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Designing an environmental tax on carbon emissions to meet EU targets: 

a proposal for the Spanish economy 

 

Abstract: In response to growing awareness of climate change, environmental sustainability has 

become a key policy objective in Europe. Despite a decline in greenhouse gas emissions, the 

European Commission considers current progress insufficient. Debates on implementing 

environmental policies continue, with environmental taxation emerging as one of the most 

controversial yet potentially effective economic instruments for reducing emissions. However, the 

extent of its impact remains under debate, as improvements in welfare and environmental quality 

depend on various economic, political, and public preference factors. In this study, we analyse the 

economic impact of introducing an environmental tax to achieve emission reduction targets in Spain 

while also testing two systems for recycling tax revenues. This approach allows us to assess the 

potential for additional dividends. We focus on Spain due to its limited use of environmental taxes, 

ranking among the least active European countries in combating climate change through taxation. 

To this end, we employ a new methodology that overcomes the critical limitations of traditional 

inter-industry analysis by capturing market interactions and incorporating price-quantity feedback. 

Keywords: Environmental taxation; Emissions mitigation; Tax recycling. 

JEL Classification: D57, E16, H21, H23 

 

1. Introduction 

Increasing industrialisation, urbanisation, globalisation, and population growth have 

defined significant social, environmental, cultural, and economic challenges that countries 

now prioritise in their policy agendas. In the last three decades, in particular, environmental 

problems have attracted attention worldwide, leading to the development of policies centred 

around them and resulting in the emergence of the economic concept called environmental 

sustainability. This concept implies adopting environmentally friendly production 

measures, which necessitates the design of fiscal and economic policies to achieve 

environmental sustainability (Toprak, 2018). In Europe, environmental sustainability has 

become a policy objective in response to the awareness of climate change. However, the 

debate on the definition of environmental policy instruments is still ongoing due to the 

difficulty of their evaluation (Ciaschini et al., 2010) and the associated economic and social 

consequences.  

In this context, the European Climate Change Act entered into force on 29 July 

2021
1
, setting a legally binding target of zero net greenhouse gas emissions by 2050 and a 

55 per cent reduction by 2030 compared to 1990. The legislation requires EU Member 

                                                 

1 By Regulation (EU) 2021/1119 of the European Parliament and of the Council of 30 June 2021. Retrieved from 

https://eur-lex.europa.eu/eli/reg/2021/1119/oj. 
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States to take the necessary national and EU-level measures to reach these targets. This is 

expected to be achieved mainly by reducing emissions, investing in green technologies, and 

protecting the natural environment. Although greenhouse gas emissions continue to fall, the 

European Commission (2023) considers the current progress towards climate neutrality 

insufficient. Therefore, after assessing the progress made, it encourages Member States to 

take further measures to adapt to climate change and thus to update the National Energy 

and Climate Plans (PNIEC). 

In line with European energy and climate policy, Spain continues to develop the 

Strategic Energy and Climate Framework, which includes various strategic and legislative 

elements that define the main lines of action to achieve climate neutrality. One of the main 

elements of this framework is the PNIEC, in which Spain, through Law 7/2021 of 20 May, 

translates its international commitments into legislation, including the objective of 

achieving climate neutrality by 2050. In response to the European Commission's proposals, 

the Spanish government has updated the PNIEC 2023-2030
2
, setting a 32 per cent reduction 

in greenhouse gas emissions compared to 1990, among many other objectives that are more 

consistent with the emission reductions adopted at the European level (MITECO, 2023). 

This update includes 46 new measures to achieve the objectives linked to the proposed 

modification of European regulations in the "Objective 55" and REPowerEU packages, 

among other reforms of the previous plan, but green taxation remains a pending task.  

Although adapting the tax system to the 21st-century economy and generating a 

new green tax system seems to be a clear political objective, Spain currently ranks among 

the European countries with the lowest utilisation of green taxes to combat climate change 

and environmental degradation. Therefore, our research will focus on analysing the Spanish 

case and examining possible tax policies that could contribute to overcoming this low level 

of policy intervention. 

One of the main difficulties in implementing an environmental policy lies in the 

methodological differences in its evaluation and effectiveness in terms of competitiveness 

(Parry, 2004; Bovenberg & Goulder, 2002). One of the most controversial issues is 

environmental taxation. It clearly is a compelling economic instrument to incentivise 

cleaner production and consumption habits (Freire-Gonzalez, 2017). It is also associated 

with the assessment of a double dividend, in other words, if the policy improves 

environmental quality (pollution control) and at the same time improves economic 

                                                 

2 The PNIEC 2023-2030 update is a draft under consultation at the time of writing. 
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efficiency. The latter is through the collection of revenues aimed at influencing variables 

that allow the internalisation of negative externalities (Pigou, 1920
3
; Tullock, 1967; 

Baumol & Oates, 1988). However, the extent of the impact on the economy remains a 

matter of debate, as it ultimately depends on various factors, including economic, political 

and consumer choices that are affected by prices (Ciaschini et al., 2010). 

Various theories and methods have been devised to assess the impact of this 

dilemma, including macroeconometric models (Abdullah & Morley, 2014), input-output 

modelling (Gemechu et al., 2014; Sancho, 2021) and applied general equilibrium models 

(André et al., 2005), which are among the most widely used assessment methods. The latter 

two are particularly relevant due to their ability to incorporate interdependencies explicitly 

and consistently between the different constituent parts of the economic system, providing 

an economy-wide perspective on resource allocation.  

These considerations motivate our research, which seeks to contribute to the 

scientific debate with a more up-to-date methodological approach. Above all, we aim to 

provide an ex-ante empirical analysis of proposed green fiscal measures that could help 

achieve climate objectives by systematically promoting a low-carbon economy. Our focus 

is on the key economic activities responsible for greenhouse gas emissions, as outlined in 

Measure 1.37 of the PNIEC 2023–2030. 

In this study, we analyse the potential economic impact of introducing an 

environmental tax on productive activities based on the pollution intensity of each sector. 

The tax aims to help Spain meet the targets set in the PNIEC 2023–2030. To complement 

our findings, we simulate different systems for recycling the tax revenues to offset the new 

tax burden. This allows us to assess the potential existence of a second dividend in Spain. 

We focus on Spain because, as previously mentioned, its green taxes have had minimal 

environmental impact. In fact, Spain is among the European countries that make the least 

use of taxation to combat climate change, making it a strong candidate for new initiatives in 

this area. 

For our analysis, we employ the novel input-output methodology recently 

developed by Cardenete et al. (2024), which offers several significant advantages. First, it 

retains the traditional operational simplicity of input-output analysis while addressing its 

main limitation—the independent and isolated determination of quantities and prices. In 

                                                 

3 Pigou (1920) was a pioneer in the internalisation of negative externalities and proposed a carbon tax as an effective 

instrument for the reduction of CO2 emissions. 
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real-world market economies, however, prices and quantities are highly interdependent, 

making their consideration essential for a more realistic policy assessment. Second, another 

key advantage, particularly relevant to this study, is the accessibility of the necessary data. 

These data are typically available either directly from the input-output framework and 

national accounts or through a Social Accounting Matrix (SAM), the approach we adopt in 

this study. 

The document is structured as follows: Section 2 presents the current state of 

environmental issues, the status of Spanish environmental taxation, and a brief literature 

review. Section 3 describes the novel price-quantity methodology we use, its 

implementation from the database, and the definition of scenarios. Section 4 presents and 

discusses the main results. Finally, Section 5 summarizes the key conclusions and policy 

implications. 

2. The state of the matter 

The global average temperature has risen by 1.1°C since pre-industrial times, and the Paris 

Agreement's goal of keeping the increase below 2°C, with efforts to limit it to 1.5°C, 

remains unmet, fostering a sense of uncertainty due to potentially catastrophic 

consequences. Climate change is a paramount global objective, representing the most 

significant environmental threat. This urgency motivates governments and international 

organisations to collaborate to reduce greenhouse gas emissions worldwide. In this context, 

environmental taxes emerge as a potent tool against climate change, serving as the most 

effective market-based instrument for reducing CO2 emissions and promoting sustainability 

(Wei et al., 2015). 

The European Commission (2019) aims to adapt the European Union's climate, 

energy, transport, and fiscal policies to reduce net greenhouse gas emissions by at least 55 

per cent by 2030 (European Green Deal). The International Monetary Fund has suggested 

that countries that produce the most greenhouse gases should introduce a tax on CO2 

emissions. One way to achieve this is through environmental taxation targeting activities 

according to their polluting damage. This would work as a tool for decarbonising the 

economy and promoting sustainable development. However, the use of environmental taxes 

as an environmental policy instrument has declined rather than increased in the EU. 

Environmental tax revenues come from four types of taxes: energy taxes, 

contributing about three-quarters of the total tax revenues; transport taxes, contributing 

nearly one-fifth; and pollution and resource taxes, contributing about 4 per cent (Eurostat, 
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2024; Statistics Finland, 2017). In 2022, about 320 thousand million Euros were raised 

from environmental taxes in the EU-27. The share of environmental tax revenues in total 

tax revenues for the same year is 4.9 per cent (see Figure 1), while the environmental tax 

burden is 2.02 per cent. 

 

[Figure 1 near here] 

 

In Spain, indirect taxes, broadly identified as environmental taxes, reached 20,529 

million Euros in 2022
4
, representing 6.2 per cent of the total taxes, which is 3.2 per cent 

less than in 2021. Of this total, households were the main payers, accounting for 49.9 per 

cent (INE, 2023). However, there is currently no environmentally oriented taxation system 

in place that could contribute to reducing polluting emissions by 32 per cent by 2030 

compared to 1990 levels. The above data indicate the almost negligible environmental 

impact of green taxation in Spain, positioning it as one of the European countries that least 

utilise it to combat climate change. In short, while environmental sustainability is an 

objective for the Spanish government, taxation is not being utilized as an effective 

environmental policy instrument, as its orientation towards a decarbonised economy 

remains unclear. Therefore, a tax reform focused on environmental sustainability, also 

capable of generating an additional dividend, is imperative in Spain. 

A European precedent is the case of Finland, which was the first country to utilize 

carbon taxes as a tool to mitigate climate change. Initially, these taxes were based on the 

carbon content of fossil fuels and later expanded to include an energy component (Khastar 

et al., 2020). Even before the Paris Agreement, discussions on environmental fiscal 

measures were underway, with notable examples including the Nordic carbon tax (Aslani et 

al., 2013), measures implemented by Switzerland, Australia, and Japan in 2008, as well as 

those enacted in South Africa, Mexico, Chile, and India around 2010 (Khastar et al., 2020). 

However, research analysing the effectiveness and impact of such instruments is 

diverse in terms of the specific measures studied and the methodologies used to assess their 

impact in various contexts. Studies on the subject range from the examination of the effects 

of energy price increases on reducing environmental damage, such as in the case of Mexico 

                                                 

4 According to the Environmental Accounts published by the Spanish National Statistics Institute (INE, 2023), three types 

of indirect taxes are classified as environmental. These are taxes on energy, transport and pollution and resources. 

From an economic accounting point of view, they are excise taxes and are not usually defined with an environmental 

objective, but with a fiscal objective. 
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(Uri & Boyd, 1997), to considerations of the potential for environmental taxes to 

inadvertently accelerate global warming, a concept known as the "green paradox" (analysed 

by Edenhofer and Kalkuhl, 2011). It has been realised that the design, analysis, and 

anticipated outcomes of environmental fiscal measures depend heavily on country-specific 

structural factors, such as income levels (Wesseh et al., 2017). Consequently, they warrant 

country-specific analysis to evaluate their environmental effectiveness and welfare impacts 

accurately. 

Our research proposes a new environmental tax in the form of a carbon dioxide 

emissions tax, aimed at discouraging the consumption of polluting goods, thus generating a 

first dividend. By recycling the revenue of this new tax, the possibility of an additional 

economic divided emerges. One policy option is reducing another tax—in our case, the 

labour tax—to maintain the aggregate level of public revenue (Grubb et al., 1993). Another 

policy option would be to return the tax collected by way of financing additional public 

expenditure, therefore maintaining the same public deficit. Under both possible return 

policies, we can examine whether or not the economy could achieve a double, or even 

triple, beneficial dividend
5
. On the one hand, such a tax contributes to reducing negative 

environmental impacts, while on the other hand, it may work to minimise the adverse 

impact on the economy. This is because a tax reform not only addresses environmental 

concerns but also addresses inefficiencies within the tax system itself. 

3. Methodology and scenarios  

3.1 Methodology 

 

Environmental taxes must be carefully designed to internalise external costs and ensure that 

prices reflect all social costs of production, including environmental costs (Pigou, 1920). 

They serve as an incentive-based policy instrument to potentially address the consequences 

of climate change. Nonetheless, part of the discussion revolves around the appropriate 

methodology for assessing the environmental and economic effectiveness of this policy 

tool.  

Several studies have demonstrated the feasibility of a double dividend, generating 

arguments for or against it (Bovenberg, 2002; Goulder, 1995), finding empirical results 

suggesting the occurrence of a double dividend in some of the scenarios, including a third 

                                                 

5 The double dividend hypothesis, which can be interpreted in different ways depending on the variant considered (Mooij, 

2002), was first proposed by Pearce (1991) and later extended to include a third dividend. 
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dividend (Bovenberg & Goulder, 2002; Ciaschini et al., 2012; Maxim, 2020) or, opposite, 

claiming that these tax reforms do not improve the environment or generate cost reductions 

(Babinker et al., 2003; Bovenberg & de Mooij, 1994; Li & Lin, 2013).  

Focusing on the Spanish case, previous studies have empirically analysed the effects 

of an ecotax. Among them is Sancho (2020), who analysed the effectiveness of an ecotax 

using an inter-industry model that links consumption demand with changes in private 

income levels resulting from an ecotax for the Spanish economy. The main result was that 

no double dividend was observed. Others have done so using computable general 

equilibrium models (Manresa & Sancho, 2005), as this broadens the view by considering 

the circular flow of income and includes a detailed tax structure. While Labandeira et al. 

(2004) found a double dividend for a national carbon tax recycled through social security 

contributions, André et al. (2005) focused on a regional analysis (Andalusia) where the 

ecotax on emissions was recycled through income taxes or employers' social security 

contributions, leaving the government deficit unchanged, and found a double dividend as 

well. 

Our analytical tool in this study is based on the generalised input-output (I-O) 

model recently developed by Cardenete et al. (2024). This enhanced version improves upon 

the traditional I-O model by linking price and quantity modules, allowing for feedback 

between the two. Since an ecotax influences prices, it is crucial that these price effects are 

reflected in the quantities demanded. At the same time, changes in quantities affect the 

demand for factors and their prices, which, in turn, further influence price formation, 

creating a continuous feedback loop. The standard I-O model omits this price-quantity 

interaction, but this extension of the model effectively captures it, offering a more realistic 

representation of how markets function. 

In what follows, we simplify the methodological details of the generalised model 

and focus instead on disclosing the main interdependencies. The model technology is 

represented by a fixed coefficients nonnegative matrix A and nonnegative fixed labour and 

capital coefficients (row) vectors, l' and k' respectively. The endogenous variables are the 

total output vector x, the final demand vector f, the price vector p', total labour use Lu, total 

capital use Ku, the wage rate w, and the capital services price r. 

The quantity equation of the model is represented by: 

 

( ( , , , ), ')u km w r L L  x A x f p       (1) 
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In expression (1), final demand f is endogenous and depends on private income m 

and commodity prices p'. Private income m, in turn, depends on factor prices and total 

factors use in production: 

 

u um w L r K          (2) 

  

In turn, factor prices depend on demand and supply factors. On the demand side, the 

level of factors Lu and Ku needed to fulfill production x will rise factors prices up if they are 

above their initial levels. On the supply side, the evolution of commodity prices p' will 

determine the cost of delivering additional units of labor and capital via marginal cost 

imputations: 

 

( , ')

( , ')

u

u

w w L

r r K

p

p
          (3) 

 

Total factors use for labour and capital will depend on the level of total output x 

eventually delivered in the economy: 

 

'

'

u

u

L

K

 
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l x

k x
          (4) 

  

Finally, the price formation equation for commodities follows the price equal 

average cost rule and takes the form: 

 

' ' ( , ') ' ( , ') 'u kw L r L     p p A p l p k       (5) 

 

Expressions (1) to (5) capture the key interdependencies of the generalized I-O 

model and incorporate feedback between quantities and prices. Notably, unlike in the 

standard I-O model, equations (1) and (5) cannot be independently solved using matrix 

inversion, as the usual exogenous variables of the standard model (i.e., final demand and 

factor prices) become endogenous. In other words, the quantity and price equations are 

interdependent, influencing each other and enhancing the overall plausibility of the 

analysis. 

The introduction of an ecotax directly alters the structure of the price equation (5), 

triggering a ripple effect throughout the system and readjusting all endogenous variables in 

equations (1) through (5) to a new policy-induced equilibrium. By comparing the initial 
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values to the counterfactual ones, we can assess the impact of the policy and evaluate its 

effectiveness in reducing carbon emissions, as well as its potential for generating additional 

economic dividends. 

We implement the extended I-O model using a SAM for Spain in 2016. The SAM 

builds upon the structure of the I-O Table and comprises a classification of 30 productive 

activities, two primary factors (labour and capital), two institutional sectors (households 

and public administration), a savings/investment account, and the foreign sector. In 

addition, the SAM presents an important tax disaggregation, including a personal income 

tax, employer and employee social security contributions, net indirect taxes on products and 

output, other net taxes on production and a value added tax (VAT) distinguishing VAT 

imputed on consumption, investment, and public administration purchases. 

We incorporate CO2 emissions using fixed coefficients that represent the volume of 

emissions (in thousands of tonnes) per unit of production, assuming a technological link 

between economic activity and emission levels. This framework allows changes in the tax 

structure to influence resource allocation for output generation and, consequently, 

emissions. Sectoral CO2 emissions data were obtained from the air emissions accounts for 

industries and households, provided by the Instituto Nacional de Estadística of Spain (INE, 

2023). All emissions—including CO2, methane (CH₄), nitrous oxide (N₂O), and household 

emissions—were converted into CO2 equivalents. As a result, our model accounts for both 

production- and consumption-based emissions. 

3.2 Policy scenarios 

According to the mitigation report of the sixth assessment cycle of the Intergovernmental 

Panel on Climate Change (IPCC, 2022), measures taken in Europe to cope with the 

pandemic and the energy crisis triggered by the invasion of Ukraine led to projections of a 

global average temperature increase of 3.2°C by 2100. This increases the pressure to 

prioritise early action on climate change and prompts an update of the PNIEC.  

Our research proposes introducing a new environmental tax to achieve one of the 

PNIEC 2023-2030 objectives. Therefore, we consider three simulations as exogenous 

shocks to the Spanish tax system, and we correspondingly modify the tax parameters 

present in the model described above. 

 Scenario 1: A new homogeneous environmental tax rate of 2.8 per cent per year for 

14 years is introduced in the cost function for the production of the required material inputs, 

which makes it possible to achieve the emission reduction target of the PNIEC 2023-2030 
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of 32 per cent by 2030 compared to 1990. That is, at an annual rate of 3 per cent, 

considering that emissions in 2016 were 335,100 thousand tonnes of CO2, while the PNIEC 

update sets a target of 194,590 thousand tonnes of CO2 equivalent by 2030.  

 In this simulation, the environmental tax is initially incorporated as an ad-valorem 

charge in the price equation (2). The consequent adjustment of equilibrium magnitudes, 

prices p' and quantities x, will also adjust total tax collections since all the tax bases depend 

on prices and quantities. The new environmental tax will add revenue to the taxes already 

present in the fiscal system
6
. If we label the initial tax revenue as R

0
, the new tax revenue 

will be R
1
>R

0
.   

Scenario 2: The same environmental tax rate is introduced while we keep aggregate 

tax revenue constant in real terms at the initial level R
0
. We do this by adequately reducing 

employers’ contributions to Social Security. In other words, we reduce labour taxes by a 

factor  to compensate for the presence of the new environmental tax in such a way that 

total tax collections remain unaltered.  

Scenario 3: The ecotax is levied as in scenario 1, but now the extra tax revenue is 

fully used to finance additional government spending to stimulate the economy in a 

Keynesian way. The restriction is to keep government deficit constant. If G denotes 

aggregate government spending, the simulation examines the new equilibrium state where 

R
1
-G

1
= R

0
-G

0
.  Since tax revenue increases, sectoral government expenditures are scaled up 

by a factor  that respects the policy preference expressed in the initial expenditure vector.  

The three scenarios focus on reducing CO₂ emissions through taxation to achieve 

the first dividend—the environmental dividend. Additionally, considering intersectoral 

relationships in the economy and the circular flow of income, we assess whether these 

measures could also generate a second or third dividend, namely the effects of fiscal 

policies on employment, income, and welfare. 

To better interpret the results, it is important to clarify the chain reaction triggered 

by the introduction of the ecotax in our model. The new tax initially affects price formation, 

which in turn influences the consumer price index, the cost of using primary factors, wage 

adjustments and transfers through indexation, the welfare of private agents, consumer 

demand, and total output. Once these effects unfold, we can determine the resulting 

changes in CO2 emissions, as well as in income, labor, and welfare. 

                                                 

6 The different taxes in the model include personal income taxes, indirect taxes on production, value-added taxes, 

employers’ contribution to Social Security, and employees’ contributions to Social Security. 
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4. Results and discussion 

Tables 1, 2, 3 and 4 summarise the results obtained. Each table compares the initial 

equilibrium and the results after applying the three scenarios. Table 1 also shows the results 

for tax revenue in the six categories considered, including the new ecotax. 

 

[Table 1 near here] 

 

As mentioned above, the initial revenue from the ecotax is zero. Therefore, an 

average variation of 60.246 million euros would be expected after its implementation on 

total production. However, although the collection of taxes increases in scenarios 1 and 3 

due to the new tax (11.42 per cent and 10.73 per cent, respectively), the collection of the 

remaining five categories decreases, with the collection of labour taxes by the employer and 

the employee being particularly affected (by 6.48 per cent and 6.52 per cent respectively in 

scenario 1; by 7.17 per cent and 7.21 per cent respectively in scenario 2). In Scenario 2, the 

employer's contribution is reduced by 52.12 per cent, avoiding the drastic reduction in 

VAT, employee contribution and income tax, which barely exceeds 1 per cent of the 

variation. 

Table 2 presents the main income and labour indicators. As shown, the introduction 

of an ecotax is reflected in the economy as an increase in prices, which is more pronounced 

in scenarios 1 and 3, with price increases of 12.1 per cent and 11.3 per cent, respectively. It 

is noteworthy that in scenario 2, where the green tax is offset by a reduction in the 

employer's contribution, prices increase by only 2 per cent. The wage share increases by 7.8 

per cent and 7.9 per cent in scenarios 1 and 3, respectively, while it increases by 1.2 per 

cent in scenario 2. However, the contribution of demand and supply influences on the 

change in the wage rate shows that most of the change in the wage rate originates on the 

supply side (reflecting the impact of marginal costs), which is more pronounced in 

scenarios 1 and 3, and to a lesser extent in scenario 2. On the other hand, the impact of 

demand on the wage rate is negative, so its increase is weighted differently. 

 

[Table 2 near here]  

 

Table 2 also indicates that scenarios 1 and 2 are less detrimental to non-labour 

income, as they experience smaller declines in real terms compared to labour income. The 

decline in labour income affects purchasing power due to the adjustment of the CPI. 
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However, the reduction in employer contributions in scenario 2 reduces the CPI and 

prevents a further decline in labour income. Regarding the level of employment, the three 

scenarios yield different results. Introducing an ecotax leads to a decrease in employment of 

2.74 per cent in scenario 1, which could be mitigated by recycling it through the employer's 

contribution in scenario 2, resulting in a much smaller decrease in employment of 0.63 per 

cent. Scenario 3, on the other hand, presents the opposite outcome, as recycling ecotax 

revenues through public spending would imply an increase in employment of 3.35 per cent. 

Nonetheless, labour income in this scenario experiences the most significant decrease. 

Table 3 presents the results for the main welfare indicators. As shown, disposable 

income decreases in all three scenarios, but this decline is less pronounced when the ecotax 

is recycled through a reduction in the labour share (-1.30 per cent). Similarly, real GDP 

declines by 3.23 per cent and 3.78 per cent in the first and third scenarios, respectively, 

while it remains nearly unchanged in the second scenario (-0.74 per cent). Regarding the 

output index, it decreases by 3.11 per cent in the first scenario and only slightly in the 

second scenario (-0.71 per cent). However, the most interesting result is found in the third 

scenario, where an increase in public spending while keeping the public deficit constant 

implies an increase in production, leading to higher prices. Surprisingly, this results in a 

reduction in purchases of goods and services. In other words, the price effect offsets the 

increase in income, similar to the crowding-out effect. This is reflected in the equivalent 

and compensating variations changes over real GDP. For the third scenario, the level of 

additional income in terms of real GDP needed to compensate for the estimated welfare 

loss would be 0.87 per cent. In contrast, scenarios 1 and 3 would be 3.88 per cent and 4.28 

per cent, respectively. Once again, the second simulation shows better results in terms of 

welfare. In terms of the Konus cost-of-living index, there is a decrease in relative welfare in 

all three scenarios, with scenario 2 experiencing a lesser decrease as expected. 

 

[Table 3 near here] 

 

Finally, Table 4 shows the results in terms of emission reductions. Although 

Scenario 2 produces better results in economic and welfare terms, this is not the case in 

terms of emission reductions, as it would only achieve an annual reduction of 0.71 per cent. 

On the other hand, scenarios 1 and 2 would provide a compelling incentive to reduce 

emissions, allowing them to decrease at an annual rate that would meet the target set by the 

PNIEC.  
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[Table 4 near here] 

 

The debate on environmental policies often revolves around the possibility of 

imposing burdens on the economy, such as taxes (Fullerton & Metcalf, 1997), which can 

have distortionary effects on consumption. The introduction of an environmental tax alters 

the relative prices of goods and services, potentially influencing the consumption choices of 

households. However, as a means of generating revenue, the government could utilise it to 

discourage inefficient behaviour. This revenue could then be used to finance the reduction 

of distortionary taxes, not only aiding in emissions reduction but also compensating for 

welfare losses (Bohm, 1997), as we see in our second scenario. 

Other studies have demonstrated that the results obtained depend on the structural 

conditions of the economy, which would allow for the achievement and sustainability of 

such a double dividend over time. For instance, Babiker et al. (2003) illustrated that a weak 

double dividend may not occur if an economy is burdened with numerous distortions. As 

our second scenario has indicated, compared to the first, a budget-neutral tax reform could 

reduce CO2 emissions while mitigating the negative economic impact, corroborating the 

findings of other empirical analyses (Manresa & Sancho, 2005)
 7

. 

However, as observed, the tax burden has been shifted onto primary factors (labour 

and capital), affecting the employment rate. This contrasts with scenario 3, where 

maintaining the public deficit constant positively affects the employment rate. In this third 

scenario, although the economy experiences contraction, there is a slightly more significant 

reduction in emissions than anticipated to achieve the emission reduction target for 2030, 

accompanied by an increase in employment of 3.35 per cent, indicating signs of a third 

dividend (Freire-González, 2018). 

The results obtained with the first and second scenarios in terms of emission 

reductions (-3.08 per cent and -0.71per cent, respectively) are like those obtained by 

Manresa and Sancho (2005), who simulate through a Computable General Equilibrium 

Model (CGE) the adoption of taxes on energy use without recycling the revenues, obtaining 

a level of CO2 emission reduction of 4 per cent (first scenario). On the other hand, when 

they consider a neutral reduction in labour taxes, total emissions decrease, but less than in 

                                                 

7 Manresa and Sancho (2005) found that in addition to the proven impact on CO2 emissions and the efficiency of the tax 

system, it also improves employment levels, which could be described as a triple dividend. 
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the previous simulation. This allows us to confirm that, although our three scenarios show a 

contraction in economic activity, they lead to reduced emissions (first dividend). However, 

the second simulation shows that the economy reacts little to the recycled ecotax by 

reducing the employer's share. This may further indicate the Spanish economy's ability to 

respond positively to an effective environmental policy on CO2 emissions based on low-

cost labour tax reductions (second dividend) (Maxim, 2020).  

Note that the equivalent change indicator varies less in scenario 2 than in scenarios 

1 and 3. However, the third scenario shows a better response in terms of CO2 emission 

reduction and employment (third dividend), which could be appropriate for Spain, which is 

characterised by high unemployment rates. However, this result is contrary to that found by 

Allan et al. (2014), who, after analysing three scenarios similar to ours, did not find a 

double dividend for recycling through an increase in public spending, while they did find a 

double dividend for recycling through a reduction in income tax. Nevertheless, we agree 

with Maxim (2020), who concludes on the empirical robustness of the double and triple 

dividends found in the results for European countries, as well as on the effectiveness of 

recycling the ecotax on CO2 emissions through labour taxes. 

It should be noted that the results obtained are closely linked to the formulation of 

the tax rate and the modelling approach employed. Applying the same rate to all sectors and 

making certain simplifying assumptions introduces greater distortions, which could be 

mitigated by refining the proposed simulation. Some studies have demonstrated that 

altering certain assumptions (Bento & Jacobsen, 2007) or utilising more sophisticated 

models (Fernández et al., 2011; Fodha et al., 2018) could potentially lead to situations of 

double and triple dividends. 

5. Concluding remarks and policy implications 

Our research analyzes the introduction of an ecotax in the Spanish economy to achieve the 

emission reduction target set in the PNIEC 2023–2030 and assess the potential for a double 

or triple dividend through three scenarios (counterfactuals). To this end, we adapt the novel 

methodology proposed by Cardenete et al. (2024), which is based on inter-industry 

principles while addressing the key limitation of the standard approach—the isolation of 

prices and quantities. The model is calibrated using a Social Accounting Matrix (SAM) 

constructed for Spain with a base year of 2016. This SAM reflects the circular flow of 

income, captures economic interdependencies between activities and institutional sectors, 

and aligns with the system variables represented in the model. 
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The three policy scenarios were defined based on the literature on environmental 

taxation, and we have assessed their potential to incentivize emissions reductions. In 

addition to evaluating their impact on environmental efficiency, we also examine the 

capacity of these policies to generate beneficial effects on economic activity and welfare, 

enabling us to assess the potential for a double or even a triple dividend. 

Our main findings suggest that, while all three scenarios confirm the ecotax's ability 

to contribute to CO₂ emissions reduction (the first dividend), scenarios 1 and 3 would allow 

the target set in the PNIEC 2023–2030 to be achieved, albeit at the cost of economic 

contraction to varying degrees. Increasing the costs for polluting industries may have 

negative effects that are difficult to measure, preventing verification of the double dividend 

hypothesis (Oates, 1995). 

In Scenario 2, recycling the ecotax through a reduction in employers' contributions 

results in a smaller economic contraction and a reduction in CO₂ emissions, though to a 

lesser extent than in the other two scenarios. This suggests that a double dividend could be 

achieved, as the tax compensation is expected to make the ecotax less effective at reducing 

emissions. 

Scenario 3, in contrast, shows the most significant reduction in CO₂ emissions and a 

substantial impact on labour, income, and welfare indicators, while also responding 

positively in terms of employment, indicating the possibility of a third dividend. 

Although the results described above are counterfactual, the potential effects we 

observe highlight the importance of properly designing environmental tax policies, 

particularly in assessing the possibility of additional positive dividends, as has been 

discussed for years by academics and policymakers. The model we use, while overcoming 

the traditional price-quantity dichotomy of input-output analysis, still makes simplifying 

assumptions and does not capture reality in its entirety (McKitrick, 1997). Therefore, the 

usual caveat regarding caution in interpretation applies. What seems certain is that an 

ecotax would certainly help reduce CO2 emissions. 

Regarding the potential for a double dividend, our results suggest that its occurrence 

in Spain following the implementation of an ecotax is likely, aligning with findings from 

various European studies. Freire-González (2018) analyzed 40 studies on the double 

dividend hypothesis of environmental taxation using CGE modeling between 1993 and 

2016. He found that 55 per cent of the simulations achieved a double dividend through 

recycling environmental taxes to reduce other taxes or through compensatory lump-sum 

transfers, with the former being the most effective method. Maxim (2020) obtained similar 
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results, concluding that European countries tend to achieve the best outcomes in obtaining 

second and third dividends. 

To improve the design of our approach, one possibility would be to fine-tune the 

ecotax rates based on CO2 emissions content or intensity ranges. As a first approximation, 

we have defined a policy that is easier to apply by omitting the implementation and 

regulation costs associated with ecotax rates adapted to the specific level of sectoral 

emissions. The analysis of policies more correlated to the damage caused by emissions 

would be an extension of this study since the studies carried out to date show that the 

design and modulation of the fiscal measure is essential to achieve the expected impacts in 

the environmental, economic, and social areas. It would also be important to analyse what 

would happen if the tax rates were reduced in line with the reduction in polluting emissions, 

which is the expected result, especially if the tax depends on the amount of CO2 emitted. 

The effectiveness of the measure is likely to change, especially when the first dividend is 

achieved. 

To enhance the design of our approach, one possibility would be to fine-tune the 

ecotax rates based on CO2 emissions content or intensity ranges. As a first approximation, 

we have defined a policy that is easier to apply by omitting the implementation and 

regulation costs associated with adjusting ecotax rates to the specific level of sectoral 

emissions. Analysing policies more closely aligned with the damage caused by emissions 

would be an extension of this study, as previous research indicates that the design and 

modulation of fiscal measures are crucial to achieving the desired impacts in 

environmental, economic, and social areas. It would also be important to analyse the 

potential effects if tax rates were reduced in line with the reduction in polluting 

emissions—an expected result, particularly if the tax is based on the amount of CO2 

emitted. The effectiveness of the measure is likely to change, especially when the first 

dividend is achieved. 
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Table 1. Main tax indicators in millions of Euros. 

  Scenario 1 Scenario 2 Scenario 3 

Tax categories Initial 
After 
shock 

% Variation After shock % Variation After shock % Variation 

Indirect tax 31.909 30.104 -5,65 30.251 -5,20 29.884 -6,34 

Environmental tax 
 

59.863 
 

61.302 
 

59.573 
 

Value added tax 82.388 77.944 -5,39 81.562 -1,00 77.502 -5,93 

Corporate labour 109.834 102.713 -6,48 52.587 -52,12 101.956 -7,17 
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tax 

Personal labour tax 37.143 34.722 -6,52 36.629 -1,38 34.465 -7,21 

Income tax 83.644 78.998 -5,55 82.587 -1,26 78.562 -6,08 

Total collections 344.918 384.318 11,42 344.918 0,00 381.943 10,73 

Source: own elaboration 

 

Table 2. Main labour and income indicators 

  Scenario 1 Scenario 2 Scenario 3 

Labour and income Indicators Benchmark After shock After shock After shock 

CPI 1 1,121 1,020 1,113 

Wage rate 1 1,078 1,012 1,069 

Capital price 1 1,095 1,013 1,085 

Employment (% change)   -2,74 -0,63 3,35 

Demand influence on wage rate   -0,012 -0,003 -0,015 

Supply influence on wage rate   0,091 0,015 0,085 

Labour income (% change)   -6,52 -1,38 -7,21 

Non-labour income (% change)   -5,05 -1,20 -5,49 

Lambda for tax compensation     0,5145   

       Source: own elaboration 

 

Table 3. Main welfare indicators 

Welfare indicators Benchmark After shock After shock After shock 

Disposable income (% change) 
 

-5,67 -1,30 -6,22 

Real GDP (% change) 
 

-3,23 -0,74 -3,78 

Output index (% change) 
 

-3,11 -0,71 3,59 

Equivalent variation (% over real GDP) 
 

-3,88 -0,87 -4,28 

Compensating variation (% over real GDP) 
 

-4,35 -0,88 -4,77 

Konus Index (cost of living) 1 1,12 1,02 1,11 

    Source: own elaboration 

 

 

 

Table 4. Impact of policies on CO2 emissions (Thousand tonnes CO2 equivalent)  

Emissions Scenario 1 Scenario 2 Scenario 3 

Initial 326.262 326.262 326.262 

After shock 316.202 323.957 314.808 

Variation in % -3,08  -0,71 -3,51 

   Source: own elaboration 
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Figure 1. Environmental tax revenues for 2013-2022 in EU-27 countries. Millions of Euros 

and percentage. 

 

Source: Authors’ calculations based on Eurostat (2024). 

 

 

3.0% 

3.5% 

4.0% 

4.5% 

5.0% 

5.5% 

6.0% 

6.5% 

250,000 

260,000 

270,000 

280,000 

290,000 

300,000 

310,000 

320,000 

330,000 

340,000 

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

P
e

rc
e

n
ta

g
e

 

M
il

li
o

n
 e

u
ro

 
Environmental tax revenues: EU 27 

Environmental Tax Revenues 

% of total revenues from taxes and social contributions 


