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and network externalities. Sustainable transitions are addressed as a multiple equilibria
problem. A pollution tax can trigger a sudden transition as a bifurcation event, at the
expenses of large policy efforts. Alternatively, periodic dynamics can arise. Technologi-
cal progress introduced in the form of endogenous learning curves stands as a fundamental

jCE6Lchassy‘?canon: factor of sustainable transitions. For this to work, the positive feedback of network exter-

D62 nalities and social interaction should be reduced initially, for instance by promoting niche

033 markets of clean technologies and making technological standards and infrastructure more

Q55 open. Traditional policy channels such as pollution tax and feed-in-tariffs have an auxiliary
- yet important - role in our model. Compared to feed-in-tariffs, a pollution tax promotes
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1. Introduction

Resource scarcity, climate change and environmental justice are among the major challenges faced by human mankind in
present times. These challenges require profound changes of industrial and agricultural sectors, but also involve behaviours,
institutions and more generally the organization of society. In particular environmental challenges call to reform energy,
housing, and transportation, and pose new targets for technological progress towards sustainable solutions (van den Bergh,
2012).

There is currently little evidence that major changes occur in energy solutions, and in particular no evidence of relevant
transitions towards sustainable power generation. Fig. 1 contains the time series of different sources of energy production in
the United States. The data show little change from 1972 until 2008: the aggregate amount of fossil fuels (coal, oil and gas)
maintains its leadership almost untouched, and renewable energy is not able to score any appreciable gain of market shares.
All this suggests that the economy and the whole society are stuck into an equilibrium where fossil fuels are the dominant

" The author is grateful to Cars Hommes, Jeroen van den Bergh, William Brock, Adriaan Soetevent and Koen Frenken for valuable comments. The article
benefited from feedback by the two anonymous referees, as well as the participants of Tinbergen Institute seminars in Amsterdam, the EAERE 2012
conference in Prague and the WCERE 2014 congress in Istanbul.

* Correspondence to: Department of Economics, University of Bath, 3 East Building, Claverton Down, BA2 7AY Bath, UK. Tel.: +44 01225 384511.
E-mail address: paolo.zeppini@gmail.com

http://dx.doi.org/10.1016/j.jebo.2015.01.006
0167-2681/© 2015 Elsevier B.V. All rights reserved.


dx.doi.org/10.1016/j.jebo.2015.01.006
http://www.sciencedirect.com/science/journal/01672681
http://www.elsevier.com/locate/jebo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jebo.2015.01.006&domain=pdf
mailto:paolo.zeppini@gmail.com
dx.doi.org/10.1016/j.jebo.2015.01.006

188 P. Zeppini / Journal of Economic Behavior & Organization 112 (2015) 187-203

1800

1600

1400 -

1200

1000

Mtoe

800

600

400

200

1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008

mCoallpeat ®Oil ®mGas DNuclear ®Hydro @ Comb.renew. & waste B Geothermal/solar/wind ‘

Fig. 1. Energy production in US: time series of different sources (source: OECD/IEA).

technology for energy production. Why this is so, despite substantial technological progress in renewable technologies, and
environmental policy actions, at least in some developed countries? Power generation is just one, yet important, example
of industrial sectors causing major damages to the environment and contributing to climate change. Other examples are
transportation systems, which also heavily rely on fossil fuels.

Technology plays a primary role in the interplay between the economy and the natural environment, which is strongly
relevant to a model of climate change mitigation. However, this role has been recognized only recently. In the economic
literature, notable examples are models of endogenous growth theory, such as Acemoglu et al. (2012) and integrated assess-
ment modeling, as Popp (2004), for instance. However these models pose little attention to the heterogeneity of economic
agents and their decision process, neither to the dynamics of competition between multiple technological options. The study
of these issues in the context of sustainable transitions is the starting point of our paper.

Sustainability concerns have become central in innovation studies and environmental economics, leading to the concept
of “sustainability transitions” (Kemp, 1994; Kohler et al., 2009; Markard et al., 2012). A transition path of climate change
mitigation is quite different from a gradual and linear path, with strong implications for macroeconomic theory and environ-
mental policy (van der Ploeg, 2011). Moreover, the intrinsic dynamic nature of a transition event finds a natural conceptual
framework in evolutionary modelling (Foxon, 2011).

Sustainability transitions often imply a regime shift from an established technology to an innovative technology. The
idea of technological regime is central to transition thinking and to evolutionary economics (Nelson and Winter, 1982). A
technological regime has often the connotation of “lock-in” (Arthur, 1989). A technological lock-in is a state in which one
technology is dominant in a particular application domain or industrial sector, and competing alternatives find it hard if not
impossible to enter the market, even if they are socially desirable (David, 1985).

Technological lock-in is the result of increasing returns to adoption: a technology tends to be more attractive the more
it is adopted. Several factors give place to this positive externality in adoption decisions: learning effects among producers
and users, the advantages of common standards and infrastructure, and the provision of complementary goods, services
and institutions. These factors add to the utility of using a technology and in economics are often referred to as “network
externalities” (Katz and Shapiro, 1985).

Network externalities give rise to barriers which are strong to be broken. This scenario translates into multiple equilibria,
and once the economy is stuck in one of those, with one technology dominating the market (technological lock-in), it is hard
for alternative technologies to gain market shares, let alone to overcome the dominant technology. In the energy sector, a
shift from the equilibrium represented by fossil fuels is very hard to achieve, due to the large scale of infrastructures and
amount of investments, a fact that suggested the notion of “carbon lock-in” (Unruh, 2000; Kénnéld et al., 2006). A possible
way to escape carbon lock-in has been analysed by Zeppini and van den Bergh (2011) with the concept of “recombinant
innovation”.

There are other sources of positive feedback, beside network externalities, which stem from social interactions in the
form of imitation and social learning (Young, 2009), conformity effects and habit formation (Alessie and Kapteyn, 1991), or
even forms of recruitment (Kirman, 1993). In this paper we propose an analytical framework for the study of sustainability
transitions based on discrete choice dynamics, building on social interactions models such as Brock and Durlauf (2001).
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