 (Box 2).  

There are various reasons for this over-allocation (Buchner and Ellerman, 2006; Borenstein et al., 

2019; Burtraw and Keyes, 2018). First, a lack of knowledge about the emissions covered, due in 

particular to the asymmetry of information between the government and the firms, when the emission 

cap is determined (e.g., Modelina et al., 2003). Second, other policies reduce emissions from 

installations covered by the tradable instrument, sometimes to a greater extent than anticipated. For 

example, emissions from the power sector are declining as a result of support for renewables, energy 

conservation, and air quality policies that reduce the use of coal-fired power plants. Third, external 

credits (‘offsets’), such as those from the Kyoto Protocol's Clean Development Mechanism, have 

sometimes become more important than anticipated. Last, surprises occur on the economic situation 

and energy prices, which influence emissions. In particular, the 2008-2009 crisis has massively 

reduced activity in the building and public works sector, thus reducing the demand for allowances by 

industries producing construction materials. Similarly, the massive production of shale gas in the 

United States has sharply reduced the activity of coal-fired power plants and thus CO2 emissions of 

the electricity sector, making the RGGI system's emissions cap non-binding (Box 2). 

The paradox here is that over-allocation has occurred because of unforeseen events (in other words: 

because of uncertainty), whereas, as we have seen, it is precisely the uncertainty suffered by the 

public authorities (as to the costs of reducing emissions) which is the basis for the supposed 

superiority of tradable instruments over emission or technology standards! In fact, the research that 

underpins this supposed superiority, in particular the work of Dales (1968) and Montgomery (1972), is 

based on a given aggregate level of pollution, but does not take into account the fact that the choice 

of the optimal pollution level itself depends on uncertainty.  

Since then, the reaction of tradable instruments to uncertainty has been the subject of much 

academic work, starting with Weitzman's (1974) seminal article which examines the conditions under 

which a ‘price instrument’ (a tax or subsidy) is preferable to a ‘quantity instrument’ such as an ETS. All 

the work that has applied this framework to greenhouse gas emissions since Pizer (1999) has 

                                                      
1
 South Korea is an exception so far (Park and Lee, 2020), but its ETS started only in 2015, and how 

it will perform following the Covid-19 global crisis remains to be seen. 
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concluded that a tax is preferable to a tradable instrument, or that, in the case of a tradable 

instrument, it is desirable to set a floor price for allowances, thus creating a hybrid of price and 

quantity instruments (Branger et al., 2015). This is indeed the case in California, where a floor price 

exists and largely determines the value of allowances (Borenstein et al., 2019). For the time being, 

therefore, the California system functions more like a price instrument (a carbon tax) than a quantity 

instrument (an ETS). 

However, in the largest emission trading system currently functioning, the EU ETS (Bailey, 2010; 

Laing et al., 2014), the European Commission and the Member States have thus far refused to 

introduce a floor price. The reasons for this refusal are not very clear. Ideological arguments are 

sometimes put forward: the market should be allowed to set the price freely, without state intervention 

- yet it is state intervention that has created the emission allowance market in the first place. 

Sometimes a legal argument is also put forward. The argument, which is contested among legal 

experts (Flachsland et al., 2019), is that a floor price would bring the system closer to a tax, hence the 

risk that the related directives would be considered as taxation, involving decisions taken unanimously 

by Member States and not by qualified majority.  

In any case, the reform recently adopted in Europe has taken the extremely complex form of a 'price 

stability reserve' (Perino, 2018) whose capacity to stabilise prices is questioned by most of the 

research work it has generated (Fuss et al., 2018). 

 

Box 2. Empirical evidence on over-allocation of allowances 

- In the UK Emission Trading System (ETS), which remained in place from 2002 to 2006, over-

allocation was massive (Smith and Swierzbinski, 2007). 

- In the Regional Greenhouse Gas Initiative (RGGI, Narassimhan et al., 2018), which has been 

covering CO2 emissions from power plants in the north-eastern US states since 2008, emissions 

during Phase 1 (2009-2011) were 33% below the cap, a discrepancy that cannot be explained by 

abatement given the very modest allowance price (around $2 per tonne of CO2).  

- The first phase (2005-2007) of the European Union Emission Trading System (EU ETS) can 

be analysed separately from the following phases (since 2008), because the allowances from phase 1 

could not be used in the next periods. During this first phase, emissions were about 3% below 

allocations according to Buchner and Ellerman (2006), who conclude that part of this surplus is due to 
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the emission reduction driven by the carbon price, but that an over-allocation did indeed take place 

(i.e. the cap was higher than the emissions that would have occurred without the ETS). 

- In the second phase of the EU ETS (2008-2012), the emissions cap was binding in 2008 but 

the 2009 crisis led to a massive reduction in emissions. As a result, an over-allocation occurred again. 

The price did not fall to zero only because allowances can be carried over to the next periods. 

- There is increasing evidence of over-allocation in most of the Chinese pilot ETSs 

implemented since 2013 (Reklev, 2016). 

-  Concerning California, Borenstein et al. (2019) write “we find large ex ante uncertainty in 

business-as-usual emissions, and in the abatement that might result from non-market policies, 

compared to the market-based variation than could plausibly result from changes in allowance prices 

within a politically acceptable price range.” They add “Comparable analysis seems likely to reach 

similar conclusions in most cap-and-trade markets for GHGs, consistent with outcomes to date in 

such markets.” 

 

 

TRADABLE ENERGY-EFFICIENCY OBLIGATIONS 

Energy-efficiency obligations are a widespread policy tool consisting in a mandate imposed on energy 

suppliers to achieve a certain amount of energy savings, typically certified ex ante using standardized 

engineering calculations  (Rosenow and Bayer, 2017; Aldrich & Koerner, 2018). In some European 

countries, suppliers are allowed to meet a part of their obligation by purchasing ‘energy-saving 

certificates’, also called ‘white certificates’, from other firms which have generated more savings than 

their obligation. This policy tool thus falls in the category of tradable instruments. Tradable energy-

efficiency obligations have been first implemented in the United Kingdom in 2002, then in France in 

2006 and more recently in Poland (Giraudet et al., 2021).  

In France, the initially modest objective (over three years, 54 TWh cumulated and discounted over the 

investment lifetime) was gradually increased to 1600 TWh over the period 2018-2020, i.e. almost a 

thirtyfold increase, becoming the most ambitious in the world. On paper, the success is there: the 

French environment agency (Ademe, 2020, p.14) indicates that between 2011 and 2017, the system 

“allowed the installation or replacement of 580 000 individual boilers and the replacement of collective 
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heating systems for 735,000 flats; 300,000 wood heating appliances; 60,000 heat pumps, insulation 

of 78 million m², 2.1 million windows and 5.9 million A+ lamps”. 

However, there is little evidence on the proportion of these installations which would have occurred 

without the obligation (the ‘additionality’ issue). Indeed, there is a financial interest in generating 

energy-savings certificates even for investments which would have taken place without this system. 

This ‘free riding’, or more technically 'infra-marginal participation' does not necessarily generate an 

economic cost, but clearly reduces the effectiveness of the policy.  

Unfortunately, there are no econometric studies on this issue of additionality; to quote Giraudet et al. 

(2012) “the lack of publicly available data [...] makes any empirical evaluation of white certificate 

obligations challenging.”  

Using a simulation model of the energy consumption by French buildings heating systems, Giraudet 

et al. (2018) conclude that only 9% of the energy savings financed by the energy-savings certificates 

system have been additional during the third commitment period (2015-2017). This should not come 

as a surprise since in this sector, which represents the majority of energy-savings certificates, the 

value of these certificates represents only around 5% of thermal renovation costs (Giraudet et al., 

2020), less than other subsidies which can be cumulated with energy-efficiency certificates. Indeed, 

using multiple policy instruments reduces additionality (Fawcett et al., 2019). Whether additionality is 

higher for energy-savings certificates in other countries remains an open question, but unfortunately 

the same mechanism is likely to generate the same outcome. 

The literature is scarce on the impact of the tradability of certificates itself. To my knowledge, the only 

formal analysis is due to Giraudet et al. (2021) who focus on imperfectly competitive, liberalised 

energy markets. They conclude that external compliance, i.e. the possibility for suppliers to targets 

customers of other suppliers may lower cost-efficiency: every supplier has an incentive to rely mostly 

on external compliance since internal compliance (targeting its own customers) decreases its energy 

sales. However, allowing the trading of obligation mitigates this adverse effect – but this benefit 

comes at the expense of consumers, who pay a higher energy price.  
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TRADABLE RENEWABLE ENERGY QUOTAS  

Under tradable renewable energy quotas, suppliers of electricity must achieve a certain percentage of 

production from renewable sources. If they exceed this level, they can sell ‘green certificates’ to 

companies that do not reach this percentage. A market for green certificates can thus be created. 

These systems are one of the main forms of support for renewable electricity in the United States, 

where many states have implemented them under the name of Renewable Portfolio Standards 

(RPS)
2
. They also exist in South Korea and in some European countries and regions (at least in 

Sweden and Flanders; REN21 (2017, p. 205)). China is also considering using RPS instead of the 

current feed-in tariff.  

In Quirion (2015), I summarise the economic research that compares these systems to other types of 

support in place: the feed-in tariff, which fixes in advance the amount received per unit of electricity 

sold, over a period of about 20 years; and the feed-in premium, which is added to the price of 

electricity sold on the market by producers. I conclude that renewable energy quotas have no 

significant advantage, but many shortcomings compared to other types of support.  

First, they respond badly to uncertainty: if the cost of renewables is higher than expected or the cost 

of fossil fuels lower, it is justified to reduce the share of renewables, and vice versa. The quota, by 

fixing the share of renewables, does not allow this adjustment
3
. Conversely, in the case of a 

guaranteed feed-in tariff or premium, the share of renewables increases if their cost decreases, which 

is a step in the right direction (even if quantitatively, this adjustment is generally not optimal). 

Second, they generate a high differential rent: if a single target covers all renewables, the cheapest 

ones will generate a differential rent, since the price of green certificates will be set by the marginal 

energy. However, the cost differs widely between technologies; for example, large hydropower is 

generally much cheaper than biomass or marine energy and for the same technique, the location 

makes the cost vary widely (especially because of the different amount of wind or insulation and the 

distance from the electricity grid). In the case of a feed-in tariff or premium, it is easier to differentiate 

the level of support between market segments in order to reduce this differential rent. 

                                                      
2
 However, many RPS do not allow trading, so they are not tradable instruments as defined here. 

3
 However, if a government wants to commit to a minimum share of renewable electricity, this policy 

tool ensures that it will comply with this target. 
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Third, they can be affected by market power: electricity and gas markets are often dominated by a 

dominant operator (the historical monopoly) who can influence the price of green certificates to 

maximise its profit, resulting in a loss of efficiency. Thus, an operator in a seller's position on the 

green certificate market will have an interest in restricting its supply in order to raise the price of 

certificates (the classic problem of oligopoly) but also to raise the price of electricity, or even to 

exclude certain competitors ( “exclusionary manipulation”, Cf. Misiolek and Elder, 1989). 

Several empirical studies have attempted to estimate the effectiveness of various policies to support 

renewables around the world, using statistical approaches; see Carley et al (2017), García-Alvarez et 

al (2017) and the references therein. Unfortunately, it is very difficult to separate the ‘pure’ effect of 

these policies from the factors that influence both the development of renewables and the 

implementation of these same policies. Keep this caveat in mind, but most studies suggest that feed-

in tariffs (used in particular during the take-off of wind and photovoltaic in Denmark, Germany and 

China) have generally led to a greater development of renewables than renewable energy quotas. 

This is particularly the case of the econometric estimates carried out by García-Alvarez et al. (2017) 

on the development of wind power in Europe between 2000 and 2014. The authors conclude that 

feed-in tariffs have led to a statistically significant development of wind power in the countries and 

periods when they were in place, while the same result cannot be obtained for renewable energy 

quotas. Dong (2012) finds the same result, also for wind, over a panel of countries covering the period 

2005-2009. With a more descriptive method, Alagappan et al. (2011) reach the same conclusion.  

One of the reasons put forward by these authors is the fact that feed-in tariffs reduce the risk for the 

investor, thus lowering the cost of capital compared to a situation where the source of remuneration is 

the sale of green certificates in a volatile market
4
. Another, more political advantage of this risk 

reduction is that it facilitates the involvement of investors who can hardly cover the risk themselves by 

diversifying their activities, as large companies do. Thus, SMEs, local authorities and citizens' 

associations can more easily invest in a renewable energy project if they know in advance the 

purchase price of the renewable electricity they plan to sell, rather than if these projects have to be 

remunerated through the sale of green certificates, at a price that is necessarily difficult to predict. The 

                                                      
4
 However, feed-in tariffs transfer the risk to the public budget or to the electricity consumer, which is 

especially problematic in developing countries. 
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ongoing switch from feed-in-tariff to auctions and tenders in many countries has also been criticised 

for this reason (Grashof, 2019). 

 

ARE OTHER POLICIES MORE EFFECTIVE? 

Taking stock of the effectiveness of all climate policies is a huge task, which I can only outline here. 

First of all, it is clear that tradable instruments do not have a monopoly on ineffectiveness. There are 

many cases of taxes that are ineffective because they are set at a very low rate and riddled with 

exemptions. Also, many subsidies fund mostly infra-marginal investments, i.e. investments that would 

have taken place without them. Moreover, many regulations are little respected, the one on nitrogen 

oxide emissions from cars marketed in Europe being the most publicised case since the dieselgate, 

but by no means an exception.  

However, unlike tradable instruments, it is easy to cite cases of subsidies, taxes and regulations that 

have proven their effectiveness. For subsidies, the most obvious case is undoubtedly the feed-in 

tariffs for electricity from renewable sources. In Denmark and Germany, and subsequently in many 

countries and regions of the world, these systems have enabled wind and solar photovoltaic to move 

from being a niche market (presented as being of interest, at best, only in areas not connected to a 

large electricity grid) to being a key technology for producing CO2-free electricity (Nicolini and Tavoni, 

2017).  

As regards regulations, one may cite those on the efficiency of electrical appliances, which today 

cover the main electricity consumption items, from refrigerators to washing machines, and which have 

made it possible to reduce consumption massively; or the thermal regulations on new buildings, 

introduced since 1975 in France and gradually tightened, which have made it possible to halve energy 

consumption for heating between dwellings built before 1975 and those built since 2000 (Lepoittevin, 

2017, p. 52).  

Finally, taxes on CO2 emissions have proven effective in Sweden (Andersson, 2019) and Great 

Britain
5
. In Great Britain, a system called the Carbon Price Support has been in place since 2013. It is 

a tax on CO2 emissions, equal to £18/tCO2 since 2016. This tax is added to the market price of 

                                                      
5
 A caveat is that in most cases, taxes have mostly impacted operational, rather than investment 

decisions (Lilliestam et al., 2021). 
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European allowances, the sum of the two reaching £32/t CO2 on average over 2018. CO2 emissions 

from power stations have decreased by 55% since 2012 (UK, 2018), a trend not found in other 

European countries. Very few public policies have such a track record in the fight against climate 

change, certainly not those that fall under what I call here ‘tradable instruments’. 

Why are tradable instruments so rarely effective, compared to others? A possible explanation may be 

that with non-tradable instruments, even if some regulated firms face a target that they can satisfy 

without any effort, others may face tougher targets, hence have to implement mitigation measures. 

With tradable instrument, lenient targets allow concerned firms to sell tradable allowances or 

certificates, making overallocation the general case. However, more research is needed to address 

this question. 

 

CONCLUSION 

At the end of this brief overview, the assessment of the implementation of tradable instruments in the 

fight against greenhouse gas emissions is not very positive. Emission trading has suffered from over-

allocation which has undermined its effectiveness; energy-efficiency obligations seem to have mostly 

co-financed investments that would have taken place anyway; tradable renewable energy quotas 

suffer from several shortcomings compared to alternative support systems, i.e., feed-in tariffs and 

premiums.  

Who should be blamed for this relative failure? Of course, industrial lobbies have contributed to the 

inefficiency of these tradable instruments, for example by making emission ceilings less ambitious, 

but this is also the case for regulations (as we saw with dieselgate) and subsidies.  

A more specific reason seems to be that public authorities (at least in Europe) have often based their 

action and regulations on a superficial reading of the work of researchers, retaining only the 

theoretical argument of the superiority of tradable instruments over regulations - an argument which is 

certainly found in environmental economics textbooks, but which cannot summarise the mass of work 

devoted to these tradable instruments. For instance, most work on the reform of the European 

emission trading system concludes that a floor price for allowances would improve the EU ETS, but 

this proposal has not been accepted by the European Union. The ideological nature of the European 

Commission's argument is in this respect striking in its free-market fundamentalism (Branger et al., 

2015).  
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How can things be improved? Without having the naivety to think that public policies are 

systematically taken in favour of the general interest, it seems to me that two developments would 

favour a better informed debate.  

The first change would consist in writing systematic syntheses of academic work in support of public 

policies, as the IPCC does on climate or the IPBES on biodiversity, but on much more specific 

themes, those that are the subject of the public policies under discussion. On subjects such as the 

reform of the European Union Emission Trading System, or the choice of a mode of support for 

renewable energies, such syntheses could have clarified the arguments in favour of the different 

options. Admittedly, concerning other public policies, scientific production was extremely limited at the 

time of decision-making; this was the case for energy-efficiency obligations when they were 

introduced. Nevertheless, as these policies are generally reformed at regular intervals and often 

generate research as soon as they are introduced, a systematic synthesis is generally possible to 

inform these reforms. 

A second desirable development is to encourage the production of data that can be used by 

researchers and to make them available. In this respect, although notable progress has been made, 

access to data produced by public authorities remains highly heterogeneous across providers. 

Moreover, public policies rarely include provisions that would facilitate their ex-post evaluation by 

researchers, even though these would sometimes be very inexpensive. 

Such changes would lead to a greater ‘economisation’ of the environment in the sense that economic 

research would be taken into account to a greater extent, but it would not necessarily entail more - 

and potentially even less - role for markets, judging by the disappointing track record of market 

instruments in the fight against climate change so far. 

 

DATA AVAILABILITY STATEMENT 

Data sharing not applicable – no new data generated
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