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Abstract 

 
: This paper examines the economic and budgetary impacts of fuel prices using a dynamic 
general equilibrium model of the Portuguese economy which highlights the mechanisms of 
endogenous growth and includes a detailed modeling of the public sector. The fuel price 
scenarios are based on forecasts by the US Department of Energy (DOE-US) and the 
International Energy Agency (IEA-OECD) and represent a wide range of projections for 
absolute and relative fossil fuel prices. In terms of the long term economic impact, our results 
suggest a 1.9 percent drop in GDP in the DOE-US scenario and 1.6 percent in the IEA-OECD 
scenario. As to the budgetary impact, higher fuel prices lead to lower tax revenues, which, 
coupled with a reduction in public spending, translate into lower public deficits. Accordingly, 
increasing fuel prices create an important policy trade off in that they can contribute to reducing 
the public deficit while hindering economic growth. We find that fairly strong incentives for wind 
energy can reduce the economic impact of fuel prices by 14.2 percent in the DOE-US price 
scenario and 18.5 percent reduction in the IEA-OECD price scenario. Finally, our results 
highlight the importance of public sector spending decisions and the mechanisms of endogenous 
growth in understanding the impact of fossil fuel prices. Indeed, a scenario of higher fuel prices 
would, with exogenous public decisions and exogenous economic growth assumptions, result in 
substantially smaller economic effects and yield adverse budgetary effects.  
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1. Introduction 

A great deal of empirical research has highlighted the dynamic relationship between 

energy prices, energy consumption and economic growth [see, for example, Jorgenson (1998), 

Hamilton (2003, 2009), He et al. (2010), Korhonen and Ledyaeva (2010), and Tang et al. 

(2010)]. The literature explores the way in which fossil fuel prices affect economic activity and 

the mechanisms driving these effects [see, for example, Bruno and Sachs (1985), Backus and 

Crucini (2000), Brown and Yücel (2002), Esteves and Neves (2004), Sousa (2011)]. What seems 

to be abundantly clear from this literature is that energy has an important economic impact. As a 

result, energy prices are acknowledged as an important input for macroeconomic forecasting 

[see, for example, Esteves and Coimbra (2004), Roeger (2005) and EC (2010)]. 

The basic mechanism through which imported energy prices affect the economy is 

through the demand for energy as a basic input to production, with the subsequent implications 

for private investment, labor demand and the overall input mix. In addition, changes in the firms' 

profitability affect household income, and domestic consumption and savings decisions. These 

demand responses, in turn, shape the impact of imported energy prices on trade imbalances. 

Although several other channels have been considered in the literature, the influence of energy as 

an input to production has been recognized as contributing the most towards explaining the 

impact of fuel prices on economic performance [see, for example, Borges and Goulder (1984) 

and Brown and Yücel (2002)]. Indeed, the impact of oil price shocks on a small, oil-importing 

developing economy has been shown to depend critically on the production structure of the 

economy [see Schubert and Turnovsky (2010)].  

We focus on the effects of fuel prices on the public sector behavior and account, 

something that has been largely absent from the literature. Imported fossil fuel prices affect 
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economic performance both in terms of economic growth and of its dynamic feedbacks with the 

public sector. By affecting economic growth and activity levels, fuel prices affect the size of the 

tax base and the cost of public funds. This means that any serious forecast of tax revenues has to 

consider the effects of changing fuel prices. More importantly, by affecting the availability of 

public funds, fuel prices affect financing for productive public sector education and 

infrastructure spending, both of which can themselves contribute towards economic growth.  

The link between economic growth and the public sector account is fundamental since it 

directly correlate to some of the most important policy constraints faced by many energy-

importing economies in their pursuit of sound policies: the need to enact policies that promote 

long-term growth and fragile public budgets. These policy constraints are particularly relevant 

for the less developed energy-importing economies in the European Union (EU). As EU 

structural transfers have shifted towards new member states, countries such as Ireland, Greece, 

and Portugal have been forced to rely on domestic public policies to promote real convergence to 

EU standards of living. This poses a challenge since growing public spending and, more 

recently, falling tax revenues and countercyclical policies have contributed to a fast increasing 

public debt and a sharp need for budgetary consolidation. Furthermore, the need for fiscal 

responsibility is ever present in the context of the Stability and Growth Programs these countries 

are subject to in the framework of their participation in the Euro zone and much more so in 

presence of the EU and IMF led austerity plans these countries are facing. 

The last ten years have seen substantial changes in the energy system in Portugal, marked 

by the introduction of natural gas and an increasing contribution of domestic renewable energy 

resources. Oil, however, remains the dominant energy vector in primary consumption. Domestic 

production of energy in Portugal is limited to wind and hydroelectric energy. As such, the degree 
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of energy dependence in Portugal has always been substantially higher than that observed in the 

EU15, around 84 percent in the last three decades [see Amador (2010)]. This leaves the country 

in a position similar to that of many small, oil-importing economies faced with rising prices for 

imported energy. 

The deployment of renewable energy technologies has been a major policy objective, 

contributing to increasing security of supply, through the diversification of energy sources, while 

reducing the environmental impacts associated with the energy system. In addition to examining 

the impact of fossil fuel prices on economic growth and the public sector account, we consider 

the potential for investment tax credits for the deployment of renewable energy infrastructure to 

offset the economic and budgetary impacts of energy prices in Portugal.  

In this paper we explore the dynamic relationship between fossil fuel prices, economic 

performance and the public sector account. Our simulation results are based on a dynamic 

general equilibrium model which highlights the mechanisms of endogenous growth and provides 

a detailed specification of public sector activities, both tax revenues and consumption and 

investment spending. This model is applied to the Portuguese economy, an economy dependent 

on foreign energy sources and is calibrated to replicate the stylized facts of the Portuguese 

economy over several business cycles. Previous versions of this model have been used to 

evaluate the impact of tax policy [see Pereira and Rodrigues (2002, 2004)], social security 

reform [see Pereira and Rodrigues (2007)] and, more recently, energy and environmental policy 

[see Pereira and Pereira (2011, 2013)].  

This model brings together two important strands of the taxation literature [see the above 

applications of this model for a detailed list of the references]. On one hand, it follows in the 

footsteps of computable general equilibrium modeling. It shares with this literature the ability to 
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consider the tax system in great detail. On the other hand, it incorporates many of the insights of 

the endogenous growth literature. In particular, it recognizes that public policies have the 

potential to affect the fundamentals of long term growth and not just for generating temporary 

level effects [see Xepapadeas (2005)]. 

The key distinguishing feature of this model in the applied energy policy literature is its 

focus on endogenous growth and the associated treatment of public sector optimization behavior 

(see Conrad 1999; Bergman 2005; for literature surveys). Productivity enhancing public sector 

investment in public capital and human capital, which have been largely overlooked in applied 

energy policy (e.g. Carraro et al. 2009), are, in addition to private investment, the drivers of 

endogenous growth. Our focus is on strategic long-term choices in a policy environment framed 

by concerns over both growth and fiscal consolidation. This being the case our focus on 

endogenous growth and on public sector behavior is most appropriate. 

The fuel price scenarios are based on forecasts by the US Department of Energy (DOE-

US) and the OECD International Energy Agency (IEA-OECD). These forecasts are widely used 

in policy analysis and macroeconomic forecasting exercises. Indeed, the DOE-US forecasts are 

commonly used by the US government while the IEA-OECD forecasts are commonly used in the 

EU. These forecasts correspond to, sometimes dramatically, different scenarios which allow us 

to examine the impact of differences in relative fossil fuel prices as well as absolute price levels. 

The remainder of this paper is organized as follows. Section 2 provides a description of 

the dynamic general equilibrium model and discusses several implementation issues. Section 3 

presents the fuel prices scenarios. Section 4 analyzes the impact of the fossil fuel prices scenarios 

and section 5 provides sensitivity analyses. Finally, section 6 includes a summary and 

concluding remarks. 
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2. The Dynamic General Equilibrium Model 

We consider a decentralized economy in a dynamic general-equilibrium framework. All 

agents are price-takers and have perfect foresight. With money absent, the model is framed in 

real terms. There are four sectors in the economy – the production sector, the household sector, 

the public sector and the foreign sector. The first three have an endogenous behavior but all four 

sectors are interconnected through competitive market equilibrium conditions, as well as the 

evolution of the stock variables and the relevant shadow prices. All markets are assumed to clear.  

The trajectory for the economy is described by the optimal evolution of nine stock and 

six shadow price variables - private capital, wind energy capital, hydroelectric energy capital, 

public capital, human capital, and public debt together with their shadow prices, and foreign 

debt, private financial wealth, and human wealth. In the long term, endogenous growth is 

determined by the optimal accumulation of private capital, public capital and human capital. The 

last two are publicly provided. 

2.1 The Production Sector 

Figure 1 presents an overview of the production structure of the economy.  Aggregate 

output, ௧ܻ, is produced with a Constant Elasticity of Substitution (CES) technology, as in (Eq. 1), 

linking value added, ܸܣ௧ , and aggregate primary energy demand, ܧ_ܩܩܣ௧ . Value added is 

produced with a Cobb-Douglas technology (Eq. 2), exhibiting constant returns to scale in the 

reproducible inputs – effective labor, ܮ௧
ௗܭܪ௧, private capital, ܭ௣,௧, and public capital,	ܩܭ௧. Only 

the demand for labor, ܮ௧
ௗ , and the private capital stock are directly controlled by the firm, 

meaning that if public investment is absent then decreasing returns set in. Endogenous growth is 

induced by the presence of constant returns to scale in the factors that accumulate thereby 

endogenously determining the growth rate of the economy. Public infrastructure and the 
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economy-wide stock of knowledge, ܭܪ௧, are publicly financed and are positive externalities. The 

capital and labor shares are ߠ௄and ߠ௅, respectively, and ߠ௄ீ ൌ 1 െ ௄ߠ െ ௅ߠ  is a public capital 

externality parameter. ܣ is a size parameter. 

Private capital accumulation is characterized by (Eq. 3) where physical capital 

depreciates at a rate ߜ௄. Gross investment, ܫ௣,௧, is dynamic in nature with its optimal trajectory 

induced by the presence of adjustment costs. These costs are modeled as internal to the firm - a 

loss in capital accumulation due to learning and installation costs - and are meant to reflect 

rigidities in the accumulation of capital towards its optimal level. Adjustment costs are assumed 

to be non-negative, monotonically increasing, and strictly convex. In particular, we assume 

adjustment costs to be quadratic in investment per unit of installed capital. 

The firms’ net cash flow, ܰܨܥ, (Eq. 4), represents the after-tax position when revenues 

from sales are netted of wage payments and investment spending. The after-tax net revenues 

reflect the presence of a private investment, wind energy and hydroelectric energy investment tax 

credit at an effective rate of ߬ூ்஼	and ߬ூ்஼,௜, respectively, taxes on corporate profits at a rate of 

߬஼ூ் , and social security contributions paid by the firms on gross salaries,	ݓ௧ܮ௧
ௗܭܪ௧  , at an 

effective rate of ߬ிௌௌ஼.  

Buildings make up a fraction, 0 ൏ ሺ1 െ ூሻߩ ൏ 1, of total private investment expenditure. 

Only this fraction is subject to value-added and other excise taxes, the remainder is exempt. This 

situation is modeled by assuming that total private investment expenditure is taxed at an effective 

rate of ߬௏஺்ா்,ூ . The corporate income tax base is calculated as ௧ܻ  net of total labor costs, 

ሺ1 ൅ ߬ிௌௌ஼ሻݓ௧ܮ௧
ௗܭܪ௧ , and net of fiscal depreciation allowances over past and present capital 

investments, ܫߙ௧ , and renewable energy investments, ܫߙ௜,௧ . A straight-line fiscal depreciation 

method over ܰܲܧܦ periods is used and investment is assumed to grow at the same rate at which 
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output grows. Under these assumptions, depreciation allowances simplify to ܫߙ௧ , where ߙ  is 

obtained by computing the difference of two infinite geometric progression sums, and is given 

by (Eq. 5). 

Optimal production behavior consists in choosing the levels of investment and labor that 

maximize the present value of the firms’ net cash flows, (Eq. 4), subject to the equation of 

motion for private capital accumulation, (Eq. 3). The demands for labor and investment are given 

by (Eq. 6) and (Eq. 7), respectively, and are obtained from the current-value Hamiltonian 

function, where ݍ௧ାଵ
௄  is the shadow price of private capital, which evolves according to (Eq. 8). 

Finally, with regard to the financial link of the firm with the rest of the economy, we assume that 

at the end of each operating period the net cash flow is transferred to the consumers. 

2.2 The Energy Sector 

The energy sector is defined with respect to primary energy demand by firms. Primary 

energy demand refers to energy that has not undergone any transformation process. We consider 

demand for crude oil, natural gas, coal, wind energy and hydroelectric energy. Fossil fuels – 

crude oil, natural gas and coal – are imported from the foreign sector. Investment in wind energy 

and hydroelectric energy infrastructures are undertaken by domestic firms. Expenditure on fossil 

fuels, (Eq. 10 ), and investment in wind and hydroelectric infrastructures enter directly into the 

firms' net cash flow. Investment in wind and hydroelectric infrastructure are granted depreciation 

allowances and corporate income tax deductions.   

Aggregate energy demand by firms is produced according to a CES production 

technology defined with respect to crude oil and other energy inputs, as in (Eq. 9). The 

distinction at this nest of the production function arises from the fact that oil products are 

primarily used to in transportation services while natural gas, coal and renewable energies are 
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used in electric power generation and industry. As such, the ease with which firms can substitute 

between crude oil and other energy inputs is limited by the elasticity of substitution in the energy 

nest of the production technology. In contrast, natural gas, coal and renewable energies are 

relatively close substitutes in electric power generation and industry. This is reflected in a unitary 

elasticity of substitution among them in a Cobb Douglas production technology for this nest (Eq. 

11). Demand for natural gas and coal are defined to minimize energy system costs and equalize 

the technical rate of substitution and the price ratio for these two fossil fuel inputs (Eq. 12).  

The Portuguese electricity market is in the process of deregulation. The expectation is 

that the deregulation of production activities will continue and yield competitive market 

outcomes. In the model the assumption of competitive equilibrium in this market is an 

approximation consistent with these trends and our long term focus. 

 

Production  

Value Added Energy 

CES

CESCD 

Capital Labor Crude Oil

Wind Coal Natural Gas

Non Transportation Fuels 

CD 

CES - Constant Elasticity of Substitution
CD - Cobb Douglas 

Hydro 

Figure 1: Overview of the Production Structure 
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The accumulation of wind and hydroelectric infrastructure are described by (Eq. 15) 

where the physical capital depreciates at a rate ߜோ௄,௝, with ݆ ൌ  ,Gross investment .݋ݎ݀ݕܪ,ܹ݀݊݅

 .௝,௧, is dynamic in nature with its optimal trajectory induced by the presence of adjustment costsܫ

Adjustment costs are internal to the firm and defined analogously to that for private capital. 

Optimal renewable energy investment levels are defined by differentiating the present valued 

Hamiltonian with respect to the investment flow and setting equal to zero (Eq. 15). The co-state 

equation (Eq. 16) is obtained by setting the derivative the Hamiltonian with respect to the capital 

stock equal to the its shadow price. 

Optimal production behavior for energy activities consists in choosing the levels of 

investment and fossil fuel demand that maximize the present value of the firms’ net cash flows, 

(Eq. 4), subject to the equation of motion for wind and hydroelectric capital accumulation, (Eq. 

14). The demands investments are given by (Eq. 15), , and are obtained from the current-value 

Hamiltonian function, where ݍ௧ାଵ
ோ௄,௝ is the shadow price of each renewable energy capital, which 

evolves according to (Eq. 16). 

2.3 The Households 

An overlapping-generations specification was adopted in which the planning horizon is 

finite but in a non-deterministic fashion. A large number of identical agents are faced each period 

with a probability of survival, ߛ. The assumption that γ is constant over time and across age-

cohorts yields a perpetual youth specification in which all agents face a life expectancy of  
ଵ

ଵିఊ
. 

Without loss of generality, the population, which is assumed to be constant, is normalized to one. 

Therefore, per capita and aggregate values are equal. 
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Table 1: The Dynamic General Equilibrium Model - The Model Structure 

The Production Sector  

௧ܻ ൌ ௧ܣܸ	௩௔ߛ௧൫ܣ
ఘೡೌ ൅ ሺ1 െ ௧ܧ_ܩܩܣ	௩௔ሻߛ

ఘೡೌ൯
ଵ ఘೡೌൗ

 (1) 

௧ܣܸ ൌ ௧ܮ௩௔,௧ሺܣ
ௗܭܪ௧ሻఏಽܭ௣,௧

ఏ಼ܩܭ௧
ଵିఏಽିఏ಼ (2) 

௣,௧ାଵܭ ൌ ሺ1 െ ௣,௧ܭ௞ሻߜ ൅ ௣,௧ܫ െ ௞ߤ
௣,௧ଶܫ

௣,௧ܭ
 (3) 

௧ܨܥܰ ൌ ௧ܻ െ ൫1 ൅ ߬௙௦௦௖൯ݓ௧ሺܮ௧
ௗܭܪ௧ሻ െ ௣,௧ܫ െ ௐ,௧ܫ െ ு,௧ܫ െ ሺ1 െ ௣,௧ܫூሻ߬௩௔௧,ூߩ െ ௧ܧ௘,௧݌

െ	߬௖௜௧൫ ௧ܻ െ ൫1 ൅ ߬௙௦௦௖൯ݓ௧ሺܮ௧
ௗܭܪ௧ሻ െ ௣,௧ܫߙ െ ௪,௧ܫߙ െ ு,௧ܫߙ െ ௧൯ܧ௘,௧݌ ൅ ߬௜௧௖,ூܫ௣,௧ ൅ ߬௜௧௖,௪ܫ௪,௧ ൅ ߬௜௧௖,ுܫு,௧ 

(4) 

ߙ ൌ ሾ1 െ ሺ1 ൅ ݃ሻିே஽ா௉ሿ ሾ1ܲܧܦܰ െ ሺ1 ൅ ݃ሻିଵሿ⁄  (5) 

௧ܣܸ	௩௔ߛ௧൫ܣ௏஺ߛ௅ߠ
ఘೡೌ ൅ ሺ1 െ ௧ܧ_ܩܩܣ௩௔ሻߛ

ఘೡೌ൯
ଵ ఘೡೌൗ ିଵ

௧ܣܸ	
ఘೇಲ ൌ ሺ1 ൅ ߬ிௌௌ஼ሻݓ௧ܮ௧

ௗܭܪ௧ (6) 

௣,௧ܫ
௣,௧ܭ

ൌ
1
ூߤ2

െ ൣ1 ൅ ሺ1 െ ூሻ߬௏஺்,ூߩ െ ஼ூ்߬ߙ െ ߬ூ்஼,ூ൧ሺ2ߤூݍ௧ାଵ
௄ ሻିଵሺ1 ൅  ௧ାଵሻ (7)ݎ

௧௄ݍ ൌ ሺ1 െ ߬஼ூ்ሻߠ௄
௧ܻ

௣,௧ܭ
൅

௧ାଵݍ
௄

1 ൅ ௧ାଵݎ
൥1 െ ௄ߜ ൅ ூߤ ቆ

௣,௧ܫ
௣,௧ܭ

ቇ
ଶ

൩  (8) 

The Energy Sector  

௧ܧ_ܩܩܣ ൌ ௧݈ܱ݅	݁݀ݑݎܥ	ாߛா,௧൫ܣ
ఘ೐ ൅ ሺ1 െ ௧ܨܶܰ	ாሻߛ

ఘ೐൯
ଵ ఘ೐ൗ

 (9) 

௧ܧ௘,௧݌ ൌ 	෍݌௙,௜,௧ܨ௜,௧

௡

௜ୀଵ

൅  ௧݈ܱ݅	݁݀ݑݎܥ	௢௜௟,௧	௖௥௨ௗ௘݌ (10) 

௧ܨܶܰ ൌ ௝൯௧ܭாଶ,௧ෑ൫߮௖௙,௝ܴܣ
ఏೃ಼,ೕ

௠

௝ୀଵ

ෑܨ௜,௧
ఏ೑,೔

௡

௜ୀଵ

  (11) 

௜,௧ܨ௙,௝ߠ
௝,௧ܨ௙,௜ߠ

ൌ
௙,௝,௧݌
௙,௜,௧݌

 (12) 

௧ܧ_ܩܩܣ
௧݈ܱ݅	݁݀ݑݎܥ

ሺ1 െ ௧ܣܸ	௩௔ߛ௧൫ܣሻ	௏஺ߛ
ఘೡೌ ൅ ሺ1 െ ௧ܧ_ܩܩܣ௩௔ሻߛ

ఘೡೌ൯
ଵ ఘೡೌൗ ିଵ

ாߛ ாߛா,௧൫ܣ ݁݀ݑݎܥ ܱ݈݅௧
ఘ೐ ൅ ሺ1 െ ாሻߛ ௧ܨܶܰ

ఘ೐൯
ଵ ఘ೐ൗ ିଵ

௧݈ܱ݅	݁݀ݑݎܥ
ఘ೐ ൌ  ௢௜௟,௧ (13)	௖௥௨ௗ௘݌

௝,௧ାଵܭܴ ൌ ൫1 െ ௝,௧ܭ௥௞,௝൯ܴߜ ൅ ௝,௧ܫ െ ௥௞,௝ߤ
௝,௧ܫ
ଶ

௝,௧ܭܴ
 (14) 

௝,௧ܫ
௝,௧ܭܴ

ൌ
1

௥௞,௝ߤ2
െ ൫1 ൅ ሺ1 െ ூሻ߬௩௔௧,௝ߩ െ ௖௜௧߬	ߙ െ ߬௜௧௖௥,௝൯൫2ߤ௥௞,௝ݍ௧ାଵ

ோ௄,௝൯
ିଵ
ሺ1 ൅  ௧ାଵሻ (15)ݎ

௧ݍ
ோ௄,௝ ൌ

௧ߨ߲
௝,௧ܭܴ߲

ൌ ሺ1 െ ߬௖௜௧ሻߠோ௄,௝
௧ܻ

௝,௧ܭܴ
൅

௧ାଵݍ
ோ௄,௝

ሺ1 ൅ ሻݎ
ቌ൫1 െ ௥௞,௝൯ߜ ൅ ௥௞,௝ߤ ቆ

௝,௧ܫ
௝,௧ܭܴ

ቇ
ଶ

ቍ (16) 
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Table 1 (con't): The Dynamic General Equilibrium Model - The Model Structure 

The Household Sector  

ܷ௔,௧ ൌ
ߪ

ߪ െ 1
෍ߛజ
∞

జୀ଴

జߚ ቈܿ௔ାజ,௧ାజ

ఙିଵ
ఙ ൅ ℓ௔ାజ,௧ାజܤ

ఙିଵ
ఙ ቉ (17) 

෍ߛజሾ1 ൅ ሺ1 െ ߬௥ሻݎ௧ା௩ሿି௩൫1 ൅ ߬௏஺்,஼൯ܥ௔ା௩,௧ା௩ ൌ ܶ ௔ܹ,௧

∞

జୀ଴

 (18) 

ܶ ௔ܹ,௧ ≡ ܪ ௔ܹ,௧ ൅ ܨ ௔ܹ,௧ ൅  ௧ (19)ܨܸܲ

ܪ ௔ܹ,௧ ൌ ෍ ൬
ߛ

1 ൅ ሺ1 െ ߬௥ሻݎ௧ା௠
൰
௠

൬൫1 െ ߬௣௜௧൯ ቀሺ1 െ ߬௪௦௦௖ሻݓ௧ା௠൫ܮത െ ℓ௔ା௠,௧ା௠൯ܭܪ௧ା௠ቁ ൅ ܴܶ௧ା௠ ൅ ܴ௧ା௠ െ ܵܮ ௧ܶା௠൰

∞

௠ୀ଴

 

 

(20) 

ܨ ௔ܹ,௧ ൌ ൫1 ൅ ሺ1 െ ߬௥ሻݎ௧ିଵ
௣ௗ ൯ܲܦ௧ିଵ ൅ ሺ1 െ ߬గሻܰܨܥ௧ିଵ െ ൫1 ൅ ௧ିଵݎ

௙ௗ ൯ܦܨ௧ିଵ ൅ ൫1 െ ߬௣௜௧൯ ቀሺ1 െ ߬௪௦௦௖ሻݓ௧ିଵ൫ܮത െ ℓ௔ିଵ,௧ିଵ൯ܭܪ௧ିଵቁ

൅ ܴܶ௧ିଵ ൅ ܴ௧ିଵ െ ܵܮ ௧ܶିଵ 			െ ሺ1 ൅ ߬௩௔௧ሻܥ௔ିଵ,௧ିଵ 
(21) 

ሺ1 ൅ ߬௩௔௧ሻܥ௧ ൌ ሾ1 െ ሺ1 ൅ ሺ1 െ ߬௥ሻݎ௧ିଵሻఙିଵߚߛఙሿሺܪ ௧ܹ ൅ ሺܲܦ௧ െ ௧ሻܦܨ ൅  ௧ሻ (22)ܨܸܲ
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The household, aged ܽ at time ݐ, chooses consumption and leisure streams that maximize 

intertemporal utility, (Eq. 17), subject to the consolidated budget constraint, (Eq. 18). The 

objective function is lifetime expected utility subjectively discounted at the rate of ߚ . 

Preferences, ݑ௔ା௩,௧ା௩, are additively separable in consumption and leisure, and take on the CES 

form where ܤ is a size parameter and ߪ is the constant elasticity of substitution. The effective 

subjective discount factor is ߚߛ meaning that a lower probability of survival reduces the effective 

discount factor making the household relatively more impatient. 

The budget constraint, (Eq. 18), reflects the fact that consumption is subject to a value-

added tax rate of ߬௏஺்,஼  and states that the households’ expenditure stream discounted at the 

after-tax market real interest rate, 1 ൅ ሺ1 െ ߬௥ሻݎ௧ା௩,  cannot exceed total wealth at ݐ, ܶ ௔ܹ,௧. The 

loan rate at which households borrow and lend among themselves is 1 ⁄ߛ  times greater than the 

after-tax interest rate reflecting the probability of survival. 

For the household of age ܽ  at ݐ , total wealth, ܶ ௔ܹ,௧  (Eq. 19), is age-specific and is 

composed of human wealth, ܪ ௔ܹ,௧, net financial worth,	ܨ ௔ܹ,௧	, and the present value of the firm, 

 ௧. Human wealth (Eq. 20), represents the present discounted value of the household’s futureܨܸܲ

labor income stream net of personal income taxes, ߬௉ூ் , and workers’ social security 

contributions, ߬ௐௌௌ஼ . Labor's reward per efficiency unit is ݓ௧.  

The household’s wage income is determined by its endogenous decision of how much 

labor to supply, ܵܮ௧	 ൌ തܮ െ ℓ௧ , out of a total time endowment of തܮ		 , and by the stock of 

knowledge or human capital, ܭܪ௧, which is financed by public investment on education. Labor 

earnings are discounted at a higher rate reflecting the probability of survival.  

The availability of educational opportunities is largely determined by the public sector, 

which finances the bulk of elementary and secondary education and most of the higher 
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education, that is, education is mostly a publicly-provided good. This approach to human capital 

is natural at our very aggregate level and adequate for our long term analysis. The component of 

time affected to schooling is exogenous and fixed at the observed historical levels. The 

remaining time is optimally chosen between leisure and labor participation which is consistent 

with our interest in measuring the labor market effects.  

A household’s income is augmented by net interest payments received on public 

debt, ௧ܦܲ	 , profits distributed by corporations, ܰܨܥ௧ , international transfers, ܴ௧ , and public 

transfers, ܴܶ௧ . On the spending side, debts to foreigners are serviced, taxes are paid and 

consumption expenditures are made. Income net of spending adds to net financial wealth (Eq. 

21). Under the assumption of no bequests, households are born without any financial wealth. In 

general, total wealth is age-specific due to age-specific labor supplies and consumption streams.  

Assuming a constant real interest rate, the marginal propensity to consume out of total 

wealth is age-independent and aggregation over age cohorts is greatly simplified. Aggregate 

consumption demand is given by (Eq. 22) and an age-independent coefficient enables us to write 

the aggregate demand for leisure, (Eq. 23), as a function of aggregate consumption. 

2.4 The Public Sector 

The equation of motion for public debt, ܲܦ௧, (Eq. 25), reflects the fact that the excess of 

government expenditures over tax revenues has to be financed by increases in public 

indebtedness. Total tax revenues, ௧ܶ , (Eq. 26) include personal income taxes,	ܲܫ ௧ܶ , corporate 

income taxes, ܫܥ ௧ܶ, value added taxes, ܸܣ ௧ܶ, social security taxes levied on firms and workers 

ܵܵܨ ௧ܶ and ܹܵܵ ௧ܶ. All of these taxes are levied on endogenously defined tax bases. Residual 

taxes are modeled as lump sum, ܵܮ ௧ܶ, and are assumed to grow at an exogenous rate.  
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The public sector pays interest on public debt at a rate of ݎ௧௉஽  and transfers funds to 

households, ܴܶ௧, in the form of pensions, unemployment subsidies, and social transfers, which 

grow at an exogenous rate. Our exogenous interest rate specification is due to our focus on 

steady state effects. Thus, we are interested in structural features of the economy and consider a 

baseline public debt to GDP ratio within acceptable ranges for debt that would not suggest a 

significant idiosyncratic associated risk premium. The public sector engages in public 

consumption activities, ܩܥ௧, and public investment in both public capital and human capital, ܩܫ௧ 

and ܪܫ௧. 

 

 

 

Revenue  

Personal 
Income Tax  

Corporate 
Income Tax  

Value Added 
Tax 

Social Security 
Contributions 

Depreciations 
Allowances  

Investment Tax Credit 

Renewable Energy 
Investment Tax Credit 

Private Consumption 

Public Consumption  

Public Investment 
  

Private Investment  

Human Capital 
Investment  

Workers  

Employers 

Wages  

Dividends  

Interest Income 

Expenditure 

Public 
Consumption 

Public 
Investment 

Human Capital 
Investment 

Social Transfers  

Unemployment  

Pensions 

Social Action 

Interest Payments 
on Public Debt 

Figure 2: Overview of the Public Sector 
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Public investments are determined optimally, respond to economic incentives, and 

constitute an engine of endogenous growth. The accumulations of ܭܪ௧ and ܩܭ௧ are subject to 

depreciation rates, ߜு௄  and ߜு௄ , and to adjustment costs that are a fraction of the respective 

investment levels. The adjustment cost functions are strictly convex and quadratic. 

Public sector decisions consist in choosing the trajectories for ܩܥ௧ ௧ܪܫ , , and ܩܫ௧  that 

maximize social welfare, (Eq. 24), defined as the net present value of the future stream of utility 

derived from public consumption, parametric on private sector consumption-leisure decisions. 

The optimal choice is subject to three constraints, the equations of motion of the stock of public 

debt, (Eq. 25), the stock of public capital, (Eq. 27), and the stock of human capital, (Eq. 28). 

The optimal trajectories depend on ݍ௧ାଵ
௉஽ ௧ାଵݍ ,

௄ீ , and ݍ௧ାଵ
ு௄ , the shadow prices of the public 

debt, public capital, and human capital stocks, respectively. The relevant discount rate is 

1 ൅ ሺ1 െ ߬௥ሻݎ௧ାଵ
௉஽   because this is the financing rate for the public sector. Optimal conditions are 

(Eq. 29) for public debt, (Eq. 30) for public consumption, (Eq. 31-34) for public investment, and 

(Eq. 35-36) for investment in human capital. 

2.5 Social Welfare 

Social welfare consists of both a private and a public component. The private component 

of social welfare is defined in an infinite horizon context as a function of private consumption 

and leisure, as is typical in the literature. We extend this general framework to account for the 

fact that public consumption activities affect social welfare. The private and public components 

of social welfare are combined in a fashion consistent with the shares of private and public 

consumption in total consumption. These social welfare assessments are conservative in that they 

do not explicitly account for the environmental benefits associated with a reduction in CO2 

emissions from fossil fuel combustion, nor the correlated benefits in air quality improvement. 
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Table 2: The Dynamic General Equilibrium Model - The Basic Data Set 

   
Domestic spending data ( percent of ࢅ૙)   

଴ܻ GDP (billion Euros) 166.228 
݃଴ Long term growth rate ( percent) 1.763 
଴ܣܸ Value added 85.393 
 ଴ Primary energy consumption expenditure 2.557ܧ_ܩܩܣ
 ଴ Private consumption 62.343ܥ
 ௣,଴ Private investment 20.223ܫ
 ௪,଴ܫ Private wind investment 0.064 
 ு,଴ܫ Private hydro investment 0.089 
଴ܩܥ Public consumption 12.285 
 ଴ Public capital investment 3.329ܩܫ
 ଴ Public investment in education 7.025ܪܫ

Primary energy demand (GJ as a  percent of ࢅ૙)   
 ଴ Primary fossil energy spending 2.472ܧ
 ଴ Non transportation fuels 0.701ܨܶܰ
଴ܧܨ Fossil fuels (excluding crude oil) 0.160 
 ଴ Quantity of crude oil imports 0.321݈ܱ݅݁݀ݑݎܥ
 ஼௢௔௟,଴ Quantity of coal imports 0.082ܨ
 ீ௔௦,଴ Quantity natural gas imports 0.077	ே௔௧௨௥௔௟ܨ

Energy prices (€ per GJ)   
 ை௜௟,଴ Import price of crude oil 6.140	஼௥௨ௗ௘݌
 ௙,஼௢௔௟,଴ Import price of coal 1.890݌
 ீ௔௦,଴ Import price of natural gas 4.450	௙,ே௔௧௨௥௔௟݌

Foreign account data ( percent of ࢅ૙)   
ܰܺ଴ Trade deficit 5.358 
଴ݎ
ி஽ܦܨ଴ Interest payments of foreign debt 2.933 
ܴ଴ Unilateral transfers 8.855 
 ଴ Current account deficit 1.908ܦܣܥ
଴ܦܨ Foreign debt 108.200 

Public sector data ( percent of ࢅ૙)   

଴ܶ Total tax revenue 39.366 
ܫܲ ଴ܶ Personal income tax revenue 5.392 
ܫܥ ଴ܶ Corporate income tax revenue 3.094 
ܣܸ ଴ܶ Value added tax revenue 12.050 

ܣܸ ௖ܶ on private consumption expenditure 9.351 
ܣܸ ூܶ on private investment expenditure 1.739 
ܣܸ ௖ܶ௚ on public consumption expenditure 0.521 
ܣܸ ௜ܶ௚ on public capital investment expenditure 0.333 
ܣܸ ௜ܶ௛ on public investment in human capital  0.100 

 ଴ Social security tax revenues 11.700ܥܹܵܵ
 ଵ,଴       employers contributions 5.600ܥܹܵܵ
 ଶ,଴       workers contributions 6.100ܥܹܵܵ

 ଴ݔܽܶ	݊݋ܾݎܽܥ Carbon tax 0.000 
ܵܮ ଴ܶ Lump sum tax revenue 7.130 
ܴܶ௧ Social transfers 15.915 
଴ݎ
௉஽ܲܦ଴ Interest payments of public debt 2.326 
 ଴ Public deficit 1.513ܨܧܦ
 ଴ Public debt 85.800ܦܲ
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Table 2 (con't): The Dynamic General Equilibrium Model - The Basic Data Set 

Population and employment data ( Millions )   
ܱܲ ଴ܲ Population (in thousands) 10.608 
 ଴ Active population 5.614ܮ
ܷܴ଴ Unemployment rate 5.979 

Private Wealth ( percent of ࢅ૙)   
ܪ ଴ܹ Human wealth 2827.507 
ܨ ଴ܹ Financial wealth -22.400 
 ଴ Present value of the firm 1695.452ܨܸܲ
 ଴ Distributed profits 17.603ܨܥܰ

Prices    
 ଴ݓ Wage rate 0.034 
଴ݍ
௉஽  Shadow price of public debt -0.969 
଴ݍ
௞  Shadow price of private capital 1.288 
଴ݍ
௥௞  Shadow price of wind energy capital 1.288 
଴ݍ
௥௞  Shadow price of hydro energy capital 1.288 

଴ݍ
௞௚
  Shadow price of public capital 1.210 

଴ݍ
௛௞  Shadow price of human capital 8.443 

Capital stocks ( percent of ࢅ૙)   
 ଴ Private capital 278.134ܭ
଴ܭܴ Wind energy capital stock 1.381 
଴ܭܴ Hydro energy capital stock 1.838 
 ଴ Public capital stock 95.570ܩܭ
 ଴ Human capital stock 218.721ܭܪ

 

2.6 The Foreign Sector 

The equation of motion for foreign financing, ܦܨ௧ , (Eq. 37), provides a stylized 

description of the balance of payments. Domestic production, ௧ܻ, and imports are absorbed by 

domestic expenditure and exports. Net imports, െܰܺ௧, (Eq. 36), are financed through foreign 

transfers, ܴ௧, and foreign borrowing. Foreign transfers grow at an exogenous rate. In turn, the 

domestic economy is assumed to be a small, open economy. This means that it can obtain the 

desired level of foreign financing at a rate, ݎ௧ி஽, which is determined in the international financial 

markets. This is the prevailing rate for all domestic agents. 

2.7 The Intertemporal Market Equilibrium 

The intertemporal path for the economy is described by the behavioral equations, by the 

equations of motion of the stock and shadow price variables, and by the market equilibrium 
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conditions (Eq. 35-38). The labor-market clearing condition is given by (Eq. 35) where a 

structural unemployment rate of ܷܴ௧  is exogenously defined. The product market equalizes 

demand and supply for goods and services. Given the open nature of the economy, part of the 

demand is satisfied through the recourse to foreign production, hence (Eq. 36) and (Eq. 37). 

Finally, the financial market equilibrium, (Eq. 38), reflects the fact that private capital formation 

and public indebtedness are financed by household savings and foreign financing. 

We define the steady-state growth path as an intertemporal equilibrium trajectory in 

which all the flow and stock variables grow at the same rate ݃ while market prices and shadow 

prices are constant. There are three types of restrictions imposed by the existence of a steady-

state. First, it determines the value of critical production parameters, like adjustment costs and 

depreciation rates given the initial capital stocks. These stocks, in turn, are determined by 

assuming that the observed levels of investment of the respective type are such that the ratios of 

capital to GDP do not change in the steady state. Second, the need for constant public debt and 

foreign debt to GDP ratios implies that the steady-state public account deficit and the current 

account deficit are a fraction ݃ of the respective stocks of debt. Finally, the exogenous variables, 

such as public transfers or international transfers, have to grow at the steady-state growth rate. 

2.8 Dataset, Parameter Specification, and Calibration 

The model is implemented numerically using detailed data and parameters sets reported 

in Table 3. The dataset reflects the GDP and stock variable values in 2008; public debt and 

foreign debt reflect the most recent available data. Data are from the Statistical Annex of the 

European Community (2012), the Portuguese Ministry of Finance (2012) and the Portuguese 

Directorate General for Geology and Energy (2012). The decomposition of the macroeconomic 

variables follows the average for the period 1990-2008 for macroeconomic data. This period was 
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chosen to reflect the most recent available information and to cover several business cycles, 

thereby reflecting the long-term nature of the model.  

Primary energy demand shows strong annual variations due primarily to hydrological 

cycles. These tend to produce countervailing balances between hydroelectric and fossil – 

primarily coal and natural gas – energy resources. This variability, coupled with the long term 

nature of the model, suggests that averages for the respective shares and expenditure levels taken 

over several years can mitigate any peculiarities associated with calibrating the model data to a 

single year.  

The past ten years, however, has seen very substantial changes to the energy sector. 

Natural gas has become a dominant fixture in the energy system in Portugal since its introduction 

in 1997. Similarly, since 2005, installed wind energy capacity has grown exponentially. As a 

result, we consider the average values between 1999 and 2008 in defining expenditure shares for 

fossil fuel imports. During this time, imported fossil fuels were valued at an average of to 2.472 

percent of GDP. Due to the relatively more recent investment efforts in wind energy, we 

consider average investment volumes between 2005 and 2010. Wind energy investment volumes 

are from Energias de Portugal. Hydroelectric infrastructure investment data are from the 

Portuguese Directorate General for Geology and Energy information regarding installed 

capacity. The annual change in capacity is used to define investment based on capital cost and 

fixed operating and maintenance cost data from the U.S. Department of Energy. 

Parameter values are specified in different ways. Whenever possible, parameter values 

are taken from the available data sources or the literature. This is the case, for example, of the 

population growth rate, the probability of survival, the share of private consumption in private  
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Table 3: The Dynamic General Equilibrium Model – The Structural Parameters 

Household parameters   
 Discount rate 0.001 ߚ
 Probability of survival 0.987 ߛ
݃௉ை௉ Population growth rate 0.000 
 Elasticity of substitution  1.000 ߪ
 ଵ݌ Leisure share parameter 0.358 

Production  parameters   
 ௅ Labor share in value added aggregate 0.520ߠ
 ௄௉ Capital share in value added aggregate 0.290ߠ
 ௄ீ Public capital share in value added aggregate 0.190ߠ
 ௏஺ߪ Elasticity of substitution between value added and energy 0.400 
 ஼௥௨ௗ௘ߪ Elasticity of substitution between oil and other energy 0.400 
 ௄ோߠ wind energy share in non-transportation fuels 0.121 
 ௄ோߠ wind energy share in non-transportation fuels 0.167 
 ாߠ fossil energy share in non-transportation fuels 0.711 
߮௖௙  Wind energy price:quantity capacity utilization factor 0.146 
߮௖௙  Hydro energy price:quantity capacity utilization factor 0.110 
 ஼௢௔௟ߠ coal share in non-transportation fuels 0.313 
 ௚௔௦ߠ natural gas share in non-transportation fuels 0.687 
 ௏஺ߛ CES scaling share between value added and energy 1.000 
 ாߛ CES scaling share between oil and other energy 0.466 
 ௞ Depreciation rate - Private capital 0.042ߜ
 ௞ Adjustment costs coefficient - Private capital 1.504ߤ
 ோ௞ Depreciation rate - Wind energy capital 0.020ߜ
 ோ௞ Adjustment costs coefficient - Wind energy capital 2.360ߤ
 ோ௞ Depreciation rate - Wind energy capital 0.022ߜ
 ோ௞ Adjustment costs coefficient - Wind energy capital 2.254ߤ
ሶ௜ܣ ⁄௜ܣ  Exogenous rate of technological progress 0.000 

Public sector parameters - tax parameters 
߬௣௜௧ Effective personal income tax rate 0.091 
߬గ Effective personal income tax rate on distributed profits 0.112 
߬௥ Effective personal income tax rate on interest income 0.200 
߬௖௜௧ Effective corporate income tax rate 0.116 
 Time for fiscal depreciation of investment 16.000 ܲܧܦܰ
 ߙ Depreciation allowances for tax purposes 0.735 
 ூ Fraction of private investment that is tax exempt 0.680ߩ
߬௜௧௖,ூ Investment tax credit rate - Private capital 0.005 
߬௜௧௖,ோூ Investment tax credit rate - Wind energy capital 0.005 
߬௜௧௖,ோூ Investment tax credit rate - Hydro energy capital 0.005 
߬௏஺்,஼ Value added tax rate on consumption 0.176 
߬௩௔௧,ூ Value added tax rate on investment 0.094 
߬௩௔௧,௖௚ Value added tax rate on public consumption 0.044 
߬௩௔௧,௜௚ Value added tax rate on public capital investment 0.111 
߬௩௔௧,௜௛ Value added tax rate for public investment in human capital 0.014 
߬௙௦௦௖ Firms' social security contribution rate 0.145 
߬௪௦௦௖ Workers social security contribution rate 0.157 
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Table 3 (con't): The Dynamic General Equilibrium Model – The Structural Parameters 

Public sector parameters - outlays parameters 
1 െ	ߙ஼ Public consumption share 0.182 
 ௞௚ Public infrastructure depreciation rate 0.011ߜ
 ௞௚ Adjustment cost coefficient 3.190ߤ
 ௛௞ Human capital depreciation rate 0.000ߜ
 ௛௞ Adjustment cost coefficient 13.980ߤ

Real interest rates   
,ݎ ,ி஽ݎ  ௉஽ Interest rate 2.711ݎ

 

spending, and the different effective tax rates. All the other parameters are obtained by 

calibration; i.e., in a way that the trends of the economy for the period 1990–2008 are 

extrapolated as the steady-state trajectory. These calibration parameters assume two different 

roles. In some cases, they are chosen freely in that they are not implied by the state-state 

restrictions. Although free, these parameters have to be carefully chosen since their values affect 

the value of the remaining calibration parameters. Accordingly, they were chosen either using 

central values or using available data as guidance. For instance, the elasticity of substitution 

parameters are consistent with those values often applied in climate policy analysis [see, for 

example, Manne and Richels (1992), Paltsev et al. (2005) and Koetse et al. (2008)]. The 

remaining calibration parameters are obtained using the steady-state restrictions. 

 

3. On the Fuel Price Scenarios 

The fuel price scenarios for the period 2008 to 2035 are based on forecasts developed by 

the US Department of Energy, (DOE-US) and the International Energy Agency (IEA-OECD) as 

presented in the Annual Energy Outlook of the US Department of Energy (2010). After 2035, we 

assume that prices grow at the average growth rate for the last ten years of the forecast. Table 4 
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presents the forecasts including a composite energy price index and relative price ratios and 

Figure 3 presents the forecasts for each of the two fuel price scenarios.   

The price scenarios present a range of different level and relative price movements by 

2050, including changes in oil prices of 47.8 percent and 32.5 percent, in coal prices of 3.8 

percent and -5.3 percent, and in natural gas prices of 11.3 percent and 52.9 percent, in the DOE-

US and IEA-OECD scenarios, respectively. Naturally, oil prices tend to dominate the reference 

fuel price index, relative to coal and natural gas prices, because the demand for oil accounts for 

more than 65 percent of primary energy demand and for close to 80 percent of the value of 

imported energy. Overall, the reference fossil fuel price index is projected to grow by 34.4 

percent in the DOE-US scenario and by 29.3 percent in the IEA-OECD scenario by 2050. 

 

Table 4: Fuel Price Scenarios 
(2008=100.00) 

2010 2020 2030 2040 2050 

DOE-US 

Reference Fossil Price Index 97.89 102.11 114.67 128.06 134.42 
     Petroleum and its Products 98.55 108.75 124.03 140.08 147.81 
     Coal 99.42 96.72 98.90 102.70 103.80 
     Natural Gas 93.52 80.18 92.49 105.11 111.33 
Coal/Natural Gas Ratio 106.31 120.63 106.93 97.71 93.23 
Oil/Natural Gas Ratio 99.12 112.43 125.41 136.40 142.40 

IEA-OECD 

Reference Fossil Price Index 96.79 102.36 116.40 122.17 129.27 
     Petroleum and its Products 96.91 102.89 118.32 124.67 132.48 
     Coal 93.00 86.38 90.72 92.51 94.70 
     Natural Gas 100.39 117.25 135.85 143.50 152.91 
Coal/Natural Gas Ratio 92.64 73.67 66.78 64.46 61.93 
Oil/Natural Gas Ratio 104.20 119.12 130.43 134.77 139.88 
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Figure 3 Fossil Fuel Price Scenarios 
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a very different intertemporal trajectory for coal and natural gas prices. Natural gas prices grow 
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initial decline and subsequent increase in the price of natural gas, returning to 2008 levels by 

2035. Coal prices, on the other hand, show a meaningful drop in price in the IEA-OECD 

scenario, while remaining relatively stable in the DOE-US scenario. The similarities in the 

changes to the price index coupled with the substantial differences for individual fuel vectors 

allow us to highlight both the influence of relative and absolute price changes in a meaningful 

fashion. 

 

4. The Impact of Fossil Fuel Prices 

The impacts of the price scenarios are presented in Tables A1-A4 in the appendix and 

summarized in Figures 4, 5 and 6. In the discussion below, unless indicated otherwise, all figures 

are percent deviations from the steady state baseline.  

4.1 The Impact on Energy Demand 

Differences in relative prices between the two scenarios are particularly pronounced early 

in the model horizon. While by 2020 the actual fossil fuel price index based on forecasted 

demand patterns increases by 2.0 percent in the DOE-US and 2.2 percent in the IEA-OECD 

scenarios, we observe a 0.2 percent reduction in fossil fuel demand in the DOE-US scenario and 

a 1.0 percent increase in the IEA-OECD scenario. This is due to the larger drop in fuel prices 

earlier in the model horizon in the IEA-OECD price scenario. By 2050, however, primary 

demand for fossil fuels falls in both the DOE-US and IEA-OECD scenarios, by 12.4 percent and 

9.5 percent in the DOE-US and in the IEA-OECD scenarios, respectively. 

The differences with respect to the aggregate impact on primary energy demand 

underscore important differences in the composition of energy demand. In the DOE-US scenario 

we observe an increase in natural gas consumption of 15.5 percent by 2020. This is the result of 



25 

 

the 19.8 percent drop in the price of natural gas by 2020 together with the larger array of 

substitution possibilities for natural gas in industry and electric power. Indeed, the uptake in 

natural gas demand drives, in part, a 4.4 percent reduction in coal demand and a 9.4 percent 

reduction in wind energy investment in 2010 and a 3.8 percent reduction in 2020, driving an 

accumulated reduction of 2.6 percent in the stock of wind energy infrastructure by 2020. A 

similar pattern is observed for hydroelectric energy infrastructures. Over the long term, the 

persistently high fossil fuel prices yield a 1.0 percent increase in the stock of renewable energy 

capital relative to steady state levels for both wind and hydroelectric energy infrastructures. The 

demand for crude oil falls by 2.9 percent in 2020. In this scenario, we clearly observe a shift in 

the energy mix towards natural gas over the short run and a shift to renewable energies and coal 

over the long run. 

The IEA-OECD scenario considers, on one hand, substantially lower coal prices, falling 

13.7 percent by 2020 and, on the other, much larger natural gas prices, growing 17.3 percent by 

2020. As a result, we observe a 20.0 percent growth in the demand for coal and a drop in the 

demand for natural gas of 12.1 percent. The increase in natural gas prices contributes, in a very 

important way, to the 11.6 percent increase in investment in wind energy infrastructure, 

corresponding to an accumulated increase in the stock of wind turbines of 2.5 percent in 2020 

and of 9.6 percent in 2050. Similarly, investment in hydroelectric energy infrastructures 

increases by 11.4 percent in 2020 leading a 9.7 percent increase in the stock by 2050. Oil 

demand falls by 0.8 percent due to more limited technological substitution possibilities and 

smaller crude oil price movements. In this scenario, the shift to coal, and to a lesser extent to 

renewable energies, is much more dramatic than in the DOE-US price scenario. 
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Figure 4 Energy Sector Impacts 
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4.2 The Macroeconomic Impact 

The macroeconomic impact of fossil fuel prices is fundamentally defined by the total 

change in energy system costs as opposed to the fuel mix in the energy system. As such, 

although the energy system effects differ substantially across the two fuel price scenarios, the 

economic and budgetary impacts share many common features. Because the firms' changes to the 

energy mix drive very similar changes in the composite energy price index between the two 

scenarios, the economic impacts are similar. Higher fuel prices and larger expenditures on 

energy inputs have a negative impact on the firms' net cash flow. Accordingly, businesses reduce 

private investment by 1.4 percent and 3.6 percent in the DOE-US scenario and by 1.3 percent 

and 3.0 percent in the IEA-OECD scenario in 2020 and in 2050, respectively. This is consistent 

with the larger share of wind and hydroelectric investment in the IEA-OECD scenario than in the 

DOE-US scenario. The reduction in private investment drives down the stock of private capital 

which in turn has a negative impact on economic growth. Over the long term, energy price 

increases have a negative impact on employment as well, despite short term employment gains in 

both the DOE-US and IEA-OECD scenarios. The smaller reductions in private capital and 

employment than in energy consumption suggests that with growing fuel prices firms substitute 

capital and especially labor for energy inputs.  

Given the impact of fuel prices on the private inputs (which as we will see next section is 

mirrored by reductions in public and human capital investment), it is no surprise that higher fuel 

prices, driven primarily by higher oil prices, have a negative impact on GDP. In 2050, GDP falls 

by 1.9 percent in the DOE-US scenario while in the IEA-OECD scenario GDP falls by 1.6 

percent. Short term reductions in fossil fuel prices stimulate a marginal increase in economic 

activity early in the model horizon in both scenarios. The short term increase in GDP in 2020 in 
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the DOE-US scenario is entirely driven by falling natural gas prices while that in the IEA-OECD 

scenario results from dropping crude oil and coal prices.  

The feedback between domestic demand, production and income defines the impact of 

fuel prices on private consumption. The net effect of this process is a reduction in private 

consumption of 1.3 percent in the DOE-US scenario and 1.1 percent in the IEA-OECD scenario. 

Consumption smoothing behavior by households implies that these reductions are relatively 

constant throughout the model horizon. 

The net effect of fuel price increases on the trade balance depends on the response of 

non-energy demand. Expenditure on fossil fuels increases by 2.3 percent in the DOE-US 

scenario and 1.5 percent in the IEA-OECD in 2020 and up to 19.5 percent and 15.3 percent in 

2050, respectively, which places positive pressure on the trade balance. This increase in fossil 

fuel expenditure, however, is offset by reductions across the board in domestic final demand. As 

a result, the net effect of higher energy prices on foreign debt is negative. Although foreign debt 

as a fraction of the GDP falls, over the long term these remain at 54.2 percent in the DOE-US 

scenario and 62.6 percent in the IEA-OECD price scenario. 

4.3 On the Budgetary Impact  

The reduction in economic activity levels due to the increasing expenditure on fossil fuels 

affects the size of the tax bases and public sector tax receipts. Contracting tax bases in the DOE-

US and IEA-OECD scenarios drive a 0.4 percent reduction in tax revenue by 2020 and of 2.0 

percent and 1.7 percent in 2050, respectively. These changes are driven primarily by changes in 

VAT tax revenues, the largest source of public revenues. In absolute terms, the reduction in 

revenues associated with fuel price increases is led by a reduction in VAT revenue of 1.8 percent 

in the DOE-US scenario and 1.5 percent in the IEA-OECD. These changes in turn are directly 
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related to the changes in private consumption, the largest component of its tax base. The falling 

share of VAT receipts in both scenarios is accompanied by increasing shares for social security 

contributions, reflective of the shift towards employment in production.  

On the expenditure side, the public sector optimally adjusts its spending patterns in 

response to fuel price variations. Total public expenditure falls in the long term by 3.3 percent 

and 2.8 percent in the DOE-US and IEA-OECD scenarios while public consumption itself falls 

by 4.3 percent and 3.6 percent, respectively. Equally important, in the long-term, public capital 

investment falls by 4.8 percent in the DOE-US scenario and by 4.1 percent in the IEA-OECD 

scenarios while public investment in human capital falls by 0.9 percent and 0.7 percent, 

respectively. This reduction in public investment activities further reinforces the negative effect 

 

Figure 5 Budgetary Impact  

(Percent Change from Steady State Baseline) 
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of declining private inputs on production activities and has a negative impact on economic 

performance. 

Overall, despite tax revenue losses, the reduction in expenditure levels reduces public 

debt levels in 2020 by 9.3 percent and 8.1 percent in the DOE-US and IEA-OECD scenarios and 

by 22.6 percent and 19.3 percent by 2050. This leads to public-debt to GDP ratios in the long 

term of 66.4 percent in the DOE-US scenario and 69.2 percent in the IEA-OECD scenario. The 

optimal government response to the increasing opportunity cost of public fund is instrumental in 

driving positive budgetary effects. Absent these, the contracting tax bases yield an increase in 

public debt levels. It is important to highlight that our focus on the long term budgetary effects of 

increasing fuel prices suggests equilibrium responses and not fluctuations in debt levels spurred 

by business cycle fluctuations. Given the very low cost of financing since the adoption of the 

Euro it is not unreasonable to assume that interest rates do not fall with the lower levels of debt. 

4.4 On the Impact of Incentives for Renewable Energy on the Economic and Budgetary 
Impact of Fossil Fuel Prices 

Policies to promote the deployment of renewable energies are designed to ensure the 

security of energy supply, reduce the environmental impacts of the energy system and limit the 

exposure of the domestic economy to international shocks in energy markets. To explore the 

potential for renewable energy policies to limit domestic exposure to international fuel price 

movements, we examine the impact of a renewable energy investment tax credit on the economic 

and budgetary impact of the fossil fuel price scenarios. The renewable energy investment tax 

credit is equal to half of the value of the investment and is available for both wind and 

hydroelectric energy investment activities. Over the long run, wind energy infrastructure is 72.3 

percent larger in the DOE-US scenario and 86.9 percent larger in 2050 in the IEA-OECD  
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Figure 6 On the Impact of a Renewable Energy Investment Tax Credit 

(Percent change from steady state baseline) 
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scenario and hydroelectric energy infrastructure is 72.9 percent and 87.7 percent larger in the 

DOE-US and IEA-OECD scenarios relative to steady state baseline levels, respectively. 

The renewable energy investment tax credit has the effect of mitigating the impact of 

fossil fuel price increases on economic growth and activity levels. GDP falls by 1.7 percent in 

the DOE-US and by 1.3 percent in the IEA-OECD price scenario in 2050. This is a 14.2 percent 

reduction in the economic impact in the DOE-US price scenario and 18.5 percent reduction in 

the IEA-OECD price scenario. Public debt to GDP levels, however, are 2.3 percentage points 

higher in the DOE-US price scenario and 2.5 percentage points higher in the IEA-OECD price 

scenario. This results from the increase in tax expenditure for the investment tax credit and a 

smaller overall reduction in public expenditure levels and is partially offset by a smaller 

contraction in economic activity.  

 

5. Sensitivity Analysis with respect to Model Structure and Key Model Parameters 

It is widely recognized in the literature that the elasticity of substitution between value 

added and energy as well as among energy inputs play a significant role in a general equilibrium 

analysis of energy-related matters [see Jacoby et al. (2006), Wissema and Dellink (2007), and 

Schubert and Turnovsky (2010)]. Here, we start by analyzing how sensitive our results are to the 

specification of these parameters. Simulation results are reported on Table 5. In general, changes 

in energy demand due to higher fuel prices are significantly amplified by a greater elasticity of 

substitution between energy and value added and lower elasticity of substitution among energy 

inputs. Changes in the economic impact as well as the budgetary impact are, however, less 

pronounced across different elasticity of substitution assumptions, in particular for that among 

different energy inputs. 
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Table 5: Sensitivity Analysis with respect to the Elasticities of Substitution 
(Percent deviation from steady state baseline in 2050) 

Elasticity of Substitution between Value Added and Energy 

Elasticity of Substitution Energy GDP Public Debt 

DOE-US 

0.2 -0.42 -1.77 -23.47 

0.4 -6.31 -1.92 -22.64 

1.0 -21.83 -2.31 -20.38 

IEA-OECD 

0.2 4.43 -1.47 -19.91 

0.4 -0.77 -1.60 -19.33 

1.0 -14.74 -1.95 -17.71 

Elasticity of Substitution between Crude Oil and other Energy Sources 

Elasticity of Substitution Energy GDP Public Debt 

DOE-US 

0.2 -8.82 -1.94 -22.84 

0.4 -6.31 -1.92 -22.64 

1.0 1.58 -1.88 -22.01 

IEA-OECD 

0.2 -1.40 -1.60 -19.36 

0.4 -0.77 -1.60 -19.33 

1.0 1.13 -1.60 -19.24 

 

Overall, ignoring endogenous public sector decisions and endogenous long-term growth 

would lead to a serious misrepresentation of the effects on fuel prices on economic activity, GDP 

and foreign debt position, and on the public budget. The fiscal consolidation gains only 

materialize in the presence of optimal reductions in public sector expenditure. This reduction is 

optimal, despite negative welfare effects, due to the increasing opportunity cost of public funds. 

In addition, the required reduction in public expenditure is greater than may have been projected 

absent accounting for the important feedbacks among growth and the public sector account. This 

is because the contraction in economic activity due to increasing fuel prices can be expected to 



34 

 

apply greater pressure on the tax bases, reducing revenue and aggravating the budgetary 

situation. For this reason, public consumption activities must be the target of fiscal consolidation 

policy efforts that focus too much on reductions in productive public sector investment activity 

will compound the debt increase. Note that this is consistent with a marginal reduction in public 

investment activities due to the increasing opportunity cost associated with public funds.   

Endogenous growth and endogenous public sector behavior are key features of our 

model. Table 6 presents the sensitivity of our results to these aspects of the model. Without the 

endogenous public spending decisions, we assume that public consumption and investment grow 

at the baseline steady state growth trajectory for the economy. A sensitivity analysis was 

conducted allowing for public consumption and investment to scale with output and the results 

suggest that this proportional adjustment captures less than half of the effects associated with 

endogenous growth. Results are available upon request. The exogenous growth trajectory we 

adopt is indicative of political constraints on changing spending patterns. The absence of 

endogenous growth coupled with exogenous public sector behavior greatly affects the evaluation 

of the impact of fuel prices. Exogenous decisions imply higher levels of investment spending 

which leads to substantially smaller output losses in the long term – the measured output losses 

under exogenous public sector decision would be around 40 percent of the levels identified under 

our central modeling assumptions. This reduction in the observed GDP loss comes together with 

a marginal improvement in the trade deficit and the foreign debt position, substantially lower 

than the one identified in the central case – the observed improvements shrink by a factor of 

seven. Tax revenues decline by a smaller amount under exogenous public sector decisions. In 

this case, however, lower tax revenues would directly translate into higher deficits and we would 
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project increases in the public debt to GDP position, not the reduction identified under our 

central modeling assumptions.  

In concluding this sensitivity analysis section, it is important to highlight that the order of 

magnitude of the changes in the economic and budgetary results due to differences in the 

elasticities of substitution – a widely understood effect – pale in comparison with the changes 

generated by the endogenous growth mechanisms and endogenous public sector behavior – 

effects largely ignored in the literature. This is in sharp contrast to the notion that the economic 

effect of oil is driven by the share of oil in production and the elasticity of substitution between 

oil and other inputs [see, Schubert and Turnovsky (2010)]. 

 

 

Table 6: Sensitivity Analysis with respect to the Model Structure 
 (Percent deviation from steady state baseline in 2050) 

Energy GDP Public Debt 

DOE-US 

Central Modeling Assumptions -6.31 -1.92 -22.64 

Exogenous Public Consumption (1) -6.28 -1.89 5.89 

Exogenous Public Investment (2) -5.54 -1.10 -16.13 

Exogenous Public Sector (1) + (2) -5.52 -1.08 9.05 

IEA-OECD 

Central Modeling Assumptions -0.77 -1.60 -19.33 

Exogenous Public Consumption (1) -0.74 -1.57 4.66 

Exogenous Public Investment (2) -0.08 -0.91 -13.87 

Exogenous Public Sector (1) + (2) -0.06 -0.89 7.32 
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6. Summary and Concluding Remarks  

In this paper, we examine the economic and budgetary impacts of fossil fuel prices using 

a dynamic general equilibrium model of the Portuguese economy which highlights the 

mechanisms of endogenous growth and includes a detailed modeling of the public sector. Our 

simulation results highlight several important dimensions to the relationship between energy 

prices and economic performance. First, while relative energy prices play a substantial role in 

shaping the energy sector, the most important determinant of the economic impacts of the 

exogenous price shocks is the change in the firms' energy bill. Second, fuel prices, by affecting 

economic performance, affect fiscal consolidation efforts. This paper highlights that the behavior 

of the public sector is not innocuous, leading to our third point. Government behavior in 

response to rising fuel prices has a substantial impact on the potential trade-off that exists 

between convergence to EU standards of living and fiscal consolidation. Absent reductions in 

public consumption, rising energy prices can increase public debt levels through contracting tax 

bases. In addition, to the extent that the public sector can avoid reductions in public investment 

activities, we will observe smaller GDP losses and more substantial public debt improvements 

with the austerity package. Finally, we find that renewable energy policies may contribute to 

limiting the exposure of the domestic economy to exogenous fuel price shocks – a very 

substantial incentive policy would reduce the economic impact of fossil fuel prices far less than 

active government investment in public capital and human capital.  

Increasing fuel prices, consistent with the DOE-US and the IEA-OECD fuel price 

scenarios, both dominated over the long term by increasing oil prices, lead to an increase in 

firms' operating costs which reduces energy consumption, employment and private investment, 

while shifting the input mix towards labor and capital. Despite very substantial differences in 
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their implications for the energy sector, the two price scenarios yield similar overall changes in 

the composite energy price changes which drives their macroeconomic and budgetary impact. 

These changes lead to a long term drop of 1.9 percent in GDP by 2050 in the DOE-US scenario 

and 1.6 percent in the IEA-OECD scenario. Although the value of fossil fuel imports increases 

substantially over time, the contraction of economic activity due to higher fuel prices leads to an 

overall improvement in the foreign account position. This is consistent with the recent studies on 

the effect of permanent increases in oil prices [see, for example, Schubert (2009)]. Finally, 

higher fuel prices have an important impact on the public sector account and public investment 

activities. Contracting tax bases reduce revenues, led by reductions in VAT revenues, while a 

reduction in public spending, and public investment in particular, further compounds the long-

term output and employment losses. These are, however, consistent with an optimally shrinking 

public sector which leads to a reduction in the deficit and lower public debt to GDP levels.  

Fuel prices, by affecting economic performance, directly affect the pursuit of policies to 

promote long term growth and convergence to EU standards of living. Indeed, our results 

indicate that higher fuel prices have a negative effect on long-term growth, and likely on real 

convergence. In addition, fuel prices have a pronounced impact on the public sector and thereby 

important policy implications in the context of the Stability and Growth Programs in general and 

the current quest for fiscal consolidation and austerity plans in particular. Two important points 

emerge. First, through their negative impact on economic performance, increasing fuel prices 

reduce tax revenues, particularly once the feedbacks with public investment are taken into 

account. Second, the public sector optimally reduces investment activities. While this further 

compounds output losses, it alleviates pressure on the budget. Accordingly, increasing fuel prices 
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create an important policy trade off in that they can contribute to reducing the public deficit 

while hindering real convergence. 

The endogeneity of public sector decisions plays an important role in determining the 

impact of increasing fuel prices. Specifically, tax revenue losses reduce the funds available for 

productive public sector activities. This affects the level of economic activity and, as a result, the 

public sector account. By ignoring these feedbacks, exogenous growth assumptions result in 

substantially smaller GDP losses and lower foreign debt to GDP and public debt to GDP gains in 

the presence of increasing fuel prices. In particular, in the absence of changes in public 

expenditure behavior, tax revenues fall substantially less than they otherwise do which reflects a 

smaller loss in the tax base. In an environment of exogenous public spending decisions 

characterized by great inertia in reducing spending, however, any changes in tax revenues 

translate directly into changes in the public deficit. Accordingly, with exogenous public 

spending, following the status quo patterns one would project a deterioration of the public debt to 

GDP position with increasing fuel prices while we actually project an improvement.  

From a methodological perspective, if the feedback mechanisms on public spending are 

ignored, any budgetary projections are liable to seriously misrepresent the effects of higher fuel 

prices. Namely, that higher fuel prices may actually lead to optimal spending adjustments which 

can improve the budgetary situation. From a policy perspective, increasing fuel prices, which 

would require an optimal reduction in public spending, together with the ongoing inability to 

adjust spending in light of new budgetary conditions, have certainly contributed to the current 

budgetary woes.  

More importantly, increasing fuel prices will require even more significant financial 

consolidation efforts under the current EU and IMF austerity plans if budgetary consolidation is 
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to actually be achieved. Failure to engage in strong fiscal restraint, optimal in the presence of tax 

revenue losses due to higher fossil fuel prices, i.e., ignoring the impact of fuel prices in this 

context, may prove to be the best recipe for missing budgetary consolidation targets. 

This paper opens several interesting avenues for future research and should be regarded 

as just the starting point of a new line of inquiry. An analysis of the sectoral effects of oil price 

shocks would provide for the distributional implications of policies and their political economy 

ramifications. In this context, it may further be important to consider the effects of price mark up 

for electric power consistent with a monopoly structure natural to transmission and impact of 

opening up of distribution and production to competition. An energy process and activity focus 

for the model could allow for an analysis of policies that focus on promoting technological 

development and deployment. Along these lines, an analysis of the potential contribution of 

renewable energy policies to reducing the negative environmental externalities associated with 

fossil fuel consumption would be a natural extension to this paper. Given the importance of 

public debt and present concerns regarding public debt financing in Portugal, future research 

should incorporate endogenous interest rate mechanisms. Finally, due to the importance of 

employment concerns in the current policy environment, an endogenous unemployment rate 

would allow for a more detailed analysis of the labor market implications of policies. 

To conclude, it should be mentioned that although the results in this paper are directly 

relevant for policy making in Portugal, their interest and applicability is far from parochial. 

Concerns over economic growth and fiscal sustainability are at the forefront of policy discussion 

in many countries. Furthermore, EU countries such as Greece and Ireland are facing similar 

budgetary problems and equally difficult austerity plans.  Many of the lessons presented here and 

applicable to Portugal can easily be used to inform policy making in these countries as well.
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Table A1: Economic and Budgetary Impact of the DOE-US Fossil Fuel Price Scenario 

                                                                                                           ( Percent deviations from steady state baseline unless otherwise indicated)  

2010 2020 2030 2040 2050 

Composite Price Level 97.9 102.0 114.6 128.0 134.4 

Energy 

Primary Energy  0.38 -1.33 -3.94 -5.74 -6.31 

Fossil Energy 1.24 -0.23 -5.56 -10.26 -12.44 

Crude Oil 0.97 -2.91 -8.88 -13.80 -16.11 

Coal -1.33 -4.44 -2.35 -2.06 -1.86 

Natural Gas 5.08 15.47 4.82 -4.25 -8.48 

Wind Energy Infrastructure -0.76 -2.57 -1.96 -0.36 0.97 

Hydroelectric Energy Infrastructure -0.80 -2.71 -2.05 -0.38 0.98 

Macroeconomic 

Growth Rate (Percent Change over Previous Period) 1.78 1.69 1.68 1.70 1.71 

GDP 0.38 0.07 -0.64 -1.38 -1.92 

Consumption -1.22 -1.22 -1.23 -1.25 -1.26 

Investment 0.05 -1.35 -2.49 -3.15 -3.55 

Private Capital 0.02 -0.25 -0.95 -1.75 -2.42 

Investment Wind Energy -9.42 -3.81 2.56 4.22 4.29 

Investment Hydroelectric Energy -9.53 -3.91 2.50 4.14 4.18 

Labor Demand 0.70 0.54 0.13 -0.29 -0.57 

Energy Imports -0.78 2.28 9.82 16.62 19.51 

Foreign Debt (percent of GDP) 104.20 86.58 70.55 59.87 54.18 

Foreign Debt -3.69 -19.99 -34.80 -44.66 -49.93 

Public Sector 

Public Debt (percent of GDP) 84.24 77.82 72.20 68.47 66.37 

Public Debt -1.81 -9.30 -15.85 -20.20 -22.64 

Total Expenditure -3.04 -3.19 -3.26 -3.27 -3.28 

Public Consumption -4.85 -4.78 -4.61 -4.43 -4.31 

Public Investment -1.40 -2.62 -3.65 -4.30 -4.75 

Human Capital Investment -0.69 -0.75 -0.80 -0.84 -0.88 

Public Capital -0.08 -0.48 -1.07 -1.71 -2.33 

Human Capital -0.01 -0.03 -0.06 -0.08 -0.11 

Total Tax Revenue -0.13 -0.41 -1.01 -1.61 -2.01 

Personal Income Tax 0.42 -0.27 -1.65 -3.02 -3.91 

Corporate Income Tax 0.64 0.72 -0.13 -1.24 -2.01 

Value Added Tax -1.20 -1.43 -1.62 -1.73 -1.80 

Social Security Contributions 0.42 0.02 -0.94 -1.91 -2.55 
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Table A2: Economic and Budgetary Impact of the IEA-OECD Fossil Fuel Price Scenario 

                                                                                                           (Percent deviations from steady state baseline unless otherwise indicated)  

2010 2020 2030 2040 2050 

Composite Price Level 96.7 102.2 116.1 121.8 128.9 

Energy 

Primary Energy  1.28 1.68 -0.01 -0.29 -0.77 
Fossil Energy 2.12 0.97 -4.58 -7.08 -9.54 

Crude Oil 1.62 -0.79 -6.78 -9.43 -12.06 
Coal 7.04 19.98 18.67 17.86 17.06 
Natural Gas -1.08 -12.05 -20.31 -23.99 -27.49 

Wind Energy Infrastructure 0.35 2.54 5.41 7.74 9.62 
Hydroelectric Energy Infrastructure 0.34 2.54 5.46 7.81 9.68 

Macroeconomic 

Growth Rate (Percent Change over Previous Period) 1.79 1.69 1.71 1.71 1.72 
GDP 0.34 0.03 -0.61 -1.11 -1.60 
Consumption -1.01 -1.02 -1.03 -1.04 -1.05 
Investment 0.10 -1.25 -2.00 -2.60 -3.02 
Private Capital 0.02 -0.22 -0.83 -1.44 -2.01 
Investment Wind Energy 4.82 11.61 13.10 14.18 14.42 
Investment Hydroelectric Energy 4.49 11.39 12.87 13.97 14.20 
Labor Demand 0.60 0.43 0.05 -0.21 -0.47 
Energy Imports -1.37 1.54 9.02 12.07 15.33 
Foreign Debt (percent of GDP) 104.89 89.53 76.93 67.93 62.64 
Foreign Debt -3.06 -17.26 -28.90 -37.22 -42.11 

Public Sector 

Public Debt (percent of GDP) 84.49 78.88 74.39 71.17 69.21 
Public Debt -1.53 -8.06 -13.30 -17.05 -19.33 

Total Expenditure -2.56 -2.69 -2.72 -2.75 -2.76 
Public Consumption -4.08 -4.01 -3.85 -3.74 -3.63 
Public Investment -1.16 -2.27 -3.01 -3.60 -4.05 
Human Capital Investment -0.58 -0.63 -0.67 -0.71 -0.74 
Public Capital -0.06 -0.41 -0.91 -1.44 -1.96 
Human Capital -0.01 -0.03 -0.05 -0.07 -0.09 

Total Tax Revenue -0.09 -0.36 -0.91 -1.29 -1.66 
Personal Income Tax 0.35 -0.26 -1.57 -2.44 -3.26 
Corporate Income Tax 0.53 0.62 -0.31 -0.91 -1.60 
Value Added Tax -0.98 -1.20 -1.33 -1.43 -1.51 
Social Security Contributions 0.39 -0.01 -0.91 -1.51 -2.12 
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Table A3: Economic and Budgetary Impact of the DOE-US Fossil Fuel Price Scenario with 
a Renewable Energy Investment Tax Credit valued at 50% of the Investment Volume 

                                                                                                           ( Percent deviations from steady state baseline unless otherwise indicated)  

2010 2020 2030 2040 2050 

Composite Price Level 

Energy 

Primary Energy  3.43 14.37 19.74 22.65 24.73 

Fossil Energy 0.71 -2.43 -8.40 -13.28 -15.54 

Crude Oil 0.95 -2.84 -8.73 -13.60 -15.87 

Coal -2.78 -10.60 -10.91 -11.68 -11.99 

Natural Gas 3.49 8.04 -4.36 -13.66 -17.92 

Wind Energy Infrastructure 8.14 33.76 52.57 64.87 72.30 

Hydroelectric Energy Infrastructure 8.49 34.90 53.80 65.86 72.90 

Macroeconomic 

Growth Rate (Percent Change over Previous Period) 1.79 1.70 1.69 1.71 1.72 

GDP 0.35 0.14 -0.48 -1.16 -1.65 

Consumption -1.04 -1.05 -1.06 -1.07 -1.08 

Investment 0.24 -1.04 -2.12 -2.74 -3.10 

Private Capital 0.04 -0.14 -0.74 -1.46 -2.07 

Investment Wind Energy 115.45 105.22 99.56 93.29 89.32 

Investment Hydroelectric Energy 115.00 104.01 98.14 91.91 87.96 

Labor Demand 0.62 0.51 0.15 -0.23 -0.49 

Energy Imports -1.09 1.14 8.26 14.85 17.66 

Foreign Debt (percent of GDP) 104.93 89.57 75.16 65.45 60.25 

Foreign Debt -3.02 -17.22 -30.54 -39.51 -44.32 

Public Sector 

Public Debt (percent of GDP) 84.51 78.92 73.90 70.53 68.63 

Public Debt -1.50 -8.01 -13.87 -17.79 -20.01 

Total Expenditure -3.21 -3.36 -3.43 -3.43 -3.44 

Public Consumption -5.31 -5.27 -5.11 -4.95 -4.84 

Public Investment -1.04 -2.16 -3.14 -3.75 -4.17 

Human Capital Investment -0.59 -0.64 -0.69 -0.73 -0.76 

Public Capital -0.06 -0.38 -0.88 -1.45 -2.00 

Human Capital -0.01 -0.03 -0.05 -0.07 -0.10 

Total Tax Revenue -0.49 -0.66 -1.18 -1.72 -2.08 

Personal Income Tax 0.29 -0.16 -1.35 -2.59 -3.40 

Corporate Income Tax -4.77 -4.28 -4.85 -5.70 -6.31 

Value Added Tax -0.91 -1.14 -1.33 -1.44 -1.52 

Social Security Contributions 0.40 0.15 -0.71 -1.60 -2.19 
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Table A4: Economic and Budgetary Impact of the IEA-OECD Fossil Fuel Price Scenario 
with a Renewable Energy Investment Tax Credit valued at 50% of the Investment Volume 

                                                                                                           (Percent deviations from steady state baseline unless otherwise indicated)  

2010 2020 2030 2040 2050 

Composite Price Level 

Energy 

Primary Energy  4.24 17.84 25.25 30.37 33.03 

Fossil Energy 1.60 -1.16 -7.34 -10.10 -12.62 

Crude Oil 1.59 -0.71 -6.62 -9.21 -11.80 

Coal 5.45 12.45 8.41 6.35 5.02 

Natural Gas -2.49 -17.57 -27.20 -31.41 -34.94 

Wind Energy Infrastructure 9.04 39.71 63.17 77.84 86.90 

Hydroelectric Energy Infrastructure 9.42 41.12 64.78 79.09 87.66 

Macroeconomic 

Growth Rate (Percent Change over Previous Period) 1.80 1.70 1.72 1.71 1.72 

GDP 0.31 0.12 -0.43 -0.86 -1.30 

Consumption -0.82 -0.83 -0.84 -0.84 -0.85 

Investment 0.29 -0.92 -1.59 -2.15 -2.54 

Private Capital 0.05 -0.10 -0.60 -1.13 -1.64 

Investment Wind Energy 132.46 131.22 119.96 112.18 108.11 

Investment Hydroelectric Energy 131.88 130.06 118.23 110.44 106.38 

Labor Demand 0.51 0.41 0.08 -0.15 -0.38 

Energy Imports -1.68 0.30 7.30 10.14 13.31 

Foreign Debt (percent of GDP) 105.64 92.71 81.87 73.91 69.18 

Foreign Debt -2.37 -14.31 -24.33 -31.69 -36.06 

Public Sector 

Public Debt (percent of GDP) 84.77 80.08 76.25 73.42 71.67 

Public Debt -1.20 -6.67 -11.13 -14.42 -16.46 

Total Expenditure -2.75 -2.88 -2.91 -2.95 -2.96 

Public Consumption -4.60 -4.55 -4.41 -4.32 -4.22 

Public Investment -0.77 -1.77 -2.45 -3.01 -3.42 

Human Capital Investment -0.47 -0.52 -0.55 -0.58 -0.61 

Public Capital -0.04 -0.30 -0.70 -1.15 -1.61 

Human Capital 0.00 -0.02 -0.04 -0.06 -0.08 

Total Tax Revenue -0.48 -0.64 -1.11 -1.42 -1.75 

Personal Income Tax 0.23 -0.13 -1.24 -1.98 -2.71 

Corporate Income Tax -5.29 -5.00 -5.50 -5.80 -6.33 

Value Added Tax -0.67 -0.88 -1.01 -1.12 -1.19 

Social Security Contributions 0.37 0.12 -0.66 -1.18 -1.73 
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