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Abstract: The global energy industry is transforming as governments invest in clean

energy technologies to address climate change, enhance energy security, and

strengthen national competitiveness. Comparative research on clean energy

transitions highlights the domestic drivers and constraints of clean energy

transitions. This article contends that we need to understand the effects of global

interdependence on clean energy transitions. Shifts in forms of interdependence

betweenfirms—influencedby the riseof global supply chains—havenew implications

for policy choicesmade by governments. Governments facemore complex demands

fromdomestic industries facing global economic competition, and act strategically in

response to the actions of other governments, including sub-national actors, and

firms in the global economy. We suggest that research on interdependence in

clean energy transitions benefits from an analytical focus onmechanisms of transna-

tional change such as cross-national and multi-level policy feedback and cross-

national policy sequencing. Global interdependence has important implications for

economic and environmental outcomes, affecting the durability of competitive

advantage, and influencing the pace of the diffusion of clean energy technologies.
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Introduction

The rise of clean energy technologies is transforming the global energy industry.

Global investment in clean energy technologies was US$571 billion in 2017,

*Corresponding author: Jonas Meckling, Assistant Professor of Energy and Environmental Policy,
Dept. of Environmental Science, Policy, and Management, University of California, Berkeley, 130
Mulford Hall, #3114, Berkeley, CA 94720; Email: meckling@berkeley.edu

Llewelyn Hughes, Associate Professor of Public Policy, Crawford School of Public Policy, Australian
National University, Lennox Crossing, Canberra 2601, Australia; Email: llewelyn.hughes@anu.edu.au

The authors contributed equally to the manuscript. We thank Henry Farrell, Kathy Hochstetler,

Abe Newman, Valerie Karplus, Tobias Schmidt, Sam Trachtman, the anonymous reviewers, and

the editors for helpful comments. We are grateful for research assistance by Nicholas Goedeking.

Business and Politics 2018; 20(4): 467–491

© V.K. Aggarwal 2018 and published under exclusive license to Cambridge University Press

https://doi.org/10.1017/bap.2018.25 Published online by Cambridge University Press

mailto:meckling@berkeley.edu
mailto:llewelyn.hughes@anu.edu.au
https://doi.org/10.1017/bap.2018.25


reaching over 60 percent of the US$927 billion invested globally in fossil fuels.1

Government intervention is one factor driving these investments in clean energy

technologies globally.2 Green industrial policies include subsidies for producers

and consumers, local content rules, and trade barriers, amongst others. Many of

these tools were employed in the 1980s, when governments competed for

market share in information technology, autos, aircraft, telecommunications,

and electronics.3 Today, governments have shifted their attention to the energy

sector in an attempt to promote growth by developing and commercializing

clean energy technologies, while simultaneously addressing climate change and

energy security concerns.4

A key question that emerges from this backdrop is how politics affect clean

energy transitions. Broadly speaking, governments have adopted two, interrelated,

approaches to promoting clean energy transitions. Top-down efforts have seen

national governments engage in international negotiations on climate mitigation,

such as under the United Nations (UN) or in the European Union, leading them to

adopt policies that begin to transform their energy sectors. In bottom-up efforts,

governments have sought foremost to negotiate changes to national energy and

climate policies with domestic interest groups, before aggregating these into

global agreements. The Paris Agreement of 2015 has given primacy to the

second of these approaches.5

This article contends that we need to understand the effects of global interde-

pendence on clean energy transitions, complementing research into top-down

and bottom-up policymaking.6 Shifts in forms of interdependence between

firms—influenced by the rise of global supply chains (GSCs) and China—have

new implications for policy choices made by governments. Governments

face more complex demands from domestic industries facing global economic

competition, and act strategically in response to the actions of other governments

and firms in the global economy.7 Also, industrial policies designed and

1 Clean energy technologies included in the calculation are renewable and nuclear power gen-

eration, renewable energy for transport and heat, and energy efficiency. Fossil fuel investments

include upstream and downstream investments in oil and natural gas, coal mining and infrastruc-

ture, and coal, gas, and oil power generation. Investment in electricity networks is excluded from

the calculation as services both fossil fuel and renewable electricity sources (IEA (2018), 26).

2 Rodrik (2014); Harrison et al. (2017).

3 Scherer (1992); Tyson (1992).

4 Aggarwal and Evenett (2012); Jaffe (2018).

5 Jordan et al. (2015); Bodansky (2016).

6 Farrell and Newman (2014).

7 The terms global supply chain, global value chain, global production network, global commod-

ity network, and others, have been used across different disciplines to describe a broadly similar
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implemented by sub-national bodies such as energy ministries have important

effects for governments and companies transnationally. Interdependence

through economic and policy competition is thus a defining feature of clean

energy transitions, in addition to purely cooperative outcomes that result from

transnational interdependence in climate governance.8 The importance of new

patterns of interdependence between governments and firms has increased

given the focus of the Paris Agreement on bottom-up forms of international

cooperation.

We pay particular attention to the effect of interdependence on green indus-

trial policy. Industrial policies, which are defined as government policies that seek

to promote decarbonization while promoting national economic advantage, are

crucial to clean energy transitions. First, firms underinvest in clean technologies

due to knowledge spillovers and other kinds of market failure, which makes a

case for government investment. Second, prices do not internalize the local and

global environmental effects of fossil fuels, suggesting a role for government inter-

vention through industrial policy.9 Business actors are also central to decarboniz-

ing energy systems investing in new low-carbon industries, and facing the prospect

of managing the transition away from carbon-intensive fuels.

New forms of interdependence also have important implications for economic

and environmental outcomes. Economically, the rise of GSCs offers an opportunity

for companies in developing and middle-income countries to capture the value

associated with the development of clean energy technologies through industrial

upgrading.10 On the one hand, complementarities in innovation can emerge

between companies in different countries. On the other, the globalization of inno-

vation systems also presents challenges for first movers in clean energy technolo-

gies, which are often advanced industrialized countries, to maintain competitive

advantage, as GSCs lower the barriers for market entry. Environmentally, interde-

pendence matters because it influences the cost of clean energy technologies as

well as the technology choices that companies make through temporal processes

of lock-in, both of which affect the pace of the diffusion of clean energy

technologies.

The remainder of this article proceeds as follows. First, we review the existing

literature on clean energy transitions and lay out an interdependence perspective.

phenomenon in which productive processes are segmented and relocated across both firm and

national boundaries. For a discussion, including regarding measurement, see Sturgeon et al.

(2013).

8 Andonova (2009); Bulkeley et al. (2014).

9 Rodrik (2014).

10 Humphrey and Schmitz (2002); Zhang and Gallagher (2016).
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Second, we discuss firm/market interdependence and policy interdependence,

drawing broadly from cases in the literature. Third, we examine how interdepen-

dence plays out in distinct mechanisms over time, including feedback and

sequencing. Throughout we relate the articles of this special issue to the analytical

themes discussed. The final section summarizes the article and discusses the eco-

nomic and environmental implications of interdependence in clean energy.

Clean energy transitions in a global economy

Transforming the energy sector involves technological, economic, and social

changes across multiple dimensions.11 It is a form of large-scale structural eco-

nomic change. Given the distributive implications of policies, politics affects

both the ambition of clean energy efforts, and the choice of policy instruments

used to promote clean energy transitions in important ways.

The relationship between global and national efforts to promote clean energy

transitions has changed over time. In 1997 the Kyoto Protocol established national

targets and timetables for industrialized states to reduce carbon emissions relative

to a baseline. The top-down narrative focused on multilateral climate mitigation

bargaining, in forums such as the UN or the European Union, and led countries

to adopt policies that transformed their energy sectors. The pledge-and-review

process agreed to in the 2015 Paris Agreement focuses instead on national

pledges that are reviewed and updated every five years. The agreement thus

reflects the de facto recognition of the primacy of domestic over international

climate and clean energy politics.12 This bottom-up perspective suggests that

national policy choices aggregate to global commitments.13 Analytically, the

bottom-up approach mirrors that of an open economy politics approach14 in

which government policies emerge from bargaining between domestic interest

groups. Outcomes of international agreements are then determined by negotia-

tions between governments. Reflecting this, numerous studies of climate and

clean energy transitions focus on domestic processes of interest formation and

bargaining.15

However, while domestic politics remain crucial, we suggest that both govern-

ments and organized interests negotiate and implement policies supporting clean

11 Geels (2017).

12 Bodansky (2016).

13 Victor et al. (2005); Sabel and Victor (2015).

14 Lake (2009).

15 Hochstetler and Kostka (2015); Stokes (2015); Meckling and Nahm (2018).
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energy transitions under conditions of increasing global interdependence.16

Further, while decisions made by governments and firms have long been affected

by choices made in other jurisdictions, we propose that the depth and complexity

of independence places policymakers and managers in a qualitatively different

environment. In developing an interdependence perspective on clean energy tran-

sitions, we draw on the new interdependence approach in comparative and inter-

national political economy.17 This approach and our adaptation are new for both

theoretical and empirical reasons. Theoretically, the new interdependence

approach extends early work on interdependence by identifying the causal mech-

anisms through which interdependence affects policy processes.18 In this article,

we engage specifically with feedback and sequencing mechanisms. Empirically,

we suggest that the “second unbundling” of global production and trade

through the rise of GSCs has altered economic interdependence.19 This has

crucial implications for the influence of policies beyond national borders, includ-

ing extraterritorial effects of policies and the role of sub-national actors in transna-

tional policymaking.

Increasing global interdependence affects firm and government behavior

through a variety of mechanisms, including cooperation, learning, imitation,

and coercion.20 Research on climate policy shows how interdependence can

promote new forms of cooperation through transnational climate governance

mechanisms. Transnational climate governance refers to cooperation, involving

sub-national and non-state actors, such as sub-national governments, non-gov-

ernmental organizations, domestic regulatory agencies, firms, and others, that

transcends national borders.21 Cooperation can take the form of information

sharing, capacity building, and rule-setting towards a shared public goal.22

Domestic factors, such as levels of wealth, the structure of political institutions,

and the positions adopted by home governments towards climate change, also

affect the extent to which cooperation occurs transnationally, including in clean

energy technologies.23

Clean energy transitions are also characterized by competitive dynamics. For

instance, falling solar photovoltaics (PV) module prices have been a key feature of

the rapid reductions in solar system prices globally, and this is linked to the

16 Kern and Rogge (2016).

17 Farrell and Newman (2015).

18 Keohane and Nye (1977); Oatley (2011), 318; Farrell and Newman (2014), 344.

19 Baldwin (2016).

20 Elkins and Simmons (2004).

21 Andonova et al. (2009), 52.

22 Bäckstrand (2008).

23 Andonova et al. (2017).
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entrance of Chinese solar PV module manufacturers that developed enormous

manufacturing capacity.24 Competitive dynamics can produce some forms of

transnational cooperation. The setting of technology standards through intergov-

ernmental and inter-firm coordination in the International Organization for

Standardization, for example, lowers barriers to market entry while facilitating

increased trade and investment in low-carbon technologies.25 Competitive

dynamics, however, can also lead to an ongoing strategic interaction over time,

as governments and companies seek to secure a durable competitive advantage

in technologies involved in clean energy transitions.

Competitive dynamics are also affected by new forms of interdependence.

Innovation systems underpinning clean energy transitions are increasingly global-

ized, for example, with implications for the investment decisions made by both

firms and governments.26 The extraterritorial effects of clean energy policies can

re-organize domestic industrial bargains, as firms and policymakers confront gov-

ernment policies and firm strategies from other jurisdictions.27 Themagnitude and

complexity of cross-national linkages today far exceed those that existed when gov-

ernments and firms first sought to promote clean energy technologies after the oil

crises of the 1970s. Policies implemented by governments in industrialized coun-

tries that create demand incentivize firms in emerging economies to enter the

market to take advantage of the export opportunity. Interdependence creates

new opportunities for industrial upgrading in developing countries, while present-

ing an opportunity for governments to affect firm behavior beyond their borders.28

Interdependence also creates new constraints for governments’ abilities to create

durable competitive advantages, as the barriers to market entry for new firms can

be lowered.

A key task is to identify and describe the factors that lead to greater interdepen-

dence facing business and governments and to outline their implications for

research and policy. In the next section, we discuss the factors deepening eco-

nomic interdependence and their implications for both business demands for

policy (section 3) and government supply of policy (section 4). The different

factors are illustratively summarized in figure 1, and discussed in detail in sections

3 and 4 below. Figure 1 does not capture all forms of interdependence, but focuses

on competitive interdependence and green industrial policies in particular.

24 Quitzow (2015); Schmidt and Huenteler (2016); Binz and Anadon (2018).

25 Potoski and Prakash (2005).

26 Binz et al. (2017); Binz and Truffer (2017); Nahm (2017).

27 Farrell and Newman (2015).

28 Crasnic et al. (2017).
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Business and interdependence

New forms of economic interdependence are driven by a transformation in the

opportunities available for business to trade and invest across borders. Changes

in the organization of the production of clean energy technologies such as solar

PV, wind power, next-generation vehicles, and other low-carbon technologies,

reflect a range of new opportunities for companies (effect 1a). The increased

range of opportunities available to business is part of a broader transformation

in the global structure of production of goods and services. Technological innova-

tion enabling knowledge to be codified and transmitted across geographic and

firm boundaries, and policy reforms reducing barriers to trade and investment,

combined have enabled the vertical disintegration of supply chains. This means

that larger shares of goods can bemanufactured by companies specializing in spe-

cific stages of the production process.29 Data suggests that by the turn of the

century up to 30 percent of world exports was already accounted for by vertical spe-

cialization across a broad range of industries.30 There is little reason to expect clean

energy technologies to be insulated from the forces driving the emergence of GSCs

in other industries, and empirical evidence is emerging that the organization of

Figure 1: The New Interdependence and Clean Energy Transitions

29 OECD, WTO, and World Bank (2014); Gereffi et al. (2005).

30 Hummels, Ishii, and Yi (2001).
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production of goods and services in industries involved in clean energy transitions

are also governed by GSCs.31

While the factors encouraging the rise of GSCs are widespread, China has

played a particularly important role in the reorganization of the markets for tech-

nologies involved in clean energy transitions.32 China is important because of its

increasing role as a supplier of intermediate and final products in low-carbon tech-

nologies, its rise as a source of demand for low-carbon technologies, and its

increased significance as an investor in research, development, and deployment

into low-carbon technologies. China represented 25 percent of total installed

solar PV capacity in 2016, and 35 percent of global wind capacity in the same

year. China also dominates other countries in terms of total deployment of

battery electric vehicles.33 Moreover, China leads in terms of total investment in

renewable energy, standing at US$78.3 billion in 2016, ahead of the European

Union at US$59.8 billion, and the United States at US$46.4 billion. Of this,

China’s spending on research and development stood at US$2 billion, behind

the European Union at US$2.2 billion, but ahead of the United States at US$1.5

billion.34 Chinese firms are also increasingly important in the supply of products.

Additionally, China is estimated to have captured 44 percent of direct and indirect

jobs in renewable energy outside large-scale hydropower, including 63 percent of

jobs in solar PV, and 44 percent of jobs in wind power.35

GSCs are enabling companies involved in clean energy transitions to benefit

from complementary capabilities elsewhere, supporting specialization, increased

productivity, and the development of economies of scale (effect 1a). Firms located

in developing countries can take advantage of the opportunities newly afforded by

GSC participation to improve capabilities. While China continues to dominate,

Steffen et al. (2018) note that the number of developing and middle-income coun-

tries with substantial investments in solar PV, wind power, and biomass, has grown

markedly. Historically, knowledge has been more readily transmitted between

31 Data constraints create an important knowledge gap in the location of productive activities in

clean energy technologies using this new form of industrial organization. Export statistics alone are

not a reliable measure of the value added within a given jurisdiction, and the data used for input-

output (IO) tables is partial (Sturgeon et al. (2013)). Importantly for clean technology industries,

IO-related data is also collected at a comparatively high level of aggregation, meaning it does not

provide information on value creation at a low-enough level of aggregation to provide a clear

picture. Meckling and Hughes (2017); Nahm (2017).

32 Lewis (2013); Gallagher (2014).

33 REN21 (2017), 144, 166.

34 Ibid., 115–6.

35 Ibid., 43.
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organizations that are geographically proximate.36 Yet if we understand proximity

as a social, in addition to a geographic, construct,37 interdependence that increases

the social proximity of firms, as occurs through GSCs, enables innovation-related

knowledge to disperse more readily than would occur in their absence. Consistent

with this, GSCs have promoted the dispersion of innovative capabilities in the solar

PV and wind industries.38 Chinese companies have used the participation in GSCs

to develop skills in innovative manufacturing techniques in solar PV module and

wind turbine technologies that complement capabilities in other markets.39 In the

case of wind power, for example, licensing arrangements between Chinese,

Danish, and German companies, along with the creation of joint ventures,

amongst other mechanisms, have enabled the transfer of knowledge.40

The ability of firms to benefit from participation in GSCs for low-carbon tech-

nologies may vary by technology type.41 For example, German suppliers benefited

from national policies more in the wind power sector than in solar PV.42 Biomass

projects also continue to be dominated by domestic private project developers.43

In contrast, Chinese solar PV manufacturers emerged to dominate module pro-

duction globally, but innovation rates in China in the wind turbines remain low,

and Chinese manufacturers in export markets are uncompetitive.44 GSCs may

also be less important in nationally bounded electricity grids.45 Traditional prob-

lems associated with grid access continue to hamper renewables development in

China, for example, despite the success the country has had in building manufac-

turing capacity.46

The new interdependence through GSCs has two main implications for the

demand side of policymaking, notably (1) business preferences and (2) the

ability of business to organize collectively. First, changes in the global organization

of production affects the types of demands organized interests make to govern-

ments (effect 1b). Policies supporting clean energy transitions have been shown

to exhibit lock-in effects, as political interests seek to protect and expand the

36 Breschi and Malerba (2001).

37 Hansen and Coenen (2015).

38 Nahm (2017).

39 Nahm and Steinfeld (2014); Nahm (2017).

40 Quitzow et al. (2017).

41 Schmidt and Huenteler (2016).

42 Pegels and Lütkenhorst (2014).

43 Steffen et al. (2018).

44 Lam et al. (2017); Quitzow et al. (2017).

45 Richter (2013).

46 Moe (2015).
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benefits they receive from support policies.47 Such self-reinforcing dynamics of

policies demand on collective action in clean energy industries. Yet the rise of

GSCs can increase the heterogeneity and number of firms in an industry, which

can translate into heterogeneity of policy preferences of business and undermine

clean energy coalitions. As a result, governmentsmay be subject tomultiple claims

by firms within an industry, creating challenging trade-offs for policymakers.48

Second, industry faces a coordination challenge in organizing new sets of

interests. When industry-wide associations are unable to act in unison due to divi-

sions in the policy preferences of their members, for example, this can lead to the

creation of ad-hoc coalitions that coalesce around areas of common interest, as has

been seen in legacy energy sectors.49 Certainly this has been a phenomenon in

recent trade cases involving domestic claims by U.S. and EU firms in the solar

PV industry, in which a series of ad-hoc coalitions were created in support of differ-

ing positions that companies adopted towards investigations into anti-dumping

and anti-subsidy measures pursued by authorities in both jurisdictions.50

Chinese-owned producers also lobbied within Europe and the United States to

oppose the imposition of barriers to trade51 (effect 1c). These Chinese importers

facilitated collective action among small and medium-sized project developers by

providing financial support for ad hoc alliances opposing tariffs. In a similar vein,

California-based solar leasing companies that emerged in the wake of early policy

adoption in the state played important roles in organizing collective action in favor

of renewable energy policy in other U.S. states.52 International project developers

have also emerged as new and important private actors involved in the diffusion of

renewable energy technologies globally,53 although the implications for interest

group coordination remain an open question.

Governments and interdependence

Growing business interdependence not only affects business demands for policy,

but also the supply of policy by governments. Interdependence through competi-

tion and trade has been shown to affect environmental regulation. For example,

early regulatory movers with large market power can lead trading partners to

47 Meckling et al. (2015); Schmidt et al. (2017); Aklin and Urpelainen (2018).

48 Meckling and Hughes (2018).

49 Downie (2018).

50 Meckling and Hughes (2017).

51 Kolk and Curran (2015).

52 Stokes (2015).

53 Steffen et al. (2018).
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adopt their environmental standards.54 The distributive effects of industrial poli-

cies supporting clean energy transitions create, however, quite different political

dynamics from environmental policy.55 Environmental regulations that impose

concentrated costs on regulated industries, for example, can lead businesses

that are disadvantaged to oppose such changes, even as they offer benefits to

the public in the form of improved environmental quality. Governments may

thus try to minimize the compliance cost for domestic industries. Environmental

policy, such as carbon pricing and performance standards, matters significantly to

the dynamics of clean energy transitions. Here we focus on green industrial poli-

cies that have been proliferating rapidly and are central to competitive interdepen-

dent dynamics. Industrial policies can provide concentrated benefits to targeted

industries, while spreading the costs of the policy to taxpayers. Industry policies

also have distributive effects for companies outside the national jurisdictions

where they are applied.56 Governments compete to provide the greatest benefits

to their domestic industries through measures such as subsidies and local content

requirements, for example. The new interdependence in global production and

innovation increases the extraterritorial effects of such green industrial policies.

Green industrial policy includes a range of policy instruments. We examine

interdependence in green industrial policy choices related to demand-pull poli-

cies—policies targeted at reducing the cost of technologies to consumers, technol-

ogy-push policies—policies that reduce the cost of technology innovation to firms,

and trade policy.57 The “lead market” hypothesis has conventionally suggested

that early movers that adopt demand-pull policies may secure a competitive

advantage by developing domestic environmental technology industries.58

These industries can then export the environmental technology to late adopters

of environmental regulations, which act as a demand pull for environmental tech-

nologies.59 In a similar vein, global competition in, for example, wind technology is

found to lead to policy diffusion by lowering the cost of environmental technolo-

gies, thus reducing the cost of policy implementation in follower countries.60While

these arguments offer a rationale for unilateral environmental regulation, they

simplify the interdependence among countries as one of regulatory diffusion.

Yet a growing number of countries not only deploy environmental technologies

54 Vogel (1995).

55 Hughes and Urpelainen (2015).

56 Peters et al. (2012).

57 Nemet (2009).

58 Jänicke and Jacob (2004); Beise and Rennings (2005).

59 Busch and Jörgens (2005).

60 Hale and Urpelainen (2014); Meckling et al. (2017); Schmidt and Sewerin (2017).
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but also produce them. The rise of GSCs has lowered the barriers to market entry

for vertically specialized firms, often from emerging economies. Their govern-

ments compete for global market share by employing industrial policy. These

new interdependencies in global policy and technology development have led

scholars to re-consider and revise the lead market model.61

Interdependence among producer countries conditions the choice of

demand-side and technology-push policies by governments, along with firm strat-

egies (effect 2a). In the development of the global electric vehicle (EV) industry, a

set of interdependencies between industrialized countries, notably Japan and the

United States, and an emerging economy, China, led to the global diffusion of the

technology. California’s Zero Emission Vehicle program and China’s EV quota,

both powerful demand-pull policies, have created a spillover effect in a number

of advanced industrialized auto nations. Germany, France, and others began to

provide EV-related technology-push policies for domestic automakers, along

with demand-pull policies for domestic deployment.62 This led to the beginning

globalization of the EV industry. The EV case shows how the rise of both GSCs

and emerging economies led to new forms of cooperative and competitive inter-

dependence. China, California, and other first movers were only able to enter EV

manufacturing because they could import intermediate products, notably batte-

ries, from Japan and South Korea, where initially all lithium-ion battery production

was located.63 In addition, early movers such as California’s Tesla also depended

initially on demand for exports to other countries with strong demand-pull poli-

cies, such as Norway. Green industrial policy of government A thus offered an

opportunity to domestic firms in country B (effect 2b). The adoption of bold

green technology and industrial policies by emerging economies has also shifted

patterns of global policy diffusion. In the EV industry, China’s quotas for EV sales

have had a global market-creating effect, incentivizing other governments to

promote EV firms and technology deployment. This suggests a “China effect”—

rather than a California effect—in which emerging economies seeking industrial

upgrading become the global pacesetters in policy.64 Green industrial policy in

an emerging economy can thus present a threat to incumbent firms in industrial-

ized countries.

61 Quitzow et al. (2014).

62 Bose Styczynski and Hughes (2018).

63 Lithium-ion batteries represent an additional form of interdependence, in this case through

cross-sectoral spill-over, in which batteries designed for use in computer laptops and other uses

were applied to the automotive sector. On spill-overs across end-product applications, see Battke

and Schmidt (2015) and Schmidt et al. (2016).

64 Meckling and Nahm (forthcoming).
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Comparing policy evolution in the solar and EV sectors, Hughes andMeckling

(2018) show in this special issue how variation in technological complexity leads to

different types of interdependence in technology-push policies. In low-complexity

technologies such as solar, market competition focuses on price, which incentiv-

izes policymakers in follower countries to provide support for increasing domestic

manufacturing capacity to achieve economies of scale and price advantages—a

process of “scaling up.” In high-complexity technologies such as EVs, market com-

petition focuses on product differentiation, which incentivizes governments in fol-

lower countries to support research and development of domestic firms to produce

differentiated products—a process of “innovating up.”

Interdependence also conditions the choice of trade policy in clean energy

industries. Trade policy has important implications for clean energy transitions.

On the one hand, open trade can facilitate the rapid development and deployment

of clean energy technologies by facilitating specialization and economies of scale,

thus driving down technology cost. But it may challenge the domestic industrial

bargains underpinning these technologies in lead markets. On the other hand,

trade protection through tariff and non-tariff barriers may increase the relative

cost of low-carbon technologies compared to conventional technologies, while

possibly ensuring domestic political support for government investment in clean

energy sectors. The rise of GSCs has lowered barriers for firms in emerging econ-

omies to enter global markets and intensified producer competition. This has led

to the emergence of trade remedy disputes in the solar and wind sectors between

mostly industrialized countries and emerging economies.65 Research shows that

the extent to which firms are tied into GSCs affects their trade policy preferences,

altering domestic clean energy technologies. In the solar case, differential levels of

integration of U.S. and EU firms with Chinese solar firms led to competing “free

trade” and “trade protection” coalitions in the two countries.66 This reflects

broader findings in international political economy (IPE) on how interdependence

through GSCs shifts trade preferences toward open trade.67

While we here focus on how different policy types affect interdependence, we

acknowledge that domestic institutions mitigate these effects in at least two ways.

First, domestic institutions affect what types of policies—such as research and

development policy versus manufacturing support—countries are likely to be

able to adopt. Domestic institutions also shape the responsiveness of countries

to interdependence.68

65 Lewis (2014); Wu and Salzman (2014).

66 Hughes and Meckling (2017); Meckling and Hughes (2018).

67 Gawande et al. (2014).

68 Neumayer and Plümper (2012).
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Interdependence over time

The politics of decarbonizing energy systems are dominated by the problem of

policy inertia due to the durability and returns to scale from existing fossil fuel tech-

nology systems.69 As a result, clean energy transitions are long-term processes of

policy change. Concepts such as policy feedback and sequencing, developed in

historical institutionalism, can be deployed to explain temporal dynamics in the

context of national energy transitions70 and climate policy more broadly.71

Cross-national policy interdependence in clean energy transitions are also affected

by temporal factors. In this section, we focus on policy feedback and sequencing

dynamics, in particular, while drawing on the new interdependence approach.72

Policy feedback

Positive feedback occurs when “an action or choice creates positive externalities

when that same choice is made by other people […] little bonuses given to

people who already made that choice or who will make that choice in the

future.”73 Positive feedback underpins lock-in into fossil fuel technologies,74 and

the same dynamics are evident in clean energy transitions. Most obviously, renew-

able energy policies can create and expand interest groups that then go on to lobby

for maintaining and extending those policies,75 or to help destabilize policies sup-

porting fossil fuel technologies, such as fossil fuel subsidies.76 In this issue, Aklin

(2018) shows how stockmarket data suggest that the election of President Trump, a

vocal critic of renewable energy, did not negatively affect the U.S. renewable

energy industry, implying expectations of path dependency in policy support.

In a global context, such positive feedback dynamics can occur when green

industrial policy in country A mobilizes and grows interest groups in country B

in support of clean energy policy (cross-national feedback). For example,

California’s Zero Emission Vehicle program, which mandates automakers to

offer EVs in California, and China’s EV quota have mobilized pro-EV

69 Unruh (2000).

70 Biber (2013); Zysman and Huberty (2014); Stokes (2015); Lockwood et al. (2016); Meckling

et al. (2017); Aklin and Urpelainen (2018).

71 Levin et al. (2012); Lockwood (2013); Jordan and Matt (2014).

72 Bach and Newman (2010); Farrell and Newman (2010).

73 Page (2006), 88.

74 Unruh (2000).

75 Aklin and Urpelainen (2013); Meckling et al. (2015).

76 Schmidt et al. (2017).
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constituencies in exporting auto countries such as France and Germany, which

then lobbied for support for the development of domestic EV industries and

EV deployment from their home governments. Interdependence through

global trade has facilitated this cross-border policy reinforcement. Chinese-

owned companies have been found to lobby the U.S. government to reject trade

barriers levied against China-based manufacturers.77 The temporal character of

coalition creation also affects, and is affected by, choices made in other states.

Thus, the development of battery EV technologies in the United States and

Japan spurred the creation of coalitions in support of this new technology in

China, as well as in countries such as Norway and the Netherlands that do not

have domestic automotive producers.

Positive feedback also exists between domestic clean energy policies and inter-

national climate policy (multi-level feedback). As governments invest increasingly

in clean energy, and domestic coalitions for clean energy expand, governments

may be willing to commit to greater emission reductions in international negotia-

tions. If such processes occur in a sufficient number of negotiating parties, this

could lead to a positive spiral of strengthening international institutions.78

Similarly, early investments by a few countries into clean energy technologies

can reduce the cost of technologies,79 and thus adjustment costs for follower coun-

tries. This increases the likeliness that follower countries adopt clean energy and

climate policies, which supports international cooperation on climate change.80

Kelsey (2018), in this special issue, shows that the likeliness of the emergence of

policy feedback on firm interests depends significantly on the type of industry.

Specifically, the ease of technological substitutability in a polluting industry

matters to the extent to which the industry can transform and begins to support

international environmental policy.

Relative sequencing

A second type of temporal process in clean energy transitions that is affected by

increasing interdependence is relative sequencing, defined as temporally

ordered and causally connected events.81 While processes of positive feedback

are path dependent, in that earlier events increase the likelihood that similar prac-

tices are reproduced, relative sequencing see latter choices conditioned by earlier

77 Kolk and Curran (2017).

78 Kelsey (2014).

79 Meckling et al. (2017); Schmidt and Sewerin (2017).

80 Kim and Urpelainen (2013); Meckling (2018).

81 Mahoney (2000), 509.
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events, but without any expectation that an earlier policy or institution will be

reproduced, and there is thus no expectation of lock-in.82

There are multiple examples of relative sequencing in global clean energy

transitions. As Breetz et al. (2018) point out, initial investments in a technology

in its pre-commercialization phase require a particular constellation of actors.

As products shifted towards commercialization and enter a phase in which scale

economics is an important driver of falling prices, however, the political coalitions

required to maintain clean energy technologies begin to change, and indeed, must

become more robust if they are to defend against political coalitions supporting

legacy technologies. Given the significant variation in national innovation

systems, different countries may play different roles over the course of innovation

cycle.83

Latter patterns of coalition building and interest group politics are thus depen-

dent on earlier decisions, but do not replicate them in form. For example, in the

development of the global solar industry, a set of interdependencies between an

industrialized country, Germany, and an emerging economy, China, led to

cross-national sequencing that promoted the globalization of the industry.84

When the industry first emerged, it was organized as three distinct regional econ-

omies in Europe, Japan, and the United States. But the creation of Germany’s feed-

in tariff, a powerful demand-pull policy, created a spillover effect in China, as

Chinese firms started producing solar modules for the German market, backed

by policies implemented by the Chinese government. GSCs for solar PV

emerged that incorporated a mix of vertically specialized and vertically integrated

firms spanning Europe, the United States, Japan, and elsewhere. Feed-in tariffs

thus mobilized and grew renewable energy constituencies across countries,

notably in China. They also negatively affected a number of U.S.-based manufac-

turers not participating in GSCs that appealed for, and received, trade relief. The

Chinese government then responded by implementing trade remedies initially

focused on upstream ingot producers in the case of the United States, in an

attempt to shift sentiment in the United States. The creation of a durable and suc-

cessful policy targeting demand for solar PV in Germany thus led to a process of

relative sequencing in which Chinese manufacturers entered the market, leading

to a different response using the instrument of trade policy in both Europe and the

United States.

Market developments in solar PV demonstrate also that feedback processes

and sequencing can occur simultaneously. The German Ministry of

82 Howlett (2009).

83 See also, Fankhauser et al. (2013).

84 Hoppmann et al. (2014); Quitzow (2015).
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Environment played a key role in shaping the policy preferences of late-movers, in

terms of sectoral choices about where to invest. While first-mover advantages

accrued to firms investing in the markets, however, this drew investments from

Chinese producers of solar PV modules for export purposes. This highlights a

broader point: that under conditions of interdependence, governments and

firms can create lead markets may be able to create path-dependent processes

around particular technology pathways, but processes of sequencing mean the

first-mover advantage they initially enjoy may be ephemeral, depending on the

capabilities of follower firms and governments, and the reactions of home govern-

ments to new market entry by firms located in other jurisdictions.85

Conclusion and implications

The 2015 Paris Agreement on Climate Change recognizes that multilateral coop-

eration is only possible when national governments have negotiated agreements

with domestic interests. While this places increased weight on the importance of

understanding the domestic politics of climate change, in this article we have pro-

posed that increased interdependence influences policymaking across national

jurisdictions. Governments and firms face new opportunities and constraints in

negotiating policy domestically due to profound changes in the organization of

the global production of clean energy technologies. In particular, the rise of

global supply chains and growing extraterritorial effects of industrial policy

shape patterns of interdependence. In contrast to notions of cooperation that

inform patterns of transnational climate governance, we noted that interdepen-

dence in clean energy transitions is characterized by competitive dynamics that

may or may not lead to cooperative outcomes.

We have suggested that the new interdependence literature offers conceptual

tools to examine the changed environment facing governments and firms in clean

energy transitions. In particular, it points to the importance of identifying specific

pathways through which interdependence is expressed. We have outlined the

forces that constitute the new forms of interdependence in clean energy transi-

tions, categorizing them into changes in the organization of production that

affect firm and government choices, and the increased ability of (sub-)national

governments to change the preferences of actors in other national jurisdictions.

GSCs in particular present companies with a new set of choices about where to

locate production, and whether they should specialize vertically, or integrate

across multiple stages of the supply chain. China has been central to this

85 Bach and Newman (2010), 672; Farrell and Newman (2010).
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process, emerging as an important production location for components used in

clean energy products, as well as an increasingly important source of demand in

its own right. Steffen et al. (2018) detail the increasing role of other developing and

middle-income countries in renewable energy development. They also identify the

role a new private actor—the international private project developer—has played

in facilitating the diffusion of renewable energy to an increasing number of devel-

oping countries.

We also emphasized how temporal dynamics of feedback and sequencing

across countries shape patterns of clean energy transitions. In this special issue,

Aklin shows how the U.S. renewables industry is resilient to electoral shocks, sug-

gesting domestic path dependency in policy support. Kelsey demonstrates that the

likeliness of policy feedback between national and international environmental

policy depends on how easily dirty technologies can be substituted by clean tech-

nologies. Breetz et al. suggest that comparative institutional advantages allow

countries to play different roles in the innovation cycle, showing the importance

of cross-national sequencing. Hughes and Meckling demonstrate how the com-

plexity of technologies conditions what kinds of policies follower countries in

green industries are likely to adopt.

This volume suggests an important research agenda on global interdepen-

dence in clean energy transitions, and its implications for institutional change

and policy outcomes. We highlight in particular three promising avenues: the

drivers of business interdependence, the effects of different industrial policy

instruments, and the role of domestic institutions.

First, the extent to which interdependence needs to move into the focus of

analysis is ultimately an empirical question.86 For some questions on clean

energy transitions a bottom-up analysis may be appropriate, while in others ana-

lyzing interdependence is key. The nature and extent of interdependence varies in

particular across sectors and technologies. Industries such as the automotive

industry are different in terms of transnational interdependent linkages compared

to the power sector, for example. In this issue Steffen et al. (2018) note, for example,

the different degree to which global developers matter in solar PV and wind, rela-

tive to biomass projects. This raises questions about the factors shaping the rise of

supply chains and different supply chain structures across technologies.

Second, industrial policies are made up of a wide variety of different policy

instruments that have different distributive effects. The differences in the distrib-

utive effects of these policies can, in turn, bring about different transnational

dynamics between governments, and between governments and firms. For

example, financial incentives designed to create demand for renewable energy

86 Chaudoin et al. (2014).
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have thus quite different effects on the behaviors of governments and firms trans-

nationally, compared to research and development subsidies or regulatory mea-

sures. What types of effects do different industrial policy instruments have on

foreign firms and governments?

Third, domestic institutions may mitigate the effects of economic interdepen-

dence on domestic politics87 and shape comparative advantages in clean energy

innovation and production. What types of institutionsmatter and how do theymit-

igate interdependence? For instance, political competition in business-govern-

ment relations has been shown to allow global technological change to affect

domestic industrial policies more immediately than under conditions of political

coordination.88

Improving our understanding of global interdependence in clean energy tran-

sitions matters for both economic and environmental reasons. Economically, new

forms of interdependence affect the ability of firms to capture value in globalized

industries. On the one hand, the depth of interdependence raises questions for first

movers about the durability of any competitive advantage they may secure. New

interdependence through GSCs offers a further opportunity for firms in developing

and middle-income countries to enter new global industries in clean energy tech-

nologies. Governments in these countries can also use local content requirements,

joint venture regulations, or other arrangements to promote GSC participation and

industrial upgrading in technologies related to clean energy transitions. The rise of

developing country competitors obviously raises issues for governments in

advanced industrialized countries whether GSCs affect their ability to implement

policies that create durable competitive advantage for domestic industries (effect

2b). A conceit of new green industry policy is that the benefits associated with

public investments will be captured domestically in the form of employment

opportunities, returns on intellectual property, or other benefits. Yet policies

that create demand can draw in production located in other jurisdictions. Even

when branded locally, components of final products may be made up of inputs

sourced from vertically specialized firms located in other jurisdictions (effect

1a). The economic benefits of policies thus may not be captured within national

economies, although this effect may once again be technology dependent, with

similar dynamics not yet evident in electric vehicles.89

New interdependencies also have potential environmental implications. On

the one hand, feedback dynamics that facilitate the more rapid deployment of a

particular technology can lock in potentially sub-optimal technologies globally.

87 Neumayer and Plümper (2012).

88 Meckling and Nahm (2018).

89 Hughes and Meckling (2018).
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For example, the global diffusion of polycrystalline solar cells may limit opportu-

nities for more advanced technologies to enter the market.90 In a similar vein, the

expansion of the global production of lithium-ion batteries for EVsmay create bar-

riers formore advanced battery technologies to enter themarket, although the like-

lihood of lock-in is also conditioned by the number of end-use technologies.91 On

the other hand, the ability of firms to vertically specialize key parts of productive

processes potentially enables greater specialization, increases productivity, and

allows clean energy industries to take advantage of economies of scale. As we

have seen in solar PV and batteries, this has enabled new, low-carbon technologies

to more rapidly compete against legacy fossil fuels, hastening the transition to

clean power systems.
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