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Abstract
Taxes often face public opposition, which hinders their implementation since people 
envision them as costs without a return. Taxes on emissions are one of the most com-
mon instruments to tackle environmental problems. If their revenues are used to subsidize 
renewables, and a double dividend is achieved, public opposition may decrease. Focusing 
solely on total emissions and total output to measure the first and the second dividend of 
a combination of policies may be misleading. Indeed, total emissions may increase with 
economic growth, but relative emissions may decrease, indicating the generation sector’s 
desired decarbonization. Hence, a wider group of indicators can provide a better insight 
into the desirability of environmental policies. Our work discusses alternative indicators 
for the first and the second dividends in the context of a third-generation Environmental 
Tax Reform (ETR) where emissions tax revenues are used to finance renewable energy 
sources. The results of our simulation model highlight the relevance of the choice of the 
indicators for each dividend. Considering alternative indicators provides a better insight 
into policy impacts. If emissions per output indicate the environmental dividend and con-
sumers’ utility/welfare indicates the economic dividend, the ETR always provides a dou-
ble dividend. If we choose the traditional indicators, the ETR may not seem particularly 
interesting. However, with alternative indicators, which still reflect crucial aspects of the 
environment-economy relationship, the ETR is desirable. Hence, we argue that the attrac-
tiveness of a certain ETR and its double dividend should be evaluated under a broader 
range of indicators.
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1  Introduction

Over the last decades, environmental problems have become a fundamental issue, with the 
energy sector contributing to a large share of emissions. The current economic crisis devi-
ated attention from the environment, but the relationship between the economy and the 
environment remains a top priority, especially in energy generation. A critical problem of 
this economy-energy-environment relationship is that energy generation still requires pol-
luting nonrenewable resources. With the current technology, dominated by fossil fuels, 
economic growth (more production) is frequently accompanied by more pollution (emis-
sions). Some options appear as promising to deal with this problem: increasing resource 
use efficiency, using carbon capture and sequestration technologies, and replacing polluting 
for non-polluting resources. This last route, which has been particularly appealing in the 
previous decades with a strong emphasis on the promotion of renewable energy sources 
(RES) worldwide, is explored in this paper.

Governmental policy is essential to promote resource substitution, e.g., penalizing pol-
luting resources and supporting non-polluting ones. Notwithstanding, governmental inter-
vention in this area faces some challenges even though subsidies to RES are common 
and generally accepted (Skolrud and Galinato 2017). However, these subsidies can face 
opposition depending on the revenues’ origin to finance them (Pereira and Pereira 2019). 
For example, when financed through general tax funds, such as income and labor taxes, 
these subsidies can generate distortions, which is generally not well accepted (Galinato 
and Yoder 2010). Alternatively, RES subsidies can be financed through taxes on polluting 
resources, changing relative prices, and guaranteeing that the burden remains within the 
energy system. This second alternative is generally better received by the public. Some 
studies consider carbon taxes and RES subsidies as independent alternatives (e.g., Silva 
et al. 2013b; Abolhosseini and Almas 2014) and do not study the advantages of using them 
simultaneously. In this regard, it is possible to follow the logic of an Environmental Tax 
Reform (ETR) in which the use of polluting resources is taxed, and the revenues are used 
(maintaining revenue-neutrality) to finance renewables use.

There is a vast literature on traditional ETRs, which shift the burden from positive eco-
nomic aspects, such as employment and income, to negative environmental externalities, 
such as carbon emissions. In the context of an ETR, a vital issue is the analysis of the 
existence of a double dividend (DD) (Bovenberg 1999). The DD exists when there are 
simultaneously environmental advantages (the first dividend) and economic/welfare pro-
gresses (the second dividend). This literature has been developed after the initial works by 
Pearce (1991) and Goulder (1995). Due to the vast literature, some authors, such as Freire-
González (2018), Patuelli et al. (2005), and Bosquet (2000), performed literature reviews 
and meta-analysis on the results obtained regarding the DD. Freire-González (2018) found 
that only 55% of the studies under consideration achieved a strong DD. Bosquet (2000) 
surveyed empirical studies on this theme and concluded that the economic dividend was 
small in the short-run and ambiguous in the long-run. Results remain mixed, controver-
sial, and not completely understood. Additionally, review studies concluded that a DD also 
depends on the type of tax recycling-policy, but none of them covered the new ETR as the 
one we have in this study.

Studies on a new generation of ETRs are relatively recent and still scarce. In these 
reforms, tax revenues are used to, for example, promote renewable energies, develop 
energy efficiency, distributional offsets, or fiscal consolidation (Ou et al. 2013; Gago et al. 
2014). These reforms are known as third-generation ETR (Gago et al. 2014). Some authors 
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performed modelizations close to such new ETRs, even though some do not fit perfectly 
into the ETR literature. A vast set of policies is often analyzed, including carbon taxes and 
RES support, among other policies. Additionally, revenue neutrality is not always main-
tained (e.g., Yi et al. 2016; Kalkuhl et al. 2013; Bohringer et al. 2013). Yi et al. (2016) 
evaluated a set of policies that combined a CO2 tax with subsidies to low carbon electricity 
generation sources (including natural gas) for a Chinese city. These authors did not focus 
solely on RES and only covered the simulated policies’ environmental impacts. Kalkuhl 
et al. (2013) evaluated several policy options to promote renewables regarding their welfare 
and energy price effects under the central planner simulation. There was a ‘carbon-trust’ 
theoretically close to the ETR we implement among the policies under analysis. Bohringer 
et al. (2013) considered several options to finance renewables, including an electricity tax, 
and studied the employment and welfare impacts of those options for Germany.

Only a few studies considered a pure third generation ETR, with a carbon tax and sub-
sidies to renewables (or similar policies) and revenue neutrality (e.g., Pereira and Pereira 
2019; Skolrud and Galinato 2017; Galinato and Yoder 2010). Pereira and Pereira (2019) 
provided a carbon tax-financed simulation of a case where RES feed-in tariffs in Portugal. 
The authors found that this reform was better than the carbon tax used alone but did not 
discuss the dividends’ indicators. Skolrud and Galinato (2017) simulated a model where 
an optimal integrated tax-subsidy program existed together with Renewable Fuel Stand-
ard policies. Taxes were imposed on blended fuel, while subsidies were provided to cellu-
losic ethanol production. Revenue neutrality was maintained. This study departs from our 
case because our empirical simulation focuses on the electricity sector and considers the 
decentralized equilibrium rather than the central planner case. Galinato and Yoder (2010) 
assumed a carbon tax with a fixed net-revenue (for high emitting energy sources) and a 
subsidy program (for low emitting energy sources). These authors did not study the sub-
stitution between non-polluting and polluting resources since emissions resulted from each 
sector’s output and not from resource use. Additionally, by considering a welfare-maximiz-
ing, central planner situation, these authors diverge from our analysis.

The existence of an environmental dividend when applying environmental taxes is 
relatively consensual in the literature (Freire-González 2018). Among the existing stud-
ies, most find a positive environmental effect of the policy mix, i.e., a first dividend (e.g., 
Pereira and Pereira 2019; Galinato and Yoder 2010; Kalkuhl et al. 2013). However, it can 
be of interest to consider other indicators for the existence of this first dividend. There is an 
ongoing debate on the relationship between the environment and the economy. Some evi-
dence indicates that more economic growth harms the environment at least until a specific 
output level. This trade-off may compromise the conclusions about a DD and hence, the 
desirability of a certain ETR.

Notwithstanding, a relative measure such as emissions per output reflects that the econ-
omy is becoming less intensive on emissions. Even if emissions still grow, they grow less 
than output, which means relative decoupling between economic growth and environmen-
tal quality (Everett et al. 2010). With the current technology, especially in the energy sec-
tor, which is still intensive in fossil fuels, it is challenging to decrease total emissions with-
out harming output. However, it is possible to transition to a production system that is less 
intensive in emissions. For example, Liddle et al. (2020) refer to reducing energy intensity 
(and not of total energy consumption) as a desirable goal. Relative measures instead of 
absolute ones can then be relevant.

The existence of an economic dividend is not as consensual in the literature and 
needs further exploration (Freire-González 2018). For example, Galinato and Yoder 
(2010) found welfare gains from their policy program relative to the no-tax-scenario 
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and the no-policy situation. Skolrud and Galinato (2017) found only marginal or zero 
welfare gains from their integrated tax-subsidy policy in a posterior study. Bohringer 
et al. (2013) found minor benefits for small renewable subsidy levels, while there were 
substantial losses for higher subsidy levels. On the other hand, Kalkuhl et  al. (2013) 
and Pereira and Pereira (2019) found welfare and GDP/income losses, respectively, 
from the simulated policies. Still, Kalkuhl et  al. (2013) showed that a RES subsidy 
used alone would imply significantly larger welfare losses. Welfare measured by con-
sumers’ utility is a relevant alternative indicator to total output. Nowadays, it is gener-
ally accepted that economic growth is necessary to economic development but is not 
the only relevant issue. It is realistic to assume that in an era where pollution problems 
and related health problems exist, agents care about the consumption (which in devel-
oped countries is already at a high level) and about the environment.

Additionally, consumers’ welfare is currently frequently used as an essential eco-
nomic indicator (Melamed and Petit 2019; Albaek 2013). In this perspective, we con-
sider consumers’ utility/welfare as a relative measure since it includes the relative 
preferences of individuals regarding the valuation of consumption and environmental 
quality. Hence, it may be essential to expand the concept of the economic dividend.

In sum, when assessing the existence of a DD and the desirability of a certain ETR, 
it may be of interest to consider alternative indicators for the first and second divi-
dends. Pondering only total emissions and total output may be misleading regarding 
the interest of a certain policy instrument.

Our contribution to the literature is twofold. Firstly, we model the third generation 
ETR and examine the possible existence of a DD, in a non-traditional and non-com-
mon context. Secondly, we discuss the importance of the environmental and economic 
dividends indicators under a specific third-generation ETR, proposing alternative indi-
cators. Notably, we compare the results using absolute indicators, such as total emis-
sions and total output, with the results obtained by using relative indicators, such as 
emissions per output and consumers’ utility/welfare. To the best of our knowledge, 
this discussion has never been done. Almeida et al. (2017) provided a critical analysis 
of the environmental indicators used in assessing the existence of an Environmental 
Kuznets Curve. These authors were concerned about the type of indicators used, as we 
do here, but in a different context. Freire-González (2018) briefly referred to the possi-
ble existence of other determinants of the economy-wide effects of an ETR but did not 
focus on any specific indicators.

Our stylized analytical model studies the fuel-switching (production structure) 
responses when tax revenues finance a subsidy to RES. We assess the possibility of 
achieving a DD through this new ETR considering alternative indicators for each divi-
dend. Our results demonstrate the importance of the choice of the indicators, which 
policymakers should consider. Additionally, the empirical simulation reveals that the 
ETR achieves a better performance than the tax used alone, which is in line with, e.g., 
Pereira and Pereira (2019). Our model’s effects occur through resource substitution 
toward higher renewables’ intensity, reflecting the energy sector’s decarbonization.

The remaining of the article is organized as follows: Sect. 2 explores the model and 
its equilibrium conditions; Sect. 3 analyzes the possible existence of a DD of the ETR; 
Sect. 4 shows a numerical simulation of the model; Sect. 5 provides the conclusions 
and some policy implications of the article.
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2 � The model

Our stylized model builds on the one created in Silva et al. (2013a) and comprehends the 
production of three perfectly competitive sectors: final-goods, renewable resources (R-sec-
tor), and nonrenewable resources (F-sector). Our analysis is in continuous time and focuses 
on the decentralized equilibrium.1

2.1 � Consumers

In this economy, representative consumers own assets and value both consumption, C, and 
environmental quality. Hence, their utility decreases with emissions, E. The two elements 
of the logarithmical instantaneous utility function are separable:

We assume constant population in such a way that aggregate variables are interpreted 
as per capita amounts. In equilibrium, consumption is a given proportion of the output 
( Ct = ΛYt).

2.2 � Government

Since F consumption generates pollution, to achieve higher output without harming the 
environment, it is necessary to replace F for R. This is the government’s challenge in this 
model. The government taxes ( �t ) F use and subsidizes ( �t ) R production; that is, the gov-
ernment uses taxes for fiscal policy purposes to finance the subsidies’ costs. Thus, taxes are 
needed for a balanced government budget each moment. The government’s budget is thus 
always in equilibrium and, following the ETR logic, tax revenues are entirely destined to 
support renewables:

With this procedure, we wish to remain on the sidelines of the debate on the equiva-
lence between the financing of public expenditure (subsidies in our case) by public debt 
or taxation, considering that taxes are necessary for a balanced government budget at all 
times. Therefore, we make this procedure merely instrumental in isolating the effects of 
taxes and subsidies in this context.2

2.3 � Final‑goods sector

A larger number of identical and perfectly competitive final-good producers act in this sec-
tor. The aggregated production function is given by:

(1)U(C,E) = lnCt − lnEt

(2)�tFt = �tRt

1  We abstract from all unnecessary aspects (such as capital accumulation and the labor market) to highlight 
key features regarding the effects of natural resource substitution on the economy and the environment.
2  Thus, it is not our objective to discuss the Ricardian equivalence according to which, for a given spending 
path, the substitution of debt by taxes does not affect aggregate demand nor interest rates. That is, to a cer-
tain extent, the public debt has no wealth effect, and for the economy, the financing of public spending by 
debt or taxation is equivalent. However, the verification of equivalence requires a restrictive set of assump-
tions, which are out of this paper’s scope.
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where: Y is output, � represents economic efficiency, R is the quantity of renewables use, � 
can be read as the elasticity of output regarding R, F is the quantity of nonrenewables use, 
and (1 − �) is the elasticity of output regarding F. Fossil fuels use causes emissions with a 
factor of � , i.e., aggregate emissions are Et = �Ft.

Final-good producers maximize their profit function where the final-good price is nor-
malized to one. The first-order conditions (FOCs) provide the demand equations of R and 
F, respectively, which may be aggregated for the economy (for simplicity, hereafter, we 
omit the time argument):

where pR and pF are, respectively, the price of R and F. Accordingly, both resources are 
always necessary for production, given their complementarity due to back-up needs. Next, 
we determine the R and F supply functions.

2.4 � Renewable resources sector

There are many perfectly competitive firms in this sector that “extract” R and provide them 
to the final-goods sector. Extraction costs, cR , are constant. These costs may refer to the 
Levelized costs of generating electricity from RES. Each firm maximizes its instantaneous 
profit, and the FOC gives:

which tells, as usual, that the firm’s marginal cost equals its marginal revenue. The subsidy 
must be lower than cR ; otherwise, the price would be negative.

Gathering (4) and (6), we obtain:

To achieve compatibility between economic growth and lower emissions, the govern-
ment needs a subsidy to promote R utilization.

2.5 � Nonrenewable resources sector

In this sector, many perfectly competitive firms extract F and provide them to final-good 
firms. Firms face resource scarcity since the F stock follows the law: Ṡt = −Ft . Addition-
ally, extraction costs, cF , are constant.

Firms maximize intertemporal profits, and the Current Value Hamiltonian (CVH) is:

(3)Yt = �Rt
�Ft

1−�

(4)R =

(

��

pR

)
1

1−�

F

(5)F =

(

(1 − �)�

pF + ��

)
1

�

R

(6)pR = cR − �

(7)R =

(

��

cR − σ

)
1

1−�

F

CVH = (pFj,t
− cFj,t

− �j,t)Fj,t
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where: �t is the F stock’s dynamic multiplier; and j is the firm index. The aggregated FOCs 
give:

The firms’ marginal revenue equals their marginal costs. Both extraction costs and the 
reserve shadow price increase the nonrenewables resources’ price. Tax burdens are not 
reflected in pF due to the “polluter pays principle.” Final good firms are deciding F use; thus, 
they are the ones paying the tax, which is reflected in their profits. Gathering (5) and (8):

From (7) and (10), we obtain the relationship:

Using the ETR logic where ��F = �R or R
F
=

��

�
 , and replacing � we obtain:

The renewables intensity of production can be simplified to:

Given the previous relationship, and using the ETR logic where ��F = �R , we obtain the 
following relationship between the tax and the subsidy:

As expected, the subsidy increases with the tax level.
The emissions per output ratio, which can be considered an alternative indicator for the 

first dividend, are given by:

For the second dividend, we analyze welfare. Given that C = ΛY , we may write:

(8)pF = cF + �

(9)𝜆̇

𝜆
= i

(10)F =

(

(1 − �)�

cF + � + ��

)
1

�

R

(11)� = cR − ��

(

(1 − �)�

cF + � + ��

)
1−�

�

(12)
R

F
=

��
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cF+�+��
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1−�

�
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3 � The double dividend

To assess the existence of a DD with the ETR proposed, we provide a sensitivity analy-
sis to the tax and the subsidy variations (Table 1). All simulations were performed using 
Mathematica Wolfram®.

A higher tax increases pF but has no direct effect on the renewables price. Since F use 
becomes more expensive, final good producers will use these resources less. However, R 
use also decreases (intuitively because producers have less available money and due to the 
degree of complementarity between resources). R use decreases less than F use such that R

F
 

increases. Since the use of both types of resources decreases, output also decreases. Simul-
taneously, emissions decrease more than the output such that E

Y
 decreases, which deter-

mines an increase in the agents’ utility.
Analogously, a higher subsidy makes R use cheaper and has no direct effect on F cost 

of use. Since the use of R is less expensive, final good producers will use these resources 
relatively more. Although F use also increases (using the same intuition as before), R use 
increases more than F use such that R

F
 increases. Since the use of both types of resources 

increases, output also increases, and so do emissions. However, output increases more than 
the emissions such that E

Y
 decreases, which, as before, determines an increase in utility.

The effect of the ETR on total emissions and total output is uncertain and depends 
on the specific model calibration. This happens because the two policy instruments have 
opposite effects. The tax decreases both output and emissions, while the subsidy increases 
them. Contrarily, both policy instruments reduce emissions per output and increase utility. 
Hence, if those are the indicators under analysis, it is inevitable that the ETR will achieve 
a double dividend, which makes the reform desirable. This happens because production 
becomes less intensive on polluting resources and more intensive on non-polluting ones. 
These results show that the choice of indicators is key to a full evaluation of the ETR.

4 � Empirical simulation

Now, we perform empirical analysis to compare several scenarios and illustrate the evolu-
tion of the main variables under the ETR proposed. First, we describe the calibration pro-
cess, and then we present the results.

Table 1   Sensitivity analysis for 
the policy instruments (direct 
effects only) Source: Own 
calculations

Δ+� Δ+� Final effect

pR 0 – –
pF  +  0  + 
F –  +  ?
R –  +  ?
Y –  +  ?
E –  +  ?
R

F
 +   +   + 

E

Y
– – –

U  +   +   + 
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4.1 � Calibration

For our empirical simulation, we concentrate on the electricity sector (as, e.g., Yi et al. 
2016), because it is the one where RES penetration is more common/easier, and choose 
the case of the United States of America (the US) given its worldwide importance. To 
simplify, we select only one F and one R for electricity generation. According to their 
energy balances, we have considered the energy mix of the US’s electric sector for this 
selection. For the F sector, we choose coal, the most used, pollutant, and cheapest non-
renewable generation source for this country. We focus on wind power for the R sec-
tor, given its high growth rate over the last decades and significant potential. It is the 
second most crucial RES for electricity generation in the US, after hydropower, which 
we exclude because it is already a mature source with steady costs and shares. Our base 
year is 2015.

Table 2 summarizes the model’s calibration, which are the only values necessary for 
the simulation and represents the most recent data publicly available.

4.2 � Empirical results

This section examines the evolution of the relative indicators proposed in our paper for 
different tax levels. Besides the indicator for the environmental dividend (emissions per 
output) and the one for the economic dividend (welfare/consumers’ utility), we also 
show the evolution of renewables’ ratio over nonrenewable. This ratio captures changes 
in the production structure and therefore indicates the process of energetic transition. 

Table 2   Model calibration

Parameter Value Source

cR $0.04894/kWh NEA et al. (2015)
cF $0.02893/kWh NEA et al. (2015)
Λ $0.01618/kWh Lin and Zhang (2011)
α 0.5 Simplification assumption
Ψ 2.86 EIA (http://www.eia.gov/coal/produ​ction​/quart​erly/

co2_artic​le/co2.html)
Φ 1 Afonso (2012)
^ 0.7 Eurostat (http://ec.europ​a.eu/euros​tat/data/datab​ase)

Fig. 1   Evolution of E
Y
 , utility, and R

F
 under several scenarios

http://www.eia.gov/coal/production/quarterly/co2_article/co2.html
http://www.eia.gov/coal/production/quarterly/co2_article/co2.html
http://ec.europa.eu/eurostat/data/database
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The analysis is performed under three scenarios: the no-policy case, the implementa-
tion of only a tax on the nonrenewable resources use, and the ETR. Figure 1 shows the 
results.

As in Galinato and Yoder (2010), any policy instrument achieves welfare gains and 
emission reductions regarding the no policy case. Emissions per output decline as the tax 
rate increases, but at decreasing rates. This happens because the technical substitution of 
fossil fuels for RES becomes increasingly more demanding. Simultaneously, for each tax 
level, the ratio is lower if there is an ETR since the subsidy is promoting RES use, stimu-
lating the substitution between polluting and non-polluting resources without significantly 
harming total generation. Additionally, and for the same reason, utility increases with the 
tax but achieves higher values with the ETR. This contrasts with the results in Kalkuhl 
et  al. (2013) and Pereira and Pereira (2019), who always found welfare costs of policy 
interventions.

Additionally, with the revenue neutrality, the RES subsidy does not imply the costs 
found in Bohringer et al. (2013). Regarding the production structure, the renewables inten-
sity of production always increases with the tax, following a linear function. However, as 
expected, it is higher if the tax is used to finance the subsidy. Both policy instruments pro-
mote the decarbonization of the energy generation structure. Thus, our results show that 
for the indicators under analysis, the ETR is better than the tax when used alone, which 
is preferable to the no-policy case. This shows the importance of environmental policy to 
improve the relationship environment-economy.

Contrary to Kalkuhl et al. (2013), we found welfare gains from our ETR. This differ-
ence in results may be explained, to a certain degree, by the fact that for them, emissions 
were not included in the utility function, i.e., agents did not value a clean environment. Our 
results suggest that considering alternative or additional indicators is essential to assess the 
existence of a DD. Thus, the consideration of such indicators could increase the number of 
studies that achieved a DD from 55% (Freire-González 2018) to a higher percentage.

5 � Conclusions and policy implications

We intend to shed some light on discussing the double dividend of an Environmental Tax 
Reform (ETR). Within the framework of a third-generation ETR, we compare the results 
obtained using the traditional indicators for the first and second dividends with alterna-
tive ones (emissions per output and consumers’ utility/welfare, respectively). We argue that 
these relative measures may provide additional information on the desirability of a certain 
ETR. Emissions per output account for the relative decoupling of economic growth and 
the environment, while welfare/consumers’ utility accounts for the agents’ preferences. We 
build a stylized model where final-goods production uses polluting nonrenewable resources 
and non-polluting renewable resources to perform the analysis. The ETR taxes the use of 
polluting resources and subsidizes renewable ones. Revenue neutrality is maintained.

Our results indicate that the selection of the indicators for each dividend is critical for 
the results. In our stylized model, considering the traditional indicators does not allow 
concluding for the existence of the double dividend. On the other hand, the alternative, 
relative indicators we propose will enable us to complete that the ETR always achieves 
a double dividend. Hence, the ETR is still desirable compared to the no-policy situation 
and does not imply costs, contrary to what was previously found in the literature, e.g., in 
Pereira and Pereira (2019), Kalkuhl et al. (2013), and Bohringer et al. (2013). This happens 
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because the environment-economy relationship improves. Even if total emissions increase, 
they increase less than output, reflecting the generation process’s desirable decarboniza-
tion. Additionally, since agents value not only consumption but also a clean environment, 
total utility increases. Nowadays, with growing environmental concerns, it is reasonable to 
assume that agents value the environment’s quality.

Our study intends to show the importance of considering a broader range of indicators 
when assessing a particular political package’s feasibility and importance. Policymakers 
can take into consideration that a specific ETR may appear as undesirable or non-effective 
if the goals are too strict or even misleading (e.g., reduction in total emissions and increase 
in total output), while in reality, the ETR does, in fact, improve essential aspects of the 
environment and the economy, such as the emissions intensity of production and the gen-
eral wellbeing of the population. In our case, these effects are achieved by transforming the 
production side of the economy, which becomes more intensive in renewables use.

Our results show that environmental policy is crucial to improve the relationship 
between the economy and the environment. Policymakers can make use of combined poli-
cies, using revenue neutrality to improve results. To guarantee public acceptance, commu-
nication of these policies’ advantages is critical, highlighting the welfare benefits and the 
decarbonization of the production sector.
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