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Abstract

Price-based mechanisms (PBMs) are important vehicles to reduce greenhouse gas
emissions. Examples of PBMs include carbon taxes, emission trading systems, other taxes on fossil
fuels, feed-in-tariffs and the removal of fossil fuel subsidies. PBMs are gaining momentum
worldwide and have been included in the packages of policy instruments considered by most of
Paris Agreement parties to achieve their nationally determined contributions. However, PBMs face
numerous political, financial, and technical barriers, and they have yet to be implemented at the
scale needed to achieve the emissions reduction goals of the Paris Agreement. Results-Based
Climate Finance (RBCF)— a result- or outcome- based development financing instrument
specifically designed for financing climate change mitigation and adaptation activities—could
help lower some of these barriers. This study explores potential ways in which RBCF can help
facilitate successful implementation of PBMs in developing countries.
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Price-based Mechanisms for Climate Change Mitigation and the

Role of Results-based Climate Finance

1. Introduction

The price-based mechanisms (PBMS) are defined, for the purpose of this study’ as “pricing
instruments that follow the polluter-pays principle and that change relative prices in a consistent
fashion, raising the cost of high-carbon-emitting processes or products compared to low-carbon-
emitting processes or products, thereby incentivizing emission reductions.” > PBMs include (i)
fossil fuel/carbon taxes or comparable pricing instruments such as emissions trading systems; (ii)
feebates: charges or rebates where less-emitting products are rewarded, and more emitting
products are penalized; (iii) subsidy roll-back: reform of energy, agricultural or other subsidies
that increase emissions; and (iv) policy driven changes in financial parameters: differentiated
capital requirements and/or risk weightings.

Some PBMs, particularly carbon taxes, have a long history of implementation.
Scandinavian countries (Denmark, Finland, Norway and Sweden) introduced carbon taxes in early
1990s when international negotiations on climate change just started. These countries were
followed by many economies over the last 30 years around the world. The European Union
introduced a regional emission trading system (ETS) in 2005 which is followed by several nations
and sub-national jurisdictions. At present, more than 120 economies have introduced carbon
pricing instruments, either ETS or carbon tax or both thereby covering about 22% of global
greenhouse gas (GHG) emissions (World Bank, 2021a). It is estimated that carbon pricing
initiatives around the world generated US$53 billion in revenue in 2020 (World Bank, 2021a).

Feed-in-Tariff (FiT) is one of the main PBM used to incentivize renewable energy,
particularly solar and wind power. At present, around a hundred countries around the world have

introduced some forms of FIT (REN21, 2021). Tax credits, subsidized finance, production

3 The definition of PBMs vary across studies. For example, World Bank (2021a) include regulatory policies
such as vehicle mileage standards as implicit carbon pricing and interpreted as PBMs. One can also interpret carbon
offset mechanisms, such as clean development mechanism (CDM) and joint implementation (JI), the pricing
instruments under the Kyoto Protocol are also price-based mechanisms. Indeed, they are. However, we have excluded
them because they do not have direct relationship to government policies as such.
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subsidies are also commonly used to promote renewables in many countries and are also part of
PBMs (Timilsina et al. 2012). Removal of fossil fuel subsidies is one of the key vehicles to reduce
greenhouse gas (GHG) emissions. A recent Global Subsidy Initiative (GSI) study reports that
removal of fossil fuel subsidies in 32 countries that account for 77% of global CO2 emissions

would reduce 6% of their emissions from the baseline in 2030. (Kuehl et al., 2021).

PBMs represent some of the main policy instruments included in the Nationally
Determined Contributions (NDCs) pledged by almost 200 countries under the Paris Agreement.
Various levels of government (national, provincial, municipal), global corporations, industries all
are increasingly giving attention to PBMs to reduce their GHG emissions. Thus, momentum is

building at the international level towards further scaling-up of PBMs.

However, wider introduction and implementation of PBMs face many barriers, including
political resistance and public reluctance. While there are several reasons for the political
resistance and public reluctance to carbon pricing, particularly carbon taxes, one of the main
reasons is a lack of confidence in these instruments. This is because there is no guarantee that a
carbon tax causes the demand for fossil fuels to decrease at the rate expected or estimated. Even if
there are no political obstacles, there does not exist institutional capacity to successfully implement
PBMs, particularly in the case of ETS. Usual technical barriers, such improper design of PBMs,
lack of monitoring, reporting and verification (MRV) system, inflation of baseline, potential
leakage of GHG emissions, are still present.

Result Based Climate Finance (RBCF) is a type of Results-Based Financing (RBF), a
scheme used by international financial institutions to support economic development and social
welfare activities in recipient countries. Under the RBF, a donor disburses financial resources to a
recipient ex post, based on the verified results or achievements (Kachi and Day, 2020). The World
Bank launched this concept in early 2000 through its program ‘Global Partnership for Results
Based Approaches’* and has applied it to several sectors including education, health, water and
sanitation. The main difference between the traditional financing mechanism and the RBF is that,

in the former case, the fund is provided upfront (ex-ante) or before or during the implementation

4 https://www.gprba.org/index.php/who-we-are
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of the project activities, whereas, in the latter case, it is disbursed ex-post or after the completion
of project activities. Under the RBF, the delivery risk of the project is transferred from donors to
recipients. RBCF is an RBF dedicated to climate change mitigation and adaptation activities.
Mostly mitigation activities have been supported by RBCF to date. The RBCF has been utilized
to finance range of climate change mitigation project activities such as REDD+, renewable energy,

energy efficiency improvement, rural electrification, and clean cooking (World Bank, 2017).

The primary objective of this paper is to qualitatively explore the potential role of
RBCEF to facilitate introduction and successful implementation of PBMs, which are part of NDCs
submitted by most of the parties to the Paris Climate Agreement. The paper, first, briefly presents
current status of PBMs around the globe, particularly focusing on developing countries (Section
2), followed by a synthesis of evidence on PBMSs’ contribution to GHG mitigation drawn from
empirical literature (Section 3). It then elaborates the key challenges or barriers faced by the PBMs
(Section 4) followed by discussions on the potential role of RBCF to reduce these barriers and

promote the scaling-up of PBMs (Section 5). Finally, it draws key conclusions.

2. Existing PBMs Around the World

Almost every country has introduced some forms of PBMs. Currently, 26 countries have
introduced carbon tax and another five sub-national jurisdictions (states, provinces) have also
introduced carbon tax (World Bank, 2021). There are 28 ETS programs operational at various
levels, of which one at the international or cross-country level (EU ETS), seven are national level
(China, New Zealand, Switzerland, Kazakhstan, Republic of Korea, Canada and Germany), nine
provincial or state level (Alberta, British Colombia, New Brunswick, Newfoundland and Labrador,
Nova Scotia, Quebec and Saskatchewan in Canada: Massachusetts and California in the US), one
cross-state level (RGGI in the US) and 10 at city level (Tokyo and Saitama in Japan; Beijing,
Guangdong, Shanghai, Shenzhen, Tianjin, Chongqging, Hubei and Fujian in China) (World Bank,
2021). More than 110 countries have introduced FiT schemes to promote renewables (REN, 2021)
A large number of countries (28) have undergone significant reforms in their fossil fuel subsidies
(Table 1 and its Footnote). Most countries around the world have different type of taxes on fuels
(e.g., excise taxes, VAT, environmental levy, road maintenance surcharge). These taxes increase
end-use prices of fuels. They can, therefore, be interpreted as indirect taxes to reduce CO:

emissions. However, these taxes might be there anyway for other purposes, particularly to generate
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government revenues. For the purpose of this study, we interpreted any increase in weighted
average® after tax fossil fuel prices in each year between 2010 and 2019 as compared to 2010 as
indirect carbon taxes for the given year.® However, we find that only a few countries (see ‘Fuel
price rise’ column in Table 1) have higher fuel prices in 2019 as compared to that in 2010. In this

section, we briefly present these PBMs. Table 1 presents the countries with various PBMs.
Table 1: Countries with various PBMs at some level of jurisdiction (as of 2020)

(a) Developing countries (including Non-OECD high income countries as relevant)

Fossil subsidy
Country Carbon tax ETS FiT reduction Fuel price rise

Algeria \ \ n.a.
Argentina \ \ \ n.a.
Chile \ N

China \ \ \

Egypt N N n.a.
Indonesia \ \ n.a.
Iran N N n.a.
Kazakhstan \ \ n.a. n.a.
Malaysia \ \ n.a.
Mexico v \ n.a.
Nigeria \ n.a.
Pakistan \ \ n.a.
Russia \ \

Saudi Arabia \

South Africa v \ n.a. n.a.
Thailand N \ n.a.
Ukraine v \ \ n.a.
Uzbekistan \ \ n.a.
Viet Nam \ \

(b) Developed countries (including all EU member states)

Subsidy Fuel price
Country Carbon Tax ETS FiT reduction rise
Australia \ \
Austria \ \
Bulgaria \ \ n.a. n.a.

5> Weighted by fuel consumption (measured tons of oil equivalent) in various sectors.

® The selection of 2019 is based on the fact that fuel demand and prices were distorted due to COVID-19.
Moreover, 2020 data are not available for all counties included in Table 1. The selection of 2010 is based on the fact
that PBM, particularly carbon tax and ETS, are getting attention more recently. Hardly, any developing countries and
only a few industrialized economies have adopted carbon pricing before 2010.
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Countries with less than two PBMs are not included here to keep the table shorter. Other
countries with carbon tax are Colombia, Iceland and Singapore. EU has an emission trading system
but not included in the list of country as it is a region. Other countries with FiT are Albania,
Andorra, Belarus, Bosnia and Herzegovina, Costa Rica, Ecuador, India, Israel, Jordan, North
Macedonia, Maldives, Montenegro, Panama, Peru, Serbia, Tanzania, Turkey and Uruguay. Other
countries that went through fossil fuel subsidy reduction are Bahrain, Bangladesh, Bolivia, Bruneli
Darussalam, EI Salvador, Gabon, Ghana, Irag, Kuwait, Qatar, Turkmenistan and United Arab

Emirates.

The policies are implemented either at the national level or sub-national level. The empty
cell under column “Carbon tax”, “ETS” and “FiT” and “Subsidy reduction” refers to that these
policies are not introduced in the corresponding countries. Empty cell under column “Fossil fuel

rise” refers to a drop in weighted average, tax inclusive fossil fuel prices. “n.a.” refers to data not



available. A country is assumed to undergo fossil fuel subsidy reduction during 2010-2019 if its
fossil fuel subsidy rate (fossil fuel subsidy per unit of energy supply) in each year between 2010
and 2019 is lower than that in 2010. A country is assumed to have increased fossil fuel prices if
weighted average, tax inclusive fossil fuel prices are higher in 2019 compared to that in 2010.
There might be more countries where subsidy removal and fuel price rise might have occurred but

are absent here due to lack of data.
2.1 Carbon Tax

Figure 1a and 1b presents carbon taxes introduced at national and sub-national levels,
respectively. Countries from the Nordic region (Denmark, Finland, Norway, and Sweden) and
Poland have implemented carbon taxes in the early 1990s. Some Latin American countries (Chile,
Colombia, and Argentina), Canada, Singapore, Luxembourg, and Netherlands have implemented
carbon taxes in recent years, after Paris Agreement. In recent years, several countries have
increased their carbon tax rates and adopted more ambitious trajectories showing their
commitment to PBMs. For example, Latvia, Canada, and Ireland, have increased their carbon
taxes dramatically in recent years. Between 2019 and 2021, carbon tax rate increased by three-

folds in Latvia and doubled in Canada and Ireland (see Table 2a).

Despite the increasing interest on carbon taxes globally, only a few countries have carbon
taxes higher than USD 50/tCO2e in 2021, a minimum price that is suggested to meet the goals of
Paris Agreement. They are Sweden (USD 137.2/tCO2e), Liechtenstein (USD 101.5/tCQO2e),
Switzerland (USD 101.5/tCO2e), Finland (USD 72.8/tCO2e), Norway (USD 69.3/tCO2e) and
France (USD 52.4/tCO2e). These six countries combined cover only 0.6% of the global GHG
emissions. Likewise, at the subnational level, the Mexican state of Tamaulipas recently passed
legislation enacting a carbon tax starting in 2021, an equivalent to USD 12.23/tCO2e to fixed
sources and facilities that emit more than 25 tCO2e of emissions monthly.

One attractive feature of carbon taxes is that they generate revenues that can be used for
other GHG emissions mitigation or adaptation and lessen other social concerns such as softening
distributional impacts and supporting poverty alleviation. In 2020, carbon taxes globally generated
about half of the total revenue (USD 53 billion) generated by all carbon pricing instruments (World
Bank, 2021). In 2020, the top six countries that have carbon taxes higher than USD 50/tCO2e have



combined generated about two-thirds of the total carbon taxes revenue (USD 26 billion). Among
these six countries, France alone generated about 40% (USD 9.6 billion) of the total national level

revenues from carbon taxes in 2020.
Figure 1: Carbon taxes implemented at national and subnational levels (USD/tCO2e)

@) Developing countries (including Non-OECD high income countries as relevant)
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Source: World Bank (2021)
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A wide range of countries and subnational governments continue to move toward carbon
pricing, in particular adopting ETSs (Table 2). For example, in the EU, allowance prices have hit
all-time highs, close to USD 50/tCO2e in 2021. Prices are also increasing in countries like Canada,
Germany, New Zealand and Ireland. Despite reduced economic activity because of COVID-19
pandemic, there is a significant increase by 6 percentage points in global GHG emissions covered
by CPIs from 2020 to 2021, largely due to the launch of China’s national ETS. China’s national
ETS launched in February 2021, becoming the world’s largest carbon market. In 2021, Germany’s
national fuel ETS also came into operation, covering all fuel emissions not regulated under the EU

ETS — around 40% of national GHG emissions.

As a result of the increase in allowance prices of ETSs, particularly EU ETS, revenues
generated also have increased. In 2020, ETSs generated USD 26 billion in revenues globally,
which is about half of the total revenues generated by all carbon pricing instruments. In 2020,
almost 87% of the total revenues generated by ETS came from the regional EU ETS schemes. At
the subnational level, California’s ETSs generated the most revenues and at the national level,

South Korea generated the highest revenues from ETSs.
Table 2: Prices in implemented ETS at national, subnational, and regional levels (USD/tCO2e)

(a) Developing economies

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Beijing 5 2 0 6 4 0.4 34 3
Guangdong 0.1 5 3 9 3 9 1 7
SHEEIEL 4 7 3 7 2 1 0 3
Shenzhen 6 3.0 0 6 5 7 6 5 1
Tianjin® 7 2 2 3 4 1 8 8
Chongging 0 9 2 2 8 6 7 7
Hubei 4 2 1 8 3 1 7 4
Fujian 3 2 5 8 2

The ETS in all these cities were implemented as a pilot.
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(b) Developed economies

10

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
New Zealand 24 |54 |8 |7 |7 |9 |30 |35 |52 |75 |25 |58
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2.3 Reduction of fossil fuel subsidies and increased fossil fuel prices

The reduction or removal of fossil fuel subsidies has remained one of the key energy policy
issues over the last two decades. Many countries have undergone reforms of fossil fuel subsidies.
However, measuring the reduction of fossil fuels subsidies is complex. For a given period, if the
absolute values of subsidies (US$) are decreasing and the amounts of fossil energy consumption
are not decreasing, there would be a net reduction of fossil fuel subsidies. Even if absolute values
of subsidies are increasing, they can still be decreasing if the growth of subsidies is smaller than
the growth of fossil fuel consumptions. Therefore, the subsidy rate defined as subsidy values (US$)
divided by fossil fuel consumption, which is measured in terms of energy unit (tons of oil
equivalent or TOE) would be the right indicator to determine the reduction of fossil fuel subsidies
over time. Figure 2 presents fossil fuel subsidy rates (US$/TOE) between 2010 and 2019 and also
the percentage change in the subsidy rates between these two years. A country is assumed to reduce
fossil fuel subsidy if its subsidy to fossil fuels per unit of energy supply decreases during the period.

Based on the data compiled by the IEA (IEA, 2022), in 2010, there were 13 countries with
the highest level of fossil fuels subsidies per unit of fossil fuel consumption (> US$200/TOE): El
Salvador, Libya, Iran, Bangladesh, Saudi Arabia, Turkmenistan, Ecuador, Irag, Bolivia, UAE,
Egypt, Algeria and Uzbekistan. The first three countries, El Salvador, Libya and Iran had fossil
fuel subsidies exceeding US$500/TOE. By 2019, there were only three countries with fossil fuel
subsidy rate exceeding US$200/TOE (Libya, Iran, Venezuela). Countries, which went through the
highest reductions of fossil fuel subsidies during the 2010-2019 period are Viet Nam (95.5%),
Thailand (93.6%), Qatar (92.4%), Pakistan (84.4%), Bangladesh (83.7%), Mexico (82.1%), El
Salvador (80.3%), Malaysia (73.1%) and Bolivia (71.8%). Some countries, however,
experienced an increase in their fossil fuel subsidy rates during the 2010-2019 period. These
countries are Trinidad & Tobago, India, Kazakhstan, Oman, Venezuela, Azerbaijan, Republic of

Korea and Colombia.
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Figure 2. Fossil fuel subsidy rates in 2010 and 2019 (US$/TOE) and percentage change during the period (%)
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Any other taxes on fossil fuels can also be interpreted as PBM because they increase
fossil fuels prices and cause their demand to drop, thereby reducing CO2 emissions.
However, since these taxes are introduced anyway for raising government revenues or for
some particular purposes, such as the building of roads and bridges and their maintenance,
one would argue that they do not cause additional CO> reduction as compared to the level
they would occur anuway. Moreover, fuel prices in individual countries follow world
energy prices, particularly oil prices, which are influenced by market factors (i.e., supply-
demand) and non-market factors (political events, wars, and internal conflicts in energy-
exporting countries). Since world oil price often takes a cyclic path, an increase in fuel tax
in a year does not necessarily increase its price if its price is significantly lower than the
previous year. Moreover, getting fuel taxes and price information for developing countries
is challenging. While fossil fuel prices and taxes information is available from IEA for
selected developed countries, no such information is available for most developing
countries. Nevertheless, Figure 3 presents the change in weighted average fossil fuel prices
during the 2010-2019 period in countries for which data are available.

If the weighted average prices of fossil fuels (including taxes) in 2019 are compared
to those in 2010, mixed results are found. Some countries, such as Australia, Austria,
Estonia, Finland, Republic of Korea, New Zealand, Poland, Spain, United Kingdom and
United States experienced an increase in weighted average fossil fuel price. The rest of the
countries experience a decline. Several factors might have influenced the trends. The mix
of fossil fuels are different across countries. The weighted average price would be
significantly different if the mix is different even if prices of individual fuels are the same
or close. The number of fossil fuels taxes and their rates are different across the countries.
The tax types and rates also vary across sectors in a given country. Moreover, the change
presented here is between the year 2019 and 2010. The weighted average prices have cyclic
trends during the period, meaning that the weighted average prices in the years between

2010 and 2019 could be higher or lower than those in these terminal years.
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Figure 3. Changes in weighted average prices of fossil fuels between 2010 and 2019 (%)
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2.4 Renewable energy subsidies

Feed-in-Tariff (FiT) is the main PBM to reduce GHG by substituting fossil fuels

with renewable energy. Use of FiTs started in the late 1990s. Not only developed
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economies but also many developing economies have introduced FiT to promote renewable
energy. More than 100 economies have introduced FiT to date (REN, 2021). The rates of
FiT are different across (a) countries and (b) types of renewable energy technologies (e.g.,
solar PV, solar thermal, onshore wind, off-shore wind, small hydro, geothermal). Figure 4
presents average FiT rates (simple average across the renewable technologies) in different
countries, for which data are available, in different years. The larger developing economies,
such as Brazil, China and India introduced FiT before 2005. Others joined later. By 2010,
most developing economies which have FiT today had already introduced FiT. The
majority of the developing countries that have introduced FiT have rates below 15 US
Cents per kWh throughout the period since they introduced it. In the case of developed
economies, most of them introduced FiT by 2005. Their FiT rates are relatively higher as
compared to that of developing economies, more than 20 US Cents per kwWh. Since the
costs of renewable energy technologies are declining and they are displaying more and
more cost competitiveness with conventional sources of energy, FiT rates are declining in

recent years.
Figure 4. Feed-in-Tariff for renewables in selected countries (US Cents/kWh)

@ Average FiT for renewables in developing countries including high-income
countries (US Cents/kWh)
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b) Average feed-in-tariff for renewables in developed countries, including EU member
states (US Cents/kWh)
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3. Empirical Evidence PBM Effectiveness on Reducing GHG Emissions

As discussed in the preceding section some forms of PBMs are in place in most of the
countries around the world, and for many years in some countries. The question here is — have
these PBMs actually reduced GHG emissions? This question is critical because PBMs in theory
are expected to reduce emissions. However, the realities where the PBMs have been implemented
are not necessarily the same as assumed in theory. The only way to answer this question is ex-post
assessment of PBMs getting data from the field. In this section, we present results from empirical
studies, that examine the contribution of PBMs in reducing GHG emissions in various economies
or groups of economies, economic sectors and production firms. The evidence are presented by

type of PBMs — carbon tax, ETS, FiT, subsidy removals and fuel taxation.
3.1 Effectiveness of carbon pricing

Several studies examine the effectiveness of a carbon pricing including carbon tax and cap-
and-trade to reduce CO2 emissions.
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Best et al. (2020) estimate the effectiveness of carbon pricing at reducing national CO>
emissions using panel data from 142 countries over a period of two decades. They find that the
average annual growth rate of CO2 emissions has been around 2 percentage points lower in
countries with a carbon pricing system compared to countries without. They estimate that an
additional euro per ton of CO; in carbon price is associated with a reduction in the subsequent
annual emissions growth rate of approximately 0.3 percentage points, all else equal. Aydin and
Omer (2018) examine the relationship between environmental taxes and CO, emissions using data
from 15 EU member states for the 1995-2013 period. They find that the carbon taxes in EU
countries have reduced EU emissions by 2.2% during the study period (1995-2013).

Green (2021) presents a meta-review of empirical studies published since 1990 on the
impacts carbon pricing on CO2 emissions. It finds that the majority of studies show CO> emissions
reductions in the range of 0% and 2% per year. Although he interprets these impacts to be
disappointingly modest, in actuality the policies seem to be doing what they were designed to do.
For example, the finding that the EU-ETS caused 0% to 1.5% CO; reduction per year is in line
with annual cap reductions defined by the ETS, as well as limited coverage of sectors. Similarly,
the levels of carbon taxes in practice have not been enough to cause a large or sudden reductions

of CO. emissions. However, steady progress can accumulate over time.
3.2 Effectiveness of carbon tax on reducing CO2 emissions

Several studies investigate the effectiveness of a carbon tax on emission reductions.
Examples are presented in Table 3. The carbon tax in the Canadian province of British Colombia,
perhaps, is most studied one. British Columbia introduced a carbon tax in 2008 with the rate of
CNS$10/tCOs. It increased by CN$5/tCO; each year and reached CN30/tCO; by 2012 (Beck et al.
2015). By 2020, the rate of British Colombia carbon tax stands at CN$40/tCO,’. Murray and
Rivers (2015) reviews many studies that investigate the impacts of British Colombia’s carbon tax
and reports that the carbon tax reduced provincial CO. emissions by 5-15% during the 2008-2012
period. Using a static, multi-sector, multi-region, multi-household CGE model of the Canadian
economy, Beck et al. (2015) finds that the CN$30/tCO. carbon tax reduced 9.22% when tax

7 https://www.bennettjones.com/Blogs-Section/BC-Carbon-Tax-Increase-Delayed-Further-Due-to-COVID-
19
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revenues are not recycled. If the tax revenue is recycled to households; the percentage reduction
drops slightly to 9.14% due to the rebound effect. Comparing with other provinces for the same
period (2008-2012), Elgie and McClay (2013) observe that British Columbia reduced its CO>
emissions through the carbon tax introduced in 2008. Contrary to these studies, Bumpus (2015)
finds that firms in British Colombia experience difficulty in switching to low-carbon fuels and

suggests complementary policies for climate change mitigation.

Employing a quasi-experiment technique in Sweden to investigate the impacts of a carbon
tax on CO. emissions and study, Andersson (2019) find a significant causal effect of carbon taxes
on emissions. For example, the carbon tax alone reduced transport sector CO2 emissions by 11%
percent relative to a synthetic control unit constructed from a comparable group of OECD
countries. It also shows that the carbon tax elasticity of demand for gasoline is three times larger
than the price elasticity. This finding is, however in sharp contrast with those in Lin and Li (2011),
who analyze CO; intensity in Scandinavian countries where the carbon tax has been introduced
since the early 1990s using a difference-in-difference (DID) study design. While the carbon tax is
playing a significant role in reducing CO2 emissions in Finland, the impacts of carbon taxes are
not significant in the remaining three countries (Denmark, Norway and Sweden). Floros and
Vlachou (2008) examine the response of manufacturing industries (two-digit level of international
standards for industrial classification) to a carbon tax in Greece by employing the two-stage
Translog cost function to time series data during the 1982-1998 period. They find that the carbon
tax reduces CO2 emissions in manufacturing industries in Greece, in part by reducing demand and
in part by causing substitution of petroleum fuels with electricity and substitution of energy with
capital. Martin et al. (2014) finds a strong negative impact of a carbon tax on energy intensity and
electricity use in manufacturing firms in the UK. Aghion et el. (2016) investigate, using patent
data from 3,412 automobile firms and individuals between 1965 and 2005 across 80 patent offices,
the mechanism through which a carbon tax helps reduce CO2 emissions in the long run. They find
that clean innovation is stimulated by increases in fuel prices whereas dirty innovation is
depressed. They also show strong path dependency, which locks economies into high levels of
carbon emissions, even after the introduction of a mild carbon tax or R&D subsidies for clean
technologies. Hajek et al. (2019) investigate the CO, mitigation effects of carbon tax pulling
together data from Sweden, Finland, Denmark, Ireland and Slovenia. They find that if the carbon

tax rate is raised by 1€/tCO, it reduces per capita GHG emissions by 11.58 kg.
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Table 3. Examples of studies on the effectiveness of carbon tax in reducing CO2 emissions

Study

Methodology

Key findings

Andersson (2019)

Sweden’s carbon tax
introduced in 1991 on
transport sector CO;
emissions

Quasi-experimental techniques
using DiD and synthetic control
on 30 years (1960-1990) of
pretreatment data and 16 years
(1991-2005) of posttreatment
data from 30 OECD countries

11 percent reduction of transport sector CO;
emissions relative to a synthetic control unit
constructed from a comparable group of OECD
countries. The carbon tax elasticity of demand for
gasoline is three times larger than the price elasticity

Hajek et al. (2019)

Selected EU countries

Regression model applied on
pooled data from Sweden,
Finland, Denmark, Ireland and
Slovenia.

An increase in carbon tax rate by 1€/tCO; reduces per
capita GHG emissions by 11.58 kg.

Chakir et a. (2017)

AFOLU emissions in
France

Reduced-form, random-effect
spatial error models to estimate
emissions from nitrogen use,
manure management, enteric
fermentation during the 1990—
2007 period, and land use, land-
use change and forestry for the
1992-2003 period.

Significant impacts of prices on emission although the
magnitudes vary across emission types; the effects are
more significant when emissions are analyzed
separately than aggregated; spatial dimension plays
an important role on the emissions

Aghion et el. (2016)

Combination of production
function and  econometric
models applied on patent data
from 3,412 automobile firms
and individuals between 1965
and 2005 across 80 patent
offices

Higher fuel prices induce technical change away from
dirty innovation; a firm’s propensity to innovate in
clean technologies is influenced by its own past
history implying a path dependency on technical
change; firm’s direction of innovation is affected by
local knowledge spillovers.

Murray and Rivers
(2015)

British Columbia’s
carbon tax introduced
in 2008

Review of studies on the
impacts of carbon tax on CO;
emissions in BC, Canada

The carbon tax which was introduced at the rate of
CN$10/tCO2 in 2008 and increased to CN$30/tCO- in
2012 reduced emissions in the province by 5-15%
from the hypothetical situation in the absence of the
carbon tax

Beck et al. (2015)

British Columbia’s
carbon tax introduced
in 2008

Static,  multi-sector,  multi-
region, multi-household CGE
model of the Canadian economy

The CN$30/tCO, carbon tax reduced more the 9% of
CO, reduction from the hypothetical situation in the
absence of the carbon tax

Martin et al. (2014)

Effects of climate
change levy (CCL) and
voluntary climate
change agreement
(CCA) introduced in
2001 on CO, emissions
from  manufacturing
industries in UK

Different econometric
techniques (39 separate
regressions) applied on panel
data from Annual Respondents
Database (ARD) maintained by
the Office for National Statistics
(ONS) for 1993-2004 period

Robust evidence that the pricing instruments under
CCL scheme cause a larger reduction in energy
intensity and electricity use than the energy efficiency
or consumption targets agreed under the CCA.
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Lin and Li (2011) Difference-in-difference Carbon tax is significantly reducing CO emissions in
technique with sample panel | Finland, however its impacts are not significant in
data from 17 EU countries and | Denmark, Norway and Sweden

Norway for 1981- 2008 period.

Effects of carbon tax
on CO; intensities in
Scandinavian countries

Floros and Vlachou | Two-stage translog cost | A tax of $50 per ton of carbon could reduce CO;
(2008) function, that estimates the | emissions at the range between 11.4% and 26.5%
relationship of economic output | from 1998 level with highest level of reduction in
with capital, labor and energy | textiles, non-metallic minerals, basic metal industries
using time series data from 22 | and pulp and paper industries

two-digit manufacturing sectors
over the period 1982-1998

Manufacturing sector,
Greece

The impacts of pricing policies on emission reductions are also conducted on emissions
from sources other than fossil fuel combustion. Chakir et al. (2017) investigates the effects of input
and output prices on GHG emissions from agriculture, land-use and forestry (AFOLU) sector in
France. They apply structured econometric models that allow to control for both individual
heterogeneity and spatial correlation (i.e., random effects model for individual heterogeneity and
a spatial error model for spatial correlation) on N.O emissions from the use of synthetic fertilizers,
CH4 emissions from enteric fermentation, N2O and CH4 emissions from manure management and
CO- emissions from land-use change and forestry during the 1990-2007 period. They find that
prices affect both the level and spatial distribution of emissions. The effects are more significant
for individual emission categories than for aggregated emissions from AFOLU, with a stronger
price effect on N2O emissions from synthetic fertilizer use than on emissions from other

agricultural sources.
3.3 Effectiveness of ETS in reducing GHG emissions

Another important type of carbon pricing is, of course, a cap-and-trade system. The best-
studied cap-and-trade system is the EU Emissions Trading System, which covers a total of 31
countries (the EU plus Norway, Iceland and Liechtenstein), some 14,000 power stations and

industrial installations, and about 40% of the total greenhouse gas emissions in the EU (Table 4).

Bayer and Aklin (2020) examines the CO2 mitigation impact of EU ETS between 2008 and
2016 and finds that the program has reduced EU emissions by 3.8% between 2008 and 2016
despite the fact that carbon price rate during the period was relatively low. Based on existing
empirical studies (e.g., Herold, 2007; Ellerman et al. 2010; Anderson and DiMaria, 2011) and
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using different level of measurements (e.g., aggregate level, sectoral level), Marin et al. (2016)
reports that EU ETS has caused 2.4% to 4.7% during the first phase (2005-2007). During the
second phase (2008-2009), Egenhofer et al. (2011) estimates that EU ETS reduced the overall
emission intensity by 3.35%, on average. Using a panel data with all German manufacturing plants
having more than 20 employees, Petrick and Wagner (2014) finds that German firms participating
in EU ETS reduced their emissions by 26% compared to nonparticipating firms. Wagner et al.
(2013) finds 16% reduction in CO2 emission in French manufacturing firms participating in EU
ETS program. On the other hand, Jaraité and Di Maria (2016) show, using a panel dataset of about
5,000 Lithuanian firms between 2003 and 2010, that the change in CO2 emissions from the firms
controlled by the EUETS are not significantly different from those not controlled by EUETS.

In Japan, the Tokyo metropolitan government introduced an ETS in 2010 to provide a
flexibility in achieving its 25% emission reduction in office buildings in 2020 from the 2000 level.
A few studies investigate its effectiveness to reduce CO; emissions (Roppongi et al. 2015; Arimura
and Abe, 2021). Applying three separate econometric techniques on 1200 office building samples,
Arimura and Abe (2021) find that more than half (6.9%) of total CO> reduction (13.3%) in Tokyo’s
office buildings during 2010-2013 is caused by the ETS. The other half (6.4%) of reduction is
caused by electricity price increase due to Fukushima nuclear disaster in 2011.

The Regional Greenhouse Gas Initiative (RGGI) introduced in 2009 in the northeastern
United States is one of main ETS introduced in the U.S. to reduce power sector CO, emissions in
the region. Some existing studies investigate the effectiveness of this scheme to reduce CO;
emissions. Using an econometric technique on panel data, Murray and Maniloff (2015) quantify
the role of a range of policy, market, and environmental factors contributing to the emissions
reduction in the RGGI region. Among the several factors examined, the ETS is found to be the
largest contributor to power sector emission reduction in the RGGI region. It reduced power sector
CO2 emissions by 19%, which amounted to half of the region’s total CO> reductions from the
power sector during the 2009-2012 period. The remaining reduction of 21% was found to be

caused by economic recession, drop in natural gas prices and renewable portfolio standards.

Table 4. Examples of studies on the effectiveness of ETS in reducing CO2 emissions

Study Methodology Key findings

22



EU ETS for 2008-2016
period

Arimura and  Abe | Three econometric | An ETS with implicit carbon price of US$50/tCO; reduces
(2021) techniques on facility level | 6.9% CO, emissions during 2010-2013 period. An 13%
Tokvo emission data collected from 1200 | increase in electricity price due to the 2011 Fukushima
tradi);g scheme office building samples in | nuclear disaster caused 6.4% of CO; reduction.
introduced in 2010 Tokyo

Bayer and  Aklin | Synthetic control | EU ETS reduced EU emissions by 3.8% between 2008 and
(2020) econometric technique 2016 at a relatively low carbon (permit) price

Marin et al. (2016)
EUETS

Literature review

EU ETS has caused 2.4% to 4.7% during the first phase
(2005-2007).

Jaraité and Di Maria
(2016)

EUETS on Lithuania

Econometric techniques on
panel data from 5000 firms
between 2003 and 2010

No significant change in CO, emissions in firms controlled
by the EUETS as compared to those not controlled by
EUETS

Murray and Maniloff
(2015)

RGGI in Northeastern
United States

Econometric techniques on
panel data from 48 US
states including the
participants of the RGGI
program

ETS reduced 19% power sector CO2 emissions during
2009-2012 period which was almost half of the total CO,
reduction caused by various factors in the RGGI region
(ETS, economic recession, drop in natural gas prices and
renewable portfolio standards).

3.4 Effectiveness of FiT in reducing GHG emissions

Existing studies do not necessarily examine the direct impacts of FiT on CO> reduction,
instead, they examine if the FiT help promote renewables. However, even if renewables are
promoted, it does not guarantee that power sector emissions decrease. The reduction of CO>
emissions depends on the size of renewables promoted and the power supply mix of a country. In
a power system with pre-dominant non-fossil fuel-based generation (e.g., hydro, nuclear),
increased renewables may not reduce CO emissions. Existing literature does not settle if FiT
promotes renewables. While earlier studies (e.g., Jenner et al., 2013) did not find a role of FiT on
the development of renewables, recent studies find a strong role (Hitaj and Ld&schel, 2019;
Dijkgraaf et al., 2018). Based on the observations from the fields one could argue that FiT might
have worked earlier when renewables were expensive as FiT incentivized and attracted the
investors. However, as the cost of renewables started to significantly drop and even became
cheaper on levelized costs of electricity generation (Timilsina, 2022), countries started to reduce
FiT if not completely eliminated it.
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Table 5 presents a few examples of studies examining the climate change mitigation
impacts of FiT. Jenner et al. (2013) investigates the effectiveness of FiT to promote solar PV and
onshore wind in 26 EU member states during the 1992—2008 period. They develop an indicator
capturing level of FiT, variability in tariff size, contract duration, digression rate and electricity
price and production cost, and regress this indicator on added renewable capacity using a fixed
effects specification. They do not find a robust influence of FiT on wind power development,
instead they show that the interaction of policy design, electricity price and electricity production
cost influences more on the development of renewables than the FiT policy design alone.

Hitaj and Loschel (2019) investigates the impacts of FiT on the expansion of wind power
in Germany over time and across the space using an econometric technique on panel data for 1996—
2010 period. They find a significantly positive effect of FiT on wind power development in the
country. They find that one cent Euro increase in the initial FIT rate would cause an addition of
765 MW wind power capacity, on average, annually during 1996-2010 and 1055 MW during
2000-2010. They also find that the reduction of CO- and local air pollutants due to wind power

specific FIT would be 4% greater than the equivalent uniform FiT for all renewables.

Dijkgraaf et al. (2018) analyzes the impact of FIT policies in developing solar PV in OECD
countries during the 1990-2011 period. Using panel data from 30 OECD countries, it finds a
relationship stronger than reported in the earlier literature, between the FiT and expansion of solar
PV capacity. It finds that a FIT can increase, on average, 5.5 Wp per capita installed capacity of
solar PV. The maximum effect, which is 7 times higher than the average effect, occur when FiT
rate is high and contract duration is long. Consistency is especially important when tariffs are low.
If the FiT policy is overlapped with other pricing policies, such as ETS, the effects of FiT decrease.
The study also reports that the FiT policies do not have significant impacts on CO2 emissions. This
is not surprising though because the share of solar in OECD is still too small to make any

significant substitution of fossil fuel-based electricity generation.

Table 5. Examples of studies on the effectiveness of FiT in reducing CO2 emissions

Study Methodology Key findings

Du and Takeuchi (2020) Spatial regression Regional differentiation of FiT mitigates the
discontinuity design on panel | uneven regional distribution of wind power and
data from 71 counties of
Inner Mongolia, Shanxi, and
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Differential impacts of FiT
spatial allocation of
renewable production

Shaanxi for 2009 - 2016
period

solar power generation, and also reduce the
overproduction in resource rich provinces

Hitaj and Ldschel (2019)

Impacts on wind power in
Germany

Regression analysis on the
relationship between the FiT
level and wind-power
capacity addition using panel
data for the 1996-2010
period

One cent Euro increase in FIT causes 765 — 1055
MW wind power capacity addition; Wind power
specific FIT would cause higher reduction of CO;
than the equivalent uniform FiT for all
renewables

Dijkgraaf et al. (2018)

Impacts on the development
of solar PV in OECD
countries

Panel data estimations are
employed for 30 OECD
member countries in the
period 1990-2011.

A positive effect, stronger than reported in the
literature, on per capita solar PV capacity
addition. No significant effect on CO emissions.

Jenner et al. (2013)

Fixed effect regression on

No robust evidence that FiT promotes renewables

panel data for the 1992—-2008

Impacts on renewables in 26 period

EU member states

Du and Takeuchi (2020) analyze the effectiveness of regionally differentiated FiT for the
development of renewable energy in China. Using spatial regression discontinuity design on panel
data from 71 counties of Inner Mongolia, Shanxi, and Shaanxi for 2009 - 2016 period, they regress
regionally differentiated FITs and indicators of wind and solar power generation, such as
utilization rate, installed capacity, power generation, and hours of operation. They find that the
regional differentiation of FiT mitigates the uneven regional distribution of both the wind power
and solar power industries in China. It also reduces the overproduction in wind-rich yet remote

regions, by improving the utilization rate of wind turbines in resource-poor regions.
3.5 Fossil fuel subsidy removals, fossil fuel price changes and GHG reduction

Removal of a fossil fuel subsidy is equivalent to adding a new tax or increasing an existing
tax on it. Like any other taxes due on fuels, removal of subsidies on fossil fuels increases the price
of fuels. Depending on the price elasticity, fuel demand decreases, and associated emissions drop.
There are several modeling studies estimating the size of emission reduction due to removal of
fossil fuel subsidies under different scenarios. However, we are not looking for ex-ante economic
modeling results which might be influenced by model assumptions and parameter values. Instead,
we are looking for evidence reported by ex-post empirical studies based on observed data.
Unfortunately, empirical studies that examine the relationship between removal of fossil fuel

subsidies and reduction of GHG emissions are rare.
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Since there is a direct relationship between fossil fuel combustion and CO2 emissions,
reduction in fossil fuel demands caused by any tax, such as fuel tax or gasoline tax also reduces
CO:2 emissions. However, since these taxes are introduced for other purposes, particularly to
generate government revenues and they are implemented anyway, they may not be interpreted as
carbon taxes. Yet, one could argue that some countries impose higher taxes on fuels than others,
which cause lower their GHG emissions. The CO2 emission effect of fuel taxes depend on their
price elasticities. Figure 2 in the next section present price elasticities of gasoline and diesel in
several countries. As can be seen in these figures, countries such as Republic of Korea, Austria,
Oman, Bahrain, Guatemala, Canada have price elasticity of gasoline, in absolute value®, higher
than 0.5. Gasoline is more price elastic in these countries. Whereas the absolute values of price
elasticities of gasoline are lower than 0.1in Bangladesh, Cote d’Ivoire, Iraq, Kuwait, Libya, Saudi
Arabia, Qatar, Argentina and Colombia. In these countries, gasoline is less price elastic. A gasoline
tax reduces higher level of CO. emissions in countries where gasoline demand is more price elastic
than in countries where gasoline demand is less price elastic. The same interpretation is applicable

to other fuels.
3.6 Insights from other approaches

The results from the empirical studies have helped us understand the role of PBMs in
reducing GHG emissions. The findings are critical because most existing studies have employed
modeling techniques to estimate the GHG mitigation impacts of PBMs, and findings from these
modeling studies are sensitive to elasticity parameters which are rather assumed than rigorously
estimated. There were some doubts about whether PBMs cause GHG reductions in the real world.
The findings of the empirical studies presented here reveal that in general, they do. However, the
level or rate of GHG mitigation of PBMs significantly varies across countries depending on the
energy supply mix that allows cheaper substitution of fossil fuels with renewables. It also depends
on the economics and technical flexibilities of substituting fossil fuel-driven technologies with
electricity in the demand side. Some sectors, such as power sector, offer better substitution
possibilities between fossil and non-fossil fuel technologies. Even within fossil fuel-based power

generation, better substitution possibilities occur between more carbon-intensive technologies

8 Note that price elasticities of fuels are negative.
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(e.g., coal-based generation) and less carbon-intensive technologies (e.g., natural gas-fired

technologies). On the other hand, the transportation sector does not offer much room for fuel

substitution in the short-run and therefore role of PBM is limited to reducing GHG emissions.

The mixed evidence offered by the empirical studies on the impacts of pricing policies on

GHG reduction contradicts with theoretical and numerical studies and results from macroeconomic

simulation models, such as CGE models. The latter demonstrates that PBMs are most efficient

instruments for reducing GHG emissions.® There are many reasons for the disagreement between

theoretical/numerical/modeling studies and empirical evidence. Some of them are as follows:

Theoretical, numerical and modeling studies make several assumptions to simplify the real
complex situations, such as perfectly efficient markets. The real situation is much different
as the market is distorted. While the predictions of theoretical/numerical/simulation models
are indicatively correct or at least correct in terms of the direction of effects, they are not
necessarily precise in the magnitude of the impact.

The numerical and simulation models use many parameters, such as price elasticity of
demand, the elasticity of substitution, and total factor productivity. The values of these
parameters are rather taken from ‘literature’ instead of estimating them from the fields
(countries, sectors, fuels) where the studies are intended. The results from the models are
sensitive to the values of the parameters. The discussion presented in Section 4.3 also
highlights this fact.

The PBMs so far introduced in countries are not pure as guided by a theory; instead, they
are highly distorted. For example, economic theory suggests that a carbon tax should be
universally homogenous for its effective performance. In practice, a carbon tax is highly
distorted because many sectors and fuels are exempted from it for political or social
reasons. Existing empirical studies use the data from these distorted practices. Their results
might have been influenced by the distortions.

The estimation techniques, data, or methods used in the empirical studies are not

necessarily the robust ones as these techniques are evolving and improving. The results of

% Please see Timilsina (2022) or Timilsina (2018) for a synthesis of theretical, numerical and modeling studies

on the impacts of carbon tax on CO2 emissions.
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the studies might have been influenced by the limitations of the methodologies employed
in the empirical studies. More empirical studies are needed with quality data and improved

methodologies.

4. Challenges and Barriers to PBMs
PBMs face several barriers to their introduction and successful implementation. These
barriers include political, social, institutional and technical barriers. In this section, we briefly
discuss key barriers and also indicate, where appropriate, how the RBCF help address these
barriers. The next section presents more details on the potential role of RBCF to implement PBMs.

4.1 Public perceptions about PBMs

The general public perceives pricing-instruments as a driver to increase fuel prices.
Moreover, they argue that carbon prices are not effective to curtail GHG emissions citing the
examples of price inelasticity of gasoline or other fossil fuels. Some studies investigate why people
are reluctant to accept pricing instruments for climate change mitigation (see e.g., Murray and
Rivers, 2015; Gevrek and Uyduranoglu, 2015; Bumpus, 2015 and Lo et al. 2013). Using polling
data, Murray and Rivers (2015) show that the majority of the public was opposed when the carbon
tax was introduced in British Columbia, Canada for the first time in 2008, but that three years post-
implementation, the public generally supported the carbon tax. Gevrek and Uyduranoglu (2015)
conduct a choice experiment in Turkey to assess public preference to carbon tax and show that
Turkish people prefer a carbon tax if it is designed with a progressive cost distribution instead of

regressive cost distribution.

Baranzini and Carattini (2017) assess public acceptability of carbon taxes in Geneva,
Switzerland using survey data and find that individuals are more concerned by the environmental
effectiveness of the tax than its economic costs. They find that people are interested in receiving
more local environmental benefits from a carbon tax. They do not worry about the competitiveness
issues but express concerns on its distributional effects. The study concludes that effective
communications, particularly explaining to the people of the primary and ancillary benefits of
carbon taxes are essential for improving their acceptability. Although the findings look intuitive,
they cannot be generalized because the level of environmental awareness of the Swiss population

is much higher than that in many developing countries.
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4.2 Political economy

Politicians are often reluctant to PBMs for climate change mitigation for several reasons.
First, political parties in the incumbent governments are sensitive to voters’ sentiments. Voters do
not like fuel price hike for the obvious reason. Second, a unilateral carbon pricing could
compromise competitiveness of emission-intensive trade exposed (EITE) goods. Industries
producing EITE goods, therefore, do not favor price-based instruments for climate change
mitigation unless there exist a mechanism to compensate them.

Political violence erupted in many countries due to fuel price rise (Table 6). The price rise
was caused due to removal of existing subsidy or increased world oil price or increased existing
fuel tax for any other reason. The latest violence was noted in Kazakhstan where an increase in
CNG (compressed natural gas) price, one of the main fuels used in vehicles, ignited demonstration
in the country’s largest city Almaty on January 2, 2022. The protesters burned the city hall, stormed
and briefly seized the airport, and sporadic gunfire was reported in the city streets. The
demonstration spread throughout the country and took a political color. It resulted deaths of 164
people. A state of emergency was declared and military help was requested from Russia to curb
the demonstration. It was the worst unrest in the country since it became independent 30 years ago.
To address the unrest, the president dissolved the cabinet and removed the head of the National
Security Council, Nursultan Nazarbayev, who served as the president of Kazakhstan for 30 years.
The government set a 180-day price cap on vehicle fuels and a moratorium on utility rate
increases.

In October 2019, the Ecuadorian government removed gasoline and diesel subsidies to
satisfy a condition set for the International Monetary Fund loan to address its worsening financial
situation. The removal of subsidy caused the diesel price to almost double and gasoline price to
increase by 25%. It triggered violent demonstrations for 12 days. Protesters shut down streets and
set fire in buildings. The president declared a state of emergency and moved out the government
of the capital. Seven people were reported dead. To contain the protest, the government retracted

the removal of fuel subsidies.!!

10 AP News dated January 10, 2022. https://apnews.com/article/kazakhstan-europe-national-security-
terrorism-2c026ecb00584aba668f320d4482d0f1

11 Reuters October 14, 2019. https://www.reuters.com/article/us-ecuador-protests/ecuadors-moreno-scraps-
fuel-subsidy-cuts-in-big-win-for-indigenous-groups-idUSKBN1WT265
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Table 6. Examples of Major Recent Demonstrations and Political Unrests caused by Fuel

Price Increase

Country Cause Incidence Result

Kazakhstan, Increased Huge demonstrations all over the country | Government collapsed, more

2022 prices of | which got stretched to worst political unrest | than 160 people died, fuel
vehicle fuels in the country since its independence prices were capped for 180

days

Ecuador, 2019 Removal  of | Violent demonstrations for 12 days. | The government withdrew
fuel subsidies | Protesters shut down streets and set fire in | removal of fuel subsidies

buildings.

France, 2018 Increased price | The Yellow-vest movement started in | The new proposal on carbon
of oil and | France and spread many places in Europe; | tax was withdrawn
petroleum it attracted world-wide attention
products

Haiti, 2018 Removal  of | Violent demonstration erupted in July when | The price hike was withdrawn
fuel subsidies | the government increased prices of petrol | within 24 hours of the
on petroleum by 38%, diesel by 47% and kerosene by 51 | announcement to increase

%

Mexico, 2017 Removal  of | Violent protests as the government reduce | Government did not back
subsidies  on | fuel subsidies that cause increase of | down, instead managed to
petroleum petroleum prices explain the removal of fuel

subsidies.

In July 2018, violent demonstration erupted in Haiti when the government announced to
increase the prices of petrol by 38%, diesel by 47% and kerosene by 51%. The price hike was a
part of an agreement with the International Monetary Fund to get $96 million financial support for
economic recovery of the country. Protestors erected flaming roadblocks, attacked hotels and
businesses. The demonstration led to deaths of at least three people. The U.S. Embassy in Haiti
advised U.S. nationals in the country to shelter in place and the U.S. airlines cancelled flights to
the capital Port-au-Prince. As a result, the Prime Minister, Mr. Jack Guy Lafontant resigned, the
government backed down the price increase.!?

The Yellow-vest movement started in France in 2018, appears as an icon to use the protest
fuel price rise as a symbolic protest for, according to the protesters, broader social injustice. The
movement started in mid-November 2018 to protest rising crude oil and other petroleum products
prices and turned into a mass movement participated in by millions and spread over Europe. They
use yellow vests because they are more visible, even in the dark, and mandated by the French law

for all drivers to wear during emergency situations. The vest is also considered as a symbol of

12 Associate Press, July 7, 2018. https://www.voanews.com/a/protests-violent-haiti-gas-price-
hike/4471810.html
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working-class population. The protests involved demonstrations by blocking of roads and fuel
depots and in some cases developed into major riots. One of the reasons for an increased petroleum
price was a carbon tax on gasoline proposed in France. Due to the persistent protests and escalated
violence, the carbon tax policy was backtracked, which was a big setback for carbon pricing
(Mehleb et al. 2021).

On the New Year’s Day of 2017, violent protests broke throughout Mexico with the
supports of political parties, labor unions and other groups against government’s decision to reduce
fuel subsidies that resulted increase fuel prices. The protestors mounted sit-ins, roadblocks and
hindered the state oil company Pemex’s ability to distribute fuel to some parts of Mexico. Looters
seized the opportunity to strike in hundreds of stores. Security forces were mobilized resulting in
four deaths and hundreds of arrests. However, the government did not back down, instead
explained why it was necessary to reduce the fuel subsidy.*?

The above-mentioned incidents are only examples. There are many more in different parts
of the world (e.g., India, Indonesia, Nigeria and the UK). The incidents or demonstrations that
occurred in many countries indicate that fuel price increase serves as a flash point to ignite
demonstrations. The general public participates in such demonstrations not only due to the fear of
burden caused by the fuel price hikes but also to express their grievances and dissatisfaction to the
incumbent government. Naturally, opposition political parties or groups often use these incidents
as opportunities for their political benefits. It is interesting to note that sometimes demonstrators
are those who are not directly impacted by the fuel price hikes. For example, gasoline is not used
by students or low-income households, however, these groups of people also come to protest when
gasoline price is increased.

The concern of losing competitiveness of EITE industries arises when the carbon pricing
is unilateral meaning that a single or group of economies implement carbon pricing, whereas others
producing competing goods do not. Several studies have highlighted this issue or provided
analytical evidence (see e.g., Timilsina, 2021; Aldy and Pizer 2015; Coxhead et al. 2014). Several
approaches have been suggested in the literature to address this issue. The most common is the

‘border carbon adjustment’ or ‘BCA’, which suggest applying domestic carbon prices to imports

13 Insider, January 5, 2017. https://www.businessinsider.com/enrique-pena-nieto-response-mexico-gas-
price-protests-gasolinazo-2017-1
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from countries without carbon pricing based on carbon intensity of the imported goods (Cosbey et
al. 2019). Now, the EU has formally announced to introduce the BTA. The other approach is to
subsidize EITE goods through various mechanisms, such as general cuts in their payroll, corporate
income taxes, and output-based rebating (Bohringer et al. 2017; Metcalf, 2014).

4.3 Less optimistic efficacies of pricing-based instruments

Price-based instruments reduce GHG through the demand responsiveness of a fuel to its
price increase. Most PBMs are aimed to increase prices of fossil fuels relative to zero-carbon fuels.
High carbon content fuels, such as coal and petroleum products, face higher increase in their prices
compared to lower carbon content fuels, such as natural gas. The price of electricity also increases
depending upon the share of fossil fuel-based generation in the total electricity generation.
Therefore, the strength or efficacy of a price-based instrument, except in the case of FiT, depends
on the degree of responsiveness of fossil fuel demands to their price change or their price
elasticities. A wide range of estimates are available for fossil fuel price elasticities. Dahl (2012)
presents price and income elasticities of gasoline and diesel demand for 124 countries (Figure 5).
The study finds that price elasticities of gasoline and diesel are low, especially in the short run.
Almost 95% of the countries considered have price elasticities of gasoline lower than -0.4. Almost
70% of the countries have price elasticities of gasoline lower than -0.3. Similarly, almost 80% of
the countries have diesel price elasticity is lower than -0.3.

Many ex-ante or modeling studies use price elasticities of fuel from the literature to
estimate CO2 emission impacts of a PBMs. The robustness of their estimations depends on the
value of elasticities they use and the sensitivity analysis they conducted. The low value of
elasticities discussed above cast doubts on the efficacies of price-based mechanisms, particularly
carbon tax, to reduce CO2 emissions, particularly in the transport sector, one of the main sources
of COz emissions, where substitution of fossil fuels with zero-carbon fuels is limited. In the case
of ETS, the cap is already set, therefore, emission reduction is expected to be achieved as long as

the emission baseline is properly set and emission reduction is credibly verified.
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Figure 5. Price elasticities of gasoline and diesel
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Although the price elasticities measure the responsiveness of fuel demand with respect to
price change and fossil fuel demand as well as associated emissions, actual data on price change
does not show noticeable impacts on fuel consumption. Figure 3 shows the historical trends of real
(inflation adjusted) prices of gasoline and per capita gasoline consumption in the United States.
The message delivered by Figure 6 is revealing and often ignored by policymakers and researchers.
These figures indicate the decoupling of gasoline price change and per capita gasoline
consumption in the United States. While gasoline prices adopted a cyclic trend, per capita gasoline
consumption remained basically flat. In fact, it is slightly declining overtime despite the increase
in per capita income. The slightly declining trend might be caused by increased fuel efficiency of
vehicles which could be results of regulatory policies, such as vehicle mileage standards or

autonomous technological improvements.
Figure 6: Historical trends of gasoline prices and consumption in the United States
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(b) Indices of monthly average gasoline prices and monthly per capita gasoline

consumption in the United States
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4.4 Technical Barriers

The measurement of emission reductions from a pricing instrument is difficult in practice
because it is hard to distinguish the emission reductions achieved from a pricing instrument from
other instruments when multiple policies for GHG mitigation are mixed. While it would be easier
to measure GHG mitigation from a project (e.g., solar energy project) or a program (e.g., energy
efficiency program)®4, it would not be straightforward to measure GHG mitigation from a policy,
such as carbon tax. It is complex to determine whether the resulted mitigation is due to a carbon
tax or other factors because it involves several uncertain parameters, such as price elasticities of
fossil fuels. The same problem exists for a program to reduce or remove fossil fuel subsidies. One
could estimate price elasticities of fossil fuels based on historical data and use those elasticities to
calculate the mitigation. However, calculation of such elasticities is not feasible in many countries

where historical fuel prices are determined by the government (or independent regulator) instead
of a market.

14 There are hundreds of methodologies developed during the Clean Development Mechanism (CDM) or
Joint Implementation (JI) periods, which are useful to estimate the GHG mitigation due to a project or program.
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Another issue is setting the baseline which represents the hypothetical situation in the
absence of the carbon pricing policy. CO, mitigation due to the policy is measured against this
baseline. Setting a baseline for project activities, like in the case of Kyoto Mechanisms (JI and
CDM), is simpler, and hundreds of methodologies were developed for that purpose. However,
there is a fundamental difference between Kyoto Mechanisms and PBMs. Whereas Kyoto
Mechanisms normally needed activity-level or program-level baselines, whereas PBMs need
national or sectoral baselines; projects or program-level baselines are not useful here. National or
sectoral baselines involve much higher level of uncertainties than project and program-level

uncertainties. Improper baselines causes over or underestimation of emission reduction.

One common challenge to pricing instruments is monitoring of emissions and verification of
emission reduction. At the project level, like in the case of CDM and JI projects, third party
verifications were prescribed. Measurement of emissions from a particular project activity and its
verification from a third party is straightforward as long as the methodologies are in place.
However, at the national level emission reduction, such a monitoring and verification is complex
as a sovereign nation may not except verification of its emissions from a third party. The system,
therefore, will rely on the national reporting of emissions and emission reductions under the
UNFCCC. This is something like reporting national emission registry to the UNFCCC under

various provisions including the Paris Accord.

5. Role of RBCF to Facilitate PBMs

RBCF could help facilitate introduction and implementation of PBMs in many ways. These
are discussed in this section. For example, it helps develop enabling activities for PBM that are a
pre-requisite for the introduction of a PBM. It can be also used to reform the energy market if the
existing market structure inhibits introduction of PBMs. Moreover, RBCF can directly incentivize
introduction of PBMs. For example, payment can be made if the recipient country introduces a
PBM or facilitates measurable conditions for the introduction as well as efficient implementation
of PBMs. Below, we discuss how RBCF facilitates the introduction and successful implementation
of PBMs in various ways. Moreover, RBCF could also be used to alleviate any adverse effects of
PBMs; note, however, that the size of adverse impacts (e.g., GDP loss due to a carbon tax) could
be high depending upon the size of the carbon tax and type of scheme to recycle carbon tax

revenues (Timilsina, 2022), so enough RBCF may not be available offset the economic costs of
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PBMs. While it would be helpful to share the experiences of result-based financing from other
sectors (e.g., health sectors, energy sectors, education sectors) and infer how these experiences
could be useful in the context of utilizing RBCF for promoting PBMs, this would be a natural
extension of the current study.

5.1 Development of institutional setup to implement PBM

A country cannot introduce a PBM unless a required institutional setup is established. For
example, if a country plans to introduce an ETS, an institutional setup is needed for (i) a
government entity to register trading participants and to record transactions of emission
credits/allowances, (ii) an independent regulatory institution that sets all rules and regulations for
ETS and their enforcement and (iii) third party entities that verify (or certify) emission reductions.
Many of our client countries do not have capacities to undertake these activities. Lack of capacity
to set up the institutional arrangements would be a barrier to introduce a PBM. Countries need
sizable financial supports to set up the institutional arrangements. RBCF can serve as a financial
source. Payments can be made against achievement of agreed milestones, for example, set up a
unit within the Ministry of Environment to supervise ETS operation. RBCF can also finance setting

up a unit under the Ministry of Finance to supervise a carbon tax scheme.
5.2 Incentivizing the implementation PBMs

In most of the cases, RBF are used as a direct incentive for policy introduction and
implementation. For example, the World Bank has used RBF to support educational system
enhancement policies in Cambodia from 2016-2021. Several result milestones, such as improving
student learning outcomes, improving school-based management, improving equitable access to
quality learning environments. Cash payments were made after satisfactory meeting the indicators
to measure these milestones.'® Similar projects have been implemented in many countries in
health, clean energy and agriculture sectors. Experiences from past World Bank initiatives on the
use RBF for sectoral reforms could be useful while exploring the role of RBCF for promoting
PBMs.

15 https://imagebank2.worldbank.org/search/33359205
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Different milestones towards the implementation of PBMs are set first. These include, for
example, preparatory or background work for the introduction of PBMs, establishment of
regulatory or administrative body to facilitate, operate and regulate the PBM systems, development
of laws and regulations to govern or enforce the PBMs and actual implementation of PBMs. RBCF
will be disbursed after the achievement each of these milestones. The direct incentives would be
the most powerful instruments to implement PBMs because the results (i.e., implementation of

PBMs) will be achieved before the payments are made.
5.3 Sectoral reform to facilitate introduction of PBMs

The energy sector, where a PBM activates emission reduction, is highly distorted in many
countries. In most countries, fossil fuels are subsidized. An introduction of a carbon tax in a
country where fossil fuel subsidy exists is not easy to justify. RBCF can be utilized to support
fossil fuel subsidy removal programs. If a country plans removal of fossil fuel subsidy and
introduction of carbon tax and needs help from development partners, RBCF could be a good
financial instrument to support. For example, if a government wants to remove fossil fuel
subsidies, in so doing, however, the government expect strong and perhaps violent resistance,
government can use RBCF to finance communication, awareness and other activities that minimize
the risks of resistance. Fuel subsidy removal/reform programs implemented after well preparation
through proper communication and awareness became successful. In Ghana, for example, the
government undertook a media campaign to explain the need for fuel subsidy removals and its
benefits. It immediately (before the fuel subsidy is removed) started elimination of tuition fees at
government-run primary and junior secondary schools and also improved public transport. The
public accepted government’s explanation and were satisfied with measures that the government
undertook, in advance, for the reallocation of subsidy savings (Laan et al. 2010). RBCF can be
used to finance this type of preparatory measures for the implementation of fuel subsidy removals

or carbon pricing.

Energy prices are fixed or regulated in many countries. PBM, particularly carbon tax and
ETS would not as effective as they should be where energy prices are fixed. This is because a fixed
price system does not allow carbon pricing to fully passthrough consumers (households, industries,
vehicles) and does not cause reductions in fossil fuel consumption and emission reductions.

Reform of such energy markets are necessary before introduction of carbon pricing. Even though
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national emission trading scheme is introduced focusing on the power sector in China, the system
does not represent a true ETS. It is inflexible and does not allow substitutions between power
generations from different sources (e.g., coal, gas). In fact, it is a trading of emission standards
(efficiency) within the same type of generation (e.g., coal-fired generation) (Goulder et al. 2017).
Moreover, the Chinese electricity dispatching system does not follow market-based or merit order
dispatching system. In the absence of such a system, a carbon pricing instrument does not work
effectively (Timilsina et al. 2021). RBCF could be used to reform energy markets to facilitate
effective implementation of a PBM. Normally, large-scale World Bank projects are being
implemented to reform energy and electricity markets (e.g., Pakistan, Nepal) and RBCF can

supplement these programs.
5.4 Providing safeguards against the burden of PBMs on the poor

PBMs that increase energy prices could pose a burden to poor households, since household
expenditure shares on energy are often higher in low-income households than that in high-income
households (Fullerton et al. 2012; Marron and Toder, 2014). RBCF funds could be utilized for
designing safeguard provisions in case the burden of PBMs (e.g., carbon pricing, removal of fossil
fuel subsidies) disproportionately falls on the poor. For example, if the subsidy removal increases
the prices of electricity, RBCF can be used to support a lifeline electricity tariff — the minimum
tariff designed for poor households that consume electricity below a specified threshold. Similar
provision can be made if a carbon tax increases the energy expenditure of the poor. Alternatively,
savings from subsidy removals or revenues from carbon taxes could be used to protect the poor
from the undesired burden of the PBMs. However, using RBCF would be an additional incentive
to accelerate the implementations of PBMs. Despite the fact that governments know the
reallocations of saved subsidies or carbon tax revenues could be used to protect the vulnerable,
they have not shown much interest to implement the PBMs. It implies that additional incentives

are needed and RBCF could provide it.
5.5 Alleviating private sector anxiety over PBMs

PBMs could be a new instrument for the private sector. They envision a risk in participating
PBMs (e.g., ETS and investing on renewables in response to FiT). RBCF could be used as a

guarantee facility for the private sector to implement renewable energy projects promoted under
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the FiT scheme. If a private firm is running carbon-intensive business (e.g., coal-fired power
plants) and a PBM (e.g., carbon tax) causes a threat to its existence thereby causing stranded assets
and structured unemployment (e.g., an engineer in coal-fired power plant cannot immediately
switch to solar power plants), RBCF could be used to provide relief during the transition time.
RBCF could help the firms running coal-fired power plants to switch their businesses to solar or
wind power generation. However, such programs should be implemented through a systematic
approach rather than an ad hoc manner. For example, governments could create a fund with
additional supports from RBCF. The fund can be used to help carbon-intensive business to switch
over to renewable energy business. Such a provision could be instrumental to help small and

medium size fossil fuel-based entrepreneurs to move to the renewable energy business.
5.6 Enhancing awareness about PBM to relax public reluctance

As usual, people are reluctant to accept any policy that directly causes a burden on them
by increasing the prices of fuels. Increased fuel prices cause costs of passenger and freight
transportation to increase. They also increase the prices of goods and services, particularly those
produced from energy-intensive industries (e.g., construction materials, fertilizers, chemicals).
However, those burdens can be lowered through a careful (efficient as well as equitable) design of
PBMs. If people are communicated well before the introduction of PBMs, how these instruments
would reduce global and local pollution, they might understand the importance of these
instruments and may not oppose them. For example, most benefits of fuel subsidies go to high-
income people. If the fuel subsidy is replaced with a cash transfer, low- and middle-income
households would benefit. The same is true in the case of a carbon tax — recycling carbon tax

revenues to households could provide relief to low-income households.

PBMs do not only help reduce GHG emissions, they can also create fiscal co-benefits and
environmental co-benefits. Timilsina et al. (2021) finds that a carbon tax could be beneficial to a
low-income economy in Sub-Saharan Africa. In a case study of Cote d’Ivoire, they found that a
carbon tax significantly helps reduce tax (VAT) evasion and reduce economic informality, the
major public finance challenges faced by the country. However, policymakers and officials in the
Ministry of Finance are not aware of these co-benefits. Increasing the awareness of the co-benefits
of PBMs would significantly help their introduction. RBCF could be utilized in the awareness

programs.
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5.7 Complementing other programs to promote PBMs

There exist a large number of projects or activities financed by the World Bank and other
development partners to enable the introduction and implementation of PBMs. These activities are
currently funded through various windows of technical assistance provided by the World Bank,
other multilateral development banks, and bilateral donors. In many cases, however, enough
financial resources are not available for those projects and activities. RBCF could complement
those activities. Again, the RBCF complementarity payment is subject to the achievement of the
results of the project activities. The World Bank Group has a long experience of using result-based
finance to complement other programs. For example, the Health Results Innovation Trust Fund
(HRITF), a RBF approach for the health sector, complemented IDA-supported policies and
projects for the achievement of health-related Millennium Development Goals (MDGs) and to
fulfill the Sustainable Development Goal (SDG 3)*°.

6. Conclusions

PBMs are the key instruments for climate change mitigation. They have been implemented
in many countries since 1990, when international negotiations on climate change began. At
present, more than 120 nations and sub-nations have introduced carbon pricing instruments (ETS
and carbon tax). The feed-in-tariff, another PBM, has been instrumental to promote renewable
energy that replaces fossil-fuels and reduce GHG emissions. Hundreds of countries around the
world have implemented FiT, for decades in some countries. The removal of fossil fuel subsidies
has also contributed to climate change mitigation by increasing the effective price of fossil fuels
and thereby reducing their demand. The Paris Climate Accord has enhanced the importance of
PBMs in meeting the ambitious target for climate change mitigation. Almost all parties to the Paris
Accord have included some form of PBMs in the package of policy instruments to meet their
NDCs.

A series of empirical studies have been carried out to understand the effectiveness of PBMs
in reducing GHG emissions. While most of the studies demonstrate that PBMs do mitigate GHG

emissions, the question is how much. The results from the ex-post empirical studies reveal that the

16 https://www.rbfhealth.org/projects
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levels of reductions are not as large as predicted by ex-ante modeling studies. There are many
reasons for the disagreements between the evidence offered by the empirical studies and
conclusions drawn by ex-ante simulations of PBMs or theoretical and numerical studies. The
disagreements are caused by limitations of the models and quality of data used in the ex-post
empirical studies as well as ex-ante numerical simulations. More empirical studies with better

quality data and improved methodologies are needed to address these concerns.

Although in practice in many years in several economies and having increasing attention
to policymakers from the developing world, PBMs face many barriers. Political sensitivity is one
of the biggest barriers because politicians do not want to irritate their voters by increasing energy
prices introducing PBMs, in particular carbon pricing and subsidy removal. In the past, fuel price
increase due to removal of subsidy or introduction of a new tax, such as the carbon tax, has incited
massive violent protests that led to loss of properties, lives and downfall of incumbent
governments. Therefore, politicians do not want to take risk of introducing PBMs even if they
agree with economists that these mechanisms are efficient in reducing GHG emissions and are
necessary to achieve their NDCs. There are certain limitations on efficacy of PBMs, particularly
carbon tax; they may not be as effective in practice as stated in theory. For example, a carbon tax
may not achieve many reductions of emissions from transport sector, one of main sources of CO-
emissions in any economy, unless alternative low-carbon transportation modes are available. An
economically feasible low-carbon transportation system does not exist with scale in any of the
countries around the world. Besides, there are several institutional/financial/technical barriers
causing the implementation of PBMs challenging. These include lack of institutional capacity to
implement PBMs, difficulty in setting up credible baseline due to uncertainties, expensive
monitoring and verification system and misalignment between the PBM design and incentives

needed by the actors (source of emissions).

Result-based climate finance, a specifically designed output- or result-based financing
scheme, could play a role in lowering barriers to PBMs. RBCF has been used to finance hundreds
of climate change mitigation projects, but it has not been used yet to facilitate implementation of
PBMs. There are many ways that RBCF can facilitate PBMs. The first one is the financing enabling
activities to implement PBMs, including building institutional capacities and setting up

regulatory/enforcement mechanisms. RBCF can also be used to relax political sensitivities and
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public resistance, one of the main barriers to PBMs, including establishment of safety measures
to those vulnerable to PBMs, such as low-income households where burden of PBMs could fall
disproportionately. It could be also used to protect small and medium size industries that would be
severely impacted by PBMs and facilitate them to transform. It can also support education and
awareness activities in favor of PBMs. EXxisting energy markets are not conductive to PBMs
because of various market distortions, so RBCF could provide supplemental funding for energy
market reforms that facilitate implementation of PBMs. It can be also used to augment the private
sector’s participation in PBMs by offering guarantees and reducing risks. RBCF could also be used
to create and exchange knowledge, particularly to learn from countries where PBMs have been

already implemented successfully.

A guantitative measurement of efficacy of RBCF to implement PBMs is not possible as it
has not yet used for that purpose. One way to increase understanding in this direction would be to
investigate the experiences of other result-based financing schemes applied in other sectors (e.g.,
health sector, energy sector, education sector). The results will infer the potential success of RBCF

in promoting PBMs. Such investigations will be natural extensions of the current study.
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