
Essays on the Political Economy

of Growth and the Ecological

Transition

Vinícius da Silva Centeno

PhD Program in Economics of

the Tuscan Universities



Essays on the Political Economy

of Growth and the Ecological

Transition

Vinícius da Silva Centeno

A thesis presented for the degree of

Doctor of Philosophy in Economics

Academic Year 2024/2025

XXXVII Cycle

Universities of Siena, Pisa, and Florence

PhD Program in Economics of the Tuscan Universities



Essays on the Political Economy

of Growth and the Ecological

Transition

Vinícius da Silva Centeno

Supervisor: Riccardo Pariboni

Co-supervisor: Walter Paternesi Meloni

Program Coordinator: Simone D’Alessandro

Universities of Siena, Pisa, and Florence

PhD Program in Economics of the Tuscan Universities





Acknowledgments

I am deeply grateful to my supervisor, Riccardo Pariboni for his constant support

and attention over these years. Always available, whether for long discussions or

casual chats, Riccardo always had something kind or encouraging to say when I

needed it. I feel truly lucky.

To my colleagues of the 37th cycleÐespecially Yusuf Sen, David An, Hao-

miao Niu, Dario Chiaiese, Valentina Ciriotto, Lorenzo Pinna, and Francesco Sup-

pressaÐwith whom I’ve shared the joys and fears of this journey from the very őrst

day at Piazza San Francesco 7, Siena. To Cinthia de Souza, Edoardo Rappa, and

Lorenzo, for being such an amazing group of friends. It is a pleasure to walk by

your side sharing the happy moments and the struggles along the way. Although the

academic path might be very lonely sometimes, it can only make sense collectively.

I thank my longtime friend, Guilherme Morlin, for all the guidance and for being

close from the very beginning through every step of this journey, and Nikolas Passos,

for his help and advices, endless chats, and fun moments. Above all, thank you for

being around.

I am especially grateful to my partner, Antonella, for taking on this overseas

adventure with me. For sharing dreams, fears, doubts, laughter, and hope. For the

mutual support every single day, and for being home, wherever we are. Last but

not least, I thank my family for their loveÐfor understanding the many goodbyes,

no matter how hard they always are, and above all, for giving me the certainty that

I will always have a place to come back to.





Contents

Introduction 1

1 Tipping the scales in emerging economies 5

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2 CPE meets PKE: the Growth Models Perspective . . . . . . . . . . . 8

1.3 A cross-country study for developing economies . . . . . . . . . . . . 16

1.3.1 The supermultiplier-inspired growth decomposition method . . 17

1.3.2 Growth decomposition results . . . . . . . . . . . . . . . . . . 21

1.4 Testing drivers of export competitiveness: a panel-data estimation . . 27

1.4.1 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

1.5 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

1.A Panel variables at country-level . . . . . . . . . . . . . . . . . 38

2 Interplaying demand-led growth and energy-supply constraints 42

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

2.2 The emergence of ecological macroeconomics . . . . . . . . . . . . . . 45

2.3 The model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2.3.1 Growth side . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

2.3.2 Energy sector . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

2.3.3 Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

2.4 Simulation scenarios and results . . . . . . . . . . . . . . . . . . . . . 62

2.5 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

i



Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

2.A Simulation parameters and initial values . . . . . . . . . . . . 71

2.B Output growth derivation . . . . . . . . . . . . . . . . . . . . 72

2.C Sensitivity analysis . . . . . . . . . . . . . . . . . . . . . . . . 74

3 Austerity, an environmentally dangerous idea 78

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

3.2 Environmental policies effectiveness and the role of

public spending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

3.3 A panel cointegration analysis . . . . . . . . . . . . . . . . . . . . . . 88

3.3.1 Variables and data . . . . . . . . . . . . . . . . . . . . . . . . 88

3.3.2 Unit root tests and cointegration analysis . . . . . . . . . . . . 90

3.3.3 A Panel Autoregressive Distributed Lags (ARDL) Model . . . 93

3.4 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 94

3.5 Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

3.A Panel variables at country-level . . . . . . . . . . . . . . . . . 101

References 106

ii



Introduction

Economics is inherently political. The separation of classical political economy into

distinct disciplinesÐeconomics and social sciencesÐtook shape in the late 19th cen-

tury. Celebrated as revolution, led marginalist economists to claim that it freed

economic analysis from extraneous political and social considerations, establishing

economics as a supposedly objective and politically neutral discipline. The renam-

ing of the őeld from political economy to economics reŕected an effort to distance

the discipline from its explicitly political roots.

However, this shift did not eliminate politics from economics; it merely concealed

political interests beneath a technical veneer that presents the status quo as natural

and inevitable, making the political dimensions of economic thought more difficult to

scrutinize and reinforcing existing power structures. Yet, as Kalecki (1943) pointed

out, economic arguments always rest on political assumptions, even when framed in

purely technical terms.

Following this premise, this PhD dissertation unfolds essentially within a po-

litical economy approach, in which the innate connection between economics and

politics permeates the discussion alongside its two main research topics: economic

growth and the ecological transition. The core background draws from the Classical-

Keynesian perspective to growth theory, which is combined with Comparative Po-

litical Economy and Ecological Macroeconomics approaches to build an interdis-

ciplinary framework to address political, social and environmental aspects in the

course of the work. Accordingly, the objectives of this dissertation span over multi-

ple research questions.

The discussion begins within the growth models perspective, engaging with an

interdisciplinary research agenda that bridges Post-Keynesian Economics and Com-

parative Political Economy, with a particular focus on export competitiveness. In

this approach, growth models or strategies are shaped by speciőc political and eco-

nomic relations that inŕuence macroeconomic policy and patterns of growth. These
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strategies are rooted in the institutional and political conőguration of the economy,

which, in turn, determines the prominence of different growth drivers. While this

research agenda has gained increasing attention, there remains a lack of consensus

on how growth models should be operationalized and classiőed. In this dissertation,

it is argued that demand-led growth accounting identiőes which expenditures are

most prominent in stimulating economic production, while growth driver analysis

examines what motivates this spending. Together, these approaches provide a solid

framework for analyzing the political economy of growth and its determinants.

The urgency of the ecological transition, alongside the conŕictual perspective

around economic growth’s environmental implications in the ecological macroeco-

nomics literature, leads this dissertation to a further step: integrating economic

growth with ecological macroeconomics. From an ecological perspective, continu-

ous growth is incompatible with the environmental boundaries. From a political

economy perspective, the absence of economic growth entails serious socio-economic

issues considering structural and sizable unemployment in capitalist economies, be-

ing particularly critical for developing countries that have not yet attained a certain

level of material well-being. Hence, the shift towards environmental concerns is

gradual, although not fortuitous. In this context, it is fundamental to integrate

ecological aspects into the macroeconomic modeling framework.

Rather than engaging in the normative debate on whether growth is desirable,

this dissertation acknowledges that growth is inherent to capitalist economies and ar-

gues that growth models should be adapted to embody environmental relations and

address the ecological transition. Expanding renewable energy supply is crucial to

unlocking this transition, highlighting the need to integrate energy production into

growth models. To this end, an analytical framework is developed by incorporating

the energy sector within a demand-led growth model. While economic growth re-

mains demand-driven, the feasibility of the green transition is ultimately constrained

by the availability of renewable energy, underscoring the interplay between demand-

led growth dynamics and energy supply constraints. In the theoretical model, green

public expenditures are assumed as a key mechanism to expand renewable energy

capacity and, consequently, unlocking the energy transition.

Therefore, the relationship derived from the analytical model paves the way for

an empirical investigation into the effectiveness of different policies on renewable

energy diffusion. In this context, how public investment in energy R&D affects re-

newable energy deployment remains largely unexplored in the empirical dimension.

In addition to public direct investment in energy R&D, the analysis considers con-

ventional policies such as emissions taxes (price incentives) and regulatory measures.
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Accordingly, facing the challenge of a rapid decarbonization of the economy as a

concrete problem requires substantial investments in infrastructure and innovation.

These investments demand large volumes of resources and entail high risks and un-

certain returns, which often discourage private investment. In this context, public

direct investment emerges as an instrument capable of playing a key role in miti-

gating these risks, mobilizing private resources, and generating positive spillovers to

expand renewable energy capacity and shape the broader energy transition. Beyond

contributing to the empirical literature on environmental policy effectiveness, this

discussion extends to the political economy of the ecological transition, as disputes

over how much to spend and where to allocate public resources highlight that these

are inherently political decisions.

Ultimately, just as growth strategies are shaped by coalitions of actors with

conŕicting policy preferences, so too are climate actions. Likewise, the institutional

and political conőgurations that sustain a given growth strategy also inŕuence how

countries respond to climate change. Therefore, while this dissertation transitions

from analyzing growth determinants to incorporating environmental concerns, the

political economy approach provides the overarching framework throughout. The

dissertation is structured as follows.

The őrst essay proposes a comprehensive theoretical framework for opera-

tionalizing growth models within comparative political economy. It argues that

demand-led growth accounting, inspired by the Sraffian supermultiplier model, and

the growth driver investigation approach are complementary, together providing a

robust framework within the growth models perspective. The empirical investiga-

tion consists of two steps. First, demand-led growth accounting is used to examine

the economic performance of a sample of emerging economies before and after the

2008ś2009 global economic crisis. Exports were the primary source of growth for all

these economies before the crisis. The overall decline in exports following the crisis

was accompanied by lower average growth rates, underscoring the importance of

understanding export competitiveness factors to explain growth dynamics in these

economies. Thus, in the second step, panel data estimations analyze export drivers.

The second essay develops an analytical model that examines the transition

to a low-carbon economy by integrating demand-led growth dynamics with energy

supply constraints. While energy production in the ecological macroeconomics liter-

ature has typically been modeled within supply-driven growth frameworks, the nov-

elty of this article lies in incorporating the energy sector into a demand-led growth

framework. Speciőcally, the model builds on a Sraffian supermultiplier structure

with two autonomous demand components: business-as-usual and green govern-
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ment expenditures. Investment and capital stock consist of both green and con-

ventional components, and growth and energy dynamics are linked through a green

investment equation, which introduces a constraint on green capital stock accumu-

lation based on the availability of renewable energy. Consequently, while economic

growth remains demand-driven, the feasibility of the ecological transition is supply-

constrained. The transitional behavior and long-run dynamics of the model are

explored through numerical simulations.

The third essay investigates the impact of different policy approaches on re-

newable energy generation, the share of renewables in primary energy, and climate

change mitigation, categorizing them into three forms of state intervention: con-

ventional emissions taxes (price incentives), regulatory measures, and public direct

investment in energy R&DÐan underexplored aspect in the empirical literature. Us-

ing data from 22 OECD economies (1995ś2023), the empirical analysis applies panel

cointegration techniques through an autoregressive distributed lag model (panel-

ARDL) to assess policy effectiveness. This study contributes to the empirical lit-

erature on environmental policy effectiveness and the determinants of renewable

energy diffusion by examining the role of public investment in energy R&D. At the

same time, it fosters a broader discussion on the political economy of the ecological

transition, particularly the role of the state and the threat posed by őscal austerity

premises.
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Chapter 1

Tipping the scales in emerging economies

The role of export and its drivers within the growth

model perspective

Abstract

The article contributes to the discussion around export competitiveness in the con-
text of the growth models perspective within the interdisciplinary research agenda
of post-Keynesian economics and comparative political economy. It claims that the
Sraffian supermultiplier growth decomposition and the growth driver approach are
complementary, assembling a solid framework for analyzing the political economy
of growth and its determinants. The empirical investigation consists of two steps.
First, demand-led growth accounting is employed to investigate the economic per-
formance of a sample of emerging economies before and after the 2008ś2009 global
economic crisis. Exports were categorized as the primary source of growth for all
these economies before the crisis. The overall decrease in exports following the crisis
was accompanied by lower average growth rates, which highlights the importance of
understanding export competitiveness factors to elucidate the growth dynamics in
these economies. Thus, in the second step, panel data estimations examine export
drivers. The results indicate that foreign demand, real effective exchange rate de-
preciation, and participation in global value chains positively impact export growth.
Although these results emphasize the importance of price-competitiveness factors,
additional estimates show that as economies reach higher levels of complexity, they
transition away from relying on low relative prices, with non-price factors playing
an increasingly important role in fostering exports.
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1.1 Introduction

The Growth Models Perspective (GMP), introduced in the seminal work of Baccaro

and Pontusson (2016), established a burgeoning research agenda that brings together

interdisciplinary ingredients to investigate a range of topics relevant to the political

economy of growth and distribution in contemporary capitalism. This perspective

investigates growth strategies and demand regimes that are bound to particular

political and economic relations that shape macroeconomic policy and patterns of

growth and stagnation in advanced and emerging economies.

Although the research agenda has received increasing attention, there is still a

lack of agreement when it comes to how growth models should be operationalized

and classiőed. On one hand, the literature uses distinct growth accounting tech-

niques that are intended to decompose growth and identify the primary elements of

aggregate demand, which contribute to economic growth. On the other hand, the

growth driver approach (Kohler and Stockhammer, 2021) argues that the institu-

tional and political conőguration that supports a particular growth strategy may not

hold during periods of instability; hence, factors that effectively impact the growth of

demand components should be emphasized more. Although the approaches provide

singular insights, the growth decomposition exercise, on its own, may not precisely

determine the factors that drive economic growth. Simultaneously, the growth driver

analysis cannot quantify the contributions of these factors to growth. Hence, this

paper proposes that the Sraffian supermultiplier (SSM) growth decomposition (Mor-

lin et al., 2022) and the growth driver investigation are complementary approaches

that provide a robust framework to analyze the aggregate demand formation and

the proximate determinants of growth.

In the aftermath of the 2008ś2009 crisis, several advanced economies have ex-

perienced a trend of growing net exports and current account surpluses. Among

different explanations proposed, Hein et al. (2021) suggested a shift to export-led

strategies in developed countries. However, the parallel effect in developing coun-

tries is less studied. With the aim to contribute to this debate, this article examines

the growth performance of nine emerging economies where exports had the largest

contribution to growth. Although constituting a heterogeneous group of emerging

economies, what the selected countries have in common is a drop in the contribution

of exports to economic growth in the period after the Great Recession. Despite con-

tinuing to be the primary component for most of these nations, this abrupt export

decrease was accompanied by lower average growth rates. Thus, it is important to

carry out thorough investigation of the factors that impact the competitiveness of

exports in international markets, in order to fully understand the critical role of
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the factors that tip the scales for these economies under consideration. Similarly,

studying factors that contribute to a country’s ability to export goods and services

successfully has become a focus of growing interest in Comparative Political Econ-

omy (CPE) and the literature on growth models (Kohler and Stockhammer, 2021;

Pariboni and Meloni, 2024). Hence, this paper contributes to this interdisciplinary

research agenda that embodies Post-Keynesian Economics (PKE) and CPE and,

particularly, to the discussion on export competitiveness under the GMP.

In view of that, the empirical investigation is intended as a two-step exercise

in which the demand formation appraisal motivated by the supermultiplier growth

decomposition paves the way to the potential export growth driver investigation.

Therefore, the growth accounting answers which expenditures are more prominent

to stimulate economic production, whereas the growth driver analysis investigates

what motivates the spending. Thus, the demand-led growth accounting method

developed by Freitas and Dweck (2013) is őrst employed to carry out a descrip-

tive analysis of the growth performance of the countries. The period from 2000 to

2008, which precedes the Great Recession, is compared with the period from 2010

to 2019. Since the decomposition analysis underscores the key role of exports in

both periods, delving further into the factors inŕuencing its competitiveness aids in

the understanding of the dynamics of growth in these economies. Secondly, differ-

ent panel data estimations are employed to investigate potential drivers of exports.

The results reveal that foreign demand, the real effective exchange rate (REER)

depreciation and participation in global value chains (GVCs) are signiőcant fac-

tors in explaining export growth. Although these őndings emphasize the relevance

of price-competitiveness, additional estimations show that as the economy reaches

higher levels of complexity, non-price factors such as product quality and uniqueness

gain relevance in fostering exports. The őndings present mixed results regarding the

price versus non-price competitiveness dichotomy, suggesting that price factors are

more important for low-complexity exporters but lose relative importance as the

economy moves toward higher export complexity. Furthermore, including partici-

pation in GVCs as an explanatory variable represents a novelty in the literature of

export drivers within comparative political economy. Although the variable may

exhibit characteristics related to either price or non-price factors depending on the

context, participation in GVCs is primarily associated with industrial policy and of-

fers valuable insights into the development of the productive structure of emerging

economies.

The article is structured as follows. Section 1.2 brieŕy recaps the road taken

by comparative political economy from the varieties of capitalism (VoC) to the
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emergence of the growth model perspective and examines the literature on growth

model classiőcation from the seminal work of Baccaro and Pontusson (2016). Section

1.3 presents a cross-country study of developing economies. Through the growth

decomposition exercise, the analysis of the autonomous and induced components of

aggregate demand provides insights in order to compare the growth performance of

the countries in the two periods of study. In Section 1.4, using panel data estimation,

potential export drivers are investigated. Final remarks close this article.

1.2 CPE meets PKE: the Growth Models Perspective

The őeld of comparative political economy developed a conceptual framework to

identify institutional similarities and differences across nations and examine how

this diversity reŕects in the aggregate economic performance (Hall and Soskice,

2001, 2009). In the 1960s, the őrst generation of CPE scholars studied the national

economies adjustments in a period of economic modernization by focusing on the

character of the state intervention and the role of organized labor (Hall and Soskice,

2009; Baccaro and Pontusson, 2016). Afterward, the VoC approach to comparative

political economy, introduced by Hall and Soskice (2001), shifted the focus to di-

verse institutional equilibria across countries and emphasized the role of the őrms

in attaining them.

Thereof, two coordination modes were characterized when focusing on cross-

national institutional diversity. First, market coordination is characterized when

őrms coordinate with institutional forms mainly by competitive markets, which

classiőes the economy under Liberal Market Economies (LME). Second, strategic

coordination is pictured when őrms generally interact with institutions and other

actors strategically, which typiőes the economy as a Coordinated Market Economy

(CME).1 Different modes of coordination indicate that national economies can be

classiőed and clustered to the extent that őrms engage in market or strategic be-

havior to achieve one type of institutional equilibrium.

The classiőcation presents theoretical and empirical limitations to the extent

of which more criteria are taken into account, as the dimension of the capitalist

economies, the welfare provision, and the linkages with the rest of the world2. Dis-

regarding the complexity of the institutional setting across countries entails that

economies with distinct institutional forms happen to be classiőed under the same

1The United States and Germany are the canonical examples for LME and CME, respectively.
2Bruff (2011) and Leszczyński (2015) critically review the VoC traditional classiőcation.
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generic label.3 As pointed out by Amable (2003, p.92), the interconnection between

the major institutional forms - such as corporate governance, labor-market institu-

tions, őnancial intermediation, and education - delineates the coherence of varieties

of capitalism that go beyond the two original classiőcations. Apart from the labels

employed, there is no claim of a supposed best institutional framework, meaning

that varied ways of achieving institutional equilibria can deliver economic success

(Hall and Soskice, 2009).

A remarkable feature of the VoC literature is the limited place assigned to

macroeconomics, which has been the subject of criticism (Baccaro and Pontusson,

2016; Blyth and Matthijs, 2017). The strong emphasis on institutional equilibria

and the extensive engagement with supply side features reŕects the inŕuence of

the anti-Keynesianism tide that followed the crisis of national Keynesian demand

management systems.

Although macroeconomics has not been extensively examined in the VoC liter-

ature, it has not been entirely disregarded. The predominant approach has been

typically drawn from the mainstream perspective and, more recently, from the Neo-

Keynesian framework and its three-equation model (Soskice, 2007; Hope and Soskice,

2016)4. In this sense, Baccaro and Pontusson (2016) pointed out the absence of an

independent role for aggregate demand components and income distribution analy-

sis. Blyth and Matthijs (2017) referred to the necessity of analyzing macro-regimes

as an institutional conőguration shaped by policy targets. By this means, concerns

regarding demand management, unemployment rate, and increasing inequality were

less prioritized. Furthermore, a critical understanding of banking and őnancial in-

stability and its effects in the context of őnancialization is missing (Karwowski,

2022).

Therefore, seeking to bring demand regimes and distributive features to the

fore, the introduction of the GMP by Baccaro and Pontusson (2016) merged neo-

Kaleckian ingredients into a long tradition of political economy research within the

őeld of CPE. Cross-national diversity was not left aside, but differently from the

original VoC literature, the focus is shifted away from institutional equilibria.5 In-

stead, the authors’ contribution was to address macroeconomics by drawing on the

3Further inŕuential classiőcations are offered by Amable (2003) and Coates (2014) Regarding the
emerging economies, Karwowski (2022) employs őve distinct classiőcations identiőed in the VoC
literature.

4The three-equation model consists in a demand equation for goods market, a Phillips Curve, and
a Taylor rule (Hope and Soskice, 2016). For a critical review of the Neo-Keynesian approach in
CPE, see Stockhammer (2022), and Baccaro et al. (2022).

5For a summarized comparison of the key differences between the VoC and GM approaches, see
Baccaro et al. (2022, p.36).
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interaction of income distribution and the relative importance of different compo-

nents of aggregate demand.

The GMP opened the venue to a multidisciplinary research agenda embodying

the "distant cousins" Post-Keynesian Economics (PKE) and CPE (Stockhammer

and Kohler, 2022).6 Despite the growing interest in theoretical, empirical and de-

scriptive approaches within this perspective,7 there is still no consensus regarding the

deőnition of growth models and a methodology for operationalizing and classifying

them (Baccaro and Hadziabdic, 2024).

Hence, the following subsection discusses the main contributions in the literature

on growth model classiőcation, taking the original Baccaro and Pontusson (2016)

contribution as the starting point. Following Baccaro and Pontusson’s operational-

ization,8 the empirical research on the growth models was briskly diffused. Despite

sharing theoretical concerns over Baccaro and Pontusson (2016), Hein et al. (2021)

and Morlin et al. (2022) propose different empirical alternatives, based respectively

on insights from sectoral őnancial balances and the Sraffian supermultiplier model.

Instead, Kohler and Stockhammer (2021) claim that more attention should be given

to growth drivers instead of relative contributions to growth. Hence, this article ad-

vocates that, in the face of instability of growth models under őnancialization, the

combination of the Sraffian Supermultiplier’s (SSM) growth decomposition (Freitas

and Dweck, 2013) and the growth drivers perspective (Kohler and Stockhammer,

2021) offers a comprehensive framework to scrutinize the political economy of growth

and its determinants.

Baccaro and Pontusson’s (2016) The methodology of growth model classiőcation

introduced by Baccaro and Pontusson (2016) methodology of growth model classi-

őcation is purely descriptive, in which the aggregate demand component of greater

contribution to growth in the period of analysis determines the growth model. The

contributions to growth express the relative importance of different aggregate de-

mand components as their growth rate is weighted by using their participation in

6Stockhammer and Kohler (2022) show that the roots of both heterodox economics and comparative
political economy refer to the 19th Century Political Economy. The bifurcation of the research in
political economy separated the disciplines of economics and social sciences, from which PKE and
CPE, respectively, emerged as subőelds. Therefore, the Growth Models Perspective lies in the
intersection of "distant cousins".

7The increasing popularity in the subject was materialized in the book "Diminishing Returns - The

new politics of growth and stagnation" (Blyth et al., 2022), where the Growth Models Perspective
is disposed among theoretical perspectives, case studies, and politics and policy implications.

8Covering a wide range of topics, the descriptive exercise of GDP growth decomposition to classify
GMs was employed for economies in scale (Cárdenas and Arribas, 2021; Hassel and Palier, 2021;
Mertens et al., 2022), single-country study cases (Baccaro and Höpner, 2022; Baccaro and Bul-
fone, 2022), and for speciőc demand component analysis(Ban and Adăscălit

,
ei, 2022; Baccaro and

Neimanns, 2022).
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GDP (Eq. 1.1).

gYt
=

(

Ct−1

Yt−1

)

gCt
+

(

Gt−1

Yt−1

)

gGt
+

(

It−1

Yt−1

)

gIt+

(

Et−1

Yt−1

)

gEt
+

(

NXt−1

Yt−1

)

gNXt
(1.1)

Where g denotes the growth rate, Y is the output, C is the household con-

sumption, G is the government expenditure, I is the invesment, E is change in

inventories, and NX corresponds to net exports. As a result, the decomposition

indicates the contribution as a proportion. Aiming to identify the different alter-

natives that countries found to grow since the erosion of the łwage driverž in the

post-Fordist era, the authors highlighted the prominence of household consumption

and exports to characterize (debt-őnanced) consumption-led growth and export-led

growth, respectively.

Although the seminal work of Baccaro and Pontusson is a remarkable contri-

bution, theoretical and empirical limitations remain. At the theoretical level, Hein

et al. (2021) argued that there is an unclear distinction between demand regimes, as

the neo-Kaleckian wage- and proőt-led (Bhaduri and Marglin, 1990),9 and the orien-

tation of distributional policies, that could be pro-labor or pro-capital (Lavoie and

Stockhammer, 2013). Accordingly, Morlin et al. (2022) emphasized that the appar-

ent extension of the Bhaduri and Marglin demand regimes dichotomy to export- and

consumption-led growth strategies lacks theoretical clarity. The demand regimes are

related to structural features of the economy, such as the effect in the aggregate de-

mand components that follow from a distributional change. Therefore, a wage-led

(proőt-led) regime is deőned by a positive (negative) net effect in aggregate de-

mand in response to an increase in the wage share.10 Hence, the structural demand

regime does not determine the source of economic growth or its determinants, which

are instead given by different growth drivers that arise from a coherent combina-

tion of demand and policy regimes (Lavoie and Stockhammer, 2013). Baccaro and

Hadziabdic (2024)recognized that this was an essential clariőcation to distinguish

the concepts of demand regimes and growth models employed in the post-Keynesian

literature and by comparative political economists, respectively.

At the empirical level, Hein et al. (2021) suggested that relative contribution to

the growth of demand components should be considered as a őrst step to identifying

9Although the authors contribution originally focused in the impact on economic growth, the di-
chotomy is usually referred to address the level of aggregate demand.

10Baccaro and Pontusson refer to "wage-led growth" as the period that followed the World War 2,
characterized by labor-oriented policies, regardless whether the demand regime being wage-led or
proőt-led.
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growth regimes.11 Building on a post-Keynesian approach to the macroeconomics

of őnance-dominated capitalism, the perspective of the sectoral balances leans on

Hein (2012) to combine the relative growth contributions with őnancial balances of

the main macroeconomic sectors (private household, őnancial, non-őnancial corpo-

rate, government, and external sectors). From there, the traditional export- and

consumption-led regimes are extended to four different typologies12: (i) export-led

mercantilist (ELM) has current account surpluses and positive growth contribu-

tions of net exports; (ii) weakly export-led (WEL) has current account surpluses

or positive growth contributions of net exports; (iii) domestic demand-led (DDL) is

when growth is almost exclusively driven by private demand and households are net

lenders; and (iv) debt-led private demand boom (DLPD) shows signiőcant growth

contributions of domestic demand and current account deőcits.

In addition to the labeling criteria, what stands out is that, under őnancializa-

tion, the possible growth models lie between the export-led (ELM and WEL) and

the debt-led (government deőcit in the DDL and private sector deőcit in the DLPD),

as referred to by Stockhammer (2022) as łneoliberal growth models.ž Thus, Morlin

et al. (2022) pointed out that regardless the methodology employed, the main con-

tributions to growth identiőed in the literature concern autonomous expenditures,

which supports the argument that these are the most signiőcant in pushing economic

growth. From the empirical analysis based on the sectoral balances approach,13 the

main results hold that after the economic and őnancial crisis of 2008ś2009 (global

őnancial crisis, GFC), there was a shift in the demand and growth regimes of devel-

oped economies toward export orientation.

Nevertheless, the classiőcation based on greater net exports and current account

surpluses may lead to misinterpretations considering that it can be derived either

from increased exports or lower imports. The latter is likely the case for developed

economies facing government spending austerity and household deleverage after the

GFC (Kohler and Stockhammer, 2021). As expected, a drop in domestic expendi-

tures reduces the demand for imports, which will be reŕected in improved positions

for both net exports and the current account, leading to an inappropriate export-led

growth classiőcation. In view of this and taking into account the modicum economic

growth of the OECD countries for the decade between the Great Recession and the

11Although not employed to initially classify growth models, which is explicitly the matter of the
criticism, the contributions to growth and net exports were already present in Baccaro and Pon-
tusson (2016). Nonetheless, apart from the construction, both Baccaro and Pontusson (2016) and
Hein et al. (2021) calculations of the contributions to growth have the same interpretation.

12The detailed classiőcation criteria are presented in Dünhaupt and Hein (2019, p.458).
13Hein et al. (2021) examined a set of 30 OECD countries, Dünhaupt and Hein (2019) analyzed three

Baltic countries, and Akcay et al. (2022) considered eight large emerging capitalist economies.
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COVID-19 pandemic (2.07% on average from 2010 to 2019), instead of a shift of

growth strategy toward exports, the results obtained by Hein et al. (2021) are, to a

great extent, due to the cooling down of the world’s economic activity in terms of

őscal consolidation in the post-crisis period and are reinforced by the slowdown of

developing economies exports, which are presented in the succeeding sections.

Additionally, Hein et al. (2021) depicted a tendency toward stagnation, which

is indicative of the inherent contradictions present in both the debt- and export-led

models. The őrst is characterized by the cyclical dynamics of őnance on private

demands and its contractionary effect resulting from deleveraging in the őnancial

bust. The second requires increasing the current account deőcits of trade partners

(Kohler and Stockhammer, 2021). Concerning the latter, regardless of the source of

the greater net exports observed in developed countries, the resulting increase in cur-

rent account surpluses necessitate greater deőcits in emerging capitalist economies

as a counterpart, which implies a potential balance of payments bottleneck (Akcay

et al., 2022).

Furthermore, considering the weak aggregate demand generation, the growth

instability turns out to be central in the analysis. The cyclical nature of growth

contributions in periods of instability is not necessarily easy to reconcile with the

growth model framework, considering that it presupposes a stable political and in-

stitutional environment that supports a growth strategy based on speciőc aggregate

demand components. Therefore, the taxonomy derived from the growth contribu-

tions might no longer be precise in classifying growth models in periods of instability,

when economic growth is not necessarily coherent with a particular institutional and

political conőguration. In this context, greater relevance should be given to ana-

lyzing potential growth drivers. Kohler and Stockhammer (2021) deőned growth

drivers as distinct factors that are not part of aggregate demand but inŕuence the

growth of its components. In the context of weak aggregate demand, determining

functional growth drivers and beőtting policies that foster them appears to be more

appealing than classifying countries into models. Recent contributions have been

examining drivers that are potentially attached to debt-őnanced consumption, gov-

ernment spending, and exports, that are, respectively, house prices, discretionary

őscal policy and price/non-price competitiveness (Kohler and Stockhammer, 2021;

Stockhammer and Novas Otero, 2023; Pariboni and Meloni, 2024).

Therefore, it is argued that the supermultiplier growth decomposition (Morlin

et al., 2022) and the growth driver investigation (Kohler and Stockhammer, 2021)

are complementary approaches that provide a more robust framework to analyze the

political economy of growth and its determinants. Considering the growth of net
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exports and current account surpluses in developed countries after the 2008ś2009

crisis Hein et al. (2021), this study aims to analyze the corresponding effects in a

group of emerging economies where exports were the main component of aggregate

demand before the crisis. In the subsequent period, these economies experienced a

decline in export growth, accompanied by lower average growth rates. Particularly,

studying factors contributing to a country’s ability to export goods and services

successfully has become a focus of growing interest in comparative political economy

and the literature on growth models. The relevance of this topic is in the fact that

different drivers are attached to alternative strategies for enhancing exports. Hence,

the empirical investigation in the following sections is designed as a two-step exercise

in which the demand formation appraisal inspired by the supermultiplier growth

decomposition paves the way for the investigation of exports’ determinants.

The literature generally distinguishes between price and non-price factors con-

tributing to a country’s export competitiveness. Price competitiveness is typically

measured by the REER, which is the value of a country’s currency in comparison

to a weighted average of other currencies, adjusted by a price deŕator or index of

costs. By contrast, non-price competitiveness is primarily related to a product’s

quality and sophistication. The measure most commonly used to assess non-price

competitiveness is the economic complexity index (ECI) (Hidalgo and Hausmann,

2009). The ECI measure is published by the Harvard Dataverse The Growth Lab

(2019). The index is determined using the diversity, ubiquity, and complexity of the

products exported. The concept behind complexity is that a country’s exports will

receive a more signiőcant stimulus when its goods are more diversiőed and unique,

regardless of price.

Ahmed Hannan et al. (2015) investigated a sample of 46 countries between 1996

and 2012 and suggested that the elasticity of manufacturing export volumes to the

REER has decreased over time. Above all, price factors are important if the coun-

try’s exports exhibit high price elasticity. Within the CPE meets PKE literature,

Kohler and Stockhammer (2021) estimated a regression in which gross national

income is the dependent variable and potential economic drivers are among the in-

dependent variables, including the REER and the ECI. The results propose that

only non-price competitiveness is signiőcant for the developed economies analyzed.

Conversely, Pariboni and Meloni (2024) tested price and non-price factors by

estimating an autoregressive distributed lags model with export variation as the

dependent variable. The estimation suggests that both REER and ECI are signif-

icant drivers of exports for a large sample of OECD countries. When contrasting

the two main growth models as export-led and domestic-demand-led for developed
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economies, Baccaro and Pontusson (2016) suggested that a strategy to boost exports

via price factors is employed by controlling wage inŕation. Therefore, the potential

appreciation of the real exchange rate is avoided by constraining domestic demand.14

However, for őnancially subordinated emerging economies, on top of domestic in-

ŕation, exchange rate ŕuctuation and its determinants also have a prominent role

(Arize et al., 2008).

Arize et al. (2008) performed a cointegration analysis to examine the export

performance of a sample of developing countries between 1973 and 1996, őnding

evidence that exchange rate volatility harms export ŕows. Accordingly, the GMM

panel data estimated by Vieira and MacDonald (2016) suggest an adverse impact of

a REER appreciation on exports for developing countries. More recently, Caglayan

and Demir (2019) found that medium-skill, low-skill, and resource-intensive manu-

factured goods are more sensitive to exchange rate volatility, with more pronounced

effects for exports from the Global South, especially in South-North trade ŕows.

Although the literature indicates that the relevance of price-competitiveness factors

is diminishing in developed countries, expectedly, labor costs and exchange rate

volatility will continue to exert a signiőcant impact on export growth in emerging

economies.

Hence, in accordance with the purposes of this article, the supermultiplier growth

decomposition answers which expenditures are more prominent to stimulate eco-

nomic production, whereas the growth driver analysisÐapplied here to the determi-

nants of exportsÐexplores what motivates the spending. It is claimed that although

the autonomous expenditures are exogenously determined in the supermultiplier

model, this does not prevent an investigation of their determinants. By connecting

the SSM with the growth driver analysis, it contributes to the analysis of the de-

terminants of the autonomous component growth, the investigation of which is not

properly explored in the supermultiplier literature yet. The framework proposed

overcomes issues related to traditional contributions to growth, such as the misguid-

ing use of net exports15 and the blurred relation between demand expenditures and

14Refer to Pariboni and Meloni (2024) for a more extensive review of the latest price and non-price
competitiveness őndings for advanced economies.

15Seeking to deal with the net exports issue, Baccaro and Hadziabdic (2024) employed an import-
adjusted calculation to determine the relative contribution to growth of the components of aggre-
gate demand. Nonetheless, given that imports follow the generation of income, netting imports
out of every demand component can be problematic as well (see footnote 12).
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ex-post őnancial ŕows of the sectoral balance analysis.16

1.3 A cross-country study for developing economies

The őrst step of the empirical investigation employs the growth decomposition

method inspired by the Sraffian Supermultiplier model (Freitas and Dweck, 2013)

to conduct a descriptive analysis of the growth performance of a group of emerging

economies. The period from 2000 to 2008, which precedes the Great Recession,

is compared with the period from 2010 to 2019. The pool of countries comprises

Brazil (BRA), Chile (CHL), China (CHN), Czech Republic (CZE), India (IND),

Hungary (HUN), South Korea (KOR), Poland (POL), and South Africa (ZAF).

Despite constituting a heterogeneous group of emerging economies, the selected

countries have in common a drop in the contribution of exports to economic growth

in the period following the Great Recession, as shown in Figure 1.1.17

Figure 1.1: Exports contribution to growth - (%)

16Concerning economic growth, the primacy is of demand. Accordingly, the income ŕows generated
by demand expenditures also have a primacy over the result of ex-post accounted őnancial ŕows
(see Cesaratto (2015). In other words, a deőcit (surplus) in the sectoral balance not always can be
interpreted as a demand injection (leakage) into the economy. For instance, as demonstrated by
Haavelmo’s (Haavelmo) theorem, a balanced budget expansion of public spending has a multiplier
effect on aggregate demand and output. The same applies for exports.

17The contribution was calculated as in Baccaro and Pontusson (2016) and Hein et al. (2021), the
so-called traditional method.
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In emerging economies, őnancial subordination can be expressed in different

ways, which include through volatile exchange rates and dependence on foreign

capital inŕows (Alami et al., 2022). When a country’s currency is positioned lower in

the global currency hierarchy, these effects become more pronounced (De Paula et al.,

2017). Therefore, the selection of countries considered economies whose national

currencies are in inferior positions in the global currency hierarchy.

1.3.1 The supermultiplier-inspired growth decomposition method

The growth decomposition is an accounting technique based on a mathematical

identity, where distinct decomposition methods can be employed depending on the

theoretical framework assumed (Alves-Passoni and Neria, 2023). Within a demand-

side perspective of growth, as in the supermultiplier-inspired technique, this identity

corresponds to the őnal demand components of GDP. The complete formal version

of the Sraffian supermultiplier model is presented in Freitas and Serrano (2015a).

For the purposes of this article, it suffices to point out that the output is given by

Y = αZ, where Z is the autonomous demand and α is the supermultiplier. The

autonomous components of demand are deőned as the expenditures that are not

őnanced by income and are not capable of creating productive capacity (Serrano,

1995, p.71), comprising government spending, exports, residential investment and

debt-őnanced consumption. Next, the supermultiplier components encompass the

induced expenditures on growth, namely the propensities to consume, invest, and

import.

Morlin et al. (2022) hold that the supermultiplier-inspired analysis of growth

models provides insights on the proximate causes of GDP growth, whereas the ulti-

mate causes of growth are exogenous to the model, being explained by the social and

political determinants of autonomous demand components.18 In this regard, Bac-

caro and Pontusson argue that growth strategy rests on growth coalitions based in

key sectors (export manufacturing, construction, őnance), meaning that sectoral ac-

tors have conŕicting preferences about economics policies. In most times, the growth

coalition prevails to determine the key policy planks according to their requirements,

while the government plays the role of recalibration of the growth model in periods

of crisis (Baccaro and Pontusson, 2022).19 By this means, the supermultiplier per-

spective is appropriate to address the political economy ingredients emphasized by

18Besides Morlin et al. (2022), Passos and Morlin (2022) and Labat and Summa (2022) apply the
supermultiplier growth decomposition to analyze growth models in Latin America and for the
Spanish economy, respectively.

19A framework for understanding the political foundations of growth models is elaborated in Baccaro
and Pontusson (2022).
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Baccaro and Pontusson (2016) at the intersection between CPE and PKE. Further-

more, by distinguishing the autonomous and the induced components of aggregate

demand, the SSM attributes the direct and indirect effects of expenditures and

the role of the income distribution, supplementing accurate insights concerning the

growth performance. The investigation carried out in Morlin et al. (2022) suggests

that government expenditures, exports, and private spending őnanced out of debt

are the main autonomous demand components for the developed economies analyzed

(US, Japan, Sweden and Germany).20 Moreover, the interpretation of the propen-

sity to consume suggests that distributional changes have relevant but temporary

effects on growth.

The demand-led growth accounting inspired by the SSM model was developed by

Freitas and Dweck (2013). Nevertheless, the aggregate demand composition must

be built based on available data.21 The starting point is the equilibrium between

real aggregate supply and demand.

Y +M = C +G+ I +X + E (1.2)

The domestic product (Y ) plus imports (M) are the aggregate supply, whereas

the aggregate demand is composed of household consumption (C), government ex-

penditures G, investment (I), exports (X), and changes in inventories (E).22 The

imported content in aggregate demand is accounted for by introducing the parameter

µ, which is the share of the product’s domestic content.

M = (1− µ)(C +G+ I +X) (1.3)

The term (1 − µ) gives the share of imported content and corresponds to the

propensity to import. Furthermore, consumption (C) and private investment (I)

are assumed to be expenditures induced by income generation, where c and h are

respectively the propensities to consume and invest.

C = cY (1.4)

I = hY (1.5)

20Growth models are not labeled in Morlin et al. (2022). For a growth model classiőcation criteria
inspired by the supermultiplier growth decomposition, see Passos and Morlin (2022).

21In Freitas and Dweck (2013), consumption is differentiated among household durable and non-
durable goods and government consumption, whereas investment is distinguished among state-
owned and private enterprises, government, and household investments.

22Although not an aggregate demand component, the changes in inventories (E) is the adjustment
variable to obtain equilibrium.
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Regarding c, one major determinant is the wage share, which is exogenous to the

SSM model, considering political and social factors determine income distribution.

Conversely, h is endogenously explained by the deviations between the actual capac-

ity utilization and the normal capacity utilization rate.23 It is stated by the capital

stock adjustment principle that if the capacity utilization is greater than the target

rate, capitalist competition induces an increase of h and perform the investment

to adjust the productive capacity to match the aggregate demand. After simple

algebraic manipulation, the real GDP equilibrium level (Y ∗) is explicitly attained

in terms of the autonomous demand (Z = RI +G+X) and the supermultiplier (α)

components.

Y ∗ =

[

µ

1− µ(c+ h)

]

Z = αZ (1.6)

Where α = µ/[1−µ (c+ h)]. In brief, an increase of an autonomous expenditure

naturally impacts the aggregate demand but also generates a ŕow of income that in-

duces directly consumption and imports and indirectly capacity creating investment.

This is a remarkable feature of the supermultiplier growth decomposition developed

in Freitas and Dweck (2013), which is able to assign whether greater consumption or

imports are derived from the income ŕow generated by higher autonomous spending

or due to changes in the respective propensities. Straightforwardly, if the super-

multiplier propensities remained unchanged, the growth of the induced components

is passive, which stems from the income ŕow generated by autonomous expendi-

tures. Additionally, the effects captured by the supermultiplier components provide

insights into the relationship between growth and distribution.

The idea of autonomous demand is to designate the components that are inde-

pendent of production income. Effectively, the domestic autonomous expenditures

are those that can be őnanced out of credit and debt, whereas the exports are

externally driven.

Where RI is household (residential) investment, G is the sum of government’s

consumption and investment, and X is exports. After simple algebraic manipula-

tion, the real GDP equilibrium level (Y ∗) is explicitly obtained in terms of the au-

tonomous demand (Z) and the supermultiplier (α) components.24 Accordingly, the

23The evolution over time of the propensity to invest is described by ḣ = htγ(ut − µ), where ut is
the actual degree of capacity utilization, µ is the normal rate of capacity utilization and γ > 0 is
a parameter that measures the speed of adjustment. See Freitas and Serrano (2015a).

24Despite that private investment is also likely to be őnanced out of credit rather than őrms’ savings,
there exists a necessary relationship that runs from production to investment by means of the
capital stock adjustment principle introduced previously. Therefore, investment will be driven by
production requirements to expand productive capacity to accommodate the effective aggregate
demand.
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expression łsemi-autonomousž is also employed in neo-Kaleckian approaches to refer

to non-capacity generation expenditures that can be őnanced out of debt (Fiebiger,

2018). Pariboni (2016) and Fiebiger and Lavoie (2019) emphasized the role of a non-

wage source of household consumption and investment in aggregate demand based

on credit and mortgage.25 Furthermore, the autonomous or semi-autonomous char-

acter of government spending is adopted in Allain (2015), Hein (2018), and Morlin

(2022), whereas some Kaldorian literature assumes exports growth as autonomous

(McCombie and Thirlwall, 1994).26

Regardless of the terminology (autonomous or semi-autonomous), it is considered

that some components of aggregate demand tend to follow income generation, such

as the induced components, whereas the autonomous components drive injections

in the income inŕow. It does not imply that the supply side does not play a role

for the latter, but rather that there is no functional nor mechanical relation from

Y to Z, which means that previous income generation is not a necessary condition

for these expenditures’ fulőllment. Therefore, albeit autonomous by deőnition, the

actual determinants of these expenditures can still be investigated, as this article

precisely intends to do in the case of exports.

Back to the growth decomposition methodology, the equilibrium level of output

is obtained by substituting the terms of Equations 1.4 and 1.5 in Equations 1.1 and

1.2.

Y = µcY + µhY + µ(Z + E) (1.7)

Following the steps established Freitas and Dweck (2013), in the next step, by

calculating the differences between t = 1 and t = 0 of the variables in Equation 1.7,

economic growth ∆Y = gY (0) is obtained in the left-hand side.

Y (1)− Y (0) = µ(1)c(1)Y (1)− µ(0)c(0)Y (0) + µ(1)h(1)Y (1)

− µ(0)h(0)Y (0) + µ(1)Z(1)− µ(0)Z(0) (1.8)

From here forward, calculations must be done to isolate the demand components’

individual contributions. Afterward, Equation 1.9 provides the őnal demand-led

25Pérez-Montiel and Pariboni (2022) found evidence for a causal relationship running from household
residential investment to output.

26As an empirical test of the Sraffian supermultiplier model, Girardi and Pariboni (2016) employed
cointegration techniques to examine the relationship between autonomous demand and output. The
authors provided evidence to suggest that the long-run causality runs from autonomous expendi-
tures to output growth and indicated that it is the GDP that adjusts to Z when in disequilibrium
(Girardi and Pariboni, 2016, p.535).
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growth accounting.

g = α(1)

[

C(0)

Y (0)

]

gc + α(1)

[

I(0)

Y (0)

]

gh +
α(1)

µ(1)
gµ + α(1)

[

G(0)

Y (0)

]

gG

+ α(1)

[

RI(0)

Y (0)

]

gRI + α(1)

[

X(0)

Y (0)

]

gX + α(1)

[

E(0)

Y (0)

]

gE (1.9)

Thus, Equation 1.9 expresses the real growth rate of the variables. The őrst two

terms on the right-hand side are the contributions of the induced components. The

third term is the contribution of the domestic content growth in the GDP and the

propensity to import (µ).27 Afterward, the contribution of the different autonomous

demand components is distinguished, and the change in inventories concludes the

equation.

1.3.2 Growth decomposition results

Using data from the OECD National Accounts database, the growth decompo-

sition was calculated. For China and India, the gross őxed capital formation series

for government and household sectors were obtained from the National Bureau of

Statistics of China and the Ministry of Statistics of India, respectively. The results

for Period 1 (2000ś2008) and Period 2 (2010ś2019) are displayed in Table 1.1.

27For sake of simplicity, hereafter we will refer to the domestic content contribution as the imported
content contribution. Straightforwardly, a negative contribution of the domestic content means an
increase in the share of the imported content.

21



Table 1.1: Decomposition of Growth (%)

Period 1 (2000-08) BRA CHL CHN CZE HUN IND KOR POL ZAF

Consumption -0.3 0.2 -3.1 -0.5 -0.1 -0.5 -0.8 -0.4 0.5

Private inv. 0.6 1.4 1.9 0.0 -0.1 1.0 0.4 -0.6 1.0

Imported content -1.1 -2.8 -2.0 -3.6 -5.0 -3.6 -1.8 -2.6 -2.0

Government exp. 1.9 1.1 3.5 1.1 0.9 2.3 1.7 1.8 1.9

Residential inv. 0.0 0.8 1.9 0.3 0.4 2.0 -0.1 0.6 0.4

Exports 2.1 3.7 8.0 6.6 7.3 5.1 5.5 5.2 2.5

∆ in inventories 0.5 0.4 0.6 0.4 0.1 0.4 0.4 0.1 -0.1

GDP growth 3.7 4.8 10.7 4.3 3.5 6.7 5.4 4.1 4.2

Period 2 (2010-19)

Consumption 1.3 1.6 1.0 -0.2 -0,2 0,3 -0,6 -0,5 0,6

Private inv. -0.2 0.4 0.1 0.2 0.2 0.1 -0.1 0.1 -0.1

Imported content -1.6 -0.9 -0.6 -1.9 -2.2 0.8 -0.8 -1.4 -0.9

Government exp. 0.3 1.1 3.2 0.1 0.7 2.0 1.0 0.8 0.8

Residential inv. 0.2 0.2 2.0 0.0 0.0 1.6 0.4 0.1 -0.1

Exports 0.9 0.6 1.9 4.1 4.1 2.3 2.9 4.3 1.1

∆ in inventories 0.1 0.4 0.1 0.2 0.3 0.0 0.5 0.4 0.2

GDP growth 1.1 3.3 7.8 2.5 2.8 7.0 3.3 3.7 1.7

The reduction in the contribution of exports to economic growth in the period

following the Great Recession reinforces the idea that subsequent to the world eco-

nomic slowdown, the enhancement in the current account position and the growth

of net exports in developed countries are more linked to a reduction in imports than

a transition to an export-oriented economy.

Among the best growth performances in Period 2, the results suggest that China,

India, and Poland mitigated the drop in exports by different means. Although gov-

ernment expenditures emerge as the common variable supporting autonomous de-

mand for China and India, Poland’s performance appears to be related to a decrease

in the negative contribution of imported content.

Although Mertens et al. (2022) classiőed the Chinese growth model as domes-

tically oriented and investment-driven, our őndings indicate that public investment

takes center stage in the post-crisis period. Consequently, the formulation of a state-

led investment growth model after 2008, as proposed by Tan and Conran (2022),

seems to be a more suitable characterization. Additionally, China shifted from a

-3.0% of consumption to 1.1% from Period 1 to Period 2. Explanations for changes
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in the propensity to consume are exogenous to the model, and distributional changes

arise as strong candidates. This is likely to be the case in China, as from 1980 to

2013, the poverty measured by headcount ratio decreased by 86%, whereas the bot-

tom 10% share experienced an income rise of 63% in the same period (Jain-Chandra

et al., 2018).

Although exports dropped in Period 2 for all countries in the sample, Poland, the

Czech Republic, and Hungary remained competitive. Besides exports continuing to

be the main engine of growth in Period 2, the imported content dropped signiőcantly

for the EE countries. Overall, exports play a principal role in shaping the economic

growth in EE for both periods analyzed. Thus, the study conducted by Hagemejer

and Mućk (2019) has found evidence that participating in Global Value Chains

(GVC) was one of the primary drivers of export growth in the EE region. In Section

1.4, the potential drivers will be discussed in greater detail.

Chile underwent a notable decrease in exports, which was partially offset by

a substantial decrease in imported content and relatively consistent government

expenditures. Among the Asian economies examined, South Korea’s growth perfor-

mance was the weakest, although it beneőted from increased residential investment

and reduced imported content. In general, a fall in exports primarily led to lower

average growth in Period 2 when compared to that in Period 1. On the one hand,

the drop in exports of large emerging economies suggests that developed countries

have enhanced their current account positions by lowering imports. At the same

time, the economies under study partially offset the decline in exports by importing

less. Taken together, both trends reŕect a global tendency toward stagnation.

Besides having the worst growth performance in Period 2, Brazil, the Czech

Republic, and South Africa experienced the sharpest decline in government expen-

ditures. In view of a lower tax revenue expectation due to the downward trend of

growth, the adoption of austerity policies aims to balance the public budget and sta-

bilize the government’s debt. However, harming a source of demand as a response

to a decline of another aggregate demand component (exports, in this case) makes

the situation even more critical since it assumes a pro-cyclical character. In this

context, the more aggregate demand shrinks, more spending cuts will be required,

perpetuating a vicious cycle.

In addition to having the worst growth performance in Period 2, Brazil, the

Czech Republic, and South Africa experienced the sharpest decrease in government

expenditures. In view of a lower tax revenue expectation due to the downward trend

of growth, the adoption of austerity policies aims to balance the public budget and

stabilize the government’s debt. Nevertheless, harming a source of demand as a
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response to a decrease in another aggregate demand component (exports, in this

case) makes the situation even more critical since it assumes a pro-cyclical charac-

ter. In this context, the more aggregate demand shrinks, the more spending cuts

will be required, which perpetuates a vicious cycle. In the Czech Republic (as in the

EE economies), austerity arose as a response to the 2009 crisis and led to massive

demonstrations in 2012. Despite the president’s resignation in 2013, the cuts in pub-

lic spending persisted (Varga, 2015). As for South Africa, Sibeko and Isaacs (2019)

showed that the government has been implementing austerity of public spending

since 2014. Accordingly, the contribution to growth of government expenditures is

negative from 2014 onward. Likewise, austerity began to be predominant in Brazil

in 2014 (Mantoan et al., 2021), with a peak represented by the implementation of

the łNew Fiscal Regime,ž in 2016. Known as łspending ceilingž and unprecedented

in the world, the New Fiscal Regime imposed that the nominal growth of public

spending was limited by the prior year’s inŕation rate (Arestis et al., 2022).28

This observation highlights the crucial role of őscal policy as a fundamental

instrument for mitigating adverse demand shocks, such as the decrease in exports,

and as a counter-cyclical mechanism for stabilizing autonomous demand creation

and stimulating induced expenditures. In this context, China, India, and Hungary

were the only countries that held government expenditure contributions at similar

levels. However, the case of Hungary is slightly different. The country exhibited the

lowest government expenditures contribution across the sample in Period 1, in which

growth was essentially led by exports. Thus, despite maintaining the government

expenditures contribution similar to the level observed in Period 1, it was still barely

relevant to Hungarian growth in Period 2. China and India, conversely, presented a

mixed growth composition in both periods. By sustaining government expenditures

and residential investment contributions, in combination with reducing imported

content, the Asian economies managed to achieve high growth rates also in Period

2. Notably, India was also the only economy analyzed to experience higher economic

growth in Period 2 than in Period 1.

Moreover, during Period 2, the decomposition analysis indicates an increase in

the contribution of consumption to economic growth in Brazil. Figure 1.A2 (ap-

pendix 1.A) reveals that household consumption exhibited higher growth rates in

contrast to GDP. Nonetheless, unlike the situation in China, this surge is associated

with an increase in household indebtedness, a notable aspect of Brazil’s process

of őnancialization as highlighted by (Lavinas et al., 2019) rather than a reduction

in income inequality. Additionally, autonomous consumption was not distinguished

28In 2023, the spending ceiling was substituted by a more ŕexible őscal rule.
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from induced consumption due to data availability. Thus, the decomposition method

used captures changes in the propensity to consume, which may underestimate the

contribution of consumption. In Brazil’s case, however, the observed results are

more likely due to a higher level of autonomous consumption őnanced through debt

(Lavinas, 2017).

It is worth noticing the nearly insigniőcant contribution of private investment

in Period 2. An endogenous explanation suggested by the SSM model is that the

behavior of the propensity to invest reŕects the slowdown in the economic activity

represented by the weaker autonomous demand formation (see Girardi and Pariboni

(2020)). According to the model, a lower growth of autonomous demand Z leads

to a higher share of Z in Y and vice versa through a reduction of the investment

share via accelerator effect. The accelerator posits that faster growth of Z leads to

an even faster - for a while - growth in induced investment, with the result that

the propensity to invest eventually is higher and Z/Y is lower (Freitas and Serrano,

2015a). Figure 1.2 illustrates the evolution of the supermultiplier α and the share

of autonomous demand in total output (Z/Y ).

Figure 1.2: Supermultiplier and autonomous demand share in output

A downward trend in the supermultiplier is observed in South Korea and EE

countries, the economies with the largest exports contribution to growth in the set.

This is potentially because of a decrease in the propensity to invest (h). Nonetheless,
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this is not what happened for the countries concerned, which rather exhibited a ŕat

and stable pattern for this variable (see Figure 1.A1 in the appendix). Conversely, as

shown in Figure 1.A3 (appendix), an upward trend in the imported content appears

to be the main explanatory factor for the decrease in the value of the supermultiplier.

Moreover, a descending slope of the propensity to consume over the years is observed,

although to a lower extent.29 For these countries, it can be expected that as their

productive sector becomes more export-oriented, imports will grow to both fulőll

domestic consumption demand and supply inputs for the export sector. Accordingly,

the growth decomposition in Period 2 indicates that exports in the EE countries are

the primary contributor to the growth and the sole one.

The őndings corroborate the role played by autonomous expenditures on eco-

nomic growth, which reinforces the results found through various approaches in the

literature, as in Baccaro and Pontusson (2016), Dünhaupt and Hein (2019), and

Morlin et al. (2022). Figure 1.3 displays autonomous expenditures (Z) and GDP

growth rates over time.

Figure 1.3: Autonomous demand and GDP - growth rates (%)

The őgure suggests that the two variables are closely related, apart from China

and India. As revealed by the decomposition analysis, exports were the main growth

29Different from the accelerator effect in h, explanations related to µ and c are exogenous to the
model. Potential causes for greater propensities to import and consume are, respectively, increasing
globalization and income inequality.
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component before the crisis. Similarly, in the period after the crisis, this autonomous

spending is responsible for the larger contribution to growth in six out of nine

countries in the sample. Although government expenditures also play an essential

role, especially in sustaining aggregate demand in China and India, generally, the

export performance tips the scales for higher growth rates in Period 1 and their

decrease in Period 2. Hence, the following section delves into the export drivers in

this group of emerging economies.

1.4 Testing drivers of export competitiveness: a panel-data

estimation

The overall slowdown of economic growth in Period 2 is largely due to the decrease

in the contribution of exports. Thus, this section goes deeper into the analysis of po-

tential export drivers. Understanding the driving forces behind the competitiveness

of exports in developing economies where this component is a primary contributor

to growth aids us in understanding the dynamics of growth in these economies as

presented in the decomposition exercise. Hence, the second step of the empirical

investigation applies panel data estimations to explore potential export drivers, en-

gaging with the debate regarding export competitiveness under the growth models

perspective.

Following the existing literature on export competitiveness (refer to section 1.2),

the real effective exchange rate (REER) and economic complexity index (ECI) are

the variables adopted to analyze price and non-price competitiveness factors of ex-

ports, respectively.30 Additionally, foreign demand (FY) is incorporated as an ex-

planatory variable since it is a primary driver of exports. The growth decomposition

analysis reveals that the decline in exports and GDP growth in emerging economies

is more closely related to an overall slowdown in economic activity (i.e., lack of for-

eign demand) rather than a shift of advanced economies towards export orientation.

The crucial role played by income elasticity of exports demand is highlighted in

Thirlwall’s growth model tradition (McCombie, 1985; Thirlwall, 1979), where ex-

ports are considered the source of autonomous demand in the long run (Thirlwall,

30The variable selection in this article primarily follows the standard speciőcations in the export
competitiveness literature, which is crucial for comparability. However, as noted by a referee, some
potential risk of simultaneity-induced endogeneity persists. Additionally, the inclusion of FY and
GVC is theoretically justiőed. Naturally, the selection of explanatory variables does not encompass
all possible determinants of export growth.
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1997).31 Moreover, although foreign income is not considered a competitiveness fac-

tor of a country’s exports since the country has no inŕuence over it, this variable

captures global macroeconomic ŕuctuations, which allows for the assessment of the

prominence of price and non-price competitiveness factors regardless of the evolution

of foreign demand. The GDP of the top 5 export destinations for each country in

the sample was used to measure FY. The variable was built by summing the GDP

in real terms (levels in 2015 US$) of the top 5 partners. Because of this, changing

a partner may imply an abrupt change in the level, so the groups of trade partners

do not change within the period of analysis.

Finally, participation in GVCs is included as an explanatory variable in the panel

data estimation. The inclusion of GVC broadens the picture from the traditional

REER versus ECI dichotomy and features a key ingredient of analysis given the

increasing integration of international markets. To the best of our knowledge, the

inclusion of GVC participation in the analysis is a novelty for the literature on

export drivers within comparative political economy. The role played by GVC is

related to both price and non-price-competitiveness factors, which will be discussed

more thoroughly later. Above all, participation in GVCs is primarily associated

with industrial and trade policies and may provide hints about the development of

the productive structure of emerging economies.

Lee et al. (2018) pointed out that participation in GVCs is desirable in the

initial stages of development as it increases the domestic value added by learning

from outside. In this sense, lower labor costs imply cheaper manufactured goods

than those produced domestically in developed economies. This means that these

economies would boost exports when joining a global chain, even in low value-

added rings. Moreover, it may attract foreign direct investment, for instance, a

multinational company establishing a factory in these countries to take advantage

of lower production costs. However, Lee et al. (2020) added that achieving further

stages of industrial upgrading is not spontaneous, considering that from a certain

level, it will require independence from existing chains (creating new ones) and

enhancing innovation capabilities. Thus, in later development stages, increasing the

domestic value added of exports is more related to the uniqueness of the goods and

is no longer bound exclusively to cost factors. For the analysis, the GVC variable

is measured using the domestic value added embodied in foreign exports as a share

31While the traditional Thirlwall model interprets cross-country differences in income elasticity of
demand for exports as a proxy for non-price characteristics of the goods (Thirlwall, 1997), the
emergence of direct measures like the Economic Complexity Index (ECI) (Hidalgo and Hausmann,
2009) has reduced the reliance on such indirect assessments. Although ECI is used here to capture
non-price competitiveness, income elasticity may still reŕect some quality factors alongside its
primary role in capturing global demand ŕuctuations.
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of gross exports, commonly referred to as the "pure forward GVC".32 Table 1.2

presents the summary of selected variables.

Table 1.2: Summary of selected variables

Code Name Format Source
X Exports Levels in 2015 US$ OECD National Accounts
FY Foreign demand Levels in 2015 US$ OECD National Accounts

REER Real Effective Exchange Rate Index, 2010=100 World Bank
ECI Economic Complexity Index Index Atlas of Economic Complexity
GVC Global Value Chain Share OECD Trade in Value Added
D1 Dummy (2009) Dummy

1.4.1 The model

The regression models for the panel data consist of nine cross-sectional units and

span the period from 1995 to 2018.33 The dependent variable is exports, while the

independent variables include FY, REER, ECI, and GVC. The standard unit root

tests34 indicate that all the variables are non-stationary in level. To address the

non-stationarity, the variables of exports and foreign demand are expressed in log

differences, whereas the remaining variables are in őrst differences. Both X and FY

are represented in log differences so the coefficient associated with foreign demand

can be interpreted as an elasticity. Moreover, the values of REER, ECI, and GVC

have been normalized to facilitate comparisons of the coefficients. Lastly, a dummy

variable has been included to account for the outlier year 2009.

∆ ln(Xi,t) = β + β′
Zi,t + ωDt=2009 + υi,t (1.10)

Where Zi,t is the vector of independent variables, β′ is the coefficient vector,

ωDt=2009 is the dummy variable for the year 2009, and υi,t is the error term. After

conducting the cross-sectional dependence test (Pesaran, 2004) and the heteroskedasticity-

robust tests for serial correlation (Born and Breitung, 2016), the existence of cross-

sectional correlation and serial correlation (autocorrelation) was identiőed in the

data. These őndings indicate violations of the underlying assumptions of linear

panel models, which can compromise the validity of statistical inference. To address

these issues and generate reliable estimates, the standard errors of the Ordinary

32Therefore, these linkages primarily regard to the country’s involvement in earlier stages of the
production process.

33Starting from 2019, complete data for all variables is not available for every country in the sample.
Therefore, the analysis period extends only up to 2018 to maintain panel balance

34The unit root tests performed were: Augmented Dickey-Fuller, Phillips-Perron, and Im, Pesaran
and Shin.
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Least Square (OLS) estimator must be adjusted to account for the panel structure

of the data. Hence, two regression models were tested incorporating robust standard

errors.

Model (1) is a őxed effects regression with DriscollśKraay standard errors (Driscoll

and Kraay, 1998), in which the disturbances are assumed to be heteroskedastic, au-

tocorrelated up to some lag and possibly correlated between panels (Hoechle, 2007).

Finally, Model (2) is estimated using a panel-corrected standard errors (PCSE),

which assumes that disturbances are, by default, heteroscedastic and contempo-

raneously correlated across panels. Furthermore, to account for serial correlation,

the autocorrelation structure is speciőed to be panel-speciőc and estimated by time

series methods. The difference between (1) and (2) is that the former denotes auto-

correlation of the moving average type with lag length q, whereas the latter assumes

autocorrelation as a őrst-order autoregression (AR(1)). Table 1.3 shows the regres-

sions results.

Table 1.3: Regression models on panel data (1995-2018), different speciőcations

(1) (2)
Variables ∆ln(X) ∆ln(X)

∆ln(FY) 2.932*** 1.402***
(0.424) (0.431)

∆REER -0.132*** -0.0867**
(0.0573) (0.0351)

∆GVC 0.101** 0.174**
(0.0855) (0.0772)

∆ECI 0.109 0.163
(0.143) (0.105)

Dt=2009 -0.0146 -0.0868***
(0.0167) (0.0326)

Constant -0.00929 0.0404***
(0.0118) (0.0129)

Observations 207 207
R-squared 0.469
Fixed effects Yes No
Countries 9 9

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Expectedly, the estimation of the elasticity of export growth to foreign demand

presented strong results. The large and signiőcant coefficients highlight the cru-

cial role of foreign demand not only in exports but also in the overall growth rate
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of these economies. This őnding reinforces the idea that the slowdown in global

economic activity after the 2008-2009 crisis is central to explaining the decline in

the contribution of exports to growth and the lower growth rates in export-oriented

emerging economies. Therefore, the FY coefficient captures the effects of ŕuctuations

in foreign demand, allowing the assessment of competitiveness factors regardless of

changes in foreign demand patterns.

Then, REER has a negative and signiőcant coefficient in both speciőcations,

although at different signiőcance levels. Since the values of REER are normalized,

the coefficients suggest that a one standard deviation increase in the real effective

exchange rate negatively impacts the export growth rate by approximately -8.7%

to -13.2%. This means that an exchange rate appreciation is negatively related to

export growth, stressing the price-competitiveness character of emerging economies’

exports. Conversely, for any of the speciőcations, ECI is not signiőcant at any sta-

tistically convenient level. As for GVC, the coefficients are positive and statistically

signiőcant at 5%, which suggests that increasing the domestic value added in foreign

exports is associated with a higher export growth rate.

Moreover, model (2) shows the constant term and the dummy variable for the

year 2009 as statistically signiőcant at the 1% level. The constant value of 4%

is reasonable considering that the export growth has an average rate of 7% in the

sample. The dummy coefficient of approximately 8.7% also corresponds to the sharp

drop in export growth rates in 2009. Ultimately, the PCSE model (2) produces the

lowest standard errors and the most signiőcant coefficients; hence, it is considered

the most suitable for the data used. However, a real exchange rate depreciation

indicates distributional effects that are potentially harmful to domestic consumption

and may mitigate, to some extent, the export contribution to growth. Although

the growth decomposition provides valuable insights in this regard, as suggested

by the relatively low contribution of consumption to growth, it does not explicitly

address the determinants and effects of changes in income distribution. Sequentially,

the relation between growth models and distribution is an aspect that őnds its

explanation within the realm of political economy dimensions.

The prevailing feature for enhancing price competitiveness may vary depending

on the composition of the export basket. If exports consist mainly of commodities

with globally standardized prices, the country becomes a price taker in international

markets. Nonetheless, the exchange rate is still a relevant variable for export per-

formance. First, political pressure from the natural goods export sector to keep the

exchange rate over-depreciated must be taken into account. Due to the price-taker

condition, an appreciation in the exchange rate squeezes the exporting őrms’ proőts.
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Moreover, exchange rate volatility, rather than the level, can affect proőtability. A

depreciation shock in the exchange rate increases the proőtability of exporting goods

rather than selling them domestically. Therefore, even if these economies are not pri-

marily competing on price and costs, a depreciation in the exchange rate is expected

to boost exports. By contrast, if the export basket comprises mainly manufactured

goods and services, the lower labor costs compared to developed economies enable

competition on price.

The relevance of GVC participation rather than ECI adds new ingredients to the

price versus non-price-competitiveness debate. As brieŕy discussed, joining GVCs in

the early stages of development is likely to be related to lower production costs and

tends to boost the domestic value added of exports. Lee et al. (2020) pointed out

that participation in GVC does not necessarily mean industrial upgrading, as several

emerging economies get stuck in positions of suppliers of goods with low-value-added

and low technological intensity. Lee et al. (2018) developed the łinśoutśinž hypothe-

sis for GVC participation and functional industrial upgrading. In the initial stages of

economic development for a country that catches up with more advanced economies,

engaging in the GVC to obtain foreign knowledge and production skills is vital. As

the country progresses to a middle-income level, industrial upgrading involves striv-

ing for autonomy and minimizing dependence on existing GVCs predominantly con-

trolled by foreign economies. Finally, in the third stage, the latecomer economies

may eventually need to reintegrate into the GVC after establishing their own lo-

cal value chains. Following the reasoning of Lee et al. (2018), GVC participation

may lead to technological catch-up if adequate industrial policies are implemented

to enhance innovation and knowledge capabilities and support infant industry de-

velopment. As pure forward linkages primarily denote a country’s involvement in

earlier stages of the production process, they are likely related to lower production

costs. Consequently, although increased GVC participation tends to improve the do-

mestic value added in exports, the estimated coefficient for GVC further highlights

the signiőcance of price-competitiveness factors in stimulating export growth.

Conversely, the non-price competitiveness of exports in emerging economies ne-

cessitates careful consideration. Although the őrst results do not suggest that ŕuc-

tuations in complexity are associated with export growth rates in the short-run

dynamics, its importance should not be relegated to a secondary plane. Contrarily,

to catch up with advanced economies in terms of productive structure and reduce

dependence on them, particularly for capital goods and cutting-edge technologies,

increasing economic complexity is essential. Drawing inspiration from the struc-

turalist approach, an economy’s initial stages of development are closely linked to
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shifting from importing to producing the goods locally for the domestic market. This

might explain the nonsigniőcant effect of changes in the ECI to boost exports in a

sample of emerging economies. For example, increasing complexity, up to a certain

level of sophistication, is expected to be more related to import substitution than

a quantitative increase in exports. Likewise, economic complexity is anticipated to

gain greater relevance once a certain threshold is obtained. Hence, considering the

level of complexity rather than its ŕuctuations may provide further insights when

assessing the impact on export growth.

Therefore, three additional regression models were estimated to capture the ef-

fects of the heterogeneity of complexity levels within the sample. The countries were

divided into two groups based on the average ECI in the period of analysis. Group

1 involves the low-ECI economies, which comprises Brazil, Chile, China, India, and

South Africa. Group 2 consists of the high-ECI economies: the Czech Republic,

Hungary, Poland, and South Korea.35 First, a dummy variable was created to

differentiate the groups, where DECI = 1 for the group of high-ECI countries. Af-

terward, regression model (3) employs a PCSE estimation as in model (2) presented

before but instead includes ECI as a dummy rather than a continuous variable. The

coefficient estimate of DECI is expected to capture the effect of higher complexity

on exports. Then, to compare the effect of the REER for low-ECI (4) and high-ECI

(5) countries, a PCSE regression was carried out on each group.36 Based on the

reasoning mentioned earlier, REER is expected to play a more prominent role in

countries with lower economic complexity. Table 1.4 presents the output.

As suggested by the estimated coefficient of DECI , positive and signiőcant at 1%,

the results of model (3) indicate that high ECI is associated with more rapid export

growth. Furthermore, the output for the additional variables in (3) aligns with the

estimations in Table 1.3, where FY, REER, and forward participation in GVCs have

statistically signiőcant coefficients. As for the REER effects, the results indicate that

the REER coefficient is larger and signiőcant only in the low-ECI group estimation

(4). Hence, the őndings in Table 4 reinforce two noteworthy interpretations. First,

it suggests the idea that the level of complexity, rather than its change over time, is

a more relevant factor of export competitiveness. Second, it implies that the impact

of REER diminishes as the economic complexity increases.

Additional insights into the őndings may be brought out when referring to the

35After rescaling the ECI values from 0 to 1, the average index is 0.24 for Group 1 and 0.69 for
Group 2.

36Given that we are particularly interested in the REER effect and the substantial reduction in
the observations due to the countries split into two groups, only foreign demand and REER were
included as explanatory variables.
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Table 1.4: Comparing REER effects dummy ECI

(3) (4) (5)
Group 1 Group 2

Low-ECI High-ECI

Variables ∆ln(X) ∆ln(X) ∆ln(X)

∆ln(FY) 2.282*** 2.591*** 2.599***
(0.466) (0.747) (0.486)

∆REER -0.0920*** -0.0891** -0.0363
(0.0343) (0.0450) (0.0577)

∆GVC 0.128*
(0.0692)

DECI 0.0552***
(0.0111)

Dt=2009 -0.0539* -0.0871** -0.00845
(0.0325) (0.0392) (0.0384)

Constant -0.0155 -0.0221 0.0342***
(0.0192) (0.0301) (0.0105)

Observations 207 115 92
R-squared 0.519 0.446 0.615
Countries 9 5 4

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

growth decomposition outlined in Section 2. Notably, the high-ECI group comprises

the EE economies plus South Korea, the countries in the sample in which GDP

growth is driven practically in its totality by exports. In a strict export-oriented

growth strategy, increasing the exports basket sophistication might be sufficient to

succeed while foreign demand is heated. Nonetheless, even considering the predomi-

nance of price-inelastic goods, this strategy relies strongly on foreign demand growth

while leaving aside the other autonomous demand components. Thus, when facing

a global stagnation trend, the country will be in a hands-tied position to resume

economic growth.

Moreover, notably, despite the lower ECI, among the countries in the sample,

Brazil, Chile, and South Africa present the highest forward GVC participation.37

Based on the hypothesis of Lee et al. (2018), one possible interpretation is that

these economies got stuck in positions of suppliers specialized in low-valued goods

37In the appendix, őgures 1.A4, 1.A5, 1.A6 and 1.A7 show, respectively, the evolution of foreign
demand, the real effective exchange rate, economic complexity index, and domestic value-added of
foreign exports for the countries in the sample.
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for further processing in foreign countries. Conversely, the countries with higher

ECI show a lower GVC share. Hence, this position might conőgure the second stage

described by Lee et al. (2018), when the countries are reducing the dependence on

existing GVCs dominated by foreign economies. At this stage, a larger share of

őnal goods in their export basket is expected over low-value-added intermediaries

to be processed. This interpretation is in line with the relatively lower reliance on

price-competitiveness factors of high-ECI countries.

In summary, the overall results are interpreted as mixed, showing that while

price-competitiveness factors play a sizable role in boosting exports during the early

stages of development (when economic complexity is lower), the REER effect tends

to soften as long as the sophistication of the export goods increases and they become

more price-inelastic. Thus, to the extent that the economy develops its productive

structure and achieves higher complexity levels, non-price factors such as product

quality and uniqueness are expected to become more relevant in fostering exports.

This study suggested that countries with low ECI have negative and signiőcant

REER coefficients (group 1), whereas it is not signiőcant for countries with higher

ECI levels (group 2). At the same time, the őndings suggest that non-price com-

petitiveness also matters, although the level of complexity is more decisive than

its ŕuctuation. As of GVC, increasing the domestic value added in foreign exports

represents an alternative to increasing complexity. However, it must be accompa-

nied by a coherent industrial policy to prevent becoming trapped in the position of

commodities suppliers.

1.5 Concluding remarks

This article claims that the growth decomposition inspired by the SSM model and

the growth driver investigation approaches are complementary and can provide a

robust framework within the growth models’ perspective. Although the decom-

position exercise by itself cannot pinpoint the precise factors propelling economic

growth, the growth driver analysis, conversely, cannot measure the contributions

of these factors to growth. Hence, growth accounting quantiőes the key aggregate

demand expenditures that contribute to growth, whereas growth driver analysis

delves into the factors driving this spending. Overall, the study contributes to the

literature by providing a more comprehensive framework for analyzing the determi-

nants of economic growth and factors that contribute to a country’s so-called export

competitiveness.

The analysis of economic growth decomposition has been built on the premise of

the major role attributed to autonomous components of demand in driving overall
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economic expansion. In this regard, when considering the contributions to growth

among the nine emerging economies under examination, exports emerged as the

predominant factor. Nevertheless, it is noteworthy that after the 2008ś2009 crisis,

the export contribution dropped across all the countries, an impact cushioned in

different ways by the countries in the sample. Although slower growth in imported

content was a common feature, the countries that maintained a high average growth

rate after the 2008ś2009 crisis, namely, China and India, relied on government ex-

penditures to support autonomous demand. Despite exports being the primary

component for most of these nations, this abrupt export decrease was accompanied

by lower average growth rates. Therefore, the study reinforces the idea that the

improvement in the current account position and the growth of net exports in devel-

oped countries can be mostly explained by a reduction in imports. Thus, instead of a

shift to an export orientation, the movement depicts a tendency toward stagnation.

The pivotal role of exports within this set of countries warrants a deeper ex-

ploration of the factors inŕuencing their competitiveness in international markets.

Similarly, the investigation of potential drivers of exports is of growing interest in

comparative political economy and the growth models literature. The panel data es-

timations indicate large and signiőcant coefficients of the income elasticity of export

demand, reinforcing its crucial role not only in exports but also in the overall growth

rate of these economies. Furthermore, the őndings suggest that greater participa-

tion in GVCs and REER depreciation positively impact export growth. Regarding

non-price-competitiveness factors, the study suggests that considering the level of

complexity rather than its change over time provides further insights to analyze the

effect on export growth. Additional estimations revealed that to the extent that

the economy achieves higher complexity levels, non-price factors such as product

quality and uniqueness gain relevance in fostering exports. Moreover, contrasting

the coefficients of REER between low and high-ECI groups indicates that countries

characterized by low ECI exhibit negative and statistically signiőcant REER coef-

őcients. In summary, beyond the income elasticity of export demand, the study

establishes that price competitiveness is signiőcant in promoting export growth in

low-complexity emerging economies, while non-price factors become more important

at higher levels of export goods complexity.

Although REER depreciation is accepted as a catalyst for increased exports in

the emerging economies in the sample, it also carries distributional consequences,

potentially causing a decline in real wages. As revealed by the analysis of growth

decomposition, it is noteworthy to highlight that the contribution of consumption

to growth is relatively small and even negative for the economies heavily reliant
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on exports, such as South Korea and EE countries. Accordingly, relatively lower

production costs are a feature of economies that supply goods in the initial rungs of

GVCs. Hence, the participation in GVCs as a driver of exports is observed, in this

context, as strengthening the importance of price-competitiveness factors.

The empirical investigation shows the intricate interplay of political economy

features throughout both analysis steps. It is essential to emphasize that while

growth decomposition offers valuable insights, it does not explicitly tackle the factors

inŕuencing income distribution and their effects. These aspects are instead explained

by the social and political determinants within the political economy dimension. It

becomes evident that multiple distinct growth models can arise from the contribution

of mixed components of aggregate demand. As highlighted, these growth models

őnd their roots in the institutional and political conőguration of the economy, which,

in turn, sets the stage for the prominence of one growth driver over another.

The political dynamics of growth models typically indicate that they are upheld

by growth coalitions centered on key sectors. When a country’s economic growth is

heavily dependent on a key sector, the growth coalition projects its own interests

as national interests, thereby exerting political inŕuence in formulating policies and

shaping government guidelines. In emerging economies characterized by structural

heterogeneity, there is a fertile ground for establishing a powerful growth coalition

due to the clear distinction between high- and low-productivity sectors. For exam-

ple, a productive structure that specializes in natural resources or low-value-added

manufactured goods fosters the emergence of an export-oriented growth model based

on price-competitiveness factors. Then, despite the primacy of demand in driving

economic growth, the nuances of these growth models, especially within the context

of emerging economies, are intrinsically associated with factors that can be consid-

ered as belonging to the supply side realm (institutional, political, and productive)

and are signiőcantly shaped by the sophisticated social relations within the realm

of political economy.
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Appendix

1.A Panel variables at country-level

Figure 1.A1: Induced investment (h).
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Figure 1.A2: Propensity to consume (c)

Figure 1.A3: Propensity to import (µ)
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Figure 1.A4: Foreign demand (log). Source: Author’s calculation. OECD National
Accounts database.

Figure 1.A5: Real Effective Exchange Rate (2010=100). Source: World Bank Data.
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Figure 1.A6: Economic Complexity Index. Source: Atlas of Economic Complexity
(2019).

Figure 1.A7: Global Value Chain participation. Source: TiVA OECD.
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Chapter 2

Interplaying demand-led growth and

energy-supply constraints

a Sraffian Supermultiplier Model with Energy

Sector

Abstract

This work aims to develop an analytical model that addresses the transition to
a low-carbon economy by interplaying demand-driven dynamics and energy supply
constraints. As the modeling of energy production in the ecological macroeconomics
literature has been addressed within supply-driven growth models, the novelty of this
article lies in integrating the energy sector into a demand-led growth framework. On
the growth side, our model follows the Sraffian supermultiplier literature (Serrano,
1995). On the energy side, it draws inspiration from Bernardo and D’Alessandro
(2016), explicitly modeling energy production from renewable sources. We assume
business-as-usual and green government expenditures are sources of autonomous
demand, with investment and capital stock composed of green and conventional
components, respectively. The growth and energy sides of the model are connected
through a green investment equation, which embodies a constraint on green capital
stock accumulation given by the availability of renewable energy. Therefore, the
growth dynamics are demand-driven, but the feasibility of the ecological transition
is supply-constrained. Numerical simulations demonstrate that scenarios combining
green őscal policy and low growth are more conducive to promoting the energy
transition, aligned with post-growth approaches.
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2.1 Introduction

Transitioning from fossil fuels to renewable sources is at the forefront of efforts to

confront climate change, prevent natural resource depletion, and potentially decou-

ple economic growth from carbon emissions. Enhancing the capacity of renewable

energy production is key in this context. Although several macroeconomic modeling

tools have been devised to enhance comprehension of the connections between en-

ergy consumption and macroeconomic aggregates, the renewable energy production

side is often overlooked in the ecological macroeconomics literature.

The post-Keynesian ecological macroeconomics literature has developed and ex-

panded in recent decades to cover a broader range of issues. However, the modeling

of energy production is typically addressed within supply-driven growth models

(Hardt and O’Neill, 2017). Although there are ecological stock-ŕow consistent mod-

els (eco-SFC) that differentiate between renewable and fossil energy, its production

is not speciőcally addressed (Dafermos et al., 2017; Carnevali et al., 2024; Jacques

et al., 2023). In Dafermos et al. (2017) and Carnevali et al. (2024), the share of

renewable energy consumed in production increases with the share of green capital

stock, while the availability of renewable energy supply is not explicitly considered.

In Jacques et al. (2023), the share of renewable energy in the total energy supply is

exogenously determined.

Increasing renewable energy supply is essential to unlocking the energy transi-

tion, highlighting the importance of incorporating energy production into ecological

macroeconomic modeling. Therefore, this work aims to build an analytical model

to address the transition to a low-carbon economy based on a framework in which

economic growth is demand-driven, but the feasibility of the green transition is

supply-constrained by the availability of renewable energy. To do so, a framework

integrating the energy sector into a demand-led growth model is developed. On the

growth side, the model is based on the Sraffian supermultiplier literature (Serrano,

1995), while on the energy side, it draws inspiration from Bernardo and D’Alessandro

(2016).

The World Energy Investment Report revealed that public spending on energy

research and development (R&D) rose by 7% globally in 2023, highlighting that

governmental efforts to cut emissions while maintaining economic growth are induc-

ing more corporate R&D and fostering the establishment of more innovative energy

companies (IEA, 2024a, pp. 150-176). This evidence aligns with the concept of

a ‘mission-oriented innovation policy of public spending’ proposed by Mazzucato

(2018), which argues that these spending have positive spillovers resulting from

their inter-sectoral character and mobilize a crowd-in of private innovation spend-
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ing. Building on the mission-oriented innovation approach and drawing from recent

literature contributions that developed the Sraffian supermultiplier model with two

autonomous demand sources (Freitas and Christianes, 2020; Morlin, 2022; Pedrosa

et al., 2023), two kinds of government expenditures as components of autonomous

demand are proposed: business as usual expenditures and green innovation expen-

ditures. Moreover, two types of capital and investmentÐgreen and conventionalÐ

are introduced while preserving the standard capital adjustment principle of the

Sraffian supermultiplier model.

In the supply-driven growth models developed by D’Alessandro et al. (2010)

and Bernardo and D’Alessandro (2016), the energy sector is modeled by explicitly

addressing energy production from renewable sources. Building upon their approach,

the energy sector is integrated into the Sraffian supermultiplier growth model by

introducing a green investment function in which increasing the stock of green capital

is only possible with sufficient renewable energy capacity. Hence, by integrating

the energy production side, an endogenously determined constraint is imposed on

green capital accumulation, which differs substantially from the ‘energy-constrained

output’ approach commonly proposed in ecological models, where production and

output are constrained by an exogenously given őnite stock of fossil energy reserves.

The introduction of the green investment function affects the composition of

the capital stock, while it does not deal with the determination of total investment

and capital stock growth rates in the Sraffian supermultiplier model. Therefore,

its applicability is not limited to this class of models but is also compatible with

alternative determinations of aggregate investment. Thus, this theoretically simple

mechanism can be extended to different demand-led growth models, enabling them

to address the energy transition, tackle environmental variables and relationships,

and provide insights into pathways to sustainable development.

The article comprises three sections in addition to this introduction and the

conclusion. Section 2 discusses the emergence of ecological macroeconomics along-

side the ‘post-growth’ approaches, highlighting its complementarity with the post-

Keynesian framework and clarifying the contribution to this literature. Section 3

presents the model, going through its growth side, the energy sector, and the envi-

ronmental variables and relationships incorporated. Section 4 discusses the results

of numerical simulations under distinct scenarios. The results highlight the role of

public spending in green innovation and show that the cases with relatively lower

economic growth are more conducive to the energy transition. Finally, the conclu-

sion section closes the article.
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2.2 The emergence of ecological macroeconomics

In recent decades, concerns over climate change have arisen due to widespread en-

vironmental degradation and a rapid increase in greenhouse gas (GHG) emissions

in the atmosphere, challenging the economic system’s production and consumption

patterns. The rising global atmospheric temperatures due to the extensive GHG

emissions threaten the ecosystems and current living standards as it could unleash

extreme climate events with severe impacts if the threshold of 1.5°C above pre-

industrial levels is crossed (on Climate Change), 2018). The primary goal of the

Paris Agreement, the main international treaty on climate change, is to keep the

global average temperature rise this century well below the critical limit of 2°C and

as close as possible to 1.5°C. To achieve this goal, the treaty stipulates that GHG

emissions must peak before 2025 and decline by 43 percent by 2030 with respect to

2015 levels.

Fossil fuels are the primary source of carbon emissions, accounting for around

76 percent of total GHG emissions (IEA, 2020). As the time horizon to stay within

the limits imposed by the Paris Agreement narrows, the urgency of a low-carbon

transition as the pathway to reduce emissions is stressed. The low-carbon transition

is the process aimed at shifting the energy resources and technologies that society

relies upon, currently heavily dependent on fossil fuels, towards a state where zero

or low-carbon emissions are required to sustain the socioeconomic system (Nieto

et al., 2020).

Based on the idea of scarcity of natural resources, the concept of ‘green growth’

arose in the early 2010s. Its policy agenda is intrinsically related to neoclassical

economics foundations and aims to optimize resource allocation through market

incentives ś green subsidies and carbon taxes to correct market externalities, i.e., to

enhance productivity through more efficient use of natural resources, waste reduction

and lower energy consumption. The idea is that the harmful impacts on economic

performance due to environmental degradation could be mapped, and the efforts to

mitigate such effects represent an opportunity to improve economic growth (Reilly,

2012).

So far, the set of policies put forward on the green growth agenda failed to achieve

relevant outcomes in terms of environmental sustainability (Jackson and Victor,

2019). Moreover, this approach also presents an inherent logical problem. Even if the

production optimizes its efficiency, i.e., if the economy produces the same output at

the highest productivity level possible and, consequently, without wasting resources,

a unit of additional production would require new resources (Crist, 2019). Therefore,

although optimizing the use of scarce resources is the fundamental problem in this
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framework, there is no optimal allocation capable of solving the scarcity issue in a

growing economy. This logical problem has a second layer: the primary threat is not

resource scarcity but global warming, as highlighted by the Paris Agreement’s goal

to limit rising atmospheric temperatures. Although both are related, in this context,

it is more likely that the depletion of natural resources is a consequence of global

warming rather than the immediate risk to humanity’s living standards. Therefore,

improving resource allocation alone cannot be a plausible solution to őght climate

change.

From a theoretical point of view, several ecological economists have been arguing

that the neoclassical approach ignores the principles of thermodynamics, such as the

principle of mass balance and the entropy law (Georgescu-Roegen, 1971).1 More-

over, underlying assumptions of orthodox models such as the rational maximization

behavior in markets and the optimal equilibrium growth path are considered ŕawed

in addressing environment-economy interactions and łinconsistent with some of the

basic premises about systems function derived from ecologyž (Spash and Ryan, 2012,

p. 8). In addition, Rezai et al. (2013) point out that the rationality of agents and

the perfect foresight are incompatible with the fundamental social change necessary

to avoid environmental collapse.

Considering the signiőcant coupling between resource use and economic activity

(Wiedmann et al., 2015), the continuous pursuit of growth is contested with the

emergence of ‘post-growth’ approaches, which developed a conception of an envi-

ronmentally sustainable and prosperous economy that does not rely on economic

growth. The post-growth approaches are not homogeneous,2 but converge to a com-

mon claim that continuous growth is incompatible with the őnite nature of resources,

advocating for reducing or stabilizing material and energy use within ecological lim-

its (Hardt and O’Neill, 2017).

Although an overall economic decline is not a direct claim, the post-growth

guidelines might imply slowing down, stabilizing, or even reducing GDP. Hence,

post-growth approaches must deal with potential negative socioeconomic impacts.

In this respect, the absence of economic growth is particularly critical for developing

countries that have not yet attained a certain level of material well-being. This

conŕictual perspective around economic growth has been referred to in the ecological

macroeconomics literature as a ‘double-edged sword’ (Fontana and Sawyer, 2016)

1The former states that the mass of the outputs must be equal to the mass of inputs, suggesting
non-substitutability between material and non-material inputs. The latter implies that produc-
tion is irreversible, rejecting the neoclassical assumption of malleable capital and highlighting the
importance of path dependence (Kronenberg, 2010).

2See Kallis et al. (2012) for a differentiation among the strains of post-growth literature.
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and ‘the twin problem of global dependencies’ Gräbner-Radkowitsch and Strunk

(2023), the latter explicitly addressing degrowth and the Global South.

This challenge faced by post-growth approaches highlighted the need for a macroe-

conomic framework to evaluate the aggregate socioeconomic effects of their pro-

posals, paving the way for the emergence of ecological macroeconomics literature.

Ecological macroeconomics aims to create robust analytical and empirical simula-

tion frameworks to analyze the conŕict between the social imperative of growth and

biophysical constraints, understand the interactions between the economy and the

environment on a macro level, and provide strategies for transitioning to a sustain-

able economy (Rezai et al., 2013; Hardt and O’Neill, 2017).

Hence, rejecting the existing mainstream approaches to integrate macroeconomic

and environmental processes, the ecological macroeconomics literature emerges as a

synthesis of ecological economics and post-Keynesian approaches (Hardt and O’Neill,

2017). Despite being accused by ecological economists of historically neglecting en-

vironmental issues (Daly, 2007), the post-Keynesian compatibility with the thermo-

dynamic principles ś due to the path-dependency and non-substitutability between

production inputs ś and the assumptions of fundamental uncertainty, the rejection

of the notion of rational agents, the endogenous money creation, and the existence of

involuntary unemployment, make the framework well-suited to complement ś and be

complemented by ś ecological economics to address socio-economic-environmental

relations (Fontana and Sawyer, 2016; Victor and Jackson, 2020).3

Reŕecting the őeld’s interdisciplinarity and pluralism, the ecological macroeco-

nomics literature models are eclectic (Hardt and O’Neill, 2017; Jacques et al., 2023).

As an attempt to deőne the scope of ecological macroeconomics, Hardt and O’Neill

(2017, p. 208) identify one strain in the literature that focuses more on integrating

ecological aspects into an existing macroeconomic framework without necessarily re-

deőning the goals of the macroeconomy (Taylor et al., 2016). Meanwhile, a broader

approach to ecological macroeconomics involves developing an extensive framework

to comprehensively tackle the social, economic, and ecological dimensions (Jackson

et al., 2014). Consequently, the visions of economic growth are not homogeneous,

and not all works in the őeld adhere integrally to the post-growth principles.

Rather than delving into the normative debate about whether growth is desirable,

this work engages with the positive side of the discussion, precisely acknowledging

that growth is ultimately inherent in capitalist economies. Consequently, growth

models remain relevant in the literature and should be adapted to embody envi-

3See Saes and Romeiro (2019) for an extensive methodological review of the foundations of the
ecological macroeconomics framework.
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ronmental relations and address aspects of the ecological transition. Recognizing

the contentious aspects of economic growth, a more nuanced approach is adopted

towards the notion ś initially proposed by ecological economists (Kronenberg, 2010)

and reŕected in post-growth theories ś that growth no longer enhances welfare glob-

ally. This stance does not promote ‘growth-mania’ (Fontana and Sawyer, 2016)

but recognizes that the relevance of economic growth cannot be neglected, particu-

larly for low-income countries facing high unemployment. Therefore, this work aims

to build an analytical model to address the transition to a low-carbon economy

by integrating the energy sector into a demand-led growth framework, interplaying

demand-driven dynamics and energetic supply constraints.4

Given the high uncertainty surrounding the investments needed to decarbonize

the economy and the urgency of the climate crisis, the State emerges as a poten-

tial agent for planning and coordinating efforts to mobilize the economy toward a

low-carbon transition (Feijo et al., 2023). The green transition that requires a large

volume of investments with high risk and uncertain return, which discourage private

investments and call attention to the limitations of relying majorly on market-based

mechanisms. Therefore, on the growth side, we build on the mission-oriented in-

novation approach (Mazzucato, 2018; Deleidi and Mazzucato, 2021) and propose a

Sraffian supermultiplier model with two autonomous demand sources, namely busi-

ness as usual and green innovation government expenditures.

Among the twenty-two ecological macroeconomics articles surveyed in Hardt

and O’Neill (2017), there are only two where the energy sector is modeled, precisely

in the supply-driven growth models developed in D’Alessandro et al. (2010) and

Bernardo and D’Alessandro (2016). Since then, a few eco-SFC models considered

the energy transition from fossil fuel to renewable energy (Dafermos et al., 2017;

Carnevali et al., 2024), although the energy production sector was overlooked (see

Jacques et al. (2023)). Usually, the models within the ecological macroeconomics

literature that integrate the environment do so by including energy, resources, or

waste as proportional to the total output of the economy given some exogenous

intensity parameter (Hardt and O’Neill, 2017).5

Building on the energy sector modeled in Bernardo and D’Alessandro (2016),

a step forward is taken by embodying renewable energy production in the growth

model, allowing the changes in the composition of total energy from renewable and

4The necessity of interplaying demand-led and supply-constrained in ecological macroeconomics
analytically solvable models is stressed in Hardt and O’Neill (2017, p. 134).

5Here, it refers speciőcally to analytical models. Integrated Assessment Models (IAM) such as
MEDEAS (Capellán-Pérez et al., 2020), E3ME (Econometrics, 2022), and the EUROGREEN
(D’Alessandro et al., 2020), are simulation models that rely on a different approach (see Nieto
et al. (2020, p. 2).
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fossil sources to be determined endogenously. Simultaneously, renewable energy

availability is integrated into the green investment function, representing a supply

constraint to green capital stock accumulation. Therefore, the growth dynamics are

demand-driven, but the feasibility of the ecological transition is supply-constrained.

Moreover, it is noteworthy that two post-growth policy themes are integrated as

elements of the model.6 First, we relate the economic side of the model with the

ecosystem and interact it with environmental limits. Second, by disaggregating the

energy sector production between renewable and fossil fuel sources, we incorporate

the ability of industries to produce goods with different environmental impacts.

Figure 2.1 presents a simpliőed diagram that illustrates the model’s primary rela-

tionships.

Figure 2.1: Simpliőed model diagram

As the next section demonstrates, a valuable feature of the green investment

function introduced in this article is its ability to allow changes in the composition

of the capital stock while preserving aggregate investment determination. For this

reason, the mechanism is not limited to the Sraffian supermultiplier model, and

it is also compatible with alternative demand-led growth models, enabling them to

address the energy transition, incorporate environmental variables and relationships,

and provide insights into pathways for sustainable development.

6See Table 2 in Hardt and O’Neill (2017, p. 202) for a summary of post-growth policy themes
potentially incorporated into models within the ecological macroeconomics literature.
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2.3 The model

Consider a closed two-sector economy that produces, with a given technology,7 one

single őnal good and energy as an intermediary good. We employ a Leontief pro-

duction function with capital (K) and energy (E) as inputs, which, by deőnition,

assumes no substitutability between factors ś an approach consistent with the ther-

modynamic principles discussed in the previous section. We assume that there is no

labor scarcity, so it is never a constraint to production. The production function is

presented in the Equation 2.1.

Y (K,E) = min

(

K

v
,
E

ε

)

(2.1)

Where v denotes the capital-output ratio and ε is the energy intensity of out-

put. Both are treated as őxed exogenous parameters, as technical progress is not

addressed. Firms can produce either with brown or green capital, which differ based

on the source of energy they use, respectively fossil and renewable energy.

2.3.1 Growth side

The structure of the growth dynamics follows a standard Sraffian Supermultiplier

model in discrete time. In our model, autonomous demand (Z) is composed of two

kinds of non-capacity-creating government expenditures, while the induced compo-

nents are characterized by their respective propensities. The demand components

are described by the equations from 2.2 to 2.8.

Yt = Gt + Ct + It + IRt + IQt (2.2)

Gt = Gbau
t +Ggr

t = Zt (2.3)

Ct = ctYt (2.4)

It = htYt (2.5)

IRt = etYt (2.6)

IQt = qYt (2.7)

Yt =
1

1− ct − ht − et − q
Zt = αtZt (2.8)

Where Eq. 2.2 describes the equilibrium in the goods market, given by the

equality between the output Y and aggregate demand; Eq. 2.3 denotes the gov-

7For the sake of simplicity, it is assumed that there is no technical progress.
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ernment expenditures (Gt) and, consequently, autonomous demand (Zt) as the sum

of ‘business-as-usual’ (Gbau
t ) and ‘green’ government expenditures (Gg

t r); Eq. 2.4

indicate the propensity to consume (ct); Eq. 2.5 stand for the propensity to invest

in the őnal sector (ht); given that it is a two-sector model, we account for the in-

vestment in the energy sector, where Eq. 2.6 speciőes the propensity to invest in

the renewable energy (et) and Eq. 2.7 the exogenously given propensity to invest

in fossil energy (q); őnally, Eq. 2.8 expresses output in terms of the supermultiplier

(α) and autonomous demand (Z).8

The potential output (Y K
t ) (Eq. 2.9) is the level of output at full capacity, de-

pending on the capital stock (Kt) and on the őxed capital-output ratio (v), since

there is no substitution between production inputs. So, the current capacity utiliza-

tion level (ut) is given by the ratio between Yt and Y K
t (Eq. 2.10).

Y K
t =

(

1

v

)

Kt (2.9)

ut =
Yt

Y K
t

(2.10)

Next, we can introduce the main relations of the Sraffian supermultiplier model,

which are described by the equations from 2.11 to 2.13.

ĥ = γ (ut−1 − un) (2.11)

gKt =
ht−1

v
ut−1 − δ (2.12)

û =
gYy − gKt
1 + gKt

(2.13)

The rate of change of investment ĥ follows the ŕexible accelerator principle,

which posits that whenever the current capacity utilization deviates from the normal

level desired by őrms (un), the propensity to investment slowly adjusts to bring the

current capacity back to the target. The mechanism is described in Eq. 2.11, where

γ > 0 is a őxed coefficient indicating the speed at which h responds to deviations

8As showed in Freitas and Serrano (2015b), the model is stable as long as the so-called Keynesian
stability condition holds, i.e., the expanded marginal propensity to spend is lower than 1. Therefore,
stability requires that (c̄+ h̄+ ē+ q) < 1.
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in ut. The growth rate of capital stock (gKt ) is given by Eq. 2.12,9 where δ is the

őxed depreciation rate. Finally, Eq. 2.13 indicates the rate of change in capacity

utilization (û).10

To adapt the model to tackle the ecological transition, we distinguish capital

and investment in the őnal goods sector into green and conventional (brown) com-

ponents (Equations 2.14-2.16). Regarding capital, this differentiation hinges solely

on the energy source employed. Green capital (Kgr) operates on renewable energy,

whereas conventional capital (Kc) relies on fossil fuel. For the sake of simplicity,

considering that v and ε are őxed parameters, it is assumed that green and con-

ventional capital are technically perfect substitutes, having identical productivity

and energy efficiency. This means they share the same capital-to-output ratios and

require the same amount of energy to produce one output unit.

Kt = Kc
t +Kgr

t (2.14)

Kt =
[

Kc
t−1(1− δ) + Ict−1

]

+
[

Kgr
t−1(1− δ) + Igrt−1

]

(2.15)

It = Ict + Igrt (2.16)

Enhancing energy efficiency is undeniably an essential aspect of the transition to

a low-carbon economy. However, considering the purposes of this article, although

an eventual increase in energy efficiency would reduce the energy required per unit

of output, this improvement would not alter the model’s underlying constraint:

that the availability of renewable energy generation capacity limits green capital

accumulation. The same reasoning applies if hybrid capital was considered, i.e.,

capital capable of operating either with fossil or renewable services. Ultimately, the

share of capital effectively operating with renewable energy (green capital) would

still be constrained by the availability of renewable energy capacity. Therefore, two

simplifying assumptions are adopted for analytical tractability: constant energy

9Eq. 2.12 is obtained from the law of motion of capital, given by: gKt = Kt−Kt−1

Kt−1

= It−1

Kt−1

− δ. We

őrst divide both terms of the fraction by Y K
t−1

. Then, we multiply the numerator by Yt−1/Yt−1,

which doesn’t imply any changes in its value. We obtain the following expression:
It−1Yt−1/Y

K
t−1

Yt−1

Kt−1/Y K
t−1

.

Finally, we can rewrite It−1/Yt−1, Yt−1/Y
K
t−1

/Y K
t−1

, and Kt−1/Y
K
t−1

respectively as ht−1, ut−1 and
v.

10To obtain Eq. 2.13 we depart from û = (ut − ut−1) /ut−1. By substituting u as given by Eq. 2.10

and rearranging, we obtain:
YtY

K
t−1

Y K
t Yt−1

− 1. Then, we substitute Yt/Yt−1 and Y K
t−1

/Y K
t respectively

by 1 + gYt and 1/(1 + gY
K

t ) and simplify the expression. Finally, since the capital-output ratio v
is constant, we replace the growth rate of potential output by the growth rate of capital to obtain
Eq. 2.13.
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efficiency and the absence of hybrid capital stock. Future versions of the model,

however, could incorporate these potential improvements.

Recall that Eq. 2.16 represents the investment in the őnal sector, while the

investment in the energy sector is described in Eq. 2.6 and 2.7. The decomposition

of capital and investment does not alter the aggregate behavior of total investment,

as deőned in Eq. 2.11, or the total capital growth rate, as in Eq. 2.12, but rather

allows for changes in its composition shares, which enables the model to consider

aspects regarding the ecological transition explicitly. The changes in composition

stem from the green investment (Igr) equation, while the conventional investment

(Ic) is residual, accounting for the portion of total investment not allocated to green

investment. The equations will be introduced in the next section.

Given that we have two sources of autonomous demand, Eq. 2.17 introduces σ

as the share of government expenditures in green innovation over total government

expenditures. Eq. 2.18 gives the growth rate of autonomous demand, which is

precisely the growth rate of government expenditures.11

σt =
Ggr

t

Gt

=
Ggr

t

Zt

(2.17)

gZt = σt−1g
Ggr

+ (1− σt−1)g
Gbau

(2.18)

We assume that public expenditures are őnanced out of public debt, although

the őnancial side of the economy is not explicitly addressed in this study. However,

public debt’s growth rate converges with government expenditures’ growth rate.

Pariboni (2016) presents formal proof for an analogous case in which it is shown

that the growth rate of autonomous consumption tends to coincide with the growth

rate of consumer debt (Pariboni, 2016, p. 225). In our model, this means that the

debt-to-output ratio is stable in equilibrium.12 In models with a second source of

autonomous demand besides government expenditures, the long-run stability of the

11Although in our model the autonomous demand (Z) is represented solely by government expen-
ditures (G), we use the notation Z to follow the pattern in the literature and clarify that the
properties discussed apply to autonomous expenditures in general, regardless they consist solely
of government expenditures, as in our case, or different sources.

12For a very plain exposition, consider that the stock of public debt (B) is described by Bt =
Bt−1+Gt. For simplicity, we proceed with the algebraic steps in discrete time, where the evolution

of B is described as Ḃ = G. Dividing both sides by B, we obtain that dB̂
dt = B̂

(

gG − B̂
)

. This

equation describes that the growth rate of B changes whenever it is different from the growth rate

of government expenditures. If gG > B̂, we have that dB̂
dt > 0, meaning that the growth rate of B

increases until it converges to gG. The same holds if gG < B̂, as dB̂
dt < 0 and the growth rate of B

decreases until it converges to gG. Therefore, in equilibrium, gG = B̂ and the debt-to-output ratio
is stable. The dynamics still holds for more complex debt equations, including taxes and interest
rate, for example.
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debt-to-output ratio requires that the equilibrium growth rate is higher than the

interest rate and that both autonomous expenditures do not grow persistently at

different rates (Freitas and Christianes, 2020; Morlin, 2022).

Finally, we outline the energy and ecological-related variables on the growth side

of the model by determining the propensities to consume ct (Eq. 2.19) and to invest

in renewable energy sector et (Eq. 2.21).

ct = pc(1−Dt) (2.19)

∆ct = pc(Dt−1 −Dt) (2.20)

et = et−1 +∆et (2.21)

∆et = et−1

(

gG
gr

t−1 − gZt−1

)

(2.22)

Where pc is a őxed propensity to consume which is affected negatively by Dt,

a damage coefficient between 0 and 1. As described in Eq. 2.20, the propensity to

consume is assumed to be sensitive to climate-related damages which is a function

of the atmospheric temperatures. In response to these damages, households may act

cautiously, leading to a higher propensity to save (Dafermos et al., 2017). The dam-

age function will be described in the next section. Equations 2.21 and 2.22 show that

the propensity to invest in the renewable energy sector increases if the government

adopts a more aggressive ecological policy by increasing green expenditures’ growth

(gG
gr
t ) beyond the growth trend of the economy, represented by gZ . It signals to

the private sector its intention to accelerate the expansion of renewable energy ca-

pacity and guide the economy towards greener production. Therefore, aligned with

the mission-oriented innovation spending, it generates a crowd-in effect, captured

by increasing the private sector’s propensity to invest in renewable energy capacity.

As shown in the World Energy Investment Report (IEA, 2024a), the rise in gov-

ernment spending to tackle climate change and policies promoting the adoption of

low-emission technologies have been inducing corporate spending on energy R&D.

Since 2019, this spending has grown by an average of 7% per year, more than three

times faster than global GDP (IEA, 2024a, p. 163).
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2.3.1.1 The fully adjusted position

Before outlining the model’s convergence to the fully adjusted position, we em-

phasize that the dynamics of the variables outside of equilibrium reveal more about

the underlying processes of the ecological transition, beyond just the long-run equi-

librium values. Accordingly, in Section 4, we conduct a numerical simulation to ex-

plore these transitional behaviors. Nonetheless, the convergence to the fully adjusted

position ensures the stability of the framework, allowing the transitional dynamics

to be meaningfully analyzed.

In the standard Sraffian supermultiplier model, the fully adjusted position is

achieved when the capacity utilization converges to the normal rate desired by őrms

(ut = un), stabilizing the propensity to invest (∆h = 0) and consequently the level of

capacity utilization itself (∆u = 0). Since, in equilibrium, the output growth is the

autonomous demand growth, a persistently stable growth of autonomous demand

is required to obtain the fully adjusted position of the model (Freitas and Serrano,

2015b). In a version with two sources of autonomous demand, this condition requires

that both expenditures grow at the same rate (see Morlin (2022)). If the growth

rates of two sources of autonomous demand differ persistently, σ will tend toward

0 or 1. Therefore, the fully adjusted position requires a constant ratio between the

autonomous expenditures (∆σ = 0).

Since we are dealing with two types of government expenditures, it is reasonable

to assume that neither will disappear. The divergence in growth rates for each

type of expenditure is signiőcant for the analysis, as they lead to different long-

run equilibrium paths. However, we consider this variation as a temporary policy

measure, assuming that the government sets a single long-run growth rate for its

spending, ensuring that both Gbau and Ggr will ultimately grow at the same pace

and σ stabilizes.

Moreover, recalling Eq. 2.8, the output growth will converge to the autonomous

demand growth only when the propensities that compose the supermultiplier α are

constant.13 Besides h that was already discussed, we have two additional endogenous

variables c and e. In sum, the convergence to the fully adjusted position requires

that ∆u = ∆h = ∆σ = ∆c = ∆e = 0.

Regarding e, Eq. 2.22 shows that ∆e = 0 when gG
gr

= gZ , which is precisely the

condition that stabilizes σ. In this case, the private investment in renewable energy

sector simply follows the output and the propensity e remains constant. Finally,

as of c, Eq. 2.20 shows that the propensity to consume is stable when the damage

coefficient D is constant. The conditions to meet this requirement will be discussed

13See Appendix B for the derivation of output growth.
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in the environment subsection.

2.3.2 Energy sector

We build upon the work of Bernardo and D’Alessandro (2016) to model the en-

ergy sector with a speciőc focus on renewable energy production capacity. Their

macroeconomic framework analyzes the impacts on employment and inequality of

various strategies for reducing carbon emissions, including the expansion of renew-

able energy capacity.

Equation 2.23 represents the equilibrium in the őnal energy sector. On the supply

side, the total energy ŕow available (Et) consists of the fossil energy ŕow (Xt) and

the renewable energy ŕow (Lt). On the demand side, total energy required for

production is the product of output (Y ) and energy intensity coefficient, denoted by

the őxed parameter ε. The energy intensity measures the energy needed to produce

one unit of output and is typically expressed in kilowatt-hours per dollar.

Et = Xt + Lt = Ytε (2.23)

In our model, we assume that the economy’s intermediary sector, precisely the

energy production sector, produces its own energy requirements. In this sense, the

capital in the intermediary sector consumes part of the energy it produces. The rela-

tion between the net energy output and energy input throughout the energy produc-

tion process is evaluated by the concept of energy-return-to-investment (EROI). The

EROI is a ratio between the net energy produced and the energy invested directly

and indirectly in the process (Eq. 2.24).

EROI =
net energy output

energy input
(2.24)

Recent estimations suggest that the őnal stage EROI of fossil fuels and renew-

ables ranges within overlapping intervals (Brockway et al., 2019). So, for simplicity,

we assume they are equal. Considering that the net energy output of fossil and

renewable energies is given respectively by X and L, we deőne the energy consumed

in the intermediary sector in equations 2.25 and 2.26.

X int =
X

EROI
(2.25)

Eint =
E

EROI
(2.26)

Therefore, E can be understood as a net energy production, which is also the
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energy available for the őnal sector. Still, the energy consumed in the intermediary

sector will be taken into account to address pollutant emissions.14

Since the shares of fossil and renewable energy within total energy are determined

by the capital composition, we őrst have to deőne the amount of energy required by

the operating capital stock. By playing with equations 2.10, 2.9 and 2.23, we can

express both the capital stock (K) and energy (E) in terms of output (Y ). Starting

with Eq. 2.10, we isolate Yt to arrive at Yt = utY
K
t . Substituting Y K

t with its

expression from Eq. 2.9 results in Yt =
utKt

v
. Similarly, isolating Yt in Eq. 2.23 gives

Yt = εEt. Since both equations are expressed in terms of Yt, equating them leads to
Et

ε
= utKt

v
. Finally, by isolating Et, we obtain Eq. 2.27, which represents the total

energy demanded by the capital stock, considering the level of capacity utilization.

Et =
utε

v
Kt (2.27)

Since green and conventional capital are technically perfect substitutes,15 Kt can

be decomposed into green and conventional capital components (as expressed in Eq.

2.15). This allows us to explicitly calculate the renewable and fossil energy required

for production, given by equations 2.28 and 2.29, respectively.

Lt =
utε

v
Kgr

t (2.28)

Xt =
utε

v
Kc

t (2.29)

The fossil energy ŕow is treated as a residual variable in the model, so it adjusts to

meet the technical efficiency of production (Xt = Ytε−Lt). In sum, the composition

of investment alters the share of green and conventional capital, thereby determining

the composition of energy consumed. The ŕows of renewable and fossil energy are

limited to Rt and Qt, their respective production capacities during the period, as

shown in Eq. 2.30 and Eq. 2.31.

Lt = lRt (2.30)

Xt = xQt (2.31)

Where l and x are coefficients ranging between 0 and 1. Since fossil fuel energy is

treated as a residual variable, we assume that Qt will consistently meet the demand

14Following Brockway et al. (2019), we assume a őnal stage EROI of 6:1.
15We assume that the target capacity utilization is identical for both types of capital. For simplicity,

we also consider their current capacity utilization rates to be equal.

57



for fossil energy. While we acknowledge the őnite nature of fossil fuel reserves,

our model does not address this aspect as we do not intend to analyze pathways

for resource-constrained growth; rather, our focus is on pathways for a transition

constrained by the availability renewable energy.

Hence, the underlying principle of the model is that the structural shift from

conventional to green capital and, consequently, the ecological transition is limited

by the availability of renewable energy. Since in our model őrms demand renew-

able energy (L) to fuel their green capital stock, the accumulation of the latter

is constrained by the renewable energy capacity generation (R), whose accumula-

tion function is adapted from Bernardo and D’Alessandro (2016) and described as

follows.

Rt = Rt−1 +
[(

IRt−1 + rGgr
t−1

)

f(Rt)
]

− δR(Rt−1) (2.32)

f(Rt) = ρ0 +
ρ1

1 + e−ρ2(ρ3Rt−1−ρ4)
(2.33)

Where r is a parameter between 0 and 1 that determines the share of green

government expenditures speciőcally oriented to innovations to expand the renew-

able energy capacity. Following the concept of the mission-oriented innovation, the

government expenditures in green innovation have a direct effect in expanding the

renewable energy capacity, as depicted by the parameter r, and also indirect by

generating a crowd in effect in green private investment (recall Eq. 23). Next, δR is

the depreciation rate of the capacity; and f(Rt) is a logistic function that captures

the diffusion of knowledge to the extent that R increases (Eq. 2.33). In sum, it is

the ability of investment to actually increase R (Bernardo and D’Alessandro, 2016).

Therefore, increasing the stock of green capital is only possible with sufficient

renewable energy capacity, as any incremental unit of green capital beyond the

energy generation capacity would be necessarily idle. Thus, this constraint must be

embodied in our green investment function. Recalling Eq. 2.30, the ŕow of renewable

energy L is limited by the renewable energy capacity generation R. When L = R,

it signiőes that the ŕow of renewable energy consumed during the period reaches its

maximum potential given the capacity. Then, R represents the maximum supply

of renewable energy in the period. Therefore, considering a scenario where L = R,

substituting L by R in Eq. 2.28 leads to utε
v
Kgr

t = Rt. Then, by isolating Kgr, we

obtain the maximum amount of green capital that the renewable energy capacity

can accommodate, which we denote as Kgr
max in Eq. 2.34. In sum, Kgr

max represents

the stock of green capital that would fully utilize the renewable energy capacity,
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implying that L = R.

Kgr
max,t =

Rtv

utε
(2.34)

The renewable energy supply constraint requires that
(

εKgr

uv

)

≤ R, ensuring that

0 ≤ l ≤ 1.16 This condition applies when Kgr ≤ Kgr
max. If, eventually, Kgr > Kgr

max,

the excess of green capital would be idle due to the lack of availability of renewable

energy. Therefore, this constraint (Eq. 2.34) underpins the foundation of the green

investment function, which is deőned in Eq. 2.35. Since total investment in the

őnal sector (I) is determined following the ŕexible accelerator principle (recall Eq.

2.11), the investment in conventional capital (Ic) is treated as a residual variable,

representing the remainder of total investment not allocated to green investment

(Eq. 2.36).

Igrt =
(

Kgr
max,t−1 −Kgr

t−1

)

λ+Kgr
t−1δ

gr (2.35)

Ict = It − Igrt (2.36)

The green investment function (Eq. 2.35) incorporates the spare capacity of

renewable energy as both a trigger and a supply-constraint of green investment. The

Kgr
max,t−1 is the maximum green capital held by the renewable energy capacity in the

previous period, representing the renewable energy supply-constraint. If Kgr
max,t−1 =

Kgr
t−1, it means that there was no spare renewable energy capacity in the previous

period. Thus, the terms cancel out and the share of green investment will simply

be the one that compensates the green capital depreciation
(

Kgr
t−1δ

gr
)

. On the

other hand, if the renewable energy capacity was not fully used in the previous

period
(

Kgr
max,t−1 > Kgr

t−1

)

, the available margin to expand the stock of green capital

increases the green investment. The speed of this adjustment is given by λ, an

exogenous coefficient between 0 and 1.

The spare renewable energy encouraging investment in green capital and the

treatment of conventional investment as residual embody the assumption that őrms

have incentives to prefer green capital over conventional capital. In the model, this

assumption aligns with the fact that climate change negatively affects consumption

through a damage function, implicitly favoring green capital since it is not a pollu-

16If the demand is lower than the capacity
(

R > εKgr

uv

)

, then l < 1. If the demand for renewable

energy is equal to the capacity
(

εKgr

uv = R
)

, then l = 1 Finally, if the demand for renewable energy
exceeds the capacity, we would have idle green capital. However, it is not the case since the green
capital accumulation is constrained by Kgr

max (see Eq. 2.35).
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tant and does not impact the damage. Also, although energy storage is not explicitly

addressed, it is taken into account that renewable energy is difficult to store. Hence,

any unused capacity is essentially lost, wasting both the energy and the resources

invested in expanding renewable energy capacity, represented by IR in the model

(see Eq. 2.6). Additionally, this assumption is supported by real-world legislation

aligned with ecological transition objectives. For example, the European Union (EU)

Renewable Energy Directive 2023/2413 prioritizes using renewable energy over fossil

fuels.

2.3.2.1 The fully adjusted position

As previously emphasized, the decomposition of capital and investment into

conventional and green categories does not alter the aggregate behavior of total

investment and the capital accumulation rate. Similarly, including the energy sector

does not alter the equilibrium and stability conditions of the model, as the energy

variables converge to the exogenous growth rate set by the autonomous demand

growth rate.

Regarding the renewable energy capacity R, once f(R) reaches its maximum

value and becomes constant, the rate of accumulation of R depends solely on the

growth rate of both public and private investment in renewable energy capacity,

expenditures whose growth rate converge to the autonomous demand growth rate

(see section 2.3.1.1). In sum, when the rate of accumulation of R stabilizes, the

entire energy side of the model converges to equilibrium.

Since the growth rate of Kgr
max depends on R, it also converges to the autonomous

demand growth rate. Recalling Eq. 2.35, the green investment Igr depends on Kgr
max

and Kgr. However, since we have two Kgr terms with opposite signs, −λKgr and

δRKgr, the contributions to growth cancel out, resulting in gI
gr

= gK
gr
max = gZ .

Consequently, since in the long run ∆h = 0 and total investment is fully induced,

we have that gI
gr

= gI and the share of green investment stabilizes.

Finally, this implies that the accumulation rate of green capital Kgr and, subse-

quently, the growth rate of renewable energy consumption L, also converge to gZ .

Thus, the share of green capital and, consequently, the share of renewable energy

consumption out of total energy stabilize.

2.3.3 Environment

Once the energy sector was integrated to the growth model, we can address the

ecological relations by introducing the environmental variables. We deőne pollution

as function of carbon emissions (Eq. 2.37).
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Pt = ϕ
(

Xt +X int
t

)

(2.37)

Where ϕ is an exogenous parameter indicating the carbon emission by unit of

fossil energy used in production. Recall that Xt is the fossil energy ŕow consumed

in the őnal sector and X int
t is the energy consumption in the intermediary sector

Eq. 2.25, as the capital in the intermediary sector consumes part of the energy it

produces. The consumption of renewable energy, L, is naturally non-polluting as it

produces no waste or harmful emissions. Moreover, since the intermediary sector

generates its own energy requirements, the renewable energy production is assumed

as non-polluting in the model.

Pollutant emissions are the main driver of climate change, which, in our model,

affects negatively the economic output through a harmful effect in household con-

sumption. The effect was introduced in Eq. (20), where the determination of the

propensity to consume was described as ct = pc(1−Dt). The propensity to consume

is assumed to be sensitive to climate-related damages due to the increase in natural

disasters, which can cause job losses, property destruction, and health issues driven

by climate change. In response to these damages, households may act cautiously,

leading to a higher propensity to save (Dafermos et al., 2017).17 The magnitude of

the effect is determined by a damage coefficient D, described in Eq. 2.38.

Dt = 1−
1

1 + η1Tt + η2T 2
t + η3T 6.754

t

(2.38)

As proposed in Weitzman (2012) the function links the damage to the atmo-

spheric temperature over pre-industrial levels (T ). The coefficient D ranges between

0 and 1, and the parameters η were calibrated for D = 0.5 for an atmospheric tem-

perature of 6º C above pre-industrial levels (Weitzman, 2012). The atmospheric

temperature raises due to a higher concentration of CO2 in the atmosphere, so we

determine T as a logistic function of pollution (Eq. 2.39).

Tt =
τ1

1 + e−τ2(Ptτ3−τ4)
(2.39)

According to the report Climate Change 2021 released by the Intergovernmental

Panel on Climate Change, the worst-case scenario estimates suggest an annual mean

atmospheric temperature between 4°C and 4.8ºC above pre-industrial levels for the

year 2100 (Lee et al., 2021, p. 572), which is incompatible with the ecological

system. Therefore, the parameter τ1 assumes the maximum value of T considering

17Besides affecting the propensity to consume, the damage coefficient may also be related to invest-
ment decisions and capital depreciation (see Dafermos et al. (2017); Carnevali et al. (2024)).
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a worst-case scenario, and τ2, τ3, and τ4 are calibrated to stem an initial value of 1º

C, roughly the current level of atmospheric temperatures relative to pre-industrial

period.

2.3.3.1 The fully adjusted position

As previously mentioned, the convergence to equilibrium requires a stable propen-

sity to consume, which is achieved under a constant damage coefficient (∆Dt = 0).

According to Eq. 2.38, this condition requires a stable atmospheric temperature (T ),

which can be achieved either by stabilizing the level of carbon emissions (∆Pt = 0),

or when the atmospheric temperature achieves its maximum value. Therefore, un-

less the ŕow of fossil fuel energy stops rising, reaching the atmospheric temperature

tipping point of 4.8°C can only be delayed, akin to buying time. Since the pollu-

tion is determined by the fossil energy consumed, which instead is function of the

conventional capital used in production, the emissions-to-output ratio converge to

an equilibrium value since the growth rate of conventional capital tends to coincide

with the autonomous demand rate of growth.

2.4 Simulation scenarios and results

The main properties and relationships of the model can be analyzed through numer-

ical simulations. In this study, our primary interest lies in the relative differences

among distinct scenarios rather than the absolute values of the variables. Since

the model does not rely on real-world data, the absolute values generated are not

intended to represent any speciőc real-world quantities. Instead, these values serve

as a means to explore the convergence dynamics and interactions within the model

under different conditions. The model’s equilibrium robustness is assessed through

sensitivity analysis within the dynamic system, using Monte Carlo simulations to

introduce random shocks to selected variables, with the results presented in Ap-

pendix C. At the same time, we argue that observing the behavior of the variables

out of the fully-adjusted position provides more interesting insights than assessing

the long-run equilibrium values.

All scenarios depart from a steady-state position, allowing us to isolate the effects

of parameter changes in different scenarios.18 Otherwise, it would be unclear whether

variable behaviors result from exogenous shocks or the model’s intrinsic convergence

18We temporarily set the atmospheric temperature as őxed to depart from a steady-state position,
implying a constant damage coefficient. Since the damage coefficient depends on pollution, and
pollution grows at an exogenous rate in equilibrium, the damage coefficient would naturally in-
crease, causing a variation in the propensity to consume and a deviation from the steady-state
position.
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dynamics. Then, we create different scenarios by imposing shocks in the period t.

The different scenarios are described in Table 2.1.

Table 2.1: Simulation scenarios

Case 1 Case 2 Case 3 Case 4

Name Baseline Green G Green G + low g∗ Case 3 + temporary shock

g∗ 0.03 0.03 0.01 0.01

σt - 0.1 0.1 0.1

Temporary shock - - - gGgr
t:t+25 = 0.03

We denote g∗ as the equilibrium growth rate, which is determined by long-term

growth rate of autonomous sources of demand, represented in our model by govern-

ment expenditures. In the baselin/e scenario, we ‘activate’ the atmospheric tem-

perature function, allowing the damage coefficient to be endogenously determined.

Furthermore, we assume the absence of green policy (σ = Ggr/G = 0), character-

ized by a single business-as-usual government expenditure component. Hence, in the

baseline scenario, any short-term deviations from equilibrium are speciőcally due to

the impact of the increasing damage coefficient on consumption.

Based this on the pollution emissions in the baseline scenario, the atmospheric

temperature function (Eq. 2.39) was calibrated to achieve 4°C above pre-industrial

levels in t+80 periods, accordingly to the worst-case scenario forecasted by the IPCC

Lee et al. (2021, p. 572). In our model, since the rate of change of pollutant emissions

is greater than zero under all simulated scenarios, slowing down emissions only

delays the rise in atmospheric temperature. Eventually, the temperature reaches its

maximum value of 4.8°C. Consequently, the lower the rate of change in emissions, the

longer it takes for the model to stabilize and converge to its fully adjusted position.

Case 2 introduces Ggr with an initial value set at 10 p.p. of total government

expenditures (σt = 0.1), which applies to the subsequent scenarios. Case 3 simulates

a ‘low growth’ scenario. The simulation reveals a relatively faster energy transition

simply by reducing growth, which is coherent to post-growth approaches and will

be discussed in further detail next.

In case 4, we implement a low growth scenario alongside an aggressive green

őscal policy. This involves temporarily accelerating the growth rate of Ggr relative

to Gbau, which remains constant and equal to the economy’s long-term trend g∗.

The policy spans 25 periods,19 such that gG
gr

> gG
bau

from t to t + 25, after which

both rates equalize to g∗, ensuring the model converges to the long-run equilibrium.

The resulting output growth rates for the different scenarios are depicted in Figure

19Considering the periods as years, 25-years is the time-horizon for the long-term strategy of the EU
Climate Action, which aims to be climate-neutral by 2050.
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2.2.

Figure 2.2: Output (Y ) - growth rate %

In the real world, there is a signiőcant coupling between resource use and eco-

nomic activity (Wiedmann et al., 2015). As discussed in Section 2, post-growth

approaches emphasize the incompatibility of continuous economic growth with the

őnite nature of natural resources, advocating for reducing and stabilizing material

and energy use within ecological limits. This perspective may entail lowering or

stabilizing GDP or, in some cases, allowing it to decline. By simulating ‘high’ and

‘low’ growth scenarios, our model captures the effects of different growth rate levels

on the energy transition and resource use.

Recall that, in our model, the transition towards greener production relies fun-

damentally on the availability of renewable energy, which represents the supply

constraint to green capital accumulation. In turn, renewable energy capacity accu-

mulation is a function of public and private investments, implying that the cases

with higher output growth rates present also a higher renewable energy capacity

accumulation rate, as shown in Figure 2.3.
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Figure 2.3: Renewable energy capacity generation (R)

We observe the shock in R caused by introducing green government expenditures

for cases 2, 3, and 4 in period t. Even without Ggr, due to the higher g∗, the

accumulation of R stemming from private expenditures IR (recall Eq. 2.32) in the

baseline scenario surpasses both low g∗ cases after nearly 150 periods.

However, despite a greater renewable energy capacity in case 2, the simulations

indicate that the ecological transition is less feasible in high growth scenarios. As

shown in Figure 2.4, cases 3 and 4, characterized by lower growth rates, attain a

higher share of green capital stock out of total capital and consequently a higher

share of renewable energy consumption.
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Figure 2.4: Share of green capital stock

This property of the model arises from the renewable energy capacity constraint

to green investment. In the simulation, once we introduce Ggr in cases 2, 3, and

4, there is a positive shock in the availability of renewable energy capacity, creat-

ing room to increase the green capital stock. However, for a given availability of

renewable energy capacity, there is a maximum amount of new green capital stock

that can be accommodated, setting a limit on green investment (recall Eq. 2.35).

Consequently, the higher the total investment, the greater the stock of conventional

capital required to complement green investment. Therefore, for a given availability

of renewable energy, the share of green investment will be higher the lower the total

investment is.

The difference observed between cases 3 and 4 stems from the aggressive green

őscal policy imposed in the latter. Since the growth of Ggr exceeds g∗ for 25 periods,

the renewable energy capacity grows faster than total investment during the policy

period, resulting in greater spare renewable capacity in case 4 compared to case

3. Additionally, in cases 3 and 4, the shock from lowering g∗ reduces the capacity

utilization rate u and, consequently, the propensity to invest h. This is an important

outcome of the Sraffian Supermultiplier model, which was empirically validated by

Girardi and Pariboni (2020). Figure 2.5 illustrates the evolution of h for the different

scenarios.
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Figure 2.5: Propensity to invest (h)

The model’s intuition is straightforward, as slowing down economic growth ef-

fectively buys time to execute the energy transition. The energy transition takes

time since the accumulation of renewable energy capacity is not an immediate pro-

cess. Meanwhile, higher economic growth demands more fossil fuel energy to meet

production requirements. This results in a lower share of renewable energy in the

energy mix, but ultimately a higher absolute level of fossil energy consumption and

consequently higher pollutant emissions. In the model, this aspect is also captured

by the emissions-to-output ratio, as depicted in Figure 2.6.
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Figure 2.6: Emissions-to-output ratio

In case 4, the relatively higher capacity for transitioning from fossil fuels to re-

newable energy is also reŕected in a lower emissions-to-output ratio compared to

the other cases. The scenario simulated in case 4 combines two fundamental aspects

for the feasibility of the ecological transition. First, following the concept of the

mission-oriented innovation policy of public spending (Mazzucato, 2018), the gov-

ernment expenditures in green innovation play a key role in expanding the renewable

energy capacity and generating a crowd in effect in green private investment. Sec-

ond, the economic growth is slowed down, increasing the feasibility of the energy

transition and, consequently, the decoupling between economic growth and emis-

sions.

Therefore, it is important to emphasize that continuous economic growth has

negative implications that can hinder or delay the effectiveness of the energy transi-

tion in reducing CO2 emissions, aligning with post-growth principles. Since output

growth induces also investment in the fossil energy sector, ongoing economic growth

sustains investments in fossil fuels. Additionally, it implies that energy demand will

continue to rise. Recalling the discussion in Section 2, while improvements in en-

ergy efficiency can soften increasing energy needs, efficiency gains cannot increase

indeőnitely. Even at maximum energy efficiency, any increase in output would still

rise energy demand. Consequently, continuous economic growth inevitably expands
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energy requirements. Given that achieving near-zero CO2 emissions necessitates

phasing out fossil fuel consumption, a necessary condition is that renewable energy

generation capacity grows faster than overall energy demand. Therefore, the lower

the economic growth rate and the faster the increase in renewable energy capacity

generation, the more feasible is a rapid transition toward a low-carbon economy.

2.5 Concluding remarks

In recent decades, the ecological macroeconomics literature has expanded to ad-

dress a broader range of issues. We contribute to this literature by developing an

analytical model that integrates the energy sector ś and the constraints it imposes

on the ecological transition ś within a demand-led growth framework. The growth

model is connected to the energy sector through a green investment equation, which

incorporates a constraint given by the availability of renewable energy and affects

investment and capital stock composition. Thus, we developed a framework capa-

ble of interplaying demand-driven dynamics and energetic supply constraints. By

doing that, we also provide a simple and manageable analytical strategy that can

be adapted for other demand-led growth models to address the energy sector con-

straints, environment-related variables, and the feasibility of the ecological transi-

tion.

The simulation results demonstrate that scenarios combining green government

expenditures with lower output growth rates achieve a higher share of renewable

energy consumption and lower emissions-to-output ratios. Despite scenarios with

higher economic growth accumulating greater renewable capacity, the energy tran-

sition is hindered. This property of the model arises from the renewable energy

capacity constraint to green investment. It implies that for a given availability of

renewable energy, the share of green investment will be higher the lower the total

investment is. At the same time, continuous economic growth implies a correspond-

ing continuous increase in energy demand. Hence, expanding the renewable energy

generation in a low-growth scenario is more conducive to promoting the energy

transition. This characteristic is consistent with post-growth perspectives, where

slowing economic growth effectively extends the timeframe available for executing

the energy transition.

From a political economy perspective, the absence of economic growth is partic-

ularly critical for developing countries that have not yet attained a certain level of

material well-being. As discussed in Section 2, this conŕictual perspective around

economic growth has been referred to in the ecological macroeconomics literature as

a ‘double-edged sword’ (Fontana and Sawyer, 2016) and ‘the twin problem of global
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dependencies’ (Gräbner-Radkowitsch and Strunk, 2023), the latter speciőcally ad-

dressing degrowth and the Global South.

Moreover, engaging in the ecological transition implies that governments must

confront the interests of large and economically signiőcant industries that are heavily

carbon-intensive. These industries include those directly related to fossil fuels, such

as oil and gas exploration, intensive agriculture and land use, fashion, and trans-

portation. Furthermore, the potentially harmful social impacts of shutting down

carbon-intensive industries or simply degrowing the economy in general, such as

rising unemployment, must be taken into account.
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Appendices

2.A Simulation parameters and initial values

Table 2.A1: Model Parameters and Their Descriptions

Symbol Description Value Remarks
un Normal capacity utilization rate 0.85 Standard in the SSM literature.
pc Propensity to consume 0.5 Model’s baseline scenario.
q Propensity to invest (fossil energy

sector)
0.007 Based on IEA (2024).

γ Speed of adjustment of invest-
ment to changes in the capacity
utilization

0.05 Standard in the SSM literature.

v Capital-output ratio 1.5 Standard in the SSM literature.
δ Capital depreciation rate 0.075 Standard in the SSM literature.
ϵ Energy intensity 8 As in Bernardo and D’Alessandro

(2016).
r Share of Ggr destined to invest-

ments in renewable energy sector
0.5 Model’s baseline scenario.

λ Speed of adjustment of green in-
vestment to spare renewable en-
ergy capacity

0.05 Assumed as equal to γ.

ϕ Carbon intensity 1.28 As in Bernardo and D’Alessandro
(2016).

EROI Energy return to investment 6 Adapted from Brockway et al.
(2019).

ρ0 Parameter of f(R) 1 Adapted from Bernardo and
D’Alessandro (2016).

ρ1 Parameter of f(R) 5 Adapted from Bernardo and
D’Alessandro (2016).

ρ2 Parameter of f(R) 0.202 Adapted from Bernardo and
D’Alessandro (2016).

ρ3 Parameter of f(R) 3.56 · 10−6 Adapted from Bernardo and
D’Alessandro (2016).

ρ4 Parameter of f(R) 2.5 Adapted from Bernardo and
D’Alessandro (2016).

τ1 Parameter of atmospheric tem-
perature function

4.8 Maximum value of TAT .

τ2 Parameter of atmospheric tem-
perature function

0.702 Calibrated for an initial TAT =
1◦C.

τ3 Parameter of atmospheric tem-
perature function

6.08 · 10−8 Calibrated for an initial TAT =
1◦C.

τ4 Parameter of atmospheric tem-
perature function

2.4 Median reference value of TAT .

η1 Parameter of damage function 0 As in Dafermos et al. (2017).
η2 Parameter of damage function 0.00284 As in Dafermos et al. (2017).
η3 Parameter of damage function 0.000005 As in Dafermos et al. (2017).
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Table 2.A2: Initial Values

Symbol Description Value Remarks
G Government expenditures 50,000 Model’s baseline scenario
σ Share of Ggr/G 0 For cases 2, 3, and 4, we introduce

σ = 0.1
h Propensity to invest (őnal sector) 0.1853 Calibrated for steady state initial

value
e Propensity to invest (renewable

energy sector)
0.003 Based in IEA (2024)

u Capacity utilization 0.85 Calibrated for steady state initial
value

Kgr/K Share of Kgr 0.01503 Calibrated for steady state initial
value

R Renewable energy capacity 32,828.34 Calibrated for steady state initial
value

f(R) Renewable energy capacity logistic
function

3.00 Obtained from the given parame-
ters

TAT Atmospheric temperature above
pre-industrial levels

1°C Obtained from the given parame-
ters

D Damage coefficient 0.0028 Obtained from the given parame-
ters

2.B Output growth derivation

To derive the output growth equation, we őrst suppose a simpler version of the

Sraffian supermultiplier model for a closed economy Eq. B1. The propensity to

consume is őxed, and the only endogenous component in the supermultiplier is the

propensity to invest h.

Yt =
1

1− c− ht

Zt (2.B1)

To obtain the output growth in a continuous-time system, we compute Eq. B2

by taking the logarithm and derivatives with respect to time t from both sides of

Eq. B1:

ln
∂Yt

∂t
= ln

∂Zt

∂t
− ln

∂(1− c− ht)

∂t
(2.B2)

We know that the log-differences of Yt and Zt represent their respective growth

rates, g and gZ . Using the chain rule, we differentiate the term involving ht as

described in Eq. B3.

ln
∂(1− c− ht)

∂t
=

1

1− c− h(t)

(

−
∂h(t)

∂t

)

(2.B3)

Denoting the derivative of ht with respect to time as ḣ, we substitute Eq. B3

into Eq. B2 and express the output growth as described in Eq. B4.
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g =
ḣ

1− c− ht

+ gZ (2.B4)

Therefore, the output growth (g) is determined by the growth of autonomous

demand and changes in the supermultiplier stemming from variations in h.

In discrete time, it is known that if At = BtCt, the growth rate of At is de-

termined by the sum of the growth rates of B and C plus the product of their

growth rates, such that (gA = gB + gC + gBgC). We refer to this property as the

discrete-time product growth rate rule. Accordingly, the output Y is the product

of the autonomous demand Z and the supermultiplier α. Applying this property to

calculate the output growth of Y in discrete time, we sum the growth rates of the

autonomous and supermultiplier components plus their product. In the next steps,

we calculate the growth rate of the supermultiplier component:

α̂t =

1
1−c−ht

−
1

1−c−ht−1

1
1−c−ht−1

(2.B5)

The simpliőed expression of Eq. B5 is shown in Eq. B6.

α̂t =
ht − ht−1

1− c− ht

(2.B6)

To avoid complications stemming from the simultaneous determination between

ht and Yt, we take advantage of the fact that we know ht = γ(ut−1 − un) (Eq. 2.11)

to rearrange Eq. B6. The numerator can be expressed as ht − ht−1 = ∆ht = ht−1ĥt,

and ht in the denominator can be expressed as ht−1(1 + ĥ). After performing these

rearrangements, we obtain Eq. B7:

α̂t =
ht−1ĥt

1− c− ht−1(1 + ĥt)
(2.B7)

Therefore, the growth rate of Y is determined as in Eq. B8:

gt = gZ +
ht−1ĥt

1− c− ht−1(1 + ĥt)
+ gZ

(

ht−1ĥt

1− c− ht−1(1 + ĥt)

)

(2.B8)

In our model, we instead have three endogenous components in the supermulti-

plier (recall Eq. 2.8: the propensity to invest in the őnal sector h, the propensity

to consume c, and the propensity to invest in the renewable energy sector e. The

derivation of the output growth rate expression, however, follows the same steps.

Hence, in continuous time, gt is determined as in Eq. B9:

73



gt = gZt +
ḣ

1− ct − ht − et − q
+

ċ

1− ct − ht − et − q
+

ė

1− ct − ht − et − q
(2.B9)

Accordingly, in discrete time, we will have a term for each endogenous component

in the supermultiplier. Recall that from Eq. 2.19 we know that ĉt =
pc(Dt−1−Dt)

ct−1

and

from Eq. 2.21 we know that ê = gG
gr
t−1 − gZt−1 . To simplify the notation, we denote

α̂h, α̂c, and α̂e as the respective terms for each component, as described in equations

B10, B11, and B12:

α̂c
t =

ct−1ĉt

1− ct−1(1 + ĉt)− ht−1(1 + ĥt)− et−1(1 + ê)− q
(2.B10)

α̂h
t =

ht−1ĥt

1− ct−1(1 + ĉt)− ht−1(1 + ĥt)− et−1(1 + ê)− q
(2.B11)

α̂e
t =

et−1êt

1− ct−1(1 + ĉt)− ht−1(1 + ĥt)− et−1(1 + ê)− q
(2.B12)

Following the discrete-time product growth rate rule, we can calculate the output

growth g as the sum of the rates of change of each component plus their cross-

products. Finally, g is determined in Eq. B13:

gt = gZt + α̂c
t + α̂h

t + α̂e
t + gZt (α̂

c
t + α̂h

t + α̂e
t ) + α̂c

t(α̂
h
t + α̂e

t ) + α̂h
t α̂

e
t

+ gZt (α̂
c
t α̂

h
t + α̂c

t α̂
e
t + α̂h

t α̂
e
t ) + α̂c

t α̂
h
t α̂

e
t + gZt α̂

c
t α̂

h
t α̂

e
t (2.B13)

2.C Sensitivity analysis

To evaluate the robustness of the model’s long-run equilibrium, we conduct a

sensitivity analysis by randomly varying four key parameters within a range of 50%

above and below their baseline values. The parameters are: i) the government ex-

penditures growth rate (gG); ii) the initial share of green government expenditures

out of total government expenditures (σ), iii) the share of green government ex-

penditures oriented to expand renewable energy capacity (r); and iv) the speed of

adjustment of green investment to spare renewable energy capacity (λ).

The results indicate that the output growth rate, capacity utilization level, and

investment propensity converge to a steady-state long-run equilibrium. On the en-

vironment side, the share of green capital and the emission-to-output ratio also

converge in the long run, although the different parameter value combinations lead
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to distinct outcomes with respect to the feasibility of the energy transition. The

results of the Monte Carlo simulations are summarized in the őgures below.

Figure 2.C1: Sensitivity analysis - Output growth rate
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Figure 2.C2: Sensitivity analysis - Capacity utilization

Figure 2.C3: Sensitivity analysis - Propensity to invest
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Figure 2.C4: Sensitivity analysis - Share of green capital stock

Figure 2.C5: Sensitivity analysis - Emissions to output
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Chapter 3

Austerity, an environmentally dangerous

idea

The role of public expenditures in energy R&D for

the ecological transition

Abstract

This article investigates the effectiveness of different policies in expanding re-
newable energy and their broader impact on climate change mitigation performance.
While the literature and policy-makers concentrate predominantly on market-based
and regulatory instruments, how public investment in energy R&D affects renewable
energy deployment remains largely unexplored. Aiming to őll this gap, an empiri-
cal analysis based on a Panel-ARDL framework for is proposed, covering 22 OECD
economies for the 1995-2023 period. The results of the empirical analysis suggest
that public investment in energy R&D is prominent in fostering renewable energy dif-
fusion and increasing renewables share in primary energy and overall climate change
mitigation performance. At the same time, regulatory non-market-based policies are
revealed as important complementary actions, although their effectiveness tends to
be subject to diminishing returns. Finally, price instruments such as fossil taxation
ultimately constrain fossil fuel consumption but fail to diffuse renewable generation.
Given the urgency to accelerate the energy transition, the gradual return of aus-
terity measures across several advanced economies might curb the room for public
direct investment in climate action, reinforcing the predominance of mainstream
environmental instruments.
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3.1 Introduction

The urgency of the ecological transition has spurred a broad array of policy and

regulatory instruments aimed at addressing multifaceted challenges. These actions

extend beyond mitigating environmental degradation caused by climate change to

include preserving and restoring ecosystems, safeguarding water resources and bio-

diversity, and managing natural resource depletion. However, a cornerstone of the

ecological transition remains achieving substantial reductions in emissions to limit

rising atmospheric temperatures and mitigate climate change.

As global greenhouse gas emissions continue to rise, with an expected increase

of up to 0.8% in 2024 compared to 2023, fossil fuels account for 91% of the to-

tal emissions in 2024 (Friedlingstein et al., 2024), highlighting the critical need for

a energy transition to reduce fossil fuel dependency and build energy systems ca-

pable of sustaining socioeconomic activity with minimal or zero carbon emissions.

Although the share of renewables in total energy supply rose from 8.7% in 2010

to 12.3% in 2022 (International Energy Agency, 2023), this increase remains strik-

ingly insufficient compared to the drastic transformations required. In this context,

the atmospheric temperature in 2024 surpassed the critical 1.5ºC threshold above

pre-industrial levels, as shown in Figure 3.1., underscoring the limited effectiveness

of mainstream environmental policies over recent decades in accelerating this shift

towards renewables.

Figure 3.1: Annual global temperature anomalies (°C) relative to 1850ś1900

1940 1960 1980 2000 2024
0◦C

+0.5◦C

+1.0◦C

+1.5◦C

Source: ERA5 Dataset (Copernicus Climate Change Service, 2024).

Emerging in the 1970s, the environmental economics literature conceptualized
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pollution as a negative externality that could be mitigated through market adjust-

ments, emphasizing cost-efficiency and the role of economic incentives in reducing

emissions (Baumol and Oates, 1975). These policies were expected to foster new

technologies to spur the adoption of emission-reducing or energy-saving solutions

Requate (2005), framing mitigation as a matter of resource allocation, productivity,

and energy efficiency. This approach have come to deőne the core of environmental

policy, where the state’s role has primarily centered on providing incentives (con-

trolling prices) or enforcing regulations (controlling quantities), while direct public

action has remained secondary. However, prioritizing efficiency gains has inherent

limitations in driving a substantial shift away from fossil fuels. Hence, given the

socioeconomic risks of an abrupt fossil fuel ban, the ecological transition hinges on

rapidly expanding renewable energy capacity.

Facing the challenge of a rapid decarbonization of the economy as a concrete

problem requires substantial investments in infrastructure and innovation, particu-

larly in R&D expenditures oriented to develop renewable energy technologies, build

renewable power plants, grid systems and electricity storage. These investments de-

mand large volumes of resources and entail high risks and uncertain returns, which

often discourage private investment. In this context, public direct investment repre-

sents an instrument capable of playing a key role in mitigating these risks, mobilizing

private resources, and generating positive spillovers to expand renewable energy ca-

pacity and shape the broader energy transition. Therefore, understanding which

policies can effectively accelerate this transition is crucial.

To date, no research has directly examined the impact of public green R&D in-

vestment on renewable energy generation. Hence, this article investigates the impact

of different policy approaches on renewable energy generation, renewables share in

primary energy, and climate change mitigation, categorizing them into three forms of

state intervention: the conventional emissions taxes (price incentives) and regulatory

measures, and public direct investment in energy R&D, a novelty in the empirical

literature. Using data from 22 OECD economies (1995ś2023), the empirical anal-

ysis applies panel cointegration techniques through an autoregressive distributed

lags model (panel-ARDL) to assess their effectiveness. Although it is considered

that a comprehensive strategic plan to launch the low carbon transition requires

coordination of policies reŕecting distinct forms of state intervention, this analysis’

hypothesis holds that public direct investment emerges as a primary instrument to

effectively expand renewable energy capacity and tackle climate change, given the

urgency of rapidly reducing carbon emissions.

In recent decades, states have taken a more active role in climate action, notably
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by planning large-scale programs such as the European Green Deal and increasing

public őnance1 to the private sector. Although direct public investment in energy

R&D has also been part of the policy scenario, it has never been a leading instru-

ment. Accordingly, carbon pricing instruments remain central either in the Euro-

pean Green Deal Claeys et al. (2019) as in the decarbonization pathways proposed

by organizations like the IPCC (Lamperti et al., 2024).

Moreover, őscal austerity and public budget cuts are once again surfacing in

policy agendas across several advanced economies, further constraining already in-

cipient public budgets for energy R&D. In the European Union, the new ’debt

sustainability analysis’ framework embedded in the őscal rules approved in 2024

(Heimberger et al., 2024) pushes its member states to cut public spending, while

in the United States, the second Trump administration is planning federal budget

reductions of up to USD 6.2 trillion (Reuters, 2024). These cuts limit the ability

of governments to implement direct policies, posing signiőcant risks to achieving

climate targets. Accordingly, the European Commission estimates that to meet the

2050 emissions target, an additional annual investment of EUR 750 to 800 billion is

required, emphasizing that public support will be essential (Draghi, 2024, p. 59).

The estimations results reinforce the hypothesis of public investment in energy

R&D as key determinant of renewable energy diffusion. Additionally, non-market

based instruments and GDP per capita are found to be signiőcant drivers of re-

newables. However, the estimations reveal an inverted U-shaped relationship of

regulatory instruments and a negative effect of GDP growth on the renewables

share in primary energy, in line with post-growth perspectives. On the other hand,

price-based instruments fall short in promoting renewable energy diffusion, although

effective in constraining fossil fuel consumption. Therefore, relying on these poli-

cies as the primary tools risks exacerbating energy inequality and deepening energy

poverty.

The article is structured as follows. After this introduction, Section 3.2 provides

a brief review of the mainstream environmental policy framework and the empirical

literature on renewable energy diffusion. Section 3.3 outlines the data and method-

ology. Section 3.4 discusses the results, followed by concluding remarks in Section

3.5.
1Within the European Union sustainable őnance tools, green őnance refers to existing
environmental-friendly private companies and segments, while transition őnance refers to private
projects.
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3.2 Environmental policies effectiveness and the role of

public spending

In the environmental economics literature, the way in which the debate on the ef-

őciency of different types of policy has taken place reŕects its deep roots in the

foundations of neoclassical economics. Based on the idea of scarcity of natural re-

sources, the main focus is to optimize resource allocation through market incentives

to enhance productivity through more efficient use of natural resources, waste re-

duction and lower energy consumption. Representing the theoretical foundation of

the so-called green growth agenda, the idea is that the harmful impacts on economic

performance due to environmental degradation could be mapped, and the efforts to

mitigate negative externalities represent an opportunity to improve economic growth

(Reilly, 2012). A central debate within this framework revolved around whether to

control pollution through prices or quantities, shaping the development of market-

based and regulatory instruments as the two main policy approaches. The former

includes instruments such as emissions taxes and subsidies, designed to create incen-

tives for őrms to reduce emissions by minimizing costs. The latter, often referred to

as command-and-control instruments, encompasses emission-reduction targets and

technology standards, relying on enforcement mechanisms as sanctions to ensure

compliance.

Market-based incentives are generally accepted in this literature as more cost-

efficient than controlling emission quantities (Requate, 2005; Bergquist et al., 2013).

Besides the cost efficiency, the literature highlights that command-and-control reg-

ulations provide no incentives for őrms to reduce emissions beyond the required tar-

gets, while market-based instruments theoretically encourage additional reductions

since cutting emissions reduces costs (Requate, 2005). Additionally, the emphasis

on market-based mechanisms őnds support in the Ecological Modernization Theory

(EMT), which emerged in the 1980s as the dominant framework in the Politics of

Environmental Performance literature. A core principle of EMT is the notion that

the relationship between economic growth and environmental sustainability can be

transformed into a mutually beneőcial dynamic (Jahn, 2016).

A key hypothesis within this framework is the decoupling of environmental degra-

dation from economic growth at higher stages of development. A more nuanced ex-

pression of this idea is the inverted U-shaped Environmental Kuznets Curve (EKC),

which suggests that pollution increases at lower levels of economic development but

declines beyond a turning point as economic growth drives improvements in environ-

mental performance (Stern et al., 1996). This perspective aligns with the prosperity
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cleaning-up hypothesis, where market-based innovation and competition are seen as

key drivers of ecological modernization (Jahn, 2016; Duit et al., 2023). As in the

environmental economics literature, the EMT highlights a declining role of the state

in environmental governance, relegating its direct actions to a secondary position.

Instead, it emphasizes the increasing institutional importance of non-governmental

organizations and market-led initiatives, promoting regulatory optimization through

publicśprivate partnerships, product labeling, voluntary environmental programs,

and network governance (Duit et al., 2023).

Although the last decade has seen the introduction of a few new policy instru-

ments aimed speciőcally at expanding renewable capacityÐsuch as feed-in tariffs,

auctions, and portfolio standards2Ðoffering alternatives to traditional efficiency-

driven approaches, instruments such as carbon pricing remain predominant (Lam-

perti et al., 2024). Framing climate change mitigation as a matter of resource alloca-

tion, productivity, and efficiency ultimately relates to carbon intensity of production

(CO2 emissions per unit of output). However, for a given energy mix, improving

energy efficiency reduces total emissions only if the efficiency gains outpace the rate

of output growth. This explains why the absolute level of CO2 emissions continue

to rise globally despite improvements in carbon intensity, as illustrated in Figure

3.2.

Between 1965 and 2024, the carbon intensity of GDP declined by approximately

50%, yet total emissions have continued to rise. While efficiency gains can soften

emissions growth in the short term, they cannot improve indeőnitely, as energy use

per output unit cannot reach zero given the current living standards. Even if a hypo-

thetical maximum efficiency is achieved, economic growth would inevitably increase

energy demand and, consequently, CO2 emissions. This inherent limitation implies

that efficiency improvements and resource allocation optimization are, by logical

construction, insufficient to drive a near-zero emission scenario, revealing a theoret-

ical shortage of this framework in addressing the climate crisis, reŕected in the low

effectiveness of the green growth agenda in terms of driving the ecological transition

(Jackson and Victor, 2019). Therefore, reducing CO2 emissions necessarily requires

transitioning from fossil fuels to renewable, non-polluting energy sources, and inves-

tigating the determinants of renewable energy diffusion is precisely the focus of this

article.

The empirical literature on this topic is vast, though many studies have relied

on exploratory analysis or country-level case studies, which is not the approach

2Feed-in tariffs guarantee őxed payments for renewable energy producers, auctions allocate re-
newable energy contracts to bidders offering the lowest price, and portfolio standards mandate a
minimum share of renewables in the energy mix of electricity suppliers.
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Figure 3.2: Evolution of global CO2 emissions and carbon intensity
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Source: Energy Institute (2024), World Bank national accounts data, and OECD National
Accounts data őles. Carbon intensity is calculated by dividing CO2 emissions (tonnes) by GDP
output (in millions of USD at constant 2015 prices). Author’s elaboration.

taken in this article. Focusing on panel data analysis, the dependent variable is

typically either renewable energy capacity in terawatts-hour (TWh) (Popp et al.,

2011; Shrimali and Kniefel, 2011; Pfeiffer and Mulder, 2013; Bersalli et al., 2020) or

the share of renewable energy in total electricity production (Marques et al., 2010;

Marques and Fuinhas, 2012; Zhao et al., 2013; Kilinc-Ata, 2016; da Silva et al., 2018).

Regarding the determinants of renewable energy diffusion, previous contributions

can be categorized into two main strands. Following Marques et al. (2010), one

strand examines key factors divided into political/institutional, socio-economic, and

country-speciőc determinants (see also Marques and Fuinhas (2012); Aguirre and

Ibikunle (2014); da Silva et al. (2018)). The other strand focuses on policy process

comparisons, primarily analyzing market-based instruments such as feed-in tariffs,

tax incentives, and renewable energy auctions, as well as regulatory instruments like

renewable portfolio standards, emissions targets, and energy efficiency mandates

(Shrimali and Kniefel, 2011; Pfeiffer and Mulder, 2013; Zhao et al., 2013; Polzin

et al., 2015; Bersalli et al., 2020; Abbruzzese et al., 2024).

Not surprisingly, the results are mixed due to differences in countries, regions,

time periods, and explanatory variables considered, although some consistencies can
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be highlighted. Variables that capture a country’s wealth, such as GDP per capita,

generally have a positive effect on renewable energy diffusion (Marques et al., 2010;

Pfeiffer and Mulder, 2013; da Silva et al., 2018).The reasoning is straightforward:

high-income countries have greater capacity to invest in green innovation, either

due to őnancial resources or advanced technology. Overall, regulatory instruments

are found to be effective in expanding renewable energy, but mixed results emerge

when policies are analyzed individually (Pfeiffer and Mulder, 2013; Polzin et al.,

2015; Bersalli et al., 2020). Among market-based instruments, feed-in tariffs stand

out as a signiőcant factor in fostering renewable energy adoption (Bersalli et al.,

2020; Marques and Fuinhas, 2012; Zhao et al., 2013; Polzin et al., 2015; Abbruzzese

et al., 2024). In this literature, the policies are commonly treated as dummies or

categorical (count of policies) explanatory variables. Therefore, the stringency of

the policy is disregarded.

Furthermore, a count variable assumes a linear effect of policy adoptions, which

might be problematic. Accordingly, Zhao et al. (2013) include a quadratic term for

the policy count variable and identify an inverted U-shaped relationship between the

number of policies and renewable energy diffusion, suggesting diminishing returns

as policies increase. Next, while higher fossil fuel prices are expected to incentivize

renewable energy production, empirical őndings show mixed results, including cases

where rising fossil fuel prices affect renewable energy negatively. One explanation is

that fossil fuels are often better substitutes for each other, leading to a shift within

fossil sources rather than toward renewables. As discussed in da Silva et al. (2018),

this dynamic may occur in lower-income countries due to resource diversion or in

high energy-intensity countries where strong reliance on fossil fuels and constrained

renewable capacity hinder the transition.

To date, no research has directly examined the impact of public green R&D in-

vestment on renewable energy generation, making this an original contribution of

the present study.3. While Aguirre and Ibikunle (2014) and Polzin et al. (2015) con-

sider public direct investment in a broad pool of policies, they treat it as a binary

variable, which only indicates the presence or absence of such policies. Hence, this

approach is not intended to capture the actual size of investment, which is a crucial

factor in assessing its impact. More recently a few works employed government ex-

penditures on research and development in energy technologies in a similar context,

but not to investigate its impact directly on renewable energy diffusion. Using a

panel data for G7 economies, Herzer (2022) and Herzer (2023) reveal, respectively,

3It is worth mentioning that the availability of this data is quite recent, as the Energy Technology
RD&D Budgets database of the International Energy Agency is publicly available since 2020.
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that government-funded clean energy R&D have negative effects on domestic CO2

emissions and positive effects on domestic green innovation. Likewise, estimations

for OECD countries presented by Deleidi et al. (2020) suggest that public direct

investment in renewable electricity projects mobilizes private investment in the sec-

tor, with multipliers between 0.18 and 0.28. In line with Deleidi et al. (2020) and

Herzer (2023), the World Energy Investment Report highlights that public spending

on energy R&D increased by 7% globally in 2023, signaling its role in driving corpo-

rate R&D investments and fostering innovative energy companies (IEA, 2024a, pp.

150ś176).

The viability of shifting towards renewables requires substantial investments

in infrastructure and innovation, including grid systems, power plants, electricity

storage, reőtting of existing facilities, and transmission and distribution networks,

among others. Given the urgency of the investments needed and considering the

high uncertainty of its returns, the state emerges as a key actor, capable of playing

a critical role in actively planning, coordinating efforts, and mobilizing resources

to drive the ecological transition4. Although the őnancial challenges of the tran-

sition are beyond the scope of this article, it is worth noting that carbon pricing

mechanisms are likely insufficient to correct őnancial system failures in mobilizing

the volume of resources required for low-carbon investments at the necessary scale

and pace Campiglio et al. (2018). In this context, macroprudential regulation and

state-owned őnancial institutions play fundamental roles in ensuring that őnancial

markets effectively support the ecological transition (Campiglio, 2016; Feil and Feijo,

2021).5

Beyond the őnancial dimension, the scale of transformation required demands

systemic intervention. In this regard, the concept of mission-oriented innovation

policy offers a compelling approach for framing the state’s active role in driving

the ecological transition. As deőned by Mazzucato (2018), these policies involve

systemic public interventions that apply frontier knowledge to achieve speciőc soci-

etal challenges, and őghting climate change deőnitely falls within these challenges.

Mission-oriented policies highlight the inter-sectoral nature of public R&D spending

and its positive spillover effects, particularly in mobilizing private-sector invest-

ments. This is particularly relevant given the substantial investments required The

state’s role thus extends beyond merely correcting market negative externalities,

as framed in the dichotomy between market-based versus command-and-control in-

4In 2019, the European Commission estimated an annual green investment gap of 260 billion euros
to meet the -40 percent emissions reduction target (Claeys et al., 2019).

5See Dafermos (2022) for a comprehensive discussion about the őnancial and monetary challenges
in őnancing the transition to a low-carbon economy.
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struments. Rather than that, it encompasses implementing direct climate actions,

shaping industries, stimulating innovation, mitigating risks for private őrms, and

fostering the emergence of new markets through strategic planning and coordina-

tion.

In this framework, public investment plays a fundamental role, which conŕicts

with the predominance of őscal consolidation measures focused on reducing pub-

lic deőcits. Austerity became a central economic policy tool following the 2008ś09

őnancial crisis (Blyth, 2013), when the proponents of Expansionary Austerity The-

ory (EAT) argued that deep and sustained cuts to public expenditures would sig-

nal őscal discipline, foster optimism among private agents, enhance trust in public

debt solvency, and reduce őnancial market vulnerabilities and interest rates. These

mechanisms, they claimed, would stimulate proőtability, private investment, and

economic growth (Alesina et al., 2018). However, beyond theoretical and empiri-

cal fragilities (see Botta and Tori (2018)), these policies failed to deliver on their

promises6. Moreover, by sidelining public spendingÐa critical component of aggre-

gate demandÐ austerity policies gave up on a crucial instrument for restimulating

the economy during periods of weak private demand. In the context of climate

change, neoliberalism and the ecological transition are fundamentally conŕicting

(Saad-Filho and Feil, 2024), with predominance of market-based instruments and

austerity policies being key manifestations of this incompatibility, as they hinder

climate action by constraining the state’s capacity to make the urgent investments

needed to mitigate climate change. If private őrms are discouraged from invest-

ingÐat least at the scale required for a rapid transitionÐdue to high risks and

uncertain proőtability, the question is about who could drive this transition if the

state remains constrained by austerity.

While austerity policies further limit the already insufficient public budgets for

energy R&D7, these investments still represented a form of direct public climate

action in recent decades. Hence, investigating their effectiveness contributes not only

to the empirical environmental policy literature but also to the broader discussion

on the political economy of the green transition. By focusing on public green R&D

spendingÐan unexplored connection in the literatureÐand building on previous

contributions, this article examines the determinants of renewable energy diffusion

and its impact on climate change mitigation through different forms of state action.

6Despite low interest rates and labor market reforms, private investment remained subdued, eco-
nomic growth stagnated, and őnancial markets stayed precarious, while economic stagnation and
inequality worsened (Pariboni et al., 2020; Deleidi and Mazzucato, 2019).

7Considering that the budget of the European Union amounts to around 1% of GDP of the EU,
direct public green investment will inevitably have a secondary participation given the large volume
of resources required.
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The transition to greener production fundamentally depends on renewable energy

availability, with public investment representing a direct form of intervention. On

the other hand, and more compatible with austerity, carbon pricing and regulatory

measures inŕuence this process indirectly, driving change through incentives and

compliance mechanisms over time. The empirical analysis in the following section

evaluates the effectiveness of direct, indirect, and regulatory actions in expanding

renewable energy generation, contributing to the broader discussion on the political

economy of the green transition.

3.3 A panel cointegration analysis

This section presents the methodology to investigate the effectiveness of different

policies in expanding renewable energy and their broader impact on climate change

mitigation performance within a Panel-ARDL framework. Building on the discus-

sion outlined in Section 3.2, the policies can be categorized based on distinct forms

of state action. First, public direct investment, such as green R&D expenditures,

reŕects a direct mechanism, capable of mobilizing resources and generating positive

spillovers. Second, price controlling instruments like carbon pricing represent indi-

rect mechanisms by fostering market-driven adjustments. Third, institutional adap-

tations and environmental legislation, such as industry-speciőc emissions targets,

are a form of regulatory intervention. In sum, while public investment is directly

constrained by public budget cuts, mainstream market-based and regulatory policies

are generally in harmony with austerity measures.

Although it is considered, in line with the mission-oriented framework, that a

comprehensive strategic plan to launch the low carbon transition requires coordi-

nation of policies reŕecting distinct forms of state intervention, deőnitive answers

regarding the ideal policy mix do not exist, nor does this study aim to propose

one. Hence, this analysis’ hypothesis holds that public direct investment emerges

as a primary instrument to effectively expand renewable energy capacity and tackle

climate change, given the urgency of rapidly reducing carbon emissions.

3.3.1 Variables and data

The dataset covers the period from 1995 to 2023, featuring annual observations

for 22 OECD economies8 over a span of 29 years. The analysis primarily exam-

ines renewable power generation as the main dependent variable, while additional

8The countries in the sample are Australia, Austria, Belgium, Canada, Czech Republic, Denmark,
Finland, France, Germany, Hungary, Ireland, Italy, Japan, Netherlands, Norway, Poland, Portugal,
Slovakia, Spain, Sweden, Switzerland, and United Kingdom.
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speciőcations test the share of renewables in primary energy and climate change

mitigation performance as alternative dependent variables.

The dependent variables are intended to capture distinct aspects related to the

energy transition and the effectiveness of the different policies addressed. First,

the non-hydro renewable power generation (ren_gen) is a variable regarding the

production side, based on gross generation from renewable sources including wind,

geothermal, solar, biomass and waste, and not accounting for cross-border electric-

ity.9 Second, the share of renewables in total primary energy10 (ren_sh) reŕects

the consumption side, and is expected to capture also policy effects on fossil energy

consumption. The third dependent variable, the climate change mitigation perfor-

mance (epi) is obtained from the Environmental Performance Index (EPI) and is

aimed to capture the effects on emissions. The EPI ranges from 1 to 100, where 100

is the best performance score, and considers three policy objectives: climate change

mitigation, environmental health, and ecosystem vitality (Block et al., 2024). In this

article, epi expresses only the index for łclimate change" policy objective, which is

calculated using indicators related to pollutant emissions.11

Following the distinct forms of state intervention under consideration, the ex-

planatory variables include government R&D expenditures in energy technologies

(gov_r&d), implicit fossil fuel taxation fossil_tax, and non-market-based instru-

ments (pol_nmb), representing direct, indirect and regulatory policy categories, re-

spectively. The (gov_r&d) is obtained from the Energy Technology RD&D Budgets

database of the IEA (IEA, 2024b). Since the inclusion of this variable is pivotal in

this study, the selection of countries in the sample followed primarily the availability

of this data12. Next, the implicit fossil fuel taxation is a proxy for carbon-pricing

policies and is measured in million USD per exajoule, calculated by dividing the

9Although hydropower is a non-fossil based electricity, it is not considered in the renewable power
generation by the Statistical Review of World Energy (Energy Institute, 2024). Accordingly, hy-
dropower projects are increasingly viewed as unsustainable due to serious negative environmental
impacts. As a result, recent works typically focus on non-hydro renewable energy, although small
hydroelectric power plants are also considered when the data allows for a distinction.

10It is calculated by ’input-equivalent’ basis, indicating the equivalent amount of fossil fuel input
required to generate that amount of energy in a standard thermal power plant.

11The climate change index is composed by the following 11 indicators (weights within the paren-
thesis): adjusted emissions growth rate for carbon dioxide (25%), adjusted emissions growth rate
for carbon dioxide (country-speciőc targets) (1.67%), adjusted emissions growth rate for methane
(10%), adjusted emissions growth rate for F-gases (6.67%); adjusted emissions growth rate for
nitrous oxide (3.33%), adjusted emissions growth rate for black carbon (5%), net carbon ŕuxes
due to land cover change (3.33%), GHG growth rate adjusted by emissions intensity (20%), GHG
growth rate adjusted by per capita emissions (20%), projected emissions in 2050 (3.33%), and
projected cumulative emissions to 2050 relative to carbon budget (1.67%).

12Although the IEA dataset contains information about non-OECD economies, the length of the
series are usually signiőcantly shorter with respect to the economies in the sample, which would
make the panel strongly unbalanced.
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fossil fuel tax revenue (million USD) by its total consumption (exajoules). The

third explanatory variable counts the number of climate action and non-market

based policies (pol_nmb) adopted. Obtained from the OECD Climate Actions and

Policies Measurement Framework (see Nachtigall et al. (2022)), pol_nmb considers

sectoral non market based policies (electricity, industry, transport, and buildings)

and cross-sectoral GHG emissions target, summing up to a maximum of 15 policies

adopted.13 To control for income levels and economic growth effects, GDP per capita

(gdppc) is included as a control variable among the regressors. Table 3.1 describes

the deőnition of the variables, the data sources and the summary statistics.

Table 3.1: Variables description, data sources and summary statistics

Variable Deőnition Source Obs Mean Std.Dev. Min Max

ren_gen Total non-hydro renewable
power generation (Terawatt-
hour).

Statistical Review of World
Energy (Energy Institute,
2024).

632 20.78 34.7 0.02 252.8

ren_sh Share of renewable energy
in total primary energy con-
sumption (%).

Statistical Review of World
Energy (Energy Institute,
2024).

637 16.4 16.4 0.2 72.3

epi Environmental Performance
Index (0-100), climate
change policy objective.

Yale Center for Environ-
mental Law and Policy
(Block et al., 2024).

638 50.7 8.7 26.4 71.8

gov_r&d Government expenditures
on research and develop-
ment in energy technologies
(millions USD).

IEA Energy Technology
RD&D Budgets database
(IEA, 2024b).

564 463.4 677.14 1.56 3,599.2

fossil_tax Measured in million
USD/exajoule, it is cal-
culated by dividing the tax
revenue related to fossil
fuels (million USD) by
total fossil fuel consumption
(exajoules).

OECD Environmental
Related Tax Revenue
Database (ERTR) and
Energy Institute (Energy
Institute, 2024).

611 4,917.3 1,832.4 1,336.7 9,213.4

pol_nmb Adopted sectoral non-
market based instruments
(count variable).

OECD Climate Actions
and Policies Measurement
Framework (CAPMF).

616 8.3 3.6 1 15

gdppc Gross Domestic Product per
capita (constant 2015 mil-
lion USD).

World Bank. 638 38,213.0 18,462.6 5,628.4 97,316.9

3.3.2 Unit root tests and cointegration analysis

A panel data structure with a large number of groups and long time-series ob-

servations allows the detection of long-run effects when variables are non-stationary

and cointegrated. Essentially, non-stationary time series are cointegrated if a linear

combination of them produces a stationary series I(0). To verify stationarity, the

13As an example, the list includes ban on the construction of new and phase out of existing unabated
coal power plants, fuel economy standards, and energy efficiency mandates. See the metadata in
Nachtigall et al. (2022) for the full list.
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Im-Pesaran-Shin and Fisher-Augmented Dickey-Fuller unit root tests are applied at

the panel level. The results, presented in Table 3.2, reveal that the null hypothesis

of all panels containing unit roots cannot be rejected in levels for most variables,

including all three dependent variables. The exceptions are GDPpc, which is found

to be an I(0) process, and fossil_tax, which presents mixed results. Instead, the

existence of unit roots is rejected at the őrst differences with a 0.01 signiőcance level

for all variables, conőrming the non-stationarity of the panel. The stationarity of

GDPpc in levels and the mixed results yielded of fossil_tax do not pose an issue

within a panel cointegration framework, which accommodates both I(0) and I(1)

variables (Pesaran et al., 1999).

Table 3.2: Unit Root Test Results

Variable IPS* Fisher-ADF**

Levels ∆ Levels ∆

ln(ren_gen) 3.152 -8.885*** 0.358 -9.685***

(0.999) (0.000) (0.639) (0.000)

ln(ren_sh) 4.725 -14.507*** 4.158 -19.603***

(1.000) (0.000) (1.000) (0.000)

ln(EPI) 3.719 -7.610*** -0.393 -6.905***

(1.000) (0.000) (0.347) (0.000)

ln(gov_rd) 0.433 -12.889*** 1.906 -14.634***

(0.668) (0.000) (0.970) (0.000)

ln(fossil_tax) -1.045 -12.090*** -2.454*** -12.172***

(0.148) (0.000) (0.008) (0.000)

pol_nmb 5.351 -11.754*** 5.874 -17.824***

(1.000) (0.000) (1.000) (0.000)

ln(GDP_pc) -2.498*** -12.172*** -2.629*** -16.632***

(0.006) (0.000) (0.0049) (0.000)

* Z-t-tilde-bar test.

** Inverse logit t-test, 1 lag.

p-value in parentheses.

Conőrmed that the panel is non-stationary, various tests are conducted to exam-

ine whether the variables are cointegrated14. The results of the cointegration tests
14A word of caution should be expressed when dealing with both stationarity and cointegration tests,

as they were originally developed for time-series econometrics and later adapted for panel data.
Therefore, the panel-level results should be interpreted carefully, as the properties may vary across
countries. For this reason, more than one test is conducted.
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are summarized in Table 3.3. The null hypothesis for all the tests is that there is no

cointegration. However, the alternative hypotheses differ: for the Pedroni test, it as-

sumes that all panels are cointegrated; for the Westerlund test, it assumes that some

panels are cointegrated; and for the Johansen-Fisher test, it assumes the existence

of at least one (or more) cointegrating relationships.

Table 3.3: Cointegration Test Results

DepVar Pedroni Westerlund Johansen-Fisher

PP-mod PP ADF VR Trace Max-eigen

ln(ren_gen) 2.150** -1.644** -1.173 -2.020** 518.1*** 327.4***

(0.016) (0.050) (0.120) (0.021) (0.000) (0.000)

ln(ren_sh) 0.908 -5.036*** -4.012*** -3.053*** 458.7*** 294.6***

(0.182) (0.000) (0.000) (0.001) (0.000) (0.000)

ln(EPI) 3.346*** 0.783 2.288** -2.131** 481.8*** 306.1***

(0.000) (0.217) (0.011) (0.016) (0.000) (0.000)

p-value in parentheses.

In qualitative terms, all the tests provide the same result, and the null hypothesis

of no cointegration is rejected across all model speciőcations at the 0.05 signiőcance

level using the Pedroni, Westerlund, and Johansen-Fisher15 tests. For the Johansen-

Fisher test, both the Trace and maximum eigenvalue statistics reject the null at the

0.01 level. These results conőrm the variables are cointegrated, indicating a long-run

equilibrium relationship.

Given that the panel is non-stationary and cointegrated, the error term is sta-

tionary (I(0)) for all cross-sectional units (Blackburne III and Frank, 2007). The

cointegration property highlights the variables’ tendency to adjust toward equilib-

rium after deviations, justifying the use of an error correction model (ECM). The

Panel ARDL framework, incorporating the ECM, allows for capturing both the

short-term dynamics of the variables and their adjustments to long-run equilibrium,

providing a comprehensive tool for the analysis.

15The Johansen Fisher Panel Cointegration Test hypothesizes the number of cointegration equations
(CE). In Table 3.3, the null hypothesis tested is the absence of CE (none). However, it is worth
noting that the test rejects the null hypothesis of at most two CE at a 0.01 signiőcance level,
suggesting the presence of at least two cointegration equations.
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3.3.3 A Panel Autoregressive Distributed Lags (ARDL) Model

Macro panels with large N (number of cross-sectional units) and large T (time

series lenght) integrate features from panel data and time-series econometrics, in-

spiring a new strand of estimators in the late 20th century (Pesaran and Smith,

1995). With sufficiently large T , heterogeneous regressions with unique slopes for

each cross-sectional unit became feasible, replacing pooled regression models. This

framework also facilitates applying time-series techniques to panels, such as address-

ing non-stationarity and cointegration. The econometrics of non-stationary hetero-

geneous dynamic panels combine the strenghts of increased statistical power from

the cross-sectional data with the time-series methods of dealing with non-stationary

data (Baltagi and Kao, 2000).

The model is speciőed in Equation 3.1 as an autoregressive distributed lag

(ARDL) dynamic panel.

yit =

p
∑

j=1

λijyi,t−j +

q
∑

j=0

δ′i,jXi,t−j + µi + ϵit (3.1)

Where the number of groups i = 1, 2, ..., N ; the number of periods t = 1, 2, ..., T ;

Xit is a k× 1 vector of explanatory variables; δit are the k× 1 coefficient vectors; λij

are the scalar coefficients for the lagged dependent variable; p and qk represent the

maximum number of lags of the dependent and k explanatory variables, respectively;

µi is the group-speciőc effect; and ϵit is the error term.

Considering the panel is non-stationary and cointegrated, Equation 3.1 can be

reparameterized into an error correction equation (Equation 3.2):

∆yit = ϕi (yi,t−1 − θ′iXit) +

p−1
∑

j=1

λijyi,t−j +

q−1
∑

j=0

δ′i,jXi,t−j + µi + ϵit (3.2)

Where the parameter ϕi is the error-correcting speed of adjustment term. If

ϕi = 0, there is no evidence of a long-run relationship. If ϕi > 0, the model is

explosive and the long-run relationship is not stable. The error-correcting term is

expected to be negative (ϕi < 0) and statistically signiőcant under the assumption

that the variables return to long-run equilibrium after deviations. Finally, the vector

θ′i contains the long-run relationships.

The three main techniques for estimating non-stationary dynamic panels, as

in Equation 3.2, are the Dynamic Fixed Effects (DFE), Mean-Group (MG) (Pe-

saran and Smith, 1995), and Pooled Mean-Group (PMG) estimators (Pesaran et al.,

1999).The DFE relies on traditional őxed-effects methods for short T , allowing

group-speciőc intercepts but constraining slopes and error variances to be identi-
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cal. However,Pesaran et al. (1999) showed that DFE produce inconsistent estimates

when the slope coefficients are not identical. As the assumption of homogeneous

slopes tends not to hold for panels with large T , the MG and PMG estimators

emerged as alternatives.

The MG őts a separate regression for each group, allowing the intercepts, slopes

and error variances allowed to differ across groups, with coefficients averaged to

obtain estimates. The PMG is considered an intermediate estimator, combining both

averaging and pooling: the short run coefficients and intercepts are heterogeneous,

as in the MG, while the long run coefficients are constrained to be equal, as in the

DFE. This assumption of a common long-run relationship is plausible for structurally

similar groups, such as OECD countries-the case of this analysis-, where shared

characteristics suggest comparable long-run responses. If this long-run homogeneity

holds, PMG is more efficient than MG, leveraging similarities between groups to

improve precision. The Hausman test assesses this assumption, and for the three

dependent variables analyzed, the null hypothesis is not rejected, supporting the

PMG as the preferred estimator.

3.4 Results and discussion

In a Panel ARDL framework, short-run dynamics are estimated using differences,

which, for log-transformed variables, effectively represent growth rates. In contrast,

the long-run analysis leverages cointegration techniques, allowing non-stationary

variables to be used in levels. This approach captures structural and persistent

relationships, rather than temporary ŕuctuations, which is particularly relevant for

the topic of renewable energy diffusion and offers an advantage over purely short-run

models.

Therefore, the interpretation of the coefficients provides different insights. If the

long-run coefficient is signiőcant, there is a stable structural relationship, meaning

that the dependent variable reacts to persistent changes in the regressor and con-

verges back to equilibrium over time. If both long-run and short-run effects are

signiőcant, the short-run coefficient measures the additional contemporaneous effect

caused by growth rate ŕuctuations, while the long-run coefficient captures the per-

sistent equilibrium relationship. If only the long-run coefficient is signiőcant, then

short-run ŕuctuations do not inŕuence the dependent variable, indicating that only

persistent changes in levels shape the equilibrium relationship, and short-run devia-

tions are not relevant for the adjustment process. If only the short-run coefficient is

signiőcant, the dependent variable responds to shocks, but the effects are temporary

and do not alter the long-run equilibrium in levels.
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In sum, the long-run coefficients reŕect the response of the dependent variable to

persistent changes in the level of a regressor. Conversely, the short-run coefficients

measure the effect of transitory ŕuctuations in the growth rate. This feature is

particularly relevant to this study. For variables such gov_r&d, the absolute level

of public investment in energy R&D is expected to matter more for renewable energy

diffusion than its rate of change.16 A similar rationale applies to the accumulated

number of non-market-based policies adopted (pol_nmb). First-differences assume

that a one-unit change has the same effect regardless of the total number of policies,

whereas using levels in the long run captures their cumulative impact. However, this

level speciőcation also imposes a linearity assumptionśthat each additional policy

has an identical incremental effectśso a quadratic term of pol_nmb is included to

account for potential non-linearities.

On the other hand, fossil_tax and GDPpc are expected to be elucidative in

both the short and long run, albeit with distinct interpretations. In the short run,

changes in the growth rate of fossil_tax capture price shocks driven by taxation

rate of change, whereas the long run reŕects persistent changes in the level of fossil

fuel tax. Similarly, GDPpc in levels captures the effect of a country’s income, while

in the short run, the coefficients express the inŕuence of the output growth rate.

Table 3.4 presents the estimated long- and short-run coefficients for the three

dependent variables considered. The error correction terms are negative and signiő-

cant in all speciőcations. It conőrms the long-run relationship between the variables

and that the system moves back toward the equilibrium, correcting for shocks and

deviations.

In the long-run coefficients, the overall results reveal that government expen-

ditures in energy R&D are positive and signiőcant at the 1% level for renewable

energy generation, renewables share, and climate change mitigation performance.

Since both variables are log-transformed, the gov_r&d coefficients are interpreted as

elasticities describing proportional differences in equilibrium. Speciőcally for model

(1) it indicates that a country with a level of gov_r&d 1% higher tends to present,

on average, a level 0.38% higher in renewable energy power generation. Beyond its

direct impact on fostering ren_gen on the production side, the signiőcant effects on

the renewables share (ren_sh) and emissions mitigation performance (epi) suggest

that gov_r&d may also contribute to reducing fossil fuel consumption. Regarding

the latter, this effect may arise through substitution due to expanded renewable ca-

pacity, as expanded renewable capacity can displace fossil fuels, or through energy

16In Appendix 3.A, the őgures from 3.A1 to 3.A7 illustrate the evolution of the variables at the
country level.
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Table 3.4: Panel ARDL - Pooled Mean Group Estimation Results

ln(ren_gen) ln(ren_sh) ln(epi)

(1) (2) (3)

Long-Run Coefficients

ln(gov_r&d) 0.383*** 0.257*** 0.130***

(0.123) (0.046) (0.027)

ln(fossil_tax) -0.076 0.815*** 0.265**

(0.553) (0.222) (0.134)

pol_nmb 0.611*** 0.089* 0.223***

(0.125) (0.051) (0.030)

pol_nmb2 -0.035*** -0.0023 -0.013***

(0.006) (0.003) (0.002)

ln(GDPpc) 3.097*** 0.320 -0.601***

(0.693) (0.242) (0.216)

Constant -2.172*** -1.375*** 0.302*

(0.730) (0.466) (0.155)

Short-Run Coefficients

EC Term -0.071*** -0.149*** -0.045*

(0.023) (0.048) (0.024)

∆ln(gov_r&d) 0.008 -0.001 0.005

(0.022) (0.020) (0.006)

∆ln(fossil_tax) 0.051 0.261** 0.002

(0.081) (0.104) (0.0603)

∆pol_nmb -0.088* -0.056 -0.012

(0.0531) (0.0562) (0.0125)

∆pol_nmb2 0.004* 0.002 0.001

(0.002) (0.003) (0.001)

∆ln(GDPpc) 0.007 -0.793*** -0.552*

(0.355) (0.235) (0.301)

Observations 518 518 517

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

efficiency-improving technologies. These őndings reinforce this work’s hypothesis on

the role of public spending in driving the transition toward a low-carbon economy.

Analyzing the models individually, the long-run results of speciőcation (1) indi-

cate that, in addition to gov_r&d, non-market-based policies and GDP per capita

are key determinants of renewable energy diffusion. The result for GDPpc is in line

with previous studies. The coefficient suggests that, in the long run, a 1% higher

GDP per capita is associated with a higher 3% renewable energy generation in TWh,

likely reŕecting a country’s capacity to invest in expensive technologies such as re-

newables. Instead, despite the strong long-run relationship, either gov_r&d and
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GDPpc are not found to be signiőcant in the short run, reinforcing the interpreta-

tion that, for these variables in this context, analyzing the levels are more relevant

than ŕuctuations in growth rates.

Regarding pol_nmb, the long-run results reveal a positive but diminishing effect

(inverted U-shape) on both rengen and epi, as captured by the negative coefficient

of the squared term (pol_nmb2). On average, an additional policy is associated

with a 0.6% higher renewable power generation, although this effect weakens as

the total number of policies rises. In the short run, however, the negative and

signiőcant coefficient at the 10% level suggests that an incremental policy initially

has a negative impact, though the squared term indicates an eventual increase. This

likely reŕects the time required for market adaptation and compliance by őrms and

institutional actors. Taken together, these őndings suggest that non-market-based

policies take time to yield positive effects on renewable energy generation and that

their effectiveness diminishes as the total number of policies grows.

On the other hand, fossil_tax is found to be non-signiőcant. As discussed,

previous studies report mixed őndings on the impact of rising fossil fuel prices,

including potential negative effects on renewables. Given that the sample consists of

OECD countries, mostly advanced and industrialized economies, their high energy-

intensity may indicate a deeper reliance on fossil fuels, which could explain the

non signiőcant results. If renewable technology remains relatively expensive, an

increase in the price of one fossil fuel may lead to a shift toward another, effectively

diverting resources away from renewables. This őnding challenges the central role

often attributed to instruments like carbon pricing in unlocking the low-carbon

transition, both in the literature and among policy makers.

In a context where renewables generation is largely insufficient to meet total en-

ergy demand, it is more likely that price increases are primarily accommodated by

adjusting total energy consumption rather than shifting toward renewables produc-

tion. Therefore, the speciőcations (2) and (3) not only represent auxiliary models for

robustness checks, but also provide complementary insights to the analysis. Their

results suggest that fossil_tax is an effective policy for both increasing the renew-

ables share in primary energy consumption and improving mitigation performance.

The long-run coefficient in (2) suggests that a sustained 1% increase in fossil fuel

taxation is associated with a 0.8% relative increase in the renewables share. More-

over, the coefficient remains positive and signiőcant in the short run, indicating that

the renewables share responds effectively to transitory shocks in fossil fuel prices.17

17Recall that the PMG estimator őts one regression for each country, allowing intercepts and slopes
to vary. The results presented in Table 3.4 represent cross-country averages.
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In sum, these results suggest instruments such as fossil_tax, which ultimately

affect energy prices, can reduce fossil fuel consumption but are not effective in fos-

tering renewable energy generation. As discussed in Section 3.2, these effects are,

at best, insufficient to drive the energy transition, as fossil fuel consumption cannot

be indeőnitely reduced without alternative sources given current living standards.

Moreover, this raises concerns about energy poverty and the social justice implica-

tions of the energy transition (Walker and Day, 2012; Carley and Konisky, 2020).

Energy is an essential good, and systems such as home heating remain heavily de-

pendent on natural gas, making households particularly vulnerable to fossil fuel

price shocks. Naturally, the extent to which rising fossil energy prices impact con-

sumers depends on the accessibility and affordability of renewable alternatives. In

this regard, a higher share of renewables has been linked to energy poverty allevia-

tion (Śmiech et al., 2025). Therefore, if price-based instrumentsÐincluding carbon

pricing and fossil fuel taxationÐare not complemented by policies that effectively

promote renewable energy generation, their adoption becomes highly questionable,

not only due to their inefficiency in driving the energy transition but also because

of their potential to exacerbate energy poverty and vulnerability.

Furthermore, models (2) and (3) provide additional context for interpreting

GDPpc within the broader ecological transition. While model (1) suggests that

countries with higher GDP per capita tend to have greater renewable energy gener-

ation capacity, model (2) indicates a negative effect of GDP growth on the renew-

ables share in primary energy. Additionally, model (3) reveals that GDP_pc has

a negative impact on emissions mitigation performance in both the short and long

run. Despite their opposite signs, these results are not contradictory. Rather, they

complement each other and should be interpreted jointly.

In model (2), the short-run coefficient captures the effect of GDPpc growth, which

inevitably drives up aggregate energy demand. Consequently, if economic output

grows at a faster pace than renewable energy generationÐassuming constant energy

efficiencyÐthe renewables share in primary energy consumption necessarily declines.

The non-signiőcance of the long-run coefficient likely reŕects the two-way effect of

GDPpc on the renewables share, as it positively impacts both renewables generation

and total energy consumption.

Accordingly, the negative coefficients of GDPpc on emissions mitigation perfor-

mance in model (3) might reŕect, in a way, the isolated effect of economic growth

on energy demand. An increase in output entails higher demand for energy, which,

unless fully met by renewable sources, results in greater fossil fuel consumption. Fol-

lowing this logic, while economic growth contributes to rising pollutant emissions, a
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higher level GDP per capita is also associated with higher total demand for energy18.

This explains the negative effects on mitigation performance observed in both the

short and long-run estimations.

Finally, the empirical őndings support the main conclusions drawn from the

analytical model developed in Chapter 2 of this thesis, which suggests that expand-

ing renewable energy generation within a low-growth scenario is more conducive

to advancing the energy transition. In sum, continuous economic growth drives

a corresponding rise in energy demand, making the phase-out of fossil fuels more

challenging. This conclusion aligns with post-growth perspectives, highlighting that

slowing economic growth effectively extends the timeframe available for carrying out

the energy transition.

3.5 Concluding remarks

By analyzing the effects of public investment in energy R&D on the deployment

of non-pollutant energy sources and overall climate change mitigation performance,

this article makes a novel contribution to the empirical literature on environmental

policy effectiveness and the determinants of renewable energy diffusion. At the

same time, it foments a broader discussion on the political economy aspects of

the ecological transition regarding the state’s role and the threat of őscal austerity

premises.

Altogether, the results of the panel-ARDL estimation suggest that a comprehen-

sive strategy for the ecological transition requires a mix of state interventions, with

direct actions such as public investment in energy R&D playing a key role in both

expanding renewable energy capacity and improving climate change mitigation per-

formance. Meanwhile, regulatory non-market-based policies come up as important

complementary actions. However, an inverted U-shaped relationship suggests their

effectiveness diminishes as the number of policies in place increases. In contrast,

market-based instruments such as carbon pricing and fossil fuels taxation ultimately

constrain fossil fuel consumption but fail to drive the expansion of renewable energy

generation. Therefore, an exclusive emphasis on these policy instruments proves

ineffective in driving the energy transition and risks exacerbating fuel accessibility

inequalities and deepening energy poverty. However, it is important to approach

these results with caution. While the estimates are statistically signiőcant and pro-

duce coefficients of reasonable magnitude (as well as the expected sign), the nature

of panel analysis means that the results should be seen as an average across the

18Graph XXX in Appendix illustrates the relationship between the GDP per capita and energy
consumption per capita for the countries in the sample.
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countries included in the estimation. As a result, the policy implications drawn

from them are general in nature and should be tailored to each country individually.

Given the inherent limitation of energy efficiency improvements and resource

allocation optimization in driving a near-zero emission scenario, decarbonizing the

economy ultimately depends on expanding renewable energy capacity generation.

In this context, public investment in energy R&D represents a climate action in-

strument directly impacting its deployment. Moreover, as highlighted by previous

studies discussed in this article, public investment in energy R&D generates pos-

itive spillovers. It helps mitigate the high risks and uncertain returns associated

with large-scale renewable energy projects, ultimately crowding in private resources.

Thus, the state’s role goes beyond merely correcting negative market externalities;

rather, it can actively shape the structural conditions necessary for the energy tran-

sition.

Nevertheless, public direct investment remains a marginal instrument within the

mainstream climate policy toolkit, which continues to prioritize market-based and

price-controlling mechanisms as the primary instruments to drive the energy transi-

tion. These policies are compatible with the őscal austerity discourse. In this sense,

the already insufficient public budgets for climate action are increasingly at risk,

as the deepening of political and institutional commitments to őscal consolidation

and public spending cuts across several advanced economies further constrains the

state’s ability to support the ecological transition.

In this context, the political economy dimension of the ecological transition can-

not be overlooked, as disputes over how much to spend and where to allocate public

resources highlight that these are inherently political decisions. Extending Blyth ’s

inŕuential book titled "Austerity: The History of a Dangerous Idea" (2013), auster-

ity has unfolded as an environmentally dangerous idea in the face of the ecological

crisis.
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Appendix

3.A Panel variables at country-level

Figure 3.A1: Renewable energy generation (TWh)
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Figure 3.A2: Renewables share in primary consumption

Figure 3.A3: Environmental Performance Index (climate change mitigation)
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Figure 3.A4: Public investment in energy R&D (millions USD

Figure 3.A5: Fossil taxation (million USD/exajoule)
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Figure 3.A6: Policies in place - non-market-based

Figure 3.A7: GDP per capita (million USD)
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Figure 3.A8: Scatterplot GDP per capita and energy consumption per capita
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