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Abstract
Though the magnitude of fossil fuel subsidies eclipses carbon pricing revenues, policies 
and economic literature focus on carbon taxation. This paper aims to show that removing 
fossil fuel subsidies can reduce emissions as much as carbon taxation without making 
producers and consumers worse off. Using a dynamic intertemporal CGE model of Ireland, 
we compare removing eight Irish fossil fuel subsidies and increasing the carbon tax to 
€100 per tonne by 2030. We find that both policies result in similar emission reductions. 
Carbon taxation results in lower negative GDP and investment impacts, whereas subsidy 
removal results in lower negative employment impacts, higher revenues, an improved trade 
balance and lower debt. The impacts across sectors and households are distributed more 
evenly under a carbon tax, where subsidy removal results in extreme impacts for specific 
sectors and households. Excluding households’ subsidies from removal can alleviate 
these household distributional impacts at no cost to emission reduction. With revenue 
recycling reducing tax rates, a double-dividend is found at the expense of worsened income 
distribution. The economic benefit of revenue recycling is greater when removing subsidies 
than with carbon taxation and results confirm the importance of fossil fuel subsidies in 
climate policy.

Keywords  Carbon tax · Fossil fuel subsidies · Revenue recycling · Emissions · Welfare · 
Intertemporal CGE

1  Introduction

Increased emissions of greenhouse gases (GHGs) generate anthropogenic climate change, 
characterised by increased temperature, more variability in temperature and precipitation, 
increased extreme weather events and rising sea levels. Although the exact repercussions 
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of these climatic changes on economies and societies are ambiguous, they are expected to 
reach at least a 2% annual reduction in global gross domestic product (GDP) for a 2.5 ◦ C 
increase in temperature (IPCC 2014). Due to the public good nature of climate change, 
global cooperation to reduce GHG emissions is needed. To this end, the Paris Agreement 
was ratified by 195 states and the European Union (EU) in 2015 to limit the increase in 
global temperature to 2 ◦C.

After ratifying the Paris Agreement, the EU set its Nationally Determined Contributions 
(NDCs): at least 40% reduction in GHG emissions (compared to 1990 levels), at least 
32% share for renewable energy, and at least 32.5% improvement in energy efficiency. To 
achieve these targets, the EU introduced an EU-wide carbon allowance market, namely 
the Emissions Trading System (ETS), covering the emissions of large emitters such as 
international aviation and large industrial installations. Concerning emissions not covered 
in the EU ETS (non-ETS emissions), member state governments are responsible for 
meeting a legally binding emissions target. Ireland’s non-ETS emissions target for 2030 is 
a 30% decline compared to 2005 levels.1

Carbon taxation is at the forefront of the discussions regarding non-ETS emissions 
reduction policies, where many EU member states have implemented carbon taxation 
over the past decades to disincentivise the use of fossil fuels not covered by the ETS (e.g. 
from land transportation and households). Carbon taxation puts a cost on carbon usage 
and ensures a cost-effective way of reducing emissions while raising revenues (Nordhaus 
1993), which can be used to finance other policies. The Irish government introduced a 
carbon tax in 2009. The level of the carbon tax has been increased annually since 2019 
in line with the government’s recent commitment to gradually increase the carbon tax 
reaching €100 in 2030 (Department of the Taoiseach 2020).

Despite the global commitment to decarbonisation, governments continue to 
incentivise fossil fuel use through support mechanisms, which have been put in place to 
assist producers and households. Though these supports have not been developed with 
the intention of subsidising fossil fuels, effectively, they do. The size of these subsidies 
is estimated at 6.8% of global GDP in 2020 (Parry et  al. 2021), whereas global carbon 
pricing revenues amounted to a mere 0.07% of global GDP in the same year.2 We refer 
to such supports here as fossil fuel subsidy (FFS) schemes. Political efforts tend to focus 
more on carbon taxation and green subsidies, where the removal of FFSs remains in the 
background.

The question then remains whether the removal of FFSs results in higher costs to 
producers and households compared to carbon taxation, warranting the inertia to remove 
FFSs. FFSs positively impact those who receive them but keep fossil fuel prices below 
their efficient levels determined by supply costs, revenue considerations and climate goals. 
An efficient and effective climate policy would not be complete without an analysis of 
FFSs and a comparison with carbon taxation, which constitutes the carbon pricing policy 
in Ireland, as well as around the globe. Literature concerning this issue remains scarce.

This paper analyses the economic and environmental impacts of both the removal 
of FFSs and increased carbon taxation in Ireland. Applying a dynamic intertemporal 

1  In July 2021, the EU Commission announced a proposal which sets the emission reduction target to 55% 
in 2030, compared to 1990 levels. The new policy tools announced in the plan, among others, are a mini-
mum tax on aviation fuels, an increase in the linear reduction rate of free ETS allowances of aviation (from 
2.2% to 4.2%) starting in 2023 and setting free allowances of the sector to zero by 2026, emissions of the 
maritime and land transportation sectors become subject to the EU ETS.
2  https://​carbo​npric​ingda​shboa​rd.​world​bank.​org/​map_​data.

https://carbonpricingdashboard.worldbank.org/map_data
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computable general equilibrium (CGE) model, namely Ireland Environment-Energy-
Economy (I3E), we analyse the removal of eight Irish FFSs. These subsidies include 
FFSs for production sectors (peat, electricity, air transportation and land transportation); 
subsidies on energy commodities in the form of reduced excise duties on diesel (auto and 
marked), fuel oil and kerosene; and household energy allowances. A carbon tax trajectory 
reaching 100€by 2030 is introduced, and we make a comparison between FFS removal and 
increased carbon taxation.

This work contributes to the literature in several ways. Firstly, it examines an increase 
in a carbon tax and the removal of FFSs simultaneously, which has only been assessed in 
a few cases using a CGE modelling framework. This approach allows us to quantify the 
impacts of different environmental policy options on the economy, emissions and, more 
importantly, income distribution across households. Secondly, it distinguishes between 
FFSs based on the recipients of the subsidy, which allows for the examination of agent-
specific implications of subsidy removal. Evaluating each subsidy type separately also 
allows for excluding particular agents, such as households, from the policy change. Lastly, 
we consider the impacts of revenue recycling schemes to compensate for the adverse 
economic consequences of taxation and/or subsidy removal. There are few examples of 
combining subsidy removal and revenue recycling schemes or compensation options in the 
literature, and these options are generally designed for a specific sector, e.g. transportation 
or households. In this paper, however, we analyse options in which the revenues of carbon 
taxation or subsidy removal are used to lower tax rates of non-subsidised sectors and 
labour accounts, which has direct repercussions for other producers, households and the 
government.

The remainder of this paper is structured as follows. Section  2 gives an overview of 
international FFSs and the current literature on their removal. Section  3 describes the 
technical details of the I3E model, and Sect.  4 describes the Irish FFSs and scenarios 
analysed. Section  5, in three subsections, provide the results of the main scenarios 5.1 
and revenue recycling options 5.2, and discusses our results in the context of the related 
literature 5.3. Finally, Sect. 6 concludes.

2 � Global Fossil Fuel Subsidies and Related Literature

FFSs are generally put into place to assist specific production sectors or households. 
Sectoral production subsidies intend to lower the cost of production, which lowers 
domestic prices and increases national firms’ profits and competitiveness in international 
markets. Commodity-related subsidies decrease the retail prices of energy commodities 
by lowering the excise tax burden, which lowers both the costs of production and home 
heating. Poorer households are supported through subsidies aimed at lowering their home 
heating costs. Despite these rationales, FFSs generate numerous unintended economic 
(e.g. discouraging investment in greener technologies), social (e.g. crowding out of public 
expenditures on infrastructure, health, and education), and environmental (e.g. higher 
emissions due to overconsumption) consequences (Rentschler and Bazilian 2017). Davis 
(2014) finds that each US$1 diesel and gasoline subsidy for road transportation generates 
US$0.4 deadweight loss due to inefficient pricing of these commodities.

In 2009, the G20 emphasised its commitment to “rationalise and phase out over the 
medium term inefficient FFSs that encourage wasteful consumption” (G20 2009). How-
ever, the active response has not tended to match this vocal support. IEA and OECD (2018) 



744	 K. de Bruin, A. M. Yakut 

1 3

evaluate current G20 member states’ efforts to phase out inefficient FFSs. They estimate 
a decrease of around 18% in subsidies from 2015 to 2016, although large support mecha-
nisms remain. Parry et al. (2021) estimate that global FFSs in 2020 exceeded US$5.9 tril-
lion, representing an increase from the 2015 level, which was US$4.7 trillion, including the 
costs of environmental and social externalities. The authors further contend that relatively 
large economic and environmental benefits could have been realised had fuel pricing been 
set efficiently; in 2025, global carbon emissions could have decreased by 36%, and gov-
ernment revenue could have increased by 3.8% of GDP. Friends of Fossil Fuel Subsidy 
Reform (2015) claims that global level of FFSs (US$493 billion excluding the environ-
mental and social costs) was almost four times higher than the government’s support for 
renewables in 2014.

There are two broad categories of FFSs used by both the OECD and the Irish Central 
Statistics Office (CSO). The first is “budgetary transfers”, which refers to direct funding 
made available to enterprises or households from a national budget. The second is “tax 
expenditures”, which is a relative measure indicating a preferential treatment of fossil fuels 
in the fiscal structure, assessed against a benchmark tax level for other activities and sec-
tors within a country (OECD 2018).

Figure  1 provides the total FFSs-to-GDP ratio for selected countries in 2018, 
distinguishing between budgetary transfers and tax expenditures, where GDP data is 
sourced from the UN database.3 As can be seen, almost all major economies subsidise 
fossil fuels, with levels of up to 0.6% of their GDPs. Finland has the highest subsidies-to-
GDP ratio, which is 0.17% for Ireland.4 In many countries, most fossil fuel support relates 
to fuel prices and excise rate reductions. However, note that given the variation in fiscal 
systems and accounting methods in each country, a direct comparison of this measure 
should be made with a degree of caution.

Carbon taxation is discussed in the literature as a tool to reduce carbon emissions 
by increasing the price of fossil fuels. There is a strong consensus in the literature that 
carbon tax reduces emissions and has an environmental benefit. There is also a relative 
consensus that carbon taxation without additional policies dampens economic activity, 
decreases the welfare of households, and worsens income distribution.5 Furthermore, 
the literature suggests that additional policies such as revenue recycling through reduced 
taxation or transfers to households can dampen these impacts and even create a double 
dividend, where economic activity increases or income distribution improves alongside the 
environmental benefits. Since the impacts of carbon taxation are widely discussed in the 
literature, we focus on the impacts of FFSs in the remainder of this section.

3  Budgetary transfers are payments made by governments to individual recipients and include direct spend-
ing, e.g., for specific support programmes and government ownership (fully or through equity shares) of 
energy-related enterprises. Tax expenditures, on the other hand, are tax concessions that are typically pro-
vided through lower rates, exemptions, or rebates of consumption taxes on fossil fuels (mainly value-added 
taxes and excise taxes) or measures to reduce the cost of the extraction of fossil fuels (including acceler-
ated-depreciation allowances for capital expenditure, investment tax credits, deductions for exploration and 
development expenses, and preferential capital-gains treatment). For more info, see https://​www.​oecd.​org/​
fossil-​fuels/​metho​dology/.
4  This data is retrieved from the OECD database on fossil fuel supports, available at https://​www.​oecd.​org/​
fossil-​fuels/​data/. It should be noted that, for the same year, CSO data for the total Irish FFSs is €2.4bn, 
whereas OECD data is €0.57bn. If CSO data is used, Ireland’s ratio of FFSs-to-GDP is 0.74%, making Ire-
land the country with the highest total FFSs-to-GDP ratio among OECD members.
5  For a recent comprehensive overview of the literature on carbon taxation and double dividends, see Tim-
ilsinas (2018); Freire-González (2018), and Maxim et al. (2019).

https://www.oecd.org/fossil-fuels/methodology/
https://www.oecd.org/fossil-fuels/methodology/
https://www.oecd.org/fossil-fuels/data/
https://www.oecd.org/fossil-fuels/data/
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The literature on the FFSs is clear that, as with carbon taxation, the removal of FFSs 
reduces emissions and is beneficial for the environment. However, there are mixed find-
ings regarding the economic impacts of FFSs. Studies find that the removal of FFSs yields 
increases in GDP (Ellis 2010; Willenbockel and Hoa 2011; Verme and El-Massnaoui 
2015), where the positive impact is attributed either to the improvement in the competition 
across industries (Steenblik and Coroyannakis 1995) or to efficiency gains of resource re-
allocation (Dennis 2016). On the other hand, based on the development level and energy 
intensity of the economy, removing FFSs can reduce GDP and household welfare Jiang and 
Lin 2014; Wesseh et al. 2016. Not compensating for these negative impacts could be detri-
mental for some industries or households, where poor households are identified as particu-
larly vulnerable (Rentschler 2016; Adekunle and Oseni 2021). In order to reduce the nega-
tive impacts of FFS removal, a partial removal strategy, such as 10% of the total in China 
(Ouyang and Lin 2014) and a quarter of the total in Indonesia (Dartanto 2013), can be 
considered. In the case of a one-shot removal strategy, however, even modest fiscal redis-
tribution in the form of cash transfers to households would allow economies to experience 
positive growth impacts (Cockburn et al. 2017). Besides cash transfers to households, gov-
ernments can consider supporting domestic production of petroleum products (Siddig et al. 
2014), as the largest impacts are found with oil-related subsidies (Jiang and Tan 2013), or 
increasing public transport infrastructure to make transportation more affordable for poorer 
households (Henseler and Maisonnave 2018).

It should also be noted that although national efforts are crucial, international coordina-
tion of policies is very important. For instance, Aryanpur et al. (2022) show that a five-year 
delay in removing subsidies on electricity production in Iran can lead to an increase in 
global energy-related CO2 emissions by around 0.3%. When subsidy removal is not coor-
dinated across countries, the national positive environmental impacts can turn to be nega-
tive globally by dampening competitiveness (Lin and Li 2012) or by generating carbon 
leakages (Burniaux and Chateau 2014; Jewell et al. 2018). Burniaux and Chateau (2014) 

Fig. 1   Fossil fuel subsidies by country in 2018, % of GDP. Source: Authors’ calculations based on OECD 
data. ∗ The latest available data is from 2017
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argue that fossil fuel importing countries, in general, benefit more in terms of welfare gains 
than oil-exporting countries in case of a global FFS reform since these countries heavily 
subsidise fossil fuels. Magné et al. (2014) argue that a globally applied FFS reform would 
reduce international prices of fossil fuels due to the reduction in their demand, but the 
reform has substantial adverse impacts on the use of those fuels. Their results also show 
the importance of the simultaneous introduction of a carbon tax (applied to electricity pro-
duction and energy-intensive sectors but excludes households) and subsidy removal: the 
combined impact triples the emission reduction compared to subsidy removal alone.

3 � The I3E Model

The I3E model is the first fully dynamic, i.e. intertemporal, computable generable equilib-
rium (CGE) model for the Irish economy. Figure 2 gives an overview of the interlinkages 
in the I3E model. The technical details of the model economy are provided in de Bruin 
and Yakut (2021b), and the data sources and the details of the construction process of the 
energy social accounting matrix (ESAM) are available in de Bruin and Yakut (2021a). The 
I3E model has a detailed representation of the Irish economy and the associated energy use 
and emissions. It includes several distinct features that allow for detailed policy results and 
contributes to the general CGE literature.6

The household sector from the national accounts is disaggregated by area of residence 
and disposable income into ten groups in the model. Such heterogeneity allows for analyses 
of not only distributional impacts across households based on income but also concerning 
urban and rural residency. In addition, the labour account is disaggregated into three skill 
groups, and the composition of wage income of households by skill types is introduced 
based on the available micro-level data. Moreover, each labour account endogenously 
allocates its labour supply across sectors by solving a wage income maximisation problem. 
The model also incorporates international migration to represent the Irish labour market 
more accurately. All these dynamic features allow the model to distinguish the policy 
impacts on different labour types and thus on different households. For instance, in the 
case of the COVID-19 crisis, low-skilled-labour-intensive sectors are affected largely 
negatively which, in turn, affected poorer households more compared to richer ones. The 
model economy is amenable to quantifying those impacts across households and labour 
types without making any alterations in its structure.

Another important feature of the model is the incorporation of the dynamic investment 
behaviour of firms via dividend maximisation. The intertemporal investment decision of 
firms allows the I3E model to explore economic dynamics in a more realistic framework. 
In the absence of such a feature, the model dynamics would rely solely on the consumption 
smoothing of households. The distinction between ETS and non-ETS emissions of 
production activities and the explicit modelling of a carbon tax exemption for ETS 
emissions are other indigenous characteristics of the model’s production sectors. The 
model allows firms to internalise the changes in the carbon prices (carbon tax and EU ETS 
price) in a direct and endogenous manner which, in turn, allow them to alter the level and 
composition of their energy demand.

6  Appendix A provides a non-technical summary.
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The government sets tax rates, including the level of the carbon tax, exogenously, but its 
policy stance plays two important roles in the economy. Firstly, it determines the nominal 
value of the total welfare budget based on the changes in both the unemployment rate and 
the consumer price index (CPI). In CGE models, the total welfare budget in nominal terms 
is generally indexed only to the CPI by keeping its real value constant. However, accord-
ing to the EUROSTAT and CSO, almost a quarter of the total welfare payments to house-
holds are unemployment benefits, which means that the welfare system plays a cushioning 
role in the case of increased unemployment (Doorley et al. 2021). Secondly, if the govern-
ment savings-to-GDP ratio deteriorates, i.e. if government dissaves more, the risk premium 
increases and thus, the difference between the domestic and foreign interest rates widens.

4 � Irish Fossil Fuel Subsidies and Scenario Definitions

In this paper, we only consider the eight most significant FFSs in Ireland (Central Statis-
tics Office 2018) for modelling purposes. These eight subsidies constituted approximately 
96% of the €2.75 billion worth of FFSs in the Irish economy in 2014, the base year of our 
model.7 In this analysis, 15 scenarios are applied as summarised in Table 1: a baseline, 11 
FFS removal scenarios, a carbon tax scenario and two combined carbon tax and subsidy 

Fig. 2   Interlinkages within the I3E model

7  For reference, the total FFSs in 2019 (the latest available data) was €2.4 billion (CSO 2019).
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removal scenarios. We do not discuss the results of the scenarios involving the removal of 
individual subsidies but present these in Appendix D for the interested reader.

Along the baseline business-as-usual (BaU) scenario, the realised changes in inter-
national prices and energy policies, which are reflected in the energy balance tables, 
between the base year (2014) and 2020 are implemented, as well as the impacts of the 
recent COVID-19 crisis. The changes in the composition of intermediate input demand of 
electricity production are also introduced.8 The realised increase in the carbon tax (from 
€20 in 2019 to €33.5 in 2021). In addition, declining EU ETS allowances in the third 
(2013–2020) and fourth phases (2021–2030) and the positive trend in the EU ETS price 
are also included in BaU. All FFS remain in place in the BaU scenario.

The outbreak of COVID-19 has triggered a global health crisis and a subsequent eco-
nomic crisis due to the restrictions put in place to limit the spread of the virus. The pan-
demic is expected to continue to have economic repercussions in the coming decade; the 
level of Irish real GDP is estimated to be 0.3% lower in 2030, compared to the case of no 
pandemic (de Bruin et al. 2020). In order to better understand the costs and benefits of any 
change in environmental policies, the impacts of the COVID crisis should be explicitly 
taken into account in the BaU scenario, which also includes several changes in the struc-
ture of the Irish economy.9

Three out of eight subsidies considered in this paper are received by production sectors 
directly. Removing a sectoral subsidy will increase the sector’s production tax rate which, 
in turn, increases the cost of production. The Public Service Obligation (PSO) Levy is a 
flat monthly standing charge aimed at promoting renewable energy, which is applied to 
electricity users. The proceeds of the levy are subsequently distributed to energy producers 
to subsidise any shortfall in the price charged to consumers and the international market 
price of energy. This subsidy applies to the electricity and peat sectors. Moreover, sectoral 
fuel subsidies are in place for the air and land transportation (hauliers) sectors.10

Table 1   Definitions of the main scenarios

The details of the individual scenarios are available in Appendix D

Scenario name Definition

FFS All subsidies removed
FFS-HH All subsidies except household energy allowance (EA) removed
CT Increasing carbon take reaching €100 by 2030
FFS_CT Increasing carbon tax and all subsidies removed
FFS-HH_CT Increasing carbon tax and all subsidies except household EA removed

8  We implemented two major changes by using the energy balance tables. The first is the decline in peat 
supply (production and inventory changes) by 46.2%. The peat-related emissions constituted 10.1% of all 
CO2 emissions in Ireland in 2014. The second is the share of renewable resources in total electricity produc-
tion, which increased from 25.3% in 2014 to 42.1% in 2020 (SEAI 2021). The electricity production from 
wind makes a significant (70%) contribution among renewable resources and is followed by hydro, biomass, 
and waste.
9  Appendix B provides the COVID-related assumptions incorporated along BaU. For further details, see 
de Bruin et al. (2020).
10  Some subsidy schemes with a negligible budgetary cost are excluded from our analysis, including a 
programme for promoting hydrocarbon exploration (PIP 2018), the PSO Air Services Scheme to subsidise 
two internal flight routes (Lee 2016), Vehicle Registration Tax (VRT) relief for leased cars; general VRT 
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Four of the FFSs concern the government subsidising specific commodities. These sub-
sidies lower the commodity’s tax rate, i.e. the government forgoes tax revenue. In this case, 
removing the subsidy affects the sales tax rate of the subsidised commodity, which pushes 
the retail price of the commodity paid by all agents in the economy up. Once the new 
equilibrium is restored after the shock, the equilibrium price in the market is endogenously 
determined in the model based on, among others, the supply conditions and the price elas-
ticity of demand. The subsidised commodities in Ireland consist of auto diesel, marked 
diesel, fuel oil, and kerosene, for which a reduced excise rate is applied.

The final subsidy concerns households in the form of energy allowances paid by the 
government. This subsidy consists of an electricity allowance, gas allowance, fuel allow-
ance, and other supplements (heating allowance). As the eligibility of these allowances is 
means-tested (and not related to actual energy usage), we assume that the two lowest quin-
tiles in both areas of residence receive this subsidy. We assume that each of these four 
RHGs faces an equal decrease in government transfers in real terms. In other words, we 
lower the amount of the government transfers received by the two poorest rural and two 
poorest urban quintiles by the sum of the subsidies and then re-calibrate the share param-
eters of each household group in the total transfers. Hence this subsidy is not on the use of 
carbon directly and its removal will not directly decrease the incentive to use carbon.

Generally, in the scenarios, the subsidy is removed entirely in 2022. However, for some 
sectors, the subsidies are extremely high and need to be removed in a gradual manner to 
avoid excessively large shocks to the sectors. For instance, removing the entire subsidy 
(€119 million) paid to the peat sector increases the production tax rate by 2,245%, given 
the initial low net tax rate for the sector. A gradual increase is also implemented for the 
transportation sectors, as the COVID-19-related containment measures hardest hit these. All 
other policy variables are assumed to be constant at their BaU calibrated values. In discuss-
ing the results, we focus on six scenarios, BaU, FFS, CT, FFS_CT, FFS-HH, and FFS-HH_
CT. However, we have also analysed the removal of each of the eight FFSs individually in 
nine scenarios, and the results of these scenarios are provided in Appendix E.

In the FFS scenario, the combined impacts of removing all subsidies are evaluated. The 
scenario FFS-HH includes the removal of all subsidies but the energy allowances of house-
holds. In the CT scenario, following the new government’s plan, the level of the carbon tax 
increases by €7.5 annually between 2021 and 2029, then increases by €6.5, reaching €100 
in 2030 and remains constant thereafter. FFS_CT assumes that all FFSs are removed, and 
the carbon tax is increased, and FFS-HH_CT assumes an increased carbon tax and all sub-
sidies except household energy allowances are removed.

In the model (without implementing additional policy measures), the government uses 
its additional income to finance its expenditures. If its revenues exceed its expenditures, 
higher public saving reduces the government’s debt stock. However, the policies impact 
the macroeconomic environment in such a way as to suppress the increase in tax revenues 
to the degree that the debt stock-to-GDP ratio is adversely affected. To explore the impacts 
of alternative policies, the results of six additional scenarios are presented in Sect.  5.2. 
In these scenarios, the Irish government uses its additional income to reduce sectoral 
production or wage income tax rates.

exemptions; and a Disabled Drivers and Disabled Passengers Scheme, related to VRT exemptions for spe-
cially-adapted vehicles. In 2014, the total cost of these allocated subsidies was less than €62 million.

Footnote 10 (continued)
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5 � Results and Discussion

5.1 � Main Scenarios

5.1.1 � Prices

We first discuss price impacts, as price changes drive the behavioural responses in the 
model, on which the other results depend. Figure  3 shows the percentage change in the 
consumer price indices (energy, non-energy and overall) in the five main policy scenarios 
compared to BaU in 2030.

The removal of a FFS directly affects the cost of production or the retail price of the 
commodity, which was subject to the removed subsidy. The removal of all FFSs (FFS sce-
nario) increases the level of energy prices by 10% in 2030, compared to BaU, Fig. 3a. The 
carbon tax applies to all energy commodities, leading to a higher energy CPI increase of 
18% (CT scenario). In the combined policy option (FFS_CT), energy prices are impacted 
even more, rising by 30%. As the cost of production increases, so do the prices of non-
energy commodities. This effect, however, is dampened by switching demand from domes-
tically produced commodities to imported commodities thanks to the strong trade links of 
the Irish economy with the rest of the world. The price index of non-energy commodities 
increases up to 1.9%, Fig. 3b, resulting in an increase in the overall price index of 3.3% in 
CT, compared to BaU in 2030, Fig. 3c. The exclusion of household’s energy allowances 
from removal makes the changes in CPIs higher as relatively higher household income puts 
upward pressure on prices.

Fig. 3   Consumer price indices by main scenarios, % w.r.t. BaU in 2030
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Table 2 shows the change in the consumer price-to-producer price ratio in 2030 com-
pared to BaU. No change in this ratio would represent that the financial burden of a pol-
icy is shared equally among producers and consumers. An increase in the ratio indicates 
that the financial burden of the policy change(s) is borne more by consumers, whereas a 
decrease indicates that producers bear a higher share of the cost. Removing all subsidies 
will affect the prices of diesel, fuel oil and kerosene.

Here we see a larger increase in consumer prices compared to producer prices (i.e. a 
positive change in the ratio), conveying that consumers bear more of the costs of the policy. 
The price ratio for other energy commodities remains virtually unchanged as these com-
modities did not receive a subsidy. In the CT scenario, we see similar results, where the 
ratio increases for all energy commodities, with the exception of electricity, which falls 
under the EU ETS and hence is excluded from carbon taxation. The degree to which the 
policy costs are passed on to consumers appears to be higher with FFS removal. Overall, 
the results show that the policy impacts are passed on to consumers, who will bear a larger 
share of the costs of policies than producers.

5.1.2 � Economy‑Wide Emissions

The emission results show that both a carbon tax increase and the removal of FFSs have the 
potential to remove a significant amount of emissions. Figure 4 shows total Irish emissions 
(ETS and non-ETS, excluding non-combustion agricultural emissions, such as methane) 
over time for the main scenarios. For the BaU case, the figure shows a decline in emissions 
in 2020 due to the COVID-19 crisis but steady growth in emissions after 2020.11 As can be 
seen in the figure, the removal of FFSs results in a larger decrease in emissions compared 
to an increased carbon tax in the short run.

After 2030 (once the carbon tax has reached €100 per tonne), removing FFSs and 
increasing the carbon tax have similar impacts on emissions reduction (approximately 16% 
in 2030), where FFS removal results in slightly lower emissions. The combined impact 
of the two policy options results in substantial emissions reduction (30% in 2030). These 
results highlight the degree to which fossil fuel usage is being subsidised, where the 

Table 2   Who bears the burden of 
the policy change?

Figures show the percentage changes in the consumer price-to-
producer price ratio in 2030 compared to BaU

FFS FFS-HH CT FFS_CT FFS-HH_CT

Coal − 0.40 − 0.66 69.82 68.27 67.54
Diesel 43.82 43.64 37.54 89.89 89.40
Electricity − 0.03 − 0.03 0.02 − 0.01 − 0.01
Fuel-oil 35.45 35.34 24.88 65.25 64.93
Gasoline − 0.46 − 0.59 35.50 34.20 33.82
Kerosene 52.65 52.50 29.92 91.57 91.15
LPG − 0.11 − 0.23 32.57 32.04 31.68
Natural gas − 0.13 − 0.27 36.33 35.75 35.37

11  As de Bruin et al. (2020) state, since the COVID-19 crisis leads to a circumstantial reduction in emis-
sions, it will be short-lived. For instance, the level of total cumulative emissions in 2040 will be just 3.6 
million tonnes lower than its level without COVID.
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removal of subsidies leads to slightly lower emissions than the recently developed (and 
hotly debated) carbon tax trajectory.

The non-ETS emissions target for Ireland is 32.9 million tonnes in 2030, i.e. a 30% 
reduction compared to 2005 and includes agricultural non-combustion emissions. To com-
pare our emission projections with this target, we include agricultural non-combustion 

Fig. 4   Economy-wide CO2 emissions by main scenarios

Fig. 5   Total non-ETS CO2 emissions by main scenarios
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emissions as projected by the Environmental Protection Agency (EPA 2019). Figure  5 
depicts the path of non-ETS emissions, the sum of I3E-modelled non-ETS emissions, and 
EPA-estimated agricultural non-combustion emissions. In the BaU case, total non-ETS 
emissions will reach 56.3 million tonnes in 2030. Removing all FFSs would reduce this 
to 51.2 million tonnes, whereas an increased carbon tax would reduce this to 49.4 million. 
Though the removal of FFSs has higher total emission reduction impacts, a carbon tax has 
higher non-ETS emissions impacts as the tax only applies to these emissions. Applying 
both a carbon tax increase and the removal of subsidies reduces non-ETS emissions to 45.3 
million tonnes, still falling short of the target, given no further decreases in agricultural 
non-energy emissions or additional climate policies.

5.1.3 � Sectoral Impacts

Table 3 shows the sectoral value added, ETS and non-ETS emissions reduction for aggre-
gate production sectors. Despite the similar impacts of carbon taxation and FFS removal on 
economy-wide emissions, sectoral emissions reductions differ significantly. These differ-
ences are based firstly on the nature of the subsidy, where sector-specific FFSs significantly 
affect the corresponding sector’s emission more. Secondly, as ETS emissions are exempted 
from carbon taxation, the coverage of ETS in a sector (the ETS emissions-to-total-emis-
sions ratio) will also factor in.

Among the non-ETS sectors, construction and services-related sectors show a larger 
emission reduction with a carbon tax than the removal of FFSs. On the other hand, min-
ing (which includes peat production) and agriculture show higher emission reduction when 
FFSs are removed compared to an increased carbon tax due to the high level of FFSs in 
place in these sectors, outweighing the non-ETS impact. Manufacturing, other services and 
transport fall partially under the ETS. Due to the large subsidies for aviation and the diesel 
rebate scheme, transportation is particularly affected by FFS removal, whereas the former 

Table 3   Sectoral results in 2030, % change w.r.t. BaU

The list of aggregated sectors and corresponding sub-sectors is available in Appendix C. The first seven 
sectors do not have ETS emissions, and the entire emissions of the electricity production sector are covered 
by the EU ETS. The ETS emissions of the manufacturing sector include the process emissions of the other 
non-metallic minerals sector. The transportation sector’s ETS emissions include process emissions resulting 
from its fuel purchases outside of Ireland

Real value added ETS emissions Non-ETS emissions

FFS CT FFS_CT FFS CT FFS_CT FFS CT FFS_CT

Agriculture − 0.6 − 0.4 − 0.8 − 28.7 − 25.3 − 46.6
Mining − 8.8 − 1.6 − 9.8 − 46.4 − 25.4 − 59.2
Construction − 1.4 − 1.6 − 3.0 − 21.4 − 26.1 − 41.8
Accom. &Hotel Serv. − 0.6 − 0.9 − 1.6 − 13.3 − 23.7 − 33.7
Trade − 1.1 − 1.1 − 2.1 − 21.8 − 24.6 − 40.8
Financial Serv. − 0.4 − 0.8 − 1.2 − 8.8 − 23.3 − 30.0
Public Serv. − 1.2 − 1.5 − 2.8 − 20.4 − 23.9 − 39.3
Electricity Prod. − 4.7 − 3.8 − 8.2 − 13.6 − 5.4 − 18.1
Manufacturing − 0.3 − 0.7 − 0.9 − 5.9 − 8.5 − 13.5 − 9.1 − 15.7 − 22.8
Other Serv. − 1.2 − 1.3 − 2.5 − 10.8 − 23.4 − 31.6 − 14.8 − 24.0 − 35.1
Transportation − 7.7 − 2.6 − 10.0 − 38.1 − 3.1 − 40.2 − 30.7 − 30.2 − 51.4
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two sectors are impacted more by an increase in the carbon tax. For electricity production, 
which falls completely under ETS, FFS removal has a higher impact. The increase in the 
carbon tax has impacts on emissions even for sectors that do not pay high amounts of the 
carbon tax (i.e. with high ETS coverage) due to price impacts on the sectoral intermedi-
ate inputs. If the removal of the subsidies is accompanied by an increase in the carbon tax 
(FFS_CT), the level of emissions declines further.

Economic impacts on sectors follow the same trends as emission impacts. In terms of 
value-added, the removal of all FFSs hits the mining, transportation, and electricity pro-
duction sectors hardest, Table  3. On the other hand, the impacts on the agriculture and 
manufacturing sectors are very small. The impacts of an increased carbon tax are more 
evenly spread across sectors, but electricity production, transportation, mining and con-
struction remain the most impacted sectors. When both carbon tax is increased and FFSs 
are removed, sectors face the highest reduction in value-added. Overall, it is clear that dif-
ferent sectors face very different impacts depending on whether the carbon tax is increased 
or FFSs removed. In particular, the mining and transportation sectors see significant 
decreases in value-added with FFS removal. As these sectors benefit significantly from 
FFSs, their removal could be politically challenging.

5.1.4 � Macroeconomic Impacts

As opposed to the similar impacts on economy-wide emission reduction, carbon taxa-
tion and FFS removal affect the macroeconomic environment differently. The level of real 
GDP in 2030 will shrink by 1.6% if all FFSs are removed, whereas by 1.3% when the car-
bon tax is increased, compared to BaU, Table 4. The joint impact of the two policies will 
reduce real GDP by 2.8% in 2030, compared to BaU. Since the total level of subsidies is 
much larger than that of the total carbon tax collection, removing all subsidies leads to a 
higher increase in the cost of production and hence, a larger decrease in economic activity. 
Excluding the removal of households’ energy allowances has limited impacts on the mac-
roeconomic environment while it has substantial distributional implications (which will be 
discussed in the next section).

The removal of subsidies or increase in carbon tax increases domestic energy prices 
and thus the cost of production which, in turn, lowers the total exports of Irish firms. On 
the other hand, higher domestic energy prices substantially lower demand for (imported) 
energy commodities, and the slowdown in economic activity further reduces the overall 
import demand. As a result, the trade balance and thus its ratio to (nominal) GDP improves 
in all scenarios, compared to BaU, Table 4. A higher real GDP impact of a policy change 
increases the trade balance and thus its ratio to GDP. If energy allowances of households 
are excluded from the removal of subsidies, slightly better overall economic activity and 
higher household disposable income invoke import demand, and the improvement in the 
trade-balance-to-GDP slightly drops, compared to FFS.

The lower economic activity also decreases the investment expenditure of Irish firms on 
sectoral capital stock. The total real investment expenditure decreases more in FFS than in 
CT, compared to BaU. As the total amount of subsidies is much larger than that of the car-
bon tax collection along BaU, the removal of all subsidies increases government revenues 
and leads to a decline in government indebtedness (in nominal terms) despite the decline 
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in economic activity.12 However, the decline in economic activity results in an increase in 
the ratio of the government debt stock-to-GDP by 2.3% compared to BaU in 2030 in the 
FFS scenario. In the CT scenario, however, the government debt stock (in nominal terms) 
increases and leads to a slightly higher increase in the debt stock-to-GDP ratio than FFS in 
2030. Excluding households’ energy allowances from the subsidy removal policy has neg-
ligible impacts on public indebtedness.

Total employment declines in both the CT and FFS scenarios, but the impact is larger 
in the former. In line with the declines in employment and economic activity, the real wage 
rate shrinks which, in turn, lowers the real wage income of households and thus net migra-
tion to Ireland. The level of aggregate unemployment, as a per cent of the total labour 
force, increases by up to 2 percentage points in FFS_CT in 2030, compared to BaU. The 
larger labour market impacts in CT than FFS can be attributed to the Irish economy’s open-
ness and trade composition. In the FFS scenario, labour demand of the main exporter sec-
tors (chemical products and basic pharmaceutical products) increases, whereas it declines 
in the CT scenario, which, in turn, lowers the employment further and thus increases the 
unemployment rate,13 The exclusion of household allowances from the removal of FFSs 
has an insignificant impact on the aggregate labour market outcomes.

5.1.5 � Household Impacts

An important aspect of any policy is its impact on households, particularly concern-
ing the distribution of impacts across households. A CGE model is unable to reflect 
the impacts on the within-group size distribution (vertical distribution) of income as 
all individuals within a household group are assumed to be identical. It can, however, 
examine the diverse impacts across aggregate household types. Here we examine the 
impacts on household disposable income. In the I3E model, we distinguish between 10 
household types based on income and location (rural vs urban). Rural (urban) house-
holds are denoted by r1–r5 (u1–u5), where r1 (u1) is the poorest household and r5 (u5) 
is the richest. We also display the average of all households in the green bar in Fig. 6.

If the government removes all FFSs, the decline in the average household disposa-
ble income will be 1.4%, whereas the exclusion of household energy allowances from a 
subsidy removal policy reduces this decline to 1.2% in 2030, compared to BaU, see the 
green bar in Fig. 6. Similarly, CT results in a decrease of 1.1%. If the subsidy removal 
accompanies an increase in the carbon tax, FFS_CT, the decline in total disposable 
income reaches 2.5% in 2030, compared to BaU. Although the difference between FFS 
and CT, on average, is in line with the real GDP impact, these two policy options sub-
stantially differ regarding their impacts on income distribution. FFS generates strongly 
regressive impacts in rural areas. In urban areas, the poorest and richest households are 
impacted most, whereas middle-income households are less affected. CT, on the other 
hand, has a more balanced (and progressive) impact across households. The changes 

13  More than two-thirds of the domestically produced output of these two sectors were exported in 2014. In 
the scenario of FFS only the exports of these two sectors are affected positively. See (McQuinn et al. 2020, 
Box 2) for the contributions of the basic pharmaceuticals production sector during the global financial cri-
sis.

12  The carbon tax collection of the government increases along BaU due to both economic growth and 
higher carbon tax by around 70% cumulatively until 2030. Even if the Irish government keeps the subsidies 
constant at their 2014 levels, the total subsidy-to-carbon tax collection ratio will be 3.6 in 2030.
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in dividend/capital income, transfers, pensions, and income from asset holdings, are 
uniform across households as the aggregate values are distributed across households 
based on the fixed shares calibrated based on micro-level data sets. However, the wage 
income declines regressively in rural and urban areas and drives the impacts of the 
policy changes on disposable income across households. The main reason for a pro-
gressive impact on disposable income is the automatic stabilising role that the welfare 
transfer structure in the I3E model plays. The government in the model will increase 
its welfare transfers with respect to the changes in both the unemployment rate and 
the overall CPI, of which response coefficients are calibrated based on historical data. 
Transfers are increased across household types in line with their original share of 
household transfers, which are progressive, where poorer households receive a higher 
portion of the transfers. In the CT scenario, we saw higher increases in both CPI and 
unemployment, increasing transfers and hence, the progressivity of the policy.

Though the removal of FFSs is regressive, as shown in Fig. 6, excluding household 
energy allowances (FFS-HH) reduces the negative income impacts for poorer house-
holds dramatically, e.g. from − 6.8% to − 0.7% for the rural poorest. This exclusion 
corrects the regressivity of the policy to a large extent.

5.2 � Additional Policy Intervention: Revenue Recycling

The results presented in previous sections assume that the additional government rev-
enues from increased carbon tax collection and/or reduced FFSs are not earmarked for a 
specific purpose (recycled) but used to finance government expenditures. With revenue 
recycling, a carbon tax increase or the removal of FFSs has the potential to both reduce 

Fig. 6   Real disposable income by main scenarios, % change w.r.t. BaU in 2030
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emissions and boost the economy, creating a double dividend. In this section, we exam-
ine the economic and environmental impacts of assuming the additional revenues are 
used to reduce other distortionary taxes (production and wage taxes) in the economy. 
To this end, we examine six scenarios in which the Irish government recycles either 
the total carbon tax collection (CT scenarios) or the increased revenues resulting from 
the removal of FFSs except for households’ energy allowances (FFS-HH scenarios), or 
the total of the carbon tax revenues and increased revenues due to the removal of FFSs 
(FFS-HH_CT). Table 5 summarises these scenarios. In the case of additional revenues 
being used to reduce production taxes, the production tax rates of activities are reduced 
apart from those activities where subsidies have been removed.

Table  6 compares the percentage changes in macroeconomic variables with and 
without revenue recycling. When additional revenues are used to reduce other taxes, 
we see that GDP increases in most cases compared to BaU. In the FFS-HH_WageTax 
scenario, real GDP increases up to 3.4% in 2030, compared to BaU, which corre-
sponds to a 4.9 percentage point increase compared to the no-revenue recycling sce-
nario (FFS-HH). Such an outcome occurs due to the increase in all households’ real 
disposable income, which boosts the economy. Recycling revenues to reduce produc-
tion taxes also boosts GDP but to a lesser degree than reducing wage taxes. There are 
two driving factors. Firstly, since production tax rates are very low, their elimination 
generates limited impacts. Secondly, and more importantly, the major sectors of the 
Irish economy are excluded from the tax reduction scheme as they were recipients of 
FFSs. Although the boost in the overall economic activity due to the revenue recy-
cling scheme allows these excluded sectors to increase their production, they are still 
largely negatively affected.

In the absence of revenue recycling, carbon taxation performed better regarding GDP 
impacts. This remains true for recycling to reduce production taxes. However, when 
wage taxes are reduced, the removal of FFSs has a much larger (positive) impact than a 
carbon tax increase (1.2% in CT_WageTax vs. 3.4% in FFS-HH_WageTax). In the FFS-
HH_CT_WageTax scenario, the GDP impact is similar to that of a carbon tax increase 
alone. In other words, adding FFSs removal to a carbon tax policy with a revenue recy-
cling scheme that reduces impacts for households (in this case, reduced wage taxes) will 
not result in any reduction in GDP.

Table 5   Revenue recycling scenarios

In the scenarios where the government applies a revenue recycling scheme to reduce the production 
tax rate, the following sectors are excluded as they are subject to the removal of FFSs: Peat production, 
Electricity production, Aviation and Land transportation. The wage income tax rate includes social security 
payments of employees and employers and income tax

Scenario Policy change Recycled revenue Reduced tax

CT_ProdTax Carbon tax increases Only carbon tax Sectoral production tax rates
CT_WageTax Wage tax rate of labour types
FFS-HH_ProdTax FFSs are removed Only FFSs Sectoral production tax rates
FFS-HH_WageTax Wage tax rate of labour types
FFS-HH_CT_ProdTax Carbon tax increases 

& FFSs are 
removed

Entire additional revenues Sectoral production tax rates
FFS-HH_CT_WageTax Wage tax rate of labour types
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The last column of Table 6 shows the resulting emission changes compared to BaU in 
2030. The revenue recycling scheme does not result in substantial changes in the emis-
sion reduction results relative to the no-revenue recycling scenarios. The FFS-HH_Wag-
eTax scenario leads to the most significant difference compared to its no revenue recy-
cling counterpart due to the sizeable economic boost generated by the revenue recycling 
scheme. The results clearly indicate that recycling the carbon tax and/or FFS revenues 
back to the economy can generate a strong double dividend in the case of Ireland. Emis-
sion reduction follows from the substantial reduction in energy demand due to higher 
prices and the increase in the share of renewables in energy production (4.7% in the 
FFS-HH and 5.6% in the FFS-HH_CT scenarios, compared to BaU) due to the increase 
in the cost of electricity production from conventional, i.e. fossil resources. Even in the 
revenue recycling scenarios, the price impact drives down energy demand such that 
households become less energy-dependent and devote a larger share of their disposable 
income to non-energy commodities to maximise their utility. Similarly, as the invest-
ment figures show, sectors substitute capital for energy commodities to maximise their 
dividends, i.e. the value of their firms. In other words, agents are incentivised to reduce 
emissions but are not made worse off.

Concerning households, in line with the GDP results, the largest improvement in the 
total household real disposable income is recorded in the FFS-HH_WageTax scenario; a 
10.9% increase, compared to BaU, as depicted by the green column in Fig. 7. In this sce-
nario, the government gives almost 7% of its total wage income tax collection to house-
holds, compared to BaU.

The revenue recycling scheme reducing production tax rates of selected activities also 
has positive but negligible impacts on the total household real disposable income. The 
real disposable income of households in the wage tax reduction scenarios improves in a 
largely regressive manner, especially across urban resident households. The reason is that 
the equiproportional decline in the wage tax rates generates the highest impact on the high-
skilled labour’s wage tax rate of which richer households hold the majority. Therefore, the 
increase in the wage income of richer households is larger than that of poorer households. 
In FFS-HH_CT_WageTax, the increase in real GDP and the average disposable income is 
lower than that of FFS-HH_WageTax, but it generates a much larger reduction in emissions 
and hence is more beneficial for the environment.

In conclusion, we find that recycling revenues can lead to both emission reduction and 
economic benefits. However, this comes at a cost in terms of household distributional 
impacts, which are regressive. Since the distortion in the income distribution is significant 
in the revenue recycling scenarios, especially when the government reduces the wage tax 
rates of labour, it does not seem that the policy option is politically feasible. A more appro-
priate revenue recycling scheme, including increased transfers to households or a differen-
tiated wage tax reduction across labour skill types, could be designed, which would ensure 
both positive economic and distributional impacts.

5.3 � Results in Context

Here, we try to place our results in the context of the body of literature concerning fos-
sil fuel subsidy reduction and double dividends of environmental policies. As mentioned, 
literature concerning the impacts of FFS removal is limited. Global studies suggest that 
removing FSS could result in large economic and emission benefits. Parry et al. (2021)’s 
estimates based on (constant elasticity) fuel demand functions show that in 2025, global 
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carbon emissions could have decreased by 36%, and government revenue could have 
increased by 3.8% of GDP if fossil fuels are efficiently priced. On the other hand Jewell 
et al. (2018), by comparing the results of five integrated assessment models, estimate lim-
ited emission impacts of less than 4%, though the authors argue that the annual fluctuations 
in subsidies are related to the volatility of energy prices rather than a policy change. The 
reason for the limited decline is that coal, the most carbon-emitting commodity per unit of 
energy, is subsidised far less than oil, and the subsidy removal shifts the consumption from 
oil and coal to natural gas rather than to renewables (Jewell et al. 2018; Parry 2018).

The analysis of Burniaux and Chateau (2014) applying a global CGE model shows that 
if 37 countries remove their FFSs gradually from 2013 to 2020 and governments recycle 
their raised income to households in a lump sum manner, economic benefits can be found; 
with welfare (measured by equivalent variation) improving by around 4% in the oil-export-
ing countries and 1% in the EU. Noi (2012) applying a single country CGE model finds 
that the removal of FFSs in Viet Nam leads to a 1% increase in real GDP with a 9% reduc-
tion in emissions. However, when subsidy removal is accompanied by an increase in the 
carbon tax under the assumption that the additional government income is used to increase 
investment expenditures, a 1.5% increase in GDP with a 13.5% reduction in emissions is 
found. The results are slightly sensitive to the choice of revenue recycling scheme: redirect-
ing the additional income to high-return investment or low-carbon development investment 
is superior to using those incomes for household transfers or cutting personal and enter-
prise taxes regarding their impacts on GDP and investment. However, in all scenarios, pri-
vate consumption decreases due to higher prices. Our results are in line with these limited 
estimates, where we also find emission reduction with economic benefits when recycling 
revenue.

Given the lack of CGE analyses of FFS removal, we also compare our results with 
the CGE literature on carbon taxation double dividend. Maxim et al. (2019) undertake a 

Fig. 7   Real disposable income in 2030 by sensitivity scenarios
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meta-analysis of CGE studies on the double dividend. It finds that in all CGE studies of 
EU countries, a strong double dividend is found with revenue recycling.14 The double divi-
dends found in the carbon taxation literature range up to 1% of GDP in EU countries (e.g., 
Ghafour et al. 1983; Pereira et al. 2016; Mayer et al. 2021). Given the larger amount of 
revenue involved in FFSs, one can argue that FFS removal has the potential to lead to even 
larger economic benefits than carbon taxation.

In the case of Ireland, Conefrey et al. (2013) find that imposing a €20 carbon tax and 
recycling revenues to decrease income tax or as lump sum transfers to households would 
result in a double dividend. Their macroeconomic model results show a decrease in 
emissions of 1.5% and an increase in GDP of 0.4%. Wissema and Dellink (2010) apply 
a static CGE model and finds an increase in capital and labour income but a decrease in 
welfare. Given that the base year of this model was 1998, it is not surprising that our results 
are different given the developments in the Irish economy since then.

In conclusion, we find, in line with the literature, economic and environmental bene-
fits of FFS removal. The question then arises why, given the benefits, these subsidies have 
not been removed. We argue that there are several reasons for this. Firstly, the sectors that 
receive these subsidies have had a strong voice in the political arena, making it politically 
hard to remove them. Secondly, the limited amount of research on FFS removal means that 
the view remains that these subsidies are vital for the economy. Finally, Ireland follows a 
global trend where most countries are reluctant to remove FFS.

6 � Conclusion and Policy Implications

Climate policies generally revolve around carbon taxation, and Ireland is no exception 
to this, where a heated policy debate on carbon taxation has taken place in past years. 
Recently, the Irish government has committed to an increasing carbon tax trajectory to 
incentivise the decrease in carbon usage by increasing its costs. However, an alarming 
amount of fossil fuel subsidies (FFSs) are still in place around the globe, which increases 
their use through reduced costs. In the case of Ireland, the current magnitude of FFSs is 
nearly six times greater than that of carbon tax revenues. FFSs and their removal are not 
given much attention both in policy and economic research at global and national levels. 
This paper addresses this research gap by investigating the environmental and economic 
impacts of removing Irish FFSs, comparing these to the impacts of a carbon tax increase 
by applying an intertemporal computable general equilibrium model for Ireland; the Irish 
environment-energy-economy (I3E).

Our results show that removing all Irish FFSs has similar emissions reduction impacts 
as the government’s carbon tax trajectory (reaching €100 by 2030). Each policy option has 
a similar impact on emissions, and their simultaneous implementation doubles the emission 
reduction. Though emissions impacts are very similar, the economic impacts of these 
policies differ. Removing FFSs has a greater negative impact on real GDP and investment 
than the increased carbon tax since their monetary value is almost six times higher than 
that of the carbon tax. On the other hand, the removal of FFSs has lower impacts on total 
employment and public indebtedness since it affects a set of sectors/commodities. Impacts 

14  Since the publication of Maxim et  al. (2019), this result seems to continue, e.g. Takeda and Arimura 
(2021); Xu and Wei (2021).
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across sectors are more evenly spread under a carbon tax as fossil fuel subsidies target 
specific sectors or inputs. Hence FFS removal will result in high impacts for specific 
production sectors. FFS removal leads to larger decreases in disposable income and larger 
increases in inequality across households, where the poor are hit the hardest. Both the level 
impacts and the regressivity of this policy can be mitigated by excluding household energy 
allowances from removal. These allowances have little impact on emissions reductions but 
lead to significant benefits in terms of disposable income and income distribution.

This paper adds to the discussion on FFS removal and illustrates the significance of 
both the economic and environmental impacts of FFSs. From a policy perspective, the 
removal of FFSs will not have significantly greater impacts on the economy than a carbon 
tax increase, and there is no economic argument for keeping these subsidies in place. The 
European Union and the Member States have well-defined targets for many aspects of their 
climate policy, from the share of renewable resources in energy production to the electrifi-
cation of transportation. The missing element is a clear commitment to how governments 
should and will phase out the FFSs. This paper’s main conclusion and thus recommenda-
tion is that FFS removal must be included in climate action plans and be an integral part of 
the climate change policy and commitments.

A further policy recommendation of this paper is that governments should recycle their 
FFSs budget, in addition to their carbon tax revenues, to alleviate the adverse impacts of 
the policy change on the most vulnerable agents. Recycling revenues can lead to a double 
dividend both in the case of FFSs removal and carbon taxation. Our results indicate that 
the majority of the cost of policy change will be passed by producers to households via 
the changes in purchaser prices. Hence, the results can be used as evidence to support 
households rather than firms in the case of FFS removal. Using increased revenues to 
reduce wage tax has the highest positive economic impact. Due to the large FFS budget, 
recycling this budget leads to the highest positive impacts on the economy. FFS removal, 
however, generates equiproportional impacts across economic agents and hits specific 
previously subsidised production sectors and households extremely hard. This makes 
removing subsidies problematic, meaning additional policies would need to be designed to 
compensate those negatively affected while still disincentivising fossil fuel usage overall. 
Given the large economic gains found in our analysis when additional revenues from FFS 
removal are recycled, there appears to be an amble budget for such additional policies. In 
this paper, we only consider the exclusion of households’ energy allowances as a means of 
limiting the adverse impacts of FFS removal on specific groups of people. However, we do 
not consider any other compensating options for production sectors or households affected 
by the removal of FFSs. Analysing other revenue recycling options, especially supporting 
specific sectors, would be a useful exercise in further research.

Though this analysis can provide valuable insights concerning the impacts of FFS 
removal in Ireland and allow for recommendations to be drawn for the Irish case as well 
as other countries, there are limitations to this analysis. Firstly, though the I3E model 
includes international trade, applying a trade model would allow for more detailed insights 
into the impacts of FFS removal on Irish competitiveness. The second caveat is related to 
the applied methodology. The main restrictive feature of CGE modelling is working with 
a representative agent; it assumes that all firms operating in, for instance, the food, bev-
erage and tobacco sector are represented by one sector defined in the model. The same 
applies to households as well; the poorest rural resident household is representative of 
all households living in rural areas with a disposable income below a certain level. This 
assumption does not allow us to quantify the impacts across different households within 
a group of households. For instance, removing the energy allowances would affect some 
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households more than others, even within a group. We propose excluding these allow-
ances to reduce the negative impacts of the policy change, and the removal of other subsi-
dies has similar impacts across households. Therefore, although we limited the restriction 
of this assumption to some extent, a micro-simulation analysis fed by our results would 
provide more insights regarding poverty implications. However, the same does not apply 
to firms because, depending on the size of the firm operating, for instance, in the land 
transportation sector, the impacts would be different. Due to the limitation of the meth-
odology applied, our analyses cannot differentiate firms operating in a sector. A partial 
equilibrium or firm-level analysis should be conducted to better understand the impacts 
of policy change across firms with different characteristics. Furthermore, this would allow 
for the explicit modelling of mitigation options. In the cases of the air transportation and 
electricity production sectors, the oligopolistic market structure should also be taken into 
account.

Appendix A Model Economy in a Nutshell

This section describes the agents defined in the model in a non-technical manner.

A.1 Households

The household sector consists of ten representative Ramsey-type household groups 
(RHGs) based on area of residence (urban and rural) and disposable income. Households 
choose the optimal level of composite consumption by maximising their utilities subject to 
their budget constraint. The budget constraints of RHGs equate the disposable income—
the sum of wage income, dividend income, welfare transfers and pension income from 
the government, and asset income from foreign asset holdings—to the sum of total 
consumption expenditures and savings. The composition of disposable income across 
income items is retrieved from the Survey on Income and Living Conditions (SILC), and 
the composition of consumption expenditures by commodities are calibrated using the 
Household Budget Survey (HBS). All households in the survey are are divided into groups 
by equal size.

A.2 Production Sectors and Commodities

There are 37 representative activities/firms which represent the main producers in 
the Irish economy regarding value-added, labour demand, and sectoral emissions. 
Thirty-three out of 37 activities determine the level of physical investment by max-
imising the value of the firm in an intertemporal manner. A share of combustion-
related emissions in some sectors are subject to the EU ETS legislation, and these 
sectors are exempted from paying the Irish carbon tax on their ETS emissions. The 
I3E model has an explicit representation of the ETS: each activity pays the same pur-
chaser, i.e. retail, price to buy an energy commodity but the final cost of unit demand 
is a function of the EU ETS price, which is an exogenous variable, and the activity-
specific ETS coverage, free allowances, and carbon tax exemptions. The main data 
source for sectoral interlinkages is the Supply and Use Tables (SUTs) provided by 
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the CSO. The Labour Force Survey (LFS) is used to disaggregate the sectoral labour 
demand into types of labour.

There are 42 commodities in the model of which 11 are energy/carbon commodi-
ties: peat, coal, natural gas, diesel, gasoline, kerosene, LPG, crude oil, fuel oil, other 
petroleum products and electricity. Firms can produce multiple products by solving a 
revenue maximisation problem. Total final demand is met by domestically produced 
commodities and imported commodities, which are assumed to be imperfect substitute 
of each other.

A.3 Labour

The model includes low-, medium- and high-skilled labour. The SILC and LFS are 
utilised to get the compositions of wage income of households and labour demand 
of sectors, respectively. In order to better model the dynamics of the Irish labour 
market, the I3E model also includes international migration and involuntary unem-
ployment. The level of net migration is a function of per employee net-of-tax real 
wage income differential between Ireland and the rest of the world. Higher domestic 
economic activity increases wage income and attracts more people to migrate to Ire-
land. Higher net migration increases the supply of labour and lowers wage rates and 
allows Irish firms to hire more employees without further increase in labour costs. 
As half of immigrants are high-skilled labour (according to LFS data), the increase 
in migration affects the high-skilled labour more, which in turn, puts downward 
pressures on the wage rates of the other labour types as labour types are imperfect 
substitutes.

A.4 Government

The government collects direct taxes on labour incomes and sectoral profits (corpo-
rate tax), indirect taxes on sales of commodities, a carbon tax on energy commodi-
ties, an export tax on exported electricity, a production tax on production activi-
ties, and half the ETS permit costs as per EU legislation. The carbon tax, which 
is exogenously determined by the government, is implemented as a fixed price 
of per-tonne equivalent of carbon and collected on the domestic consumption of 
energy commodities. The government allocates its total revenue to the consump-
tion of commodities, welfare transfers (dependent on CPI and unemployment lev-
els) and pension payments to households (dependent on CPI), and interest payments 
over the outstanding foreign debt stock. The difference between total revenues and 
expenditures of the government is public saving, which drives changes in the for-
eign debt stock, i.e. as public saving increases (decreases), the government debt 
stock becomes lower (higher).

A.5 Equilibrium

As a dynamic model, the equilibrium in I3E is characterised by both intratemporal and 
intertemporal equilibrium. The former requires that there is no excess demand (or sup-
ply) in all markets, i.e. the Walras law holds in every period. In other words, demand and 
supply in all markets, including factor markets are equal to each other. The intertemporal 
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equilibrium, on the other hand, is achieved by imposing the following restrictions on the 
terminal period.

where DIVDM,T is the amount of dividend of a dividend maximiser (DM) firm in the ter-
minal period T, DRT is the domestic interest rate, grw is the economic growth rate along 
the balanced growth path, qDM,T is the Tobin’s q, FDDM,K,T is the capital demand of firm, 
PSIA,T is the pyhsical investment of activity A, �A,T is the depreciation rate of physical capi-
tal, GSAVT is the government savings (the difference between its revenues and expendi-
tures), BFT is the foreign asset holdings of the Irish economy, FBORT is the foreign bor-
rowing, and rfT is the foreign interest rate.

The equations given above imply that the four variables (the value of firm, capital 
stock, government debt stock, and foreign asset holdings) that govern the model’s 
intertemporal dynamics must remain constant in the terminal period. For instance, 
Eq. A.3 is the transversality, i.e. insolvency constraint on the government indebtedness: 
if the government has a positive debt stock, the terminal period’s budget surplus must 
be equal to its interest payment over the existing debt stock.

Appendix B Assumptions for 2020 and 2021

The COVID-19 pandemic has led to changes in the structure of the economy in sev-
eral aspects. These realisations are incorporated, and it is assumed that all those 
changes will be 50% effective in 2021 as the country was in the lockdown during the 
first half of the year. In this respect, all structural variables of the Irish economy will 
go back to their original values, which have been calibrated by using the Irish ESAM, 
in 2022.

The CSO announced the National Accounts for the year of 2020. The overall 
economic activity is calculated by expenditure and production approaches. The 
model parameters are adjusted in order to catch the impact of the COVID-19 related 
lockdown measures on production (sectoral gross value added—GVA), households 
(private consumption), external demand (exports), government expenditures, capi-
tal formation, and net factor income of households. The sectoral parameters on 
production and value-added generation are adjusted in order to catch the percent-
age changes in the sectoral GVAs in 2020, compared to 2019. By using the Retail 
Sales Index of the CSO, the structural parameters of household demand are altered. 

(A.1)DIVDM,T = DRT (1 + grw) qDM,T FDDM,K,T

(A.2)PSIA,T = FDA,K,T (�A,T + grw)

(A.3)GSAVT = 0

(A.4)BFT = FBORT (grw − rfT )
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In order to introduce the labour market shock, the labour force participation rates 
(LFPRs) of each type of labour are lowered, and low-skilled labour is assumed to 
be hit harder than high-skilled labour. Due to the economic shutdown, employees 
and self-employed individuals are supported by the government. The total amount 
of COVID-19-related transfers (‘COVID-19 Pandemic Unemployment Payment’—
PUP, and a Temporary Wage Subsidy Scheme—TWSS) is introduced into the 
household budget constraint as a non-means-tested government transfer. The net 
factor income of households, which is a fixed variable in real terms in the model, is 
lowered by following CSO estimates.

In late 2019, the prices of oil, coal, and natural gas declined by around 20%, 16%, 
and 19%, relative to their closing prices in 2018. In the first months of 2020, energy 
prices plunged to the lowest levels in nearly 2  decades, which in turn softened the 
negative economic impacts of the virus crisis by lowering both the cost of production 
and the import bill of energy commodities for energy-importer countries.15 In order 
to take into account the cushioning impacts of the lower energy prices, it is assumed 
that energy prices remained at their low level in 2020. However, in the first quarter 
of 2021, the prices of oil and coal increased by 40% and the price of natural gas 
doubled, compared to their average prices in 2020. This remarkable surge in prices 
occurred in a period where the lockdown measures were in place across the globe, 
and there was a contraction in economic activity. Due to the vaccination roll-out in 
the developed countries and the attempts to ease/lift the lockdown measures, a strong 
rebound effect is expected due to the delayed consumption in 2020. Therefore, along 
all scenario paths, the energy prices are assumed to be constant at their levels at the 
end of the first quarter of 2021.

Appendix C Lists of Activities and Commodities

Tables  7 and 8  provides the lists of activities and commodities in the model economy, 
respectively.

15  The main reason for the lower prices was the price war between OPEC+ members. As of 13 April 2020, 
the war seems to have subsided as the members have agreed to cut the oil production by 9.7 million barrels 
per day (bpd) in May–June. The reduction in daily production will be 7.6 million bpd until the end of the 
year, and 5.6 million bpd in 2021 Economic Times 2020.
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Table 7   Activities

*It excludes NACE codes 5–9 (mining, quarrying and extraction), 19 (petroleum products), and 35 
(electricity and gas supply)
The activities without NACE codes are further disaggregated sectors

Activity NACE codes Aggregate sector

A_ACC​ Accommodation and Hotel Services 55–56 ACC​
A_AGR​ Agriculture 1–3 AGR​
A_CON Construction 41–43 CON
A_FSR Financial services 64–66 FSR
A_PUB Public sector 84 PUB
A_TRD Trade 45–47 TRD
A_ELC Conventional ELC Electricity
A_WND Wind ELC
A_ORE Other renewables ELC
A_BFM Basic metal manufacturing 24–25 MAN Manufacturing
A_BPP Basic pharmaceutical products 21 MAN
A_CHE Chemical products 20 MAN
A_FBT Food, beverage and tobacco 10–12 MAN
A_HTP High-tech products 26–28 MAN
A_NGS Natural gas supply MAN
A_OIN Other industrial products 17,18,33 MAN
A_ONM Other non-metallic Products 23 MAN
A_OTM Other manufacturing 31–32 MAN
A_PET Petroleum MAN
A_RUP Rubber and plastic products 22 MAN
A_TEX Textile 13–15 MAN
A_TRE Transportation equipment 29–30 MAN
A_WAT​ Water and sewerage 36,37–39 MAN
A_WWP Wood and wood products 16 MAN
A_OMN Other mining products MIN Mining
A_PEA Peat MIN
A_ATS Air transportation 51 TRP Transportation
A_LTS Land transportation 49 TRP
A_WTS Water transportation 50 TRP
A_OTR Other transport (Storage and Postal) 52–53 TRP
A_EDU Education sector 85 SER Services
A_HHS Health sector 86–88 SER
A_RES Real estate services 68 SER
A_TEL Telecommunication services 61 SER
A_PSE Professional services 69–75 SER
A_ADS Admin and support services 77–82 SER
A_OSE Other services Remaining SER
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Appendix D The Removal of Individual Subsidies

This section discusses the relative impacts of the removal of the different FFSs in a one by 
one fashion. These scenarios are summarised in Table 9, which gives the scenario names, 
the removed subsidy, the agent affected by the subsidy in the model and the variable 
adjusted in the model.

The removal of subsidies on auto and marked diesel (ST_DIE2–−1.8%) generates the 
highest overall inflationary impacts among all scenarios if the government removes FFSs 
one-by-one. This scenario is followed by ST_DIE1 (0.7%), in which only subsidies on auto 
diesel are removed, ST_KRS (0.5%), and PT_PEA (0.3), Table 14. For the non-energy price 
index, the highest impact is also generated by the scenario of ST_DIE2 (1.3%), which is 
followed by the scenarios of ST_DIE1 (0.5%), PT_ATS (0.3%), ST_KRS (0.2%) and PT_
PEA (0.2%).

Comparing the different subsidies, the largest emissions reduction is not surprisingly 
found in ST_DIE2 (8.7%) scenario, followed by ST_KRS (4.6%), ST_DIE1 (3.9%) and 
PT_ATS (2.4%) in 2030, relative to BaU. The other scenarios lead to relatively small emis-
sions reduction where PT_LTS has the lowest impacts with a 0.1% decrease. To compare 
emission reductions relative to the size of the subsidy, Table 10 also presents the emissions 
reduction (in percentage change w.r.t. BaU) associated with €1 of subsidy removal, which 
can be interpreted as how distortive the subsidy is. The results indicate that large differ-
ences can be seen across various subsidy schemes. The largest emissions impact per €1 
of subsidy is in the ST_FUO scenario, followed by ST_DIE1 and ST_DIE2. Households’ 

Table 8   Commodities

*Not subject to private consumption

C_AGR​ Agriculture C_HTP High-tech products
C_PEA Peat C_TRE Transportation equipment
C_COA Coal C_ELC Electricity
C_CRO* Crude oil C_NGS Natural gas
C_OMN* Other mining C_WAT​ Water and sewerage
C_FBT Food, beverage, and tobacco C_CON Construction
C_TEX Textile C_TRD Trade
C_WWP Wood and wood products C_LTS Land transportation
C_OIN Other industral products C_WTS Water transportation
C_GAL Gasoline C_ATS Air transportation
C_KRS Kerosene C_OTR Other transportation
C_FUO* Fuel-oil C_ACC​ Accom. and hotel serv
C_LPG Liquid petroleum gas C_TEL Telecommunication services
C_DIE Diesel C_FSR Financial services
C_OPP Other petroleum products C_RES Real estate services
C_OTM Other manufacturing C_PSE Professional services
C_CHE Chemical products C_ADS Admin and support services
C_BPP Basic pharmaceuticals C_PUB Publis services
C_RUP Rubber and plastic C_EDU Education
C_ONM Other non-metallic minerals C_HHS Health
C_BFM Basic fabricated metals C_OSE Other services
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subsidies have by far the smallest impacts (EA_HH), as these subsidies are given in a lump-
sum manner and not based on energy consumption.

The removal of a single subsidy has very limited impacts on the sectoral value-added 
besides on the affected sectors of sector-specific subsidies, and these results are given in 
Table 13.

The impacts on the macroeconomic aggregates in 2030 are presented in Table 14. In line 
with the inflation and emission results, ST_DIE2 results in the highest GDP decrease (0.8% 
in 2030). This scenario is followed by ST_KRS, ST_DIE1 and PT_ATS, each resulting in 
a 0.3% decrease by 2030. PT_PEA and PT_ELC result in a decrease of 0.1%, whereas the 
individual removal of other FFSs has negligible effects.

Concerning household impacts, the results of the individual removal of each subsidy are 
summarised in Table 15 and indicate that removing sectoral and commodity-related FFSs 
one by one generates uniform disposable income effects across households. The exception 
is the removal of household’s energy allowances (EA_HH), which impacts poorer house-
holds the most, particularly in rural areas.

Appendix E Results of all scenarios

This appendix provides the results of all scenarios. Tables  11, 12, and 13 
include  the  sectoral results regarding non-ETS emissions, ETS-related outcomes, and 
real value-added, respectively. Tables  14 and 15  summarise the macroeconomic and 
household impacts, respectively.

Table 10   The level of economy-
wide CO2 emissions in 2030 by 
scenario

aMillion tonne
bPercentage change w.r.t BaU

Emissionsa Change in 
emissionsb

Reduced emission 
(%) per €1 subsidy

BaU 52.4
PT_PEA 52.1 − 0.6 − 4.7
PT_ELC 52.1 − 0.7 − 6.8
PT_ATS 51.2 − 2.4 − 5.6
PT_LTS 52.4 − 0.1 − 3.8
ST_FUO 52.2 − 0.5 − 16.5
ST_DIE1 50.4 − 3.9 − 12.4
ST_DIE2 47.9 − 8.7 − 10.9
ST_KRS 50.0 − 4.6 − 10.0
EA_HH 52.3 − 0.3 − 0.8
FFS 43.9 − 16.3 − 6.9
FFS-HH 44.0 − 16.0 − 8.2
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Table 12   Sectoral ETS outcomes in 2030, % change w.r.t BaU

The acrimonies for sectors are as follows: ELC Electricity Production, MAN Manufacturing, SER Other 
Services, and TRP Transportation. The list of aggregated sectors and corresponding sub-sectors is available 
in Appendix C, and the scenario definitions are available in Tables 9 and 5. The ETS emissions of the MAN 
sector include the process emissions of the other non-metallic minerals sector. The TRP sector’s emissions 
include process emissions resulting from its fuel purchases outside of Ireland. See (de  Bruin and Yakut 
2021b, Section 3.2.3) for details

Emissions Cost

ELC MAN SER TRP ELC MAN SER TRP

PT_PEA − 2.5 − 0.2 − 0.1 − 0.1 − 2.5 − 0.3 − 0.1 − 0.1
PT_ELC − 3.8 − 0.4 − 0.3 − 0.1 − 3.8 − 0.6 − 0.3 − 0.2
PT_ATS − 0.5 − 0.4 − 0.1 − 21.3 − 0.5 − 0.6 − 0.1 − 34.9
PT_LTS 0.0 0.0 0.0 − 0.1 0.0 − 0.1 0.0 − 0.1
ST_FUO − 1.5 − 0.8 − 0.2 − 0.1 − 1.5 − 1.1 − 0.2 − 0.1
ST_DIE1 − 1.5 − 1.5 − 3.4 − 3.7 − 1.5 − 2.2 − 3.6 − 6.0
ST_DIE2 − 3.5 − 3.4 − 7.6 − 8.3 − 3.5 − 4.9 − 8.0 − 13.6
ST_KRS − 2.5 − 0.7 − 2.6 − 15.6 − 2.5 − 1.0 − 2.7 − 25.6
EA_HH − 0.3 − 0.2 − 0.1 − 0.1 − 0.3 − 0.3 − 0.1 − 0.2
FFS − 13.6 − 5.9 − 10.8 − 38.1 − 13.6 − 8.4 − 11.3 − 62.4
FFS-HH − 13.3 − 5.7 − 10.7 − 38.1 − 13.3 − 8.1 − 11.3 − 62.3
CT − 5.4 − 8.5 − 23.4 − 3.1 − 5.4 − 12.1 − 24.5 − 5.1
PT_PEA_CT − 7.8 − 8.6 − 23.5 − 3.2 − 7.8 − 12.4 − 24.6 − 5.2
PT_ELC_CT − 9.0 − 8.8 − 23.6 − 3.2 − 9.0 − 12.6 − 24.8 − 5.3
PT_ATS_CT − 5.8 − 8.8 − 23.4 − 24.0 − 5.8 − 12.7 − 24.5 − 39.3
PT_LTS_CT − 5.4 − 8.5 − 23.4 − 3.1 − 5.4 − 12.2 − 24.5 − 5.1
ST_FUO_CT − 6.8 − 9.2 − 23.5 − 3.2 − 6.8 − 13.1 − 24.7 − 5.2
ST_DIE1_CT − 6.7 − 9.7 − 25.9 − 6.6 − 6.7 − 14.0 − 27.2 − 10.8
ST_DIE2_CT − 8.5 − 11.4 − 29.0 − 11.0 − 8.5 − 16.3 − 30.4 − 18.0
ST_KRS_CT − 7.7 − 9.1 − 25.4 − 18.3 − 7.7 − 13.0 − 26.6 − 30.0
EA_HH_CT − 5.7 − 8.7 − 23.6 − 3.2 − 5.7 − 12.4 − 24.7 − 5.3
FFS_CT − 18.1 − 13.5 − 31.6 − 40.2 − 18.1 − 19.4 − 33.1 − 65.8
FFS-HH_CT − 17.8 − 13.4 − 31.4 − 40.1 − 17.8 − 19.1 − 33.0 − 65.7
CT_ProdTax − 3.3 − 5.6 − 22.1 − 2.4 − 3.3 − 8.1 − 23.2 − 3.9
CT_WageTax − 2.5 − 5.9 − 21.1 − 0.9 − 2.5 − 8.5 − 22.2 − 1.4
FFS-HH_ProdTax − 11.5 − 3 − 9.2 − 37.5 − 11.5 − 4.4 − 9.7 − 61.4
FFS-HH_WageTax − 5.9 1.1 − 4.6 − 34.6 − 5.9 1.6 − 4.8 − 56.6
FFS-HH_CT_ProdTax − 14.3 − 8.4 − 29.2 − 39 − 14.3 − 12.1 − 30.6 − 63.9
FFS-HH_CT_WageTax − 12.8 − 8.7 − 27.3 − 37.6 − 12.8 − 12.5 − 28.7 − 61.6
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Table 15   Real disposable income in 2030, % change w.r.t. BaU

The scenario definitions are available in Tables  9 and 5. The first five columns of households are rural 
resident households, and r1 (r5) stands for the poorest (richest) households. The second five columns of 
households are urban resident households, and u1 (u5) stands for the poorest (richest) households. For more 
details, see Sect. 3

r1 r2 r3 r4 r5 Total u1 u2 u3 u4 u5

PT_PEA − 0.1 − 0.1 − 0.1 − 0.1 − 0.1 − 0.1 − 0.0 − 0.1 − 0.1 − 0.1 − 0.2
PT_ELC − 0.0 − 0.0 − 0.1 − 0.1 − 0.1 − 0.1 − 0.0 − 0.0 − 0.0 − 0.0 − 0.1
PT_ATS − 0.1 − 0.2 − 0.2 − 0.2 − 0.2 − 0.2 − 0.1 − 0.1 − 0.1 − 0.2 − 0.2
PT_LTS − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0
ST_FUO − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0 − 0.0
ST_DIE1 − 0.2 − 0.2 − 0.3 − 0.3 − 0.3 − 0.3 − 0.1 − 0.1 − 0.2 − 0.2 − 0.4
ST_DIE2 − 0.4 − 0.5 − 0.6 − 0.7 − 0.7 − 0.6 − 0.1 − 0.3 − 0.5 − 0.5 − 0.8
ST_KRS − 0.1 − 0.2 − 0.2 − 0.3 − 0.3 − 0.2 − 0.0 − 0.1 − 0.2 − 0.2 − 0.3
EA_HH − 6.0 − 2.9 0.3 0.1 0.1 − 0.3 − 1.7 − 0.9 0.2 0.1 − 0.0
FFS − 6.8 − 4.0 − 1.0 − 1.2 − 1.4 − 1.4 − 2.0 − 1.5 − 0.7 − 0.9 − 1.6
FFS-HH − 0.7 − 1.0 − 1.3 − 1.3 − 1.4 − 1.2 − 0.3 − 0.6 − 0.9 − 1.0 − 1.6
CT − 0.5 − 0.9 − 1.2 − 1.3 − 1.5 − 1.1 − 0.2 − 0.5 − 0.9 − 1.0 − 1.6
PT_PEA_CT − 0.6 − 1.0 − 1.3 − 1.5 − 1.6 − 1.3 − 0.2 − 0.6 − 1.0 − 1.1 − 1.7
PT_ELC_CT − 0.6 − 0.9 − 1.2 − 1.4 − 1.5 − 1.2 − 0.2 − 0.6 − 0.9 − 1.1 − 1.6
PT_ATS_CT − 0.6 − 1.1 − 1.4 − 1.6 − 1.7 − 1.3 − 0.2 − 0.6 − 1.0 − 1.2 − 1.7
PT_LTS_CT − 0.5 − 0.9 − 1.2 − 1.4 − 1.5 − 1.1 − 0.2 − 0.5 − 0.9 − 1.0 − 1.6
ST_FUO_CT − 0.5 − 0.9 − 1.2 − 1.4 − 1.5 − 1.2 − 0.2 − 0.6 − 0.9 − 1.0 − 1.6
ST_DIE1_CT − 0.6 − 1.1 − 1.5 − 1.6 − 1.8 − 1.4 − 0.2 − 0.7 − 1.1 − 1.2 − 1.9
ST_DIE2_CT − 0.8 − 1.4 − 1.8 − 2.0 − 2.2 − 1.7 − 0.2 − 0.8 − 1.3 − 1.5 − 2.4
ST_KRS_CT − 0.6 − 1.1 − 1.4 − 1.6 − 1.7 − 1.3 − 0.2 − 0.6 − 1.0 − 1.2 − 1.8
EA_HH_CT − 6.6 − 3.8 − 0.9 − 1.2 − 1.4 − 1.4 − 1.9 − 1.4 − 0.7 − 0.9 − 1.6
FFS_CT − 7.2 − 4.8 − 2.1 − 2.5 − 2.8 − 2.5 − 2.1 − 2.0 − 1.6 − 1.9 − 3.1
FFS-HH_CT − 1.1 − 1.8 − 2.4 − 2.6 − 2.8 − 2.2 − 0.4 − 1.1 − 1.7 − 2.0 − 3.0
CT_ProdTax 0.9 0.6 0.5 0.2 0.3 0.5 0.4 0.2 0.3 0.3 0.8
CT_WageTax 2.8 2.6 3.2 3.6 4.9 3.9 1.6 2.0 2.7 3.4 5.8
FFS-HH_ProdTax 0.3 0.1 − 0.0 − 0.2 − 0.1 0.0 0.1 − 0.0 − 0.0 − 0.0 0.2
FFS-HH_WageTax 6.6 6.8 9.0 10.9 14.2 10.9 3.7 5.5 7.8 9.6 16.1
FFS-HH_CT_ProdTax 1.1 0.6 0.4 − 0.1 0.1 0.4 0.5 0.2 0.2 0.2 0.9
FFS-HH_CT_WageTax 4.5 4.2 5.3 6.3 8.6 6.7 2.6 3.4 4.7 5.8 10.0
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