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Abstract 
This paper analyses the medium-term effects of a carbon tax on growth and CO2 
emissions in Ireland, a small open economy. We find that a double dividend exists if the 
carbon tax revenue is recycled through reduced income taxes. If the revenue is recycled 
by giving a lump-sum transfer to households, a double dividend is unlikely. We also 
determine that a greater incidence of the carbon tax falls on capital than on labour. When 
combined with a decrease in income tax, there is a clear shift of the tax burden from 
labour to capital. Finally, most of the effect on the economy is due to changes in the 
competitiveness of the manufacturing and market services sectors. These results hold 
even if we allow changes in energy prices to have an enhanced (detrimental) effect on 
Ireland’s competitiveness. 
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1. Introduction 

Among the range of fiscal consolidation measures announced by the Irish government in 

Budget 20101 was the introduction of a carbon tax on fossil fuels.  This was initially set 

at €15/tonne of CO2 and is slated to increase to €25/tonne of CO2 in 2012 and €30/tonne 

of CO2 in 2014 (Government of Ireland, 2010). In this paper, we analyse the implications 

of a carbon tax for the economy and for carbon dioxide emissions. 

The cheapest way to meet any emission target is to set the marginal cost of emission 

equal for every source (Baumol and Oates, 1971). The easiest way to establish a uniform 

price for emissions is to impose the same emission tax on all sources (Baumol, 1972; 

Pearce, 1991). This implies that the marginal cost of emission reduction is equal across 

all sectors of the economy. If marginal costs are not equalised, total economic costs are 

higher than necessary.2 For example, if it were cheaper to reduce an additional tonne of 
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carbon in the electricity sector than in the transport sector, then emissions should be 

reduced further in power generation and less far in transport. A uniform tax also adheres 

to the basic notion of fairness that like cases should be treated alike. As there is no 

difference between a tonne of carbon dioxide emitted by power generation and a tonne 

emitted by transport, it is fair to tax emissions from both at the same level. A carbon tax 

is therefore an appropriate instrument for emissions reduction. 

The desirable level of the carbon tax is a complicated issue. Some would argue for a cost-

benefit analysis, and then set the tax equal to the social cost of carbon (Tol, 2005). Others 

would argue that the tax should be set at a level that is sufficiently high to meet the 

emission target with reasonable certainty (den Elzen et al., 2007). Yet others would argue 

that the carbon tax should not exceed the level that is acceptable to the electorate (cf. Li 

et al., 2004). A carbon tax is important because it signals Ireland’s commitment to 

international climate policy. A carbon tax also gives the important signal to companies 

and households that climate policy is serious and here to stay. 

Some 45 per cent of Ireland’s carbon dioxide emissions (and 30 per cent of total 

greenhouse gas emissions3) are already regulated by a price mechanism (Ellerman and 

Buchner, 2007): the EU Emissions Trading System (ETS) sets a price for carbon dioxide 

emission permits for power generation, the production of cement and alumina, along with 

other sectors. To create a uniform price of emissions for all sectors of the economy the 

carbon tax should apply only to the sectors that are not regulated by the ETS and should 

be equal to the ETS permit price.4  

Matching the carbon tax to the price of emissions permits in the EU ETS is not a trivial 

task. The EU ETS spot price of carbon dioxide emission permits varies daily, whereas a 
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carbon tax is constant for a budget period, or varies according to a fixed schedule. 

However, in the futures market for emission permits prices are less volatile. The carbon 

tax of the following year could be announced in the Budget, and set equal to the futures 

price. In that case, at least in expectation, the carbon tax would equal the permit price. 

The proposed rule – a carbon tax set equal to the futures price of tradable permits – is fair 

and economically efficient as every source faces the same opportunity cost per emitted 

tonne. It would be extremely difficult for agents responsible for a carbon tax to engage in 

strategic behaviour in order to influence the ETS market since Irish emissions account for 

a tiny share of overall European emissions. Furthermore, agents responsible for the 

carbon tax are often distinct from those who are subject to the ETS, making it difficult for 

them to influence the ETS price directly.  

The proposed rule has a third advantage. Climate change is a long-term problem. The 

transition to a zero-carbon economy will take a century. Investment and research cycles 

are much longer than electoral cycles. For these reasons, climate policy should not be 

subject to the short-term considerations of the economic or political cycle. Reminiscent 

of the Central Bank’s situation, the proposed rule makes the carbon tax independent, to 

some degree, of day-to-day political and economic issues. 

Sectors that are already regulated by the EU ETS should be exempt from the carbon tax.5 

As a matter of principle, double regulation should be avoided. In this particular case, 

imposing a domestic tax on sectors subject to European regulation would be ineffective 

and expensive. A domestic tax on emissions in the EU ETS would reduce emissions in 

Ireland, but because the emission cap is Europe-wide, every tonne reduced in Ireland 

would be emitted elsewhere. The net effect on emissions would be zero. Furthermore, 
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because the domestic tax would distort the market for emission permits, the costs of 

emission reduction would increase in Ireland (Tol, 2007; Boehringer et al., forthcoming) 

while it would fall marginally in the rest of the EU, without any commensurate benefit in 

terms of reducing EU-wide emissions. 

Carbon dioxide emissions not regulated by the EU ETS by and large come from fossil 

fuel combustion. The carbon tax is therefore best administered as a duty on fuels, with 

very low administrative costs. The duty should be proportional to the carbon content of 

the fuel.6 

Based on these considerations, the rest of the paper analyses the implications of a carbon 

tax for the Irish economy, both in terms of growth and of carbon dioxide emissions. The 

tax is imposed only on sectors that are not covered by the EU ETS. In addition we 

assume that this tax is imposed unilaterally by Ireland (i.e. that it is not adopted by 

Ireland’s trading partners). We isolate the effect of a carbon tax from ongoing (and 

unrelated) changes in the economy. We determine that a carbon tax is able to yield a 

double dividend for Ireland, by both reducing emissions and accelerating growth, if the 

revenue is properly recycled to reduce existing taxes. We describe the channels through 

which the taxes are effective and determine that in the case of a carbon tax the tax burden 

is shifted from labour to capital. 

Section 2 reviews the previous literature. Section 3 describes the HERMES model. 

Section 4 discusses the macro-economic effects of a carbon tax and its impact on 

emissions. Previous studies have highlighted how the effects of tax reforms depend on 

the pre-existing tax structure and the specific way in which the revenue collected by any 

new taxes is used. In section 4 we therefore distinguish between the effects due to the 
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introduction of a carbon tax and those driven by different revenue recycling scenarios. 

Section 5 concludes. 

2. Previous research 

There is a large literature on the economic impact of greenhouse gas emission reduction 

(Barker et al., 2006), and a substantial share of these papers uses carbon taxes as the 

policy instrument. Starting in the 1990s there has been a growing literature on the double-

dividend potential of environmental taxes: a carbon tax would reduce emissions and, in 

addition, the recycled revenue could accelerate economic growth and increase 

employment by reducing existing taxes on labour and capital. A weak version of the 

double-dividend hypothesis, which states that welfare is greater when pre-existing 

distortionary taxes are reduced than when the revenue is returned to tax payers as a lump-

sum, is generally accepted (Goulder, 1995). The strong version, which claims that there 

are no costs (or even negative costs) to implementing an environmental tax is more 

controversial, although it is the one of most interest from a policy perspective. The rest of 

the paper refers to the strong version of the double-dividend hypothesis.  

Earlier studies, using partial equilibrium models or one-factor general equilibrium 

models, and assuming competitive markets (e.g., Pearce, 1991; Bovenberg and De Mooij, 

1994) found rather stark results on double dividends: either large or zero. In fact, it is not 

possible to have a double dividend in a one-factor model because there is no distortion by 

definition (Bovenberg and De Mooij, 1994; Goulder et al., 1997). 

Later analyses with multiple production factors and distorted labour markets found more 

nuanced results. Two-factor models introduce the possibility of inefficiencies in the tax 

system. The marginal excess burden (MEB) – that is, the loss of overall production 
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efficiency due to taxation – of a tax depends on its level and on how sensitive labour and 

capital are to changes in the price they are paid. For labour the sensitivity is measured by 

the wage elasticity of labour supply. For capital (in a closed economy), it is measured by 

the intertemporal elasticity of substitution in consumption. In both cases the distortion is 

larger if the elasticity is larger. Replacing a high MEB tax with a low MEB tax reduces 

the distortion in the economy and stimulates growth. The gain is larger if (1) the 

difference in MEBs is larger; (2) the burden of the environmental tax falls mainly on the 

under-taxed factor; and (3) the recycling of revenues mainly reduces the burden of the 

overtaxed factor (Goulder, 1995). 

The efficiency gain has to overcome the negative effects of a carbon tax. Besides the 

higher cost of energy, there are distortions arising from a carbon tax. The broader the tax 

base, the lower the distortion. A carbon tax, however, has a relatively narrow base, as it is 

meant to change specific behaviour. In fact the more effective a tax is at reducing carbon 

dioxide emissions, the more distortionary it tends to be, since its effectiveness is based on 

its ability to change consumers’ behaviour significantly (Goulder, 1995). Taxes on 

intermediate inputs generally have larger welfare costs than do taxes on primary factors 

because the former distort both the intermediate input choice and factor markets 

(Goulder, 1995). 

Substitution elasticities between labour, capital and energy are also important, as they 

determine the effective incidence of a carbon tax, as well as the size of the deadweight 

loss caused by the higher cost of energy. In developed economies, capital and energy are 

closer substitutes than are labour and energy (van der Werf, 2008) so a carbon tax would 

shift the tax burden from labour to capital. In Ireland, labour taxes are high relative to 
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taxes on capital and, as shown below, existing studies on Ireland find a double dividend 

effect. 

A number of studies examine the impact of a carbon tax on a closed economy. For the 

US, Goulder (1995) and Bovenberg and Goulder (1997) find no evidence of a double 

dividend from the introduction of a carbon tax while Jorgensen and Wilcoxen (1993) find 

that a double dividend is possible but only under certain conditions. For a small open 

economy, Holmlund and Kolm (2000) show that a carbon tax that is recycled to lower 

income taxes (in the presence of a fixed labour force) increases employment in the non-

traded sector, but reduces employment in the traded sector. Overall they find little 

evidence of a double dividend, since GDP is not enhanced. Bossier et al. (2002) use a 

macroeconometric model for Belgium and show that there is a double dividend in the 

medium-run (although not in the short-run) if the revenue from carbon taxes is recycled 

to lower social security contributions. Palatnik and Schechter (2008) assess the results of 

a carbon tax for another small open economy: Israel. They find that if the labour market 

displays involuntary unemployment, a double dividend is achieved quite easily through a 

substitution away from energy intensive inputs towards labour and capital intensive ones.  

For Ireland, Bergin et al. (2004), using the model described in Fitz Gerald et al. (2002), 

find that a carbon tax of €20/tCO2 would modestly reduce carbon dioxide emissions, 

mostly from power generation.7 Recycling the revenue through a reduction in VAT or 

social insurance would accelerate economic growth, while lump-sum transfers to 

households or companies would slow growth. Fitz Gerald and McCoy (1992) find similar 

results. Using a completely different model and set of data, Wissema and Dellink (2007) 

also find that a carbon tax with lump sum recycling would slow economic growth. 
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Wissema and Dellink (2010) find that a strong double dividend from a carbon tax is not 

likely and argue that reducing taxes on labour in a market that is very tight may worsen 

welfare impacts compared to recycling through reduced VAT or output taxes. The 

authors use a static labour market model where changes in the labour force occur only 

through changes in participation of domestic workers. This is a key consideration in 

interpreting the result that a double dividend is unlikely. In section 3 we discuss why a 

more flexible specification of the labour market which allows for migration better reflects 

the extremely open nature of the Irish labour market. 

The earlier results for the effect of a carbon tax for Ireland suggest that a double dividend 

is possible but is by no means certain. Existing taxes and distortions in the labour and 

capital markets, together with the specific form of the tax reform, determine the ultimate 

outcome (Fullerton and Metcalf, 2001). That is, a double dividend can be achieved if the 

tax reform takes account of existing distortions to capital and labour markets and recycles 

the revenue wisely. 

This study differs from the papers reviewed above in several ways. We use a simulation 

model of the economy of Ireland, but abstract from changes in the economy due to 

factors unrelated to the changes in taxation by keeping the economic structure fixed at its 

2005 level. Moreover the effects of a carbon tax and the effects of recycling the tax are 

analysed separately. In the following section we show the results of imposing three types 

of tax calibrated to have an identical impact on government borrowing as a percentage of 

GNP: a carbon tax, a lump sum tax on households and a change in income tax. We then 

consider the combined effects of a carbon tax where the revenue is recycled through 

either a lump sum tax rebate or a reduction in income tax rates. 
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3. The model 

The HERMES macroeconomic model has been used to develop medium-term forecasts of 

the Irish economy since 1987. This model of the Irish economy was originally part of an 

EU-wide system of macroeconometric models - HERMES - that was specifically 

designed to deal with supply side issues arising from the oil price shocks of the 1970s 

(CEC, 1993).  

HERMES models the supply side of a small open economy. The determination of output 

is modelled separately for the tradable sector and the non-tradable sector. For the tradable 

sector, the share of world output produced in Ireland is modelled as a function of Irish 

competitiveness, broadly defined, relative to Ireland’s competitors. This specification 

encompasses both Irish firms competing for market share on what is essentially a world 

market and foreign firms choosing where to locate their production to serve the world 

market. For manufacturing the demand for labour, materials and capital is itself a 

function of Irish output, the costs of these factors of production in Ireland and technical 

progress. According to the 2005 Census of Industrial Production (Central Statistics 

Office, 2007), 80 percent of the value of Irish manufacturing is exported. A full 

description of the manufacturing sector of the HERMES model is presented in Bradley et 

al. (1993) and the key output equations are shown in Appendix 1. 

An increasing share of the output of the market services sector is traded. Conefrey and 

Fitz Gerald (2010) describe how HERMES models the traded part of the services sector: 

similar to manufacturing, the business and financial sub-sector of the market services 
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sector is sensitive to world demand and Ireland’s international competitiveness, broadly 

defined. 

As implemented, the simulation model of the Irish economy displays a labour market 

with limited involuntary unemployment in the long run as endogenous wages tend to 

adjust to gradually clear that market.8 Labour supply is unusually elastic, with female 

participation and migration being responsive to domestic wage rates (Honohan, 1992, and 

FitzGerald, et al., 2008). As argued in Duffy et al. (2005), while Irish labour supply 

elasticity was almost infinite up to the 1980s, more recently it has decreased, though  still 

high by international standards. 

 The key mechanisms within the HERMES model are: 

1. The exposed tradable sector is driven by world demand, elements of domestic 

demand and cost competitiveness. The majority of firms in the manufacturing 

sector are price takers. This is consistent with existing evidence on Irish 

manufacturing exporters (see Fitzgerald and Haller, 2010). Firms in the business 

and financial services sector are price setters. This implies that the ability to pass 

on any cost increases or decreases to the final consumer exists primarily for firms 

in the services sector. 

2. Energy is imported and enters the production function within a composite 

materials variable (including services inputs). In manufacturing, within the 

materials inputs factor, energy and other raw materials are assumed to be used in 

a fixed proportion. Energy does not enter the production function of services. 
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3. The sheltered market sector (building and parts of market services) is driven by 

domestic demand. 

4. The public sector is policy driven - decisions on tax rates and expenditure are 

treated as exogenous. However, borrowing and debt accumulation are 

endogenous. 

5. Labour demand is derived from the factor demand systems for the individual 

sectors of the economy. Labour supply is modelled as a function of migration and 

participation decisions. The long run stock of migrants is modelled as a function 

of the factors affecting the relative attractiveness of the Irish and foreign labour 

markets. This, in turn, affects labour supply. Labour supply and labour demand 

together determine the long-term equilibrium wage rate. 

As shown in Table 1, in 2005 energy inputs represented only 1 per cent of the value of 

manufacturing output whereas labour costs accounted for 8.7 per cent. Note that more 

than 60 percent of intermediate goods are imported and are therefore not affected by 

domestic labour, capital or energy prices.9 

Table 1. Factor Shares in Manufacturing Output, 2005 

 Share 

Labour 8.7 

Capital 22.2 

Energy 1.0 

Non-energy material inputs 68.1 

Source: CSO, Census of Industrial Production, enterprise data. 
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In 2002 a sub-model of energy demand and greenhouse gas emissions from energy use 

was included (Fitz Gerald et al., 2002). The crucial price elasticities of demand for 

energy are reported in Table 2. The latest version of the HERMES model has been re-

estimated using data from the CSO National Income and Expenditure Accounts 2006. 

Table 2. Estimated price elasticities of energy demand. 

Energy type and sector Long Run Price Elasticity  

Electricity Demand:  

   Household1 -0.32 

   Commercial and Public2 -0.15  

   Industry3 -0.29 

   Agriculture4 -0.84 

Non-Electricity Energy Demand:   

   Household5 -0.35 

   Commercial and Public -0.38 

Fuel Demand:   

  Transport – Oil6 -0.23 

  Transport – Kerosene7 -1.36 

Notes: 
1 The elasticity is defined as the percentage change in energy for a one per cent change in 
the activity variable. In this case the activity variable is the stock of housing and the price 
variable is the real price of electricity to the consumer. 
2 The activity variable here is GDP arising in the market and the non-market sectors and 
the price variable is the real price of energy to industrial consumers. 
3 The activity variable here is GDP arising in industry and the price variable is the price 
of electricity for industry relative to the price of manufacturing output. 
4 The price variable used is the price of energy inputs in manufacturing deflated by the 
deflator for agricultural inputs. 
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5 The activity variable here is real personal disposable income. 
6 The price elasticity is with respect to the price of petrol relative to the UK. 
7 The price elasticity is with respect to the real price of kerosene to the consumer. 

 

 

4. The impact of a carbon tax on the 2005 economy 

As discussed in Section 2, theoretical studies have highlighted the channels through 

which a double dividend from a carbon tax might arise. Double dividends can occur 

through decreased distortions in the labour market, leading to higher employment; 

changes in the terms of trade, improving the balance of payments;  reductions in the tax 

burden of the most taxed factor of production; some combination of these three channels. 

Simulations that are based on forecast models have the advantage of estimating the 

effects of taxes in a realistic scenario. The main drawback is that by their own nature they 

do not distinguish between the direct effects of tax changes and other exogenous changes 

that take place in the economy. In this section, we focus on the direct effects of changes 

in taxation. We abstract from ongoing changes in the Irish economy by simulating the 

effects of the tax changes while holding the economic structure constant at its 2005 

level.10 The recent global economic crisis and decline in economic activity in Ireland has 

reduced emissions and may result in lower constraints and related costs over the coming 

years. However, while the crisis may have affected the timing of when cuts in emissions 

occur, if reductions in emissions must be achieved the cost will be related to the size of 

the necessary cuts. Achieving these reductions in an efficient manner using appropriately 
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designed carbon tax and ETS instruments remains a priority for policymakers despite the 

decline in emissions brought about by the recent crisis. 

We assume that a unilateral carbon tax is imposed in Ireland on the sectors that are not 

already covered by the EU ETS program. The impact of the EU ETS is incorporated into 

the baseline projections. We also assume that the EU-wide permit price for carbon 

dioxide emissions remains constant during the period we analyse. We consider three 

options for the use of the revenue from a carbon tax: the revenue is used to repay 

government debt (acquire financial assets); to reduce income taxes; to make a lump sum 

tax rebate to all residents. 

To identify the effects of different ways of recycling the enhanced tax revenue, we first 

examine the effects of the three different tax changes, treated individually. The increased 

revenue from the carbon tax is used to repay government debt (or acquire financial 

assets). The decreased revenue due to reductions in income tax or the lump-sum transfer 

to residents is also compensated for by changes in government debt. 

This analysis illustrates the deadweight losses involved in levying different types of taxes 

in Ireland today. The changes in taxes are generally calibrated so as to have an identical 

impact (in absolute value) on government borrowing as a percentage of GNP in each 

year. We then combine the carbon tax with the revenue being recycled through reduced 

income taxes or a lump-sum tax rebate to arrive at an estimate of the combined effects of 

the tax changes. In the first simulation, where the carbon tax of €20/tonne of CO2 is 

imposed on its own, the increase in tax revenue is recycled through a reduction in 

government debt. The main effect of the carbon tax in this scenario is to reduce 

government debt interest payments abroad. The increase in government income arising 
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from lower debt interest payments could have some effect on government consumption in 

future years.  This scenario does not consider the possible second-round effects of this 

increase in government income on government consumption and the real economy. As a 

result the tax has no further short-term effect on the economy (and therefore there is no 

double dividend).  

We also determine the economic incidence of the different tax instruments on capital, 

labour and other personal income (primarily transfer income to households). The 

incidence is calculated by first measuring the change in real after-tax income of labour 

and capital in million euro (at constant prices). The incidence is then defined as the share 

of the overall change represented by these amounts. In the case of labour and other 

personal income, the deflator used is that for consumption. For profits the deflator used is 

that for GDP at factor cost. Because of the importance of foreign firms in the Irish 

economy, we also distinguish between the effects of the taxes on foreign and domestic 

capital. 

To understand the medium-term effects of a carbon tax, we analyse the effects of changes 

in taxes on the economy, 15 “years” after they are imposed.11 This gives time for the 

production structure to adjust fully to changes in relative prices.12  

4.1 Carbon tax with debt repayment  

We impose a carbon tax of €20/tonne of CO2 in 2005 (and hold it at that level for 15 

periods) and assume that the government uses the revenue to repay debt (or invest in 

financial assets). In the medium-term this tax would raise just under €600 million 

annually, equal to around 0.47 per cent of Gross National Product (GNP). When all the 
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indirect effects on government revenue and taxation are taken into account, this produces 

a reduction in government borrowing of 0.52 per cent of GNP.13  

Table 3 summarises the effects of different tax changes. The first column shows that the 

carbon tax has a direct effect on the price of energy in Ireland. Manufacturing sees the 

price of energy inputs increase by about 17.0 per cent, whereas households experience a 

more limited rise in the price of energy of 3.30 per cent.14 On average consumer prices, 

including both energy and non-energy products, rise by around 0.25 per cent. This puts 

upward pressure on nominal wages, which increase by a slightly smaller 0.20 per cent, 

thereby causing real wages to dip. Real disposable income decreases by 0.36 per cent, 

reducing domestic demand, and overall employment decreases slightly as well. 

Table 3. Long-run effects of individual tax changes, % change from baseline 

 Carbon Tax Income Tax Lump Sum 
GDP, volume -0.21 0.60 0.27 
GNP (excl nat. debt int.), volume -0.05 0.49 0.32 
GNP, volume 0.07 0.37 0.20 
Output    

Market services, volume -0.24 0.76 0.35 
Manufacturing, gross volume -0.34 0.61 - 0.03 

Price of energy, manufacturing 17.13 - 0.02 0.01 
Price of energy, households 3.25 - 0.02  0.00 
Employment -0.07 0.59 0.10 
Wage rate, non-agriculture 0.20 - 1.06 0.06 
Personal disposable income, real -0.36 1.14 1.24 
Consumption, constant prices -0.26 0.88 0.93 
Exports, price deflator 0.11 - 0.07  0.00 
Imports, price deflator 0.00  0.00 0.00 
Balance of payments, % of GNP 0.35 - 0.33 - 0.41 
CO2 excl. electricity & aviation -2.02 0.50 0.35 
    
Tax incidence, %    

Capital, domestic 39 23 20 
Capital, foreign 38 14 1 
Labour 12 46 5 
Other personal income 12 16 74 
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Irish manufacturers are price takers on the international market. In a scenario where only 

the Irish government is imposing a carbon tax, they still face unchanged international 

prices. This, together with the relative increase in their cost of labour, lowers 

manufacturing output, even after a shift in the demand for inputs, substituting away from 

raw materials (including energy) towards capital and labour. This substitution away from 

material inputs tends to have a positive effect on the economy because a very high 

proportion of the inputs used in the manufacturing sector are imported.15 

Because the manufacturing sector cannot pass on the increased costs through higher 

prices and because the substitution possibilities are limited in the medium-term, 

profitability in the manufacturing sector is reduced. With a substantial proportion of the 

manufacturing sector foreign owned, there is also a significant reduction in profit 

repatriations. Thus some of the incidence of the carbon tax falls on foreign owners of 

Irish firms. The economic sustainability of this outcome is discussed further below. 

Firms in the market services sector are price setters, able to pass on their increased costs 

to final consumers. Foreign buyers of Irish services respond to the rise in the price by 

reducing demand for Irish services exports by 0.26 per cent. When combined with the 

negative effects on consumption of the imposition of the carbon tax, this results in a 

reduction in output in market services of 0.24 per cent. 

The prices of exports rise by around 0.11 per cent as a result of the imposition of the tax 

in Ireland, all due to an increase in the price of services exports. This gives a small gain 

in the terms of trade. The reduction in the volume of exports, due to the loss of 

competitiveness, is largely offset by a fall in the volume of imports, because of reduced 

demand for inputs (including energy) by the manufacturing sector and reduced personal 
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consumption. The balance of payments shows an increased surplus (reduced deficit) of 

0.35 per cent of GNP due to the growing international investment income of the 

government arising from the increased tax revenue and a reduction in profit repatriations. 

Aggregating all these effects, the simulations suggest that the volume of GDP at market 

prices would decrease by 0.21 per cent as a result of the carbon tax. Just under half of the 

effect of the tax in terms of lost output arises in manufacturing and the remainder occurs 

in market services. Total employment falls by 0.07 percentage points. 

When account is taken of factor flows, including changes in profit repatriations and the 

government’s income (or reduced interest payments) from the investment of the revenue 

from the carbon tax, GNP would actually be higher by 0.07 per cent (in the long-run). If 

the effect of the enhanced government investment income is excluded, then GNP would 

be reduced by 0.05 per cent. 

As shown in Table 3 the bulk of the incidence of a carbon tax will fall on capital. Where 

the tax is introduced at a low level the incidence would be shared equally between 

domestic and foreign capital, with both sharing about 40 per cent of the tax burden. 

Carbon dioxide emissions decrease with the imposition of a carbon tax (the first 

dividend). The reduction in CO2 emissions from the non-traded sector (excluding 

electricity and aviation which are regulated by the EU-ETS) is about 2 per cent. This 

reduction assumes that the government uses all of the revenue to repay debt, and 

therefore excludes any possibility of double dividend.  
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4.2 Income tax 

The rate of income tax is changed to match the impact of the carbon tax on the 

government budget, including all the direct and indirect effects. This involves decreasing 

the personal income tax by about 1.45 percentage points, with GNP decreasing by about 

0.74 percentage points. 

The second column of Table 3 shows the results of this decrease in income tax. As labour 

is assumed to bargain in terms of the real after-tax wage, nominal wage rates fall by 1.06 

percentage points, less than the fall in the average tax rate. In addition, the decrease in 

wage rates induces a fall in consumer prices of 0.17 per cent. The combined effect of 

these changes is to increase real personal disposable income by 1.14 percentage points 

and increase the volume of consumption by 0.88 percentage points. These results reflect 

the fact that the elasticity of labour supply is high in Ireland by international standards,16 

so that much of the incidence of taxes on labour falls on employers. 

With much of the incidence of the decrease in income tax rates falling on employers, the 

competitiveness of the manufacturing sector improves. The result is an increase in output 

of 0.61 percentage points. Employment in manufacturing rises by 1.05 percentage points, 

more than the increase in output, as firms substitute labour for material inputs. The 

volume of services exports increases by 1.31 percentage points as a result of lower 

wages. When taken together with the additional consumption of domestically produced 

services, the positive impact on the output of the market services sector is 0.76 

percentage points. Total employment increases by 0.59 percentage points. 



 21 

GDP at market prices rises by 0.60 percentage points and GNP by 0.37 percentage points. 

The increase in domestic output more than offsets the reduction in imports so that the 

balance of payments improves by around 0.33 percentage points of GNP.  

In this case, CO2 emissions (excluding aviation and electricity) rise by about 0.50 per 

cent, due to the faster economic growth. 

Almost half of the incidence of the income tax change falls on labour with a somewhat 

lower share (37 per cent) falling on capital. 

4.3 Lump sum tax refund to households 

We go on to consider a lump-sum tax refund to households, which by its nature is 

unrelated to their labour market behaviour, although it affects consumption through its 

effect on disposable income. Such a lump-sum tax refund is non-distortionary in the 

sense that it has no impact on the supply of factors of production, especially labour, and it 

does not directly affect the profitability of the productive sector.  It is calibrated to match 

the impact of the carbon tax on government borrowing as a percentage of GNP – 

implying a decrease in revenue equal to 0.51 percentage points of GNP.  

The last column of Table 3 shows that there would be minimal impact on prices and 

wages from such a tax refund. However, the increase in real personal disposable income 

of 1.24 percentage points translates into an increase in the volume of personal 

consumption of 0.93 per cent. While much of the change in consumption is passed 

through as an increase in imports, there is also a significant rise in the volume of output 

of the market services sector. Output in that sector grows by 0.35 per cent. There is 

minimal impact on the output of the manufacturing sector so that GDP at constant market 
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prices ends up rising 0.27 percentage points. Taking account of the offsetting impact of 

the government’s lowered investment income (or increase in debt interest payments) the 

volume of GNP increases by 0.20 percentage points. With the major increase in domestic 

consumption, and hence imports, the balance of payments deficit increases to 0.41 

percentage points of GNP. In this scenario, CO2 emissions (excluding aviation and 

electricity generation) increase by 0.35 per cent. 

Finally, in the case of a lump sum payment to households, not surprisingly, the vast bulk 

of the incidence accrues to other personal income. 

4.4 Net effect of a carbon tax with revenue recycling 

Here we show the impact of using the revenue from a carbon tax to reduce either the 

burden of income tax or else to pay a lump sum tax rebate to individuals or households. 

As mentioned above, double dividends might arise if tax reforms reduce the average 

marginal excess burden. Honohan and Irvine (1987), using data for the late 1980s in 

Ireland, identified high deadweight losses from income tax because of the then high 

marginal rates of income tax. While the marginal and average rates of income tax have 

fallen dramatically since the 1980s, income tax still involves a significant deadweight 

loss through the distortions it induces in the labour market. By contrast, a lump sum tax 

involves minimal distortion of the labour market and domestic production. 

Part of the incidence of a carbon tax falls on foreign firms (affecting profit repatriations) 

and therefore has a limited distortionary impact on the domestic economy. However, if a 

large carbon tax was imposed unilaterally by Ireland, the incidence of the tax would shift 

to Irish factors of production and the social costs would be higher (as shown in Table 3). 
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Furthermore, if the reduction in profitability led to the relocation of firms abroad, then the 

impact on the domestic economy could be larger. Foreign-owned firms account for 84 per 

cent of gross value added in manufacturing and 65 per cent in services and as a result the 

relocation of mobile enterprises in these sectors to other countries could have a 

significant impact on output and employment (foreign owned firms account for 22 per 

cent of employment (CSO, 2011). Nevertheless, the response of mobile firms in the 

manufacturing and services sectors to the introduction of the tax is uncertain as the 

decision to locate in Ireland is influenced by many factors such as the availability of 

skilled labour, competitiveness and other considerations. 

When the revenue from a carbon tax is used to cut income tax, we find a double dividend. 

The results reported in the first column of Table 4 show that there would be a positive 

effect on both GDP and GNP, with GDP being 0.39 percentage points above its base 

level and GNP 0.45 percentage points above base in the long run. This reflects the fact 

that the deadweight costs from income tax due to the distortions it causes in the labour 

market are greater than the deadweight loss involved in a carbon tax. The net reduction in 

carbon dioxide emissions is 1.52 per cent. 

We therefore conclude that when the carbon tax is recycled through a lower income tax a 

double dividend is probable, although it is likely to be small. 
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Table 4. Long-run effects of tax reform, % change 

 from baseline 

 Income Tax Lump Sum 
GDP, volume 0.39 0.05 
GNP (excl. nat. debt int.), volume 0.44 0.27 
GNP, volume 0.45 0.27 
Output   

Market services, volume 0.52 0.11 
Manufacturing, gross volume 0.27 -0.37 

Price of energy, manufacturing 17.11 17.13 
Price of energy, households 3.23 3.25 
Employment 0.51 0.03 
Wage rate, non-agriculture -0.86 0.26 
Personal disposable income, real 0.79 0.88 
Consumption, constant prices 0.62 0.68 
Exports, price deflator 0.03 0.11 
Imports, price deflator 0.01 0.00 
Balance of payments, % of GNP 0.01 -0.06 
CO2 excl. electricity & aviation -1.52 -1.67 

 

Because there are minimal deadweight gains in the case of a lump sum tax rebate, this is 

less likely to be beneficial. The second column of Table 4 shows that while GDP is still 

higher, it is by a negligible 0.05 percentage points. Emissions are reduced by 1.67 per 

cent.  The results for GNP is slightly more favourable reflecting the fact that more of the 

incidence of carbon taxes will fall on the owners of Irish firms than would be the case for 

either a change in income tax on its own or a lump sum tax on its own. Emissions still fall 

by 2.3 per cent, but a double dividend is unlikely. 

Finally, as shown earlier in section 4.1, if the revenue of a carbon tax is used simply to 

repay government debt on international markets a double dividend will not arise. 

These results are broadly consistent with those found for Ireland in previous studies – 

Fitz Gerald and McCoy (1992), Fitz Gerald et al. (2002), Bergin et al. (2004) and Fitz 
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Gerald et al. (2008) – especially if a carbon tax is small or imposed in the whole of the 

EU. These studies, however, did not isolate the effect of a carbon tax from unrelated 

changes in the economy and typically assumed that the carbon tax was imposed EU-wide. 

For a  unilateral carbon tax larger than in the scenarios considered here, the negative 

competitiveness effects are likely to be somewhat greater than found in the previous 

studies.  

The results do not agree with those reported in Wissema and Dellink (2010), who find no 

evidence of a double dividend. As mentioned earlier, the discrepancy is due to the 

difference in the characterisation of the Irish labour market. 

These results also illustrate the difficulty in reducing emissions from the non-tradable 

sector in a relatively short space of time (15 “years”). With existing technology and the 

existing capital stock (of houses and cars), there are limited substitution possibilities to 

reduce emissions. 

5. Conclusion 

In this paper, we analyse the effects of a carbon tax on Irish economic growth and on 

emissions. We isolate the effects of a carbon tax from those due to unrelated changes in 

the Irish and world economy by maintaining the economic structure fixed at its 2005 

level. We determine the long-run effects of such a tax. 

The result is that a double dividend in Ireland is possible if the carbon tax revenue is 

recycled through a reduction of income taxes. This shifts the burden of the tax from 

labour towards capital. In a small open economy such as Ireland, where labour is 

particularly mobile and labour costs are a large component of international 
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competitiveness, this tends to improve economic performance. No double dividend is 

likely to arise if the revenue is given back to households as a lump-sum payment. 

We find that the main channel through which the tax changes affect the economy is in 

fact through changes in the international competitiveness of manufacturing and services. 

We do not account for carbon leakage, defined as the percentage of emission reductions 

that is offset by increased emissions in other countries. The majority of existing studies 

estimate the long run carbon leakage for the Kyoto Protocol to be about 5 to 20 per cent 

(Burniaux and Oliveira Martins, 2000). Di Maria and van der Werf (2008) argue that 

leakage should be lower, since changes in climate policy induce technology 

improvements that reduce carbon. A carbon tax that equals the expected price of CO2 

emission permits on the European market would guarantee that emissions are reduced in 

a cost-effective manner. It would also imply that Ireland over-complies with its emission 

reduction target under the EU Emissions Trading Scheme (EU ETS), and misses its target 

outside the EU ETS. Fungibility between the separate targets is therefore in Ireland’s 

interest – but is not foreseen in the initial EU policy proposals. Under this carbon tax, 

Ireland will also miss its implied aggregate emissions target, and so will have to import 

emission reduction credits from abroad. 

There are a number of caveats to be taken into account when considering the analysis in 

this paper. The HERMES model is essentially linear. However, as taxes are increased 

significantly it is likely that the distortions of the carbon tax would be more than 

proportional (Giavazzi et al., 2000; Honohan and Irvine, 1987). This is particularly the 

case if the price of carbon in Ireland were to be significantly different than in its 

neighbour countries. Under this scenario the effect on emission reduction would be 



 27 

slightly larger, the effect on economic growth would be slightly smaller but the main 

qualitative results would remain unchanged. Since HERMES does not have a detailed 

representation of technological substitution, the results presented here are valid only up to 

10 to 15 years. We would expect that the impact of a carbon tax would be more 

substantial in the longer term, when the effects of potential new Research & 

Development take place.  

Whatever the full economic impact of a carbon tax in the long run, it is still the cheapest 

way to reduce emissions. Other policy instruments may achieve similar or larger 

emission reductions, but necessarily at a higher cost. 
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Appendix 1: Model of Output in Tradable Sector of the Irish Economy 
These equations are taken from the latest version of the HERMES model of the Irish 
economy. The high tech manufacturing sector and the business and financial services 
sector are the key sectors in the Irish economy and determine the bulk of the output of the 
tradable sector. The unit cost of production is estimated as part of the estimation of the 
factor demand systems for each sub-sector, as described in Bradley, Fitz Gerald and 
Kearney (1993).  

High Tech. manufacturing 

The long-run desired level of output in Ireland (Q*)is a function of world output Qu 
(proxied by US GDP), the unit cost of production in Ireland ci relative to the cost in the 
OECD area co (proxied by manufacturing output prices in the OECD area) and Irish wage 
rates (wi) relative to wage rates in the UK (wu). The elasticity with respect to world 
output is higher from 1990 onwards reflected in the dummy D which takes on the value 
zero up to 1989 and one thereafter. 
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The estimation period is 1975 to 2005. 

=2R  0.99533 S.E.= 0.078032         

    
Coefficient Estimate Standard Error T statistic 

a1 12.88581 0.678801 18.98318 

a2 3.39785 0.218861 15.52516 

a3 0.404133 0.121479 3.326758 

a4 -0.61257 0.228735 -2.67808 

a5 -0.67154 0.198378 -3.38516 

The elasticity with respect to world activity rises after 1990. What is important for the 
results in this paper is how output is affected by the competitiveness of the sector. The 
unit cost of production includes the effects of developments in all costs – materials, 
energy, labour, and capital - where the weights in the unit cost are estimated as part of the 
estimation of the factor demand system. These weights approximate the factor shares in 
total cost. The coefficient on this variable, a4, suggests that a one per cent rise in the unit 
cost of production, due to a rise in energy or materials costs, leads to a 0.61 per cent fall 
in output in the long run. However, a one per cent rise in domestic wage rates would have 
a substantial additional impact through the coefficient a5.  

These results suggest that the sub-sector of manufacturing is more sensitive to labour 
costs than to other developments. This probably reflects the fact that in the sample period, 
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because much of the inputs of materials and energy into the sector were imported, their 
prices would have been similar to those in countries competing to attract the firms. 
However, if firms were faced with an increase in the Irish cost of energy relative to the 
cost of energy in other competing countries there might be stronger competitiveness 
effects than estimated here. 

Business and Financial Services 

In the latest version of the HERMES model exports of services (excluding tourism), Xs, 
are a function of world activity Qw (proxied by US GDP), Irish wage rates, Wi, relative to 
those in the UK, Wu, and the rate of corporation tax, T. The elasticity with respect to 
world output is higher from 1990 onwards reflected in the dummy D which takes on the 
value zero up to 1989 and one thereafter. 
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The estimation period is 1970 to 2005. 

=2R  0.992975 S.E.= 0.107962         

    
Coefficient Estimate Standard Error T statistic 

a1 14.64381 0.672874 21.76308 

a2 3.801639 0.247892 15.33588 

a3 0.922762 0.189246 4.876002 

a4 -1.29101 0.226313 -5.70453 

a5 -2.21178 0.448538 -4.93109 

 

The estimated elasticity of services exports with respect to world activity in recent years 
is very high – between 4 and 5. The elasticity with respect to domestic wage rates is -1.3, 
which is also high relative to the manufacturing sector. 

The desired level of output in Ireland in the business and financial sector, Q*, is a 
function of exports of services, X, domestic demand weighted by input output 
coefficients, F, (McCarthy, 2005), and the price of output of the sector pi relative to wage 
rates in the UK, wu. 
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The estimation period is 1970 to 2005. 

=2R  0.99764 S.E. = 439.8 

    
Coefficient Estimate Standard Error T statistic 

a1 11145.41 4702.675 2.370015 

a2 0.205175 0.071996 2.849832 

a3 0.94035 0.221912 4.2375 

a4 -4187.07 2044.156 -2.04831 

ρ  0.963129 0.015055 63.97611 

When simulated as a model these equations suggest an elasticity of domestic output in the 
sector with respect to world activity of 1.37. The elasticity with respect to relative 
prices/wage rates is around -0.7. 

 

Demand for Factors of Production, Manufacturing 

The own and cross-elasticities of demand for the three factors of production (energy is 
considered part of the materials inputs) are shown below for the high tech manufacturing 
sector. These estimates are derived for 2005 from the re-estimation of the model of factor 
demand described in Bradley, Fitz Gerald and Kearney, 1993. 
Table A.1. Hi-tech manufacturing elasticities of substitution, long-run 

               LABOUR         MATERIALS         CAPITAL     

LABOUR           -1.00         0.79        0.21 

MATERIALS         0.08        -0.32         0.23 

CAPITAL          0.06         0.62        -0.68 

For this sector materials, including energy, are a substitute for labour and capital in the 
long run (when capital is variable). For the carbon tax simulation described in this paper 
the price of energy inputs in manufacturing rises by around 17 per cent causing the 
materials input price (including energy) to rise by 0.56 per cent. If all other prices were 
constant (the price of labour is also affected in the simulation) this would lead to a fall in 
materials inputs of 0.18 per cent in volume and a rise in capital inputs of 0.13 per cent. 
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Figure 1. Effects of a tax reform on GNP in Ireland for three alternative ways to recycle 
the carbon tax revenue. 

 

 

 

 

 

 

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

pe
rc

en
t

Income tax
Lump sum
Debt reduction



 35 

Notes 

                                                 
1 The details of Budget 2010 were released in December 2009. See 
http://budget.gov.ie/budgets/2010/2010.aspx 
2 This is not the case if there are market imperfections and prior tax distortions, and the carbon tax interacts 
with these imperfections and distortions (Baumol and Bradford, 1970). Our understanding of these matters 
in an Irish context is incomplete. 
3 In addition to carbon dioxide, the most important other greenhouse gases are methane and nitrous oxide. 
4 We would in fact prefer to replace the ETS with a carbon tax, or extend the ETS to cover all emissions. 
Neither option appears politically feasible. 
5 Fuels used by sectors covered by the ETS would be exempt from the carbon tax. 
6 The carbon content of fuels is readily available from Sustainable Energy Ireland. These numbers are also 
used for Ireland’s emission accounting, which follows internationally agreed rules under the UN 
Framework Convention on Climate Change. 
7 Conniffe et al. (1997) also conclude that emission reduction is relatively cheap in power generation, and 
relatively expensive elsewhere in the economy. 
8 This part of the model is described in Curtis and Fitz Gerald (1996), Fitz Gerald (1999) and Fitz Gerald 
and Hore (2002). 
9 In 1998 62 percent of non-energy material inputs were imported, based on the 1998 Input Output tables 
for Ireland (Central Statistics Office, 2004).  
10 This is implemented by replicating the exact values of the exogenous variables from 2005 for each of the 
subsequent twenty years. When the model is simulated the economy stabilizes at a fairly unchanging level 
of output and prices. In the case of interest rates, a constant real rate of around two per cent is assumed. 
11 In the presentation and discussion of the scenarios in section 4, we include the second decimal of the 
results. Although the second decimal is not important in absolute terms, we report it to  preserve the 
ranking across different scenarios.   
12 In the long-term we expect that the increased cost of carbon will lead to investments in R&D in new 
technologies and eventually to the adoption of technologies that abate emissions. The HERMES model is 
not suitable for estimating the long-term impact of a carbon tax because it does not take account of the 
potential reduction in emissions from the adoption of such new technologies. 
13 Indirect effects arise from changes in revenue from other taxes and in expenditure on welfare payments 
that are due to changes in wage rates, prices and unemployment. As government net indebtedness changes 
there are also changes in debt interest payments.  
14 The price of consumption of energy for households rises by less than that for manufacturing because of 
the much higher tax and distribution margin in such consumption. 
15 The long-run elasticities of demand for the factors of production in manufacturing are shown in Table 
A.1 through Table A.3 in Appendix 1. 
16 Although it is lower than in the 1970s and 1980s (Fitz Gerald et al., 2008). 
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