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ABSTRACT

With the 2008 economic crisis—and again with the outbreak of the coronavirus emergency in
2020-industrial policy has explicitly reappeared in the political agenda of many countries
and regions. A common feature has been the demand and the adoption of selective policies
aimed at promoting specific targets of the economy, such as particular industries,
technologies, companies, or territories. Nevertheless, the theoretical framework adopted to
legitimize and implement public action in this field has not evolved much in the last two
decades: it appears weak, too vague, and often anachronistic, increasing the risk of
substantial ‘government failures’. By focusing on the US manufacturing system, this paper
contributes to the political economy stream of the industrial policy literature by proposing
new methods to make government intervention more effective, efficient, and oriented towards
a sustainable structural change, as defined in the paper.

Keywords: industrial policy; sustainable structural change; manufacturing targeting;
policymaking; composite indicator; United States.

JEL classifications: L50, L60, O14.
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1. Introduction®

Industrial policy has often been associated with government interventions regarding
production dynamics to promote, via structural change, economic growth and broader
development objectives. ? It could be argued that industrial policy is primarily about
promoting and governing structural change. This is what we learn from the historical
experiences of the most established industrialized countries and, more recently, from planning
and policy practices promoted in many fast-growing emerging economies.® Industrial policy
has been demanded and promoted to combat severe and unexpected shocks (as in the case of
the 2008 economic crisis and the coronavirus emergency of 2020). More generally, industrial
policy has been used to govern complex processes of structural change in an attempt to reach
a number of different economic and societal goals, namely, growth, competitiveness,
productivity, and innovation, as well as employment, territorial and social rebalancing,
environmental sustainability and economic and political independence from other countries.
In this context, public intervention has often been characterized by the adoption of selective
industrial policies aimed at supporting and promoting specific targets of the economic system,
including particular sectors, technologies, companies, or territories (Lall and Teubal, 1998).

In the past and in the present, in established, highly industrialized countries and in new
emerging economies, selective industrial policies have always been a quite diffused
intervention for the promotion of economies and societal structural change. In recent years,
the beginning of the 2008 global recession and the rise of new emerging industrial powers
seem to have made even more explicit the long-term tendency at the international level to
implement selective industrial policies.* Selective interventions have clearly continued to be
implemented in several emerging economies in an attempt to foster economic development
through long-term structural change programmes. China is one of the most obvious examples,
where specific key and emerging industries are selected by the government as strategic targets
of five-year industrial plans (Petti, 2012; Petti et al., 2017; Yang and Stoltenberg, 2014; Lv
and Spigarelli, 2016; Di Tommaso et al., 2013; Barbieri et al., 2019a; Di Tommaso et al,
2020a). Similar examples can also be found looking at public interventions in Vietnam (Ohno
2009; Masina, 2012; Di Tommaso and Angelino, 2015), Thailand (Natsuda and Thoburn
2013; Pollio and Rubini, 2015), South Korea (Cardinale, 2019; Tassinari et al, 2019) and
many other newly industrialized countries. However, a selective approach has also
characterized Western economies. In particular, despite political rhetoric, the United States
has massively adopted selective industrial policies for promoting the growth and
competitiveness of its national industries (Block 2008; Mazzucato, 2013; Di Tommaso and
Schweitzer, 2013; Di Tommaso et al., 2017, 2019, 2020b; Tassinari, 2019).°

1 We would like to express our gratitude to the editor and anonymous reviewers for having provided very useful
inputs and insights, contributing to significantly improving the paper.

2 For an overview of the broad literature on the objectives of industrial policy see, e.g., Chang (1994), Chang et
al. (2013); Cimoli et al. (2009); Stiglitz and Lin (2013); Bianchi et al. (2011); Di Tommaso and Schweitzer
(2013).

% See, e.g., Chang (2002); Cimoli et al. (2009); Di Tommaso et al (2013); Stiglitz and Lin (2013); Barbieri et al.
(2019a, 2019b); Tassinari (2019).

* See Stiglitz and Lin (2013); Rodrik (2010); OECD (2011); World Bank (2011); Mazzucato (2013); Pianta
(2014, 2015); Aghion et al. (2011); Bianchi et al. (2011); Wade (2012); Chang et al. (2013); O’Sullivan et al.
(2013); Warwick (2013); Di Tommaso et al. (2017).

® For example, through the American Recovery and Reinvestment Act of 2009 (ARRA), a stimulus package
worth $780 billion, the Obama administration financed specific sectors such as green industries, the automotive
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At any rate, despite the evident diffusion of industrial policy practices all around the
world, the theoretical framework adopted to implement and foster public action appears
inaccurate, increasing the risk of substantial failures. In other words, while several ‘real-world’
economic and social issues seem to continue to call for interventions, industrial policy—
especially the selective sort-risks being extremely ineffective and inefficient due to quite a
long list of unsolved problems regarding government failures (Krueger, 1990; Le Grand, 1991;
Chang, 1994, 2011; Buigues and Sekkat, 2009; Di Tommaso and Schweitzer, 2013; Schuck,
2014). The literature on government failures is wide, but for the purpose of this paper, it is
useful at least to recall some crucial areas of potential failures. As extensively discussed by
the political economy literature, intervening governments risk being driven by particular
interests and rent-seekers’ pressures, promoting the interests of the actors with the loudest
‘voice’, instead of the more general interest of society as a whole (Hirschman, 1970).°
Furthermore, even assuming that the public is genuinely interested in promoting collective
goals, the potential government inability to overcome important information asymmetries and
to properly identify targets and tools promoting those goals could be another source of
failures.

With respect to this view, the paper proposes the adoption in decision-making processes
of a methodology that aims, on the one hand, to encourage public discussion on what
objectives should be taken into account by the government. On the other hand, once political
goals and related variables have been discussed and chosen (i.e., ‘public interest’ has been
identified in concrete terms), the methodology allows us to highlight in a transparent way the
relevant goals at stake, the potential trade-offs between them, and the targets (e.g., industries)
that better promote those goals, mitigating information problems concerning connections
between targets and goals of industrial policy. Specifically, by focusing on the analysis of the
US manufacturing system, the methodology we propose is based on the construction of
different composite indicators to rank and categorize potential industrial policy targets (in our
case, US industries) according to their capacity to pursue different policy goals (in our case,
economic and environmental goals). We suggest that the proposed methodology could make
industrial policy more effective, efficient, and, in general, oriented towards a sustainable
structural change, namely, a structural change that takes into account potential causes of
failure from a plurality of perspectives, such as the ecological, economic and social
perspectives (see the next section, in particular). In this context, this paper wishes to further
contribute to the political economy debate and its specialized literature by challenging the
perspective that government policies are ‘destined’ to fail. While government failures have
often been presented as unsolvable and equally severe in all countries, discouraging (at least
at the theoretical level) the adoption of industrial policies, this article argues that it is possible
to find solutions to potential government failures.

The remainder of the paper is organized as follows. The next section enters the details of
the debate on government failures and the necessity for new methods and practices to improve
the efficiency and effectiveness of policymaking. Section 3 describes the main rationales
associated with the selection of a particular target of industrial policy. Section 4 focuses

industry, nanotechnologies, broadband, the health industry, and the financial sector (Di Tommaso and
Schweitzer, 2013; Di Tommaso and Tassinari, 2014). More recently, the Trump administration has implemented
a new wave of selective interventions with the aim of protecting a number of industries from foreign competition,
including machineries, steel and aluminium and automotive (Di Tommaso et al., 2019).

® Specifically, on the relationship between industrial structure and political outcomes, see Ferguson (1995) and
Ferguson et al. (2018).



Journal Pre-proof

specifically on energy efficiency policies in the United States. Sections 5 and 6 present the
methodology and its application, respectively. Section 7 concludes the paper.

2. The debate on government failures
2.1 Traditional sources of government failures

The literature on government failures has highlighted typical circumstances and practices that
could affect the efficiency and effectiveness of government policies. In this context, the
debate refers to two main kinds of problems.

First, according to this literature, the definition of policy goals could suffer from external
and internal pressures, which can lead the government to promote particular interests and,
diverge from pursuing the more general interest of the community (Di Tommaso et al 2017).
This is an often-discussed issue in the political economy literature (see, e.g., Krueger, 1990;
Le Grand, 1991; Chang, 1994; Di Tommaso and Schweitzer, 2013). On the one hand, the
government could be potentially vulnerable to external pressures coming from the most
influential groups of society or rent-seekers, which exercise their influence or capacity to
express their voice to attract resources from the public budget (see, e.g., Hirschman, 1970;
Cardinale, 2017; Scazzieri et al., 2015). On the other hand, politicians or bureaucrats could
themselves be potential internal sources of government failures. They could not be different
from other types of economic actors in pursuing their own personal interests by seeking
prestige, greater positional power, higher salaries, or office perks, even when it implies acting
to the disadvantage of the social output (Di Tommaso and Schweitzer, 2013, p. 36). In these
cases, external or internal pressures and systems of incentives could lead to favour ‘particular’
interests instead of the ‘public one’. Of course, the notion of ‘public interest’ itself is
problematic. Any government intervention, including industrial policy, might favour some
industries or societal groups over others. The notion of ‘public interest’ normally involves
compromises between different—often diverging—interests, whereby someone could always be
unhappy with changes (or status quo persistence). Beyond the dilemma of defining public
interest from a theoretical point of view, there is also an issue of ‘representation’ and ‘voice’
of the partial interests included in the public one. The choice of favouring some groups over
others could be a conscious one coherent with a specific definition of public interest or could
be the result of some form of underrepresentation of partial interests.

Among the most common failures identified in the literature, there is, in fact, the risk of
implementing interventions for supporting companies, sectors or territories just because they
are able to better organize their lobbing activity or to offer greater political consensus in the
time of elections. This dynamic could lead to offering public support to those who do not
need it, just because they can better express the demand for intervention, denying, on the
other side, support for promising initiatives. In this case, a government risks exclusively
supporting the strongest and best organized interests, while the promotion of collective
interests could also require full consideration (and even anticipation) of latent demands from
new and emerging interests. In this context, the traditional argument against public
intervention accuses industrial policy of abandoning the principle of market efficiency in
allocating economic resources by ‘picking the winners’ or ‘saving the losers’ without an
alternative, transparent and rigorous framework to lead to the success of public action in
promoting general interests (see, e.g., The Economist, 2010). This issue deserves special
attention and cannot be overlooked in the current debate on industrial policies. It becomes
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important from the perspective that any partial interest of society has the chance to be
considered in the decision-making process, and the choice concerning the objectives
effectively pursued by the government (e.g., the weight attached to different political goals) as
well as the priority targets that better promote those goals should be accurately discussed.

The second problem often associated with industrial policy intervention refers to the real
ability of the government to promote specific goals (see, for example, Chang, 1994). Is the
government able to effectively and efficiently promote societal interests? In this field, one of
the most quoted problems is the potential lack of capacity in processing information to
translate the general objective of promoting the ‘public interest’ in concrete and specific
industrial policy programmes. Decision-making might concretely entail different possible
goals, targets and tools and the relations existing among each other (Di Tommaso and
Schweitzer, 2013). Thus, policymakers often observe a scenario where society may be
interested in simultaneously pursuing different goals, and public action has to confront a
variety of objectives at stake. In other words, the proper definition of an industrial policy,
from a political economy perspective, requires considering the existence of multiple societal
objectives to be promoted and the potential trade-offs among each other. Indeed, any policy
inevitably involves compromises between different interests, for example, concerning
different trajectories of structural change, which could favour some industries over others.
This is the case we make for considering economic and environmental goals at the same
time.” While industrial policy has traditionally promoted the structural change of economies
to foster economic growth or other strategic economic goals, currently, the economic
perspective has to be necessarily enlarged by including other meta-economic goals, such as
environmental issues (Di Tommaso and Schweitzer, 2013). Moreover, among environmental
objectives, one could favour the reduction of carbon emissions, the reduction of plastic
production, or other changes, and each will have differential effects on different economic
interests. This scenario opens new puzzles for industrial policy, not least because these
objectives risk being in conflict with one another, revealing the existence of potential trade-
offs (Armaroli and Balzani, 2011). In this framework, as highlighted by decision theory, the
final decision of the goal to he promoted should take into account the existence of partial
objectives (see, e.g., de Finetti, 1975, p. 645).% Nevertheless, even recognizing the necessity
to consider partial objectives in view of defining the public interest, the issue of how they
should be weighted remains crucial for policymaking. In this regard, the emergence of
compromises through discussions between stakeholders about the goals and strategies of
industrial policy is inevitable. From this viewpoint, this paper and the methodology it
proposes are not about how public interest is defined theoretically (or identified in specific
situations) but about how to evaluate different proposals for implementation—once the
‘public interest’ is identified.

" We have chosen these two objectives among the many possible ones, mimicking a situation in which the
government has already identified these two goals as a priority. As we explain in Section 4 there is a real tension
in the US between these two goals, so we argue that it is a realistic scenario, but other macro-goals could have
been identified. This would not change the nature of the methodology.

8 Specifically, de Finetti argues that a decisional problem involving a variety of objectives is properly addressed
considering ‘different components or features of judgement, or partial objectives’, avoiding ‘to immediately fix a
global preference relation, that is, a function f(P) directly including a final synthesis of all components of
judgement’. Formally, this means ‘to introduce, firstly, different functions fi(P), f(P)..., f,(P), and only
subsequently [...] to derive the final function f(P), which would obviously be an increasing function of all the
fo(P)’ (de Finetti, 1975, p. 645).
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Furthermore, policymakers are called to select industrial policy targets and tools
according to their ability to promote defined goals (Di Tommaso and Schweitzer, 2013). This
is another critical issue for industrial policy. For instance, what are the sectors that will be
able to respond to the national interest in the future? This is a crucial question of industrial
policy, the answer for which is not easy to attain (see, e.g., Lin and Chang, 2009).

2.2 Government failures and ‘sustainable’ structural change

Along with the two crucial issues mentioned above, industrial policy could also be considered
a failure when promoting structural changes that prove to be unsustainable in the long term.
In particular, this perspective—though it is rarely emphasized in the literature—in our view
deserves special attention. We refer to sustainable structural change as a process of long-term
change in the relative proportions between sectors of the economy, which occurs without
causing the collapse of the entire socio-economic system, a collapse that could be dramatic
and that could arise from a plurality of interconnected dynamics, such as ecological,
economic and social dynamics. Indeed, structural change entails adjustment phases of the
economic structures (Landesmann and Scazzieri, 1990, 1996; Scazzieri, 2018; Bianchi and
Labory, 2019a, 2019b), and it could compromise the proper functioning of the system. For
instance, from an ecological standpoint, structural change could generate a scale of production
and an exploitation of natural resources whereby ecosystems are unable to regenerate
themselves, ending up in collapse (see, e.g., Worm et al., 2006). The ecological standpoint is
one of the crucial and most emphasized aspects of the notion of sustainability (see, e.g., Daly
1990; Sauvé et al. 2016; Olawumi and Chan 2018).

However, the sustainability of structural change can also be assessed from an economic
perspective. In this context, structural change can be associated with changes in the relative
proportions of productive sectors (see, e.g., Cardinale and Scazzieri, 2018). In this process,
the sustainability (i.e., viability) of structural change is represented by the ability of the
system to reproduce itself and produce a surplus, demonstrating the ability to grow.
Considering, for example, the economy as represented through input-output tables (namely,
as a set of interdependent sectors, where the output of each sector is an input to other sectors),
the condition for the viability of structural change is the reproducibility of the inputs used in
production and the generation of a surplus. Formally, this constraint is expressed through the
Hawkins-Simon conditions (Hawkins and Simon, 1949). While viability conditions can be
met with different sectoral proportions resulting from structural change processes, they allow
us to identify the ‘systemic interest’, which is the interest in preserving systemic viability
(Cardinale 2017, 2018a; Cardinale and Scazzieri, 2019). According to this notion of systemic
interest, ‘the pursuit of particular interests must be balanced, within the strategy of each sector,
by the “systemic” interest in keeping the economy as a whole viable, for, otherwise, the
pursuit of particular interests might be unsustainable’ (Cardinale, 2018b, p. 773). In this
context, ‘sustainability’ can be associated with the notion of ‘systemic interest’, which differs
from that of ‘public interest’.? Systemic interest diverges from collective interest, especially in

® Indeed, the notion of “public interest’ entails a specific way to compose interests of individuals or groups, by
overcoming the individual standpoints in view of social objectives. This perspective is prevalent when
considering, for instance, the idea of public interest assumed by Jeremy Bentham (1823), Friedrich List (1996
[1827]) or, in more recent times, Simon Kuznets (1971), where the interest of a community is associated with the
interest of all individuals considered as a whole, seen as potentially in contrast with the interests of some
subgroups and individuals (Cardinale and Scazzieri, 2019, p. 82-83). However, this definition opens the question
of how individual or group interests are composed, given that the ‘public interest’ is compatible with situations
where the interests of some individuals or groups are satisfied to the detriment of others.
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considering the multiple ways (e.g., the different sectoral proportions) in which diverse
interests can be aligned with systemic conditions of mutual compatibility, based on the fact
that ‘each sector has a particular interest in its own survival and expansion, as well as a
“systemic” interest in the preservation of the system to which it belongs, which is itself
necessary for its survival’ (Cardinale, 2015, p. 203).

Finally, structural change could also be assessed with reference to its impact on society. It
can be argued that the social component of structural change can occupy a decisive role in
conditioning the development trajectory of economic systems. In particular, while structural
change can occur within a range of changes that are made possible by given economic
structures, to understand the specific path of change out of those that are possible, it is
necessary to consider the social context, which determines the actual actions carried out
within those economic structures (Cardinale and Scazzieri, 2018; Cardinale, 2018a; Lee and
Shin, 2018). From a political economy perspective, within a range of transformations that
could be economically feasible, not all of them could be socially viable because they could be
‘disrespectful” of the composition of the social interests and powers at stake. Indeed, as
argued by Bianchi (2017), relationships within a social organization are ‘relations of power’,
so that while some groups push for a change, others resist, creating the social conditions for
structural change (or the lack thereof). In this conflicting context, social sustainability refers
to structural change that occurs by preserving the integrity of the social system, namely by
acknowledging and governing possible fractures and divergences of interests that could make
the system inoperative with respect to the goais of any of its members (i.e., in case of
particularly severe or violent social instability).

Overall, considering the different interconnected perspectives of sustainability involved in
structural change (i.e., ecological, economic, and social), the government can be understood,
by virtue of its political nature, as the institution in charge of governing structural changes (by
promoting or preventing them), making sure that they are not the cause of the long-term
collapse of the socio-economic system. From this perspective, industrial policy—like
economic policy in general-is not merely a technical tool for achieving given objectives.
Rather, it can decisively influence the trajectory of economic and social development of the
system, seeking a virtuous balance between the partial interests of a society (i.e., between
territories, sectors, classes, generations, etc.), which is constantly challenged by the dynamics
of structural change (Di Tommaso and Tassinari, 2017). Accordingly, government failures
can also be seen as those circumstances in which the government is unable to consider and
mitigate potential (ecological, economic and social) threats to the sustainability of the process
of structural change.

All the potential sources of government failures described above depict a complex
scenario for industrial policy, which risks being ineffective and inefficient in promoting
sustainable societal goals. In this context, industrial policy still suffers from the lack of a
general framework to be used to guide policymaking in properly defining and implementing
public interventions (Monga 2012, 160). In other words, the effectiveness and efficiency of
industrial policy are also bound to the ability to find new techniques and methodologies of
analysis that are useful in the policymaking process. By focusing specifically on the economic
and environmental perspective, this paper moves, albeit as a first step, in this direction.

3. The debate on targeting: the economic and environmental perspective.

Analysing the theoretical debate on ‘targeting’ (namely, the selection of particular sectors or
other entities as targets for industrial policy), it is immediately clear that this is a rather



controversial issue in the economic literature. As a matter of fact, the proper choice of
particular targets depends first and foremost on the goals to be pursued through the promotion
of that specific target (Di Tommaso and Schweitzer, 2013), and this implies the need to
discuss and find a general agreement about the political priorities to be promoted (Di
Tommaso et al., 2017). In this complex scenario, the debate on ‘targeting” has often
associated industrial policy with the goal of fostering economic growth. From this
perspective, industrial policy targets have been commonly identified with industries that show
the best chances to compete in international markets and systematically reach a new large-
scale demand for consumption (see, e.g., Malerba, 2002; Bianchi and Labory, 2006;
Bogliacino and Pianta, 2010; Lin, 2010, 2012). In this case, ‘targeting’ focuses on the more
dynamic industries, characterized by high capital content, a high value-added growth rate,
high profits and export performance (Di Tommaso et al., 2017).'° However, even considering
these criteria, the uncertainty connected to the future competitiveness and economic
performance of different targets remains one of the most critical issues in defining an
industrial policy (see, e.g., Lin and Chang, 2009). Dealing with this interesting topic, Lin
(2012) argues that the government should promote the structural adjustment of the economy
by supporting industries with latent comparative advantages as a key factor for a successful
industrial policy. However, in this context, how it is possible to identify industries with latent
comparative advantage remains a crucial question for industrial policy. Indeed, as stated by
Wade (2012), ‘[Lin] has been reluctant to identify criteria for distinguishing investments
within and without the economy’s existing comparative advantage’ (Wade, 2012, p. 235).

This already complicated framework becomes even more difficult to consider while at the
same time considering different political priorities. Indeed, another kind of literature suggests
that industrial policy targets can (or should) be defined as going beyond purely economic
criteria, which refer to the doings and beings of a society as a whole. A wide range of
interesting literature has tried to evaluate countries’ processes of development and change
from perspectives that go beyond the traditional variables of growth and economic
performance (see, e.g., Sen, 1983, 1999; Arndt, 1987; Hirschman, 1981; Ingham, 1993;
UNDP, 1990). From this perspective, sectors are considered different because they might
have different capacities to foster paths of change consistent with the notions of human
development and capability expansion (UNDP, 1990). Frequently quoted examples in this
framework are green industries as well as health industries and educational and cultural
sectors. These ‘merit industries’ reflect a model of development that is widely accepted in the
political debate of several countries and within international institutions (UNDP, 1990), even
if it is still scarcely applied in practice. From this point of view, a particular sector is different
from others not just because of its potential to produce economic growth but also because it
can influence people’s quality of life by offering specific merit goods.

For the focus of this work, it is useful to highlight how the issue of environmental
sustainability calls fully into question the debate on industrial policy targets.

On the one hand, energy and ecological problems require the identification of alternative
energy sources to address energy scarcity and the environmental impact of non-renewable
energy sources (i.e., fossil fuels). This choice opens up a debate mainly based on the
assessment of which alternative energy sources are strategic for the long-run development of
a national state (Armaroli and Balzani, 2011; Delucchi and Jacobson, 2011; Setti and Balzani,
2011; Smil, 2008). In this case, the relevance of different energy sources can be evaluated on
the basis of economic criteria (such as the capacity of energy cost containment of and, more

19 See also Krugman (1987); Michalski (1991); Soete (1991); Stevens (1991); Teece (1991); Yoshitomi (1991).

10
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generally, the efficiency of the production system as a whole). However, it can also be
evaluated using reasons that go beyond the economic sphere, such as geopolitical ones (linked
to the ability to reduce energy dependence from abroad) and ecological ones, related to the
reduction of environmental impact (Armaroli and Balzani, 2011). In this framework, the
promotion of some particular energy sources (rather than others) inevitably takes the form of
support for specific economic sectors, which become the targets of industrial policies.

On the other hand (and this is the specific perspective adopted in this paper), in addition
to the identification of alternative energy sources, the goal of environmental sustainability
suggests the need for policies to generally reduce energy consumption and its polluting
impact (Armaroli and Balzani, 2011; Frey, 2014). From this standpoint, policymaking could
be interested in categorizing specific targets according to their energy efficiency performance
and selecting some of them as priority recipients of specific policies. For example, the
government could be interested in incentivizing the adoption of energy-saving technologies in
industries with very low environmental performance or rewarding targets with the best
results, encouraging innovation and the adaptation of sustainable productive processes.
Additionally, this context suggests further reasons for ‘targeting” in industrial policy in view
of specific issues and goals.

Without a robust analytical framework, industrial policy risks being extremely inefficient
and ineffective. Moreover, the lack of rigor and transparency in industrial policy practices
could have the consequence of leaving substantially ‘unchecked’ the discretionary power of
the policymaker in defining industrial policy goals and targets, which, at best, remain mainly
bound to the vision of enlightened politicians. In other words, through this article, we want to
suggest that industrial policy needs a methodological framework able to foster, in a rigorous
and transparent way, the political debate about goals and targets of industrial policies.

4. Energy efficiency policies in the US: an overview.

The issues of ‘targeting’ and the complexity of considering a wide range of goals in defining
industrial policies find clear eviderice looking at the promotion of energy efficiency policies
in the US. Initially, environmental issues started to occupy an important position in the
international political debate during the 1990s. International meetings to discuss problems
related to sustainable development began in Rio de Janeiro in 1992 with the ‘Earth Summit’,
which resulted in a first agreement on the United Nations Framework Convention on Climate
Change (UNFCCC). Following the entry into force of the Convention (on 21 March 1994),
several Conferences of the Parties (COP) were held, with the purpose of defining the details
of the adoption of specific Protocols to address climate change. In 1997, in the context of the
third Conference of the Parties (COP3), the Kyoto Protocol was defined. The treaty provided
for the obligation of industrialized countries to reduce emissions of polluting elements by no
less than 5% compared to emissions in 1990, which was considered as the base year. The
ratification phase of the protocol was particularly difficult in the context of the different
COPs. Many countries struggled to sign the agreement because of the constraints that this
imposed on the national level and the related political interests at stake.™

" The emission constraints imposed on countries by the protocol were not the same for all economies. The
signatory states were divided into three groups: the countries of the Annex | (the industrialized countries), the
countries of Annex Il (the industrialized countries that pay for the costs of the developing countries) and the
developing countries. Each group faced different obligations. For example, countries in the Annex | had to
reduce their emissions and if they did not succeed, they would have to buy emission credits. By contrast,
developing countries did not have immediate restrictions. For example, India and China, which ratified the

11
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In the United States, which in 2001 accounted for 36.2% of world carbon dioxide
emissions, accession to the protocol was particularly affected by the dynamics of national
politics. President Bill Clinton (encouraged by Vice President Al Gore) signed the protocol
during the last months of his mandate, but shortly after the election of George W. Bush, the
United States withdrew from the Kyoto Protocol.

Nevertheless, despite the domestic difficulties in adopting international environmental
agreements policies responding to energy efficiency problems started to be gradually
reinforced. American energy efficiency policies have been generally implemented through a
number of actions aimed at reducing the total national consumption of energy by adopting
energy-efficient technologies and practices. These actions have targeted a large number of
sectors and markets for energy efficiency, involving many end-uses, intermediaries, and
consumers (individuals, organizations, and businesses). For example, public measures have
been established to adopt mandatory energy codes for new houses and commercial buildings
and energy efficiency standards for cars and light trucks, appliances, equipment, and
electronic lighting ballasts and to regulate the utility sector.*?

The focus of our analysis is on policies targeting industrial sectors and their productive
processes. From this point of view, the industrial sector (which accounts for approximately 22%
of total U.S. primary energy consumption), experienced a decline in energy usage of 38%
over the 19802013 period."® Some of this change in usage is partly a result of structural
shifts in the industrial sector. However, the increasing performance in industrial energy
efficiency can also be attributed to the implementation of policies encouraging the adoption of
new energy-saving technologies and practices.** These energy efficiency policies in the
industrial sector include (1) financial and nonfinancial incentives (such as loans and grants for
industries to upgrade equipment or expedited permitting programmes); (2) technical
assistance programmes (such as energy audits, which help industries identify and implement
energy-efficiency programmes); and (3) research and development programmes (Doris et al.,
2009). The US federal government generally implements all three types of policies.

First, incentives in the industrial sector help industries to reduce the cost of adopting
energy-saving technologies and aiso pursue the goal of fostering the development of new
industries and technologies in an emerging market, encouraging a sustainable structural
change of the economy. These incentives included, for instance, tax credits and loan
guarantee programmes specifically directed at the industrial sector, such as the
Manufacturers' Energy Efficient Appliance Credit™ and the DOE Loan Guarantee Program.
Such incentives are flexible enough to be applied to a broad number of subsectors (Doris et al.,
2009).

Second, technical assistance programmes help industries to reduce energy consumption
while maintaining their competitiveness through improved efficiencies. Through energy

protocol, were not required to reduce their carbon dioxide emissions because they were not among the major
sources of greenhouse gas emissions during the industrialization period, which is believed to be causing today’s
climate change.

12 See: “4 Energy Efficiency’. National Academy of Sciences, National Academy of Engineering, and National
Research Council. 2009. America's Energy Future: Technology and Transformation. Washington, DC: The
National Academies Press. doi: 10.17226/12091.

13 See EIA (2015), https://www.eia.gov/totalenergy/data/monthly/pdf/flow/css_2015_energy.pdf

 Energy saving technologies include, for instance, technologies for combining heat and power (CHP, also
referred to as cogeneration), better motor systems (Nadel et al. 2002), wider application of energy control
systems in industrial processes (Rogers 2014), and improved energy management (Nadel et al., 2015).

1> See: https://www.irs.gov/businesses/corporations/manufacturers-energy-efficient-appliance-credit
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audits and information campaigns, industrial energy-efficiency programmes foster the
adoption of technologies that increase efficiency at the plant level.*®

Finally, the DOE implemented a number of R&D programmes across many Sectors
(buildings, transportation, manufacturing, and power) through the Energy Policy Act of 2005,
the Energy Independence and Security Act of 2007, and the American Recovery and
Reinvestment Act (ARRA) of 2009. These constitute an important role for energy efficiency
policies and for the sustainable structural change of the US economy. Indeed, the energy
sector and green industries had a central position in the policy regarding science and
technology during the Obama administration. In this framework, for instance, in 2009, the
DOE sponsored $90 million (not including ARRA funding) in R&D for the industrial sector,
with an overall objective of 20% reductions in energy intensity from 1990 levels in energy-
intensive industries by 2020 (Doris et al., 2009). In this case, specific research funding
targeted energy conversion and utilization (such as in gasification technologies, high-
efficiency boilers, waste recovery heat exchangers, and cogeneration), energy-intensive and
high carbon dioxide-emitting processes, resource recovery and utilization (i.e., through
reductions in material use, improved materials recycling, improved use of wastes and by-
products, and identifying new markets for recovered materials). Furthermore, approximately
$90 billion were invested by the Administration in R&D activities and incentives in industrial
sectors through the ARRA, involving numerous industries, including renewable energies
(solar, wind, and geothermal), plug-in hybrid vehicles, electric vehicles and the infrastructure
necessary for their operation, and plants producing batteries and components for electric
vehicles. Another 300 million dollars was invested through the General Services
Administration for purchasing energy efficient vehicles produced in America (Di Tommaso
and Schweitzer 2013; Di Tommaso et al., 2019, 2020b). An additional $400 million was spent
for the establishment of the Advanced Research Projects Agency-Energy (ARPA-E), in
charge of carrying out scientific research in the field of advanced energy technologies (ERP,
2010). To reduce the national consumption of electrical energy, the government promoted the
construction of a modern smart grid. The investment in this area has been $4 billion. The
ARRA also provided a tax credit from $500 to $1,500 in 2010 for the renovation of private
homes in line with energy efficiency standards (Di Tommaso and Schweitzer 2013; Di
Tommaso et al., 2019, 2020h).

Even with these actions, the politics of the green economy and industrial policy in the US
still remain extremely complex today. The impact that public decision-making in the field of
environmental policy has on investment decisions in particular sectors and technologies, on
the cost structure of companies and on the structural adjustment of the US economy is
enormous. These considerations explain why President Trump declared the US withdrawal
from the Paris Climate Agreement of 2015, which the Obama administration had signed. In
this context, the Trump administration’s environmental policy firmly contrasts with the
commitment of the Obama administration in this field. In this context, just a few months after
his election, the Trump administration launched the ‘Energy Independence’ policy. The
impact of this executive order could be disruptive. First, it aims to eradicate the Clean Power

'® In this context the main programs are: the Department of Energy Industrial Assessment Centers (IAC)
program (implemented through a collaboration among stakeholders from the federal government, universities,
and industry); the EPA's Center for Corporate Climate Leadership (that serves as a resource centre for all
organizations looking to expand their work in the area of greenhouse gas measurement and management); and
the Industries in Focus program (that offers tailored services on best practices and innovative energy saving
ideas for industry). See: https://www.energystar.gov/buildings/facility-owners-and-managers/industrial-
plants/measure-track-and-benchmark/energy-star-energy-0
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Plan launched in 2015 by the Obama administration to promote clean energy production.*’ In
this framework, the consequence of the Trump administration’s executive order is that the
U.S. Environmental Protection Agency (EPA) will change the rules on greenhouse gas
emissions, not only for existing power plants but also for those to be built. The Obama
administration’s rules made it virtually impossible to build new coal-fired power plants
because they required every new plant to have a system (which was very expensive and only
recently developed) to store carbon dioxide underground. The Trump administration’s EPA
has essentially rewritten these rules by softening its terms. Another prescription that the
Trump administration might erase in light of the Energy Independence policy is the reduction
of methane losses in the atmosphere during mining and refining of oil and natural gas: the
Obama administration had decided to reduce them by 40% by 2025, compared with 2012
levels. Furthermore, the Trump administration’s executive order would revise current
estimations of the social cost of emissions: under the new laws, EPA could lower these
estimates, for example, by considering only the emissions damages to the United States and
not to the whole planet.® Finally, one of the few measures contained in the Trump
administration’s executive order that could have an immediate effect is the elimination of the
Obama administration’s moratorium on federal land-use concessions for coal mining,
established to prevent new mines from being too easy to build.*

This overview further shows how the scenario for a sustainable structural change in the
US is inherently a political economy issue and that any industrial policy programme must be
envisioned with this perspective in mind. The lack of transparency about the policy goals and
weak analytical process to support policymaking can lead to dramatic government failures in
this field.

5. Methods

From the abovementioned perspective, this paper aims to propose new practices that can
improve the efficiency and effectiveness of industrial policy. In particular, by focusing on the
analysis of the US manufacturing system, the work proposes a methodology for mapping the
economic and environmental performance of these sectors to improve the process of
identifying industrial policy targets. From a methodological point of view, the analysis is
carried out by using composite indicators.

Composite indicators are commonly utilized by social scientists with the aim of
comparing social units such as cities and nations with respect to multiple dimensions of social
life. They are wvery familiar in country performance comparisons in globalization,
competitiveness, education, health, human rights, ecological footprint, corruption, technology
achievement, social cohesion and trust in public institutions (OECD 2008, Munda et al. 2009,
Marozzi 2012). In this paper, we apply the notion of a composite indicator to elaborate a
methodology to map the economic and environmental performance of the sectors.

A general procedure to compute composite indicators is reported in Marozzi (2015).
Here, we consider a modification of this procedure based on three steps:

1. normalization of the original data
2. weighting of the normalized data

" The Clean Power Plan has been under a legal review process at the U.S. Court of Appeals for the District of
Columbia, after many industrial groups and 27 states had filed a lawsuit against the measure.

18 \www.ilpost.it/2017/03/29/trump-clima

Bwww.focus.it/ambiente/ecologia
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3. aggregation of the weighted normalized data

Let Xy, J=1,...,d, k=1,...,K denote the value of variable Xy for sector j. Suppose that
X1,...,Xk are related to a complex variable that cannot be directly measured. Therefore, we
combine Xg,...,Xk to assess the underlying complex variable. In the first step of the procedure,
the original data are normalized as follows:

X —min (X, j =L, 3)+1/3
max (X ;, j =Ly 3)=min (X, j=1,..., 3)+2/3"

ﬁ(xjk):

corresponding to well-known linear scaling in the min-max range. Note that to avoid
P(Xj) values equal to O or 1, which may cause computational inconsistencies in the
aggregation step, correction factors 1/J and 2/J are added to the numerator and denominator,
respectively. Normalization is necessary before weighting and aggregation steps because
X1,...,Xk generally have different scales and dispersions.

In the second step of the procedure, the normalized data are weighted according to a
certain weighting scheme c to reflect possible different degrees of importance for the
variables. In the third step of the procedure, the weighted normalized data are aggregated
according to a certain aggregation rule & as follows:

AX dW, k=1,... K}z v =1.....C, d=1,....D

where ¢y denotes the aggregation rule and wy is the weight assigned to the k-th
normalized variable. In particular, we consider the following four aggregation rules:

e d=1, Additive rule
1c5(ﬂ(xj k)’ch1k =1,. --K): Z::1ﬂ<xjk)cwkzlc Vi,

e d=2, Fisher rule

2c5(/B(Xj k)ch’k =1.. -K):_Zillo (.(ll_ﬁ(xj k))chZZC Vi,

e =3, Logistic rule

K X iy
3c5(ﬁ(xjk)’cwk’k =1’-"’K): Zkllo{%chkziic Vi,

e d=4, Liptak rule

4c5(:8(xj khe Wi k =1.. 'K): Z:;Q)‘l(ﬂ(xj k))ch “ac V.
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where @ denotes the quantile function of a standard normal distribution. The composite
indicator can be used to rank the J sectors by simultaneously considering Xi,...,Xk.

Subjective decisions are made on which aggregation method and weighting scheme
selections will be used to design composite indicators. Each selection of (c, d) has its pros and
cons and leads to a different composite indicator and then potentially to a different ranking of
sectors. As emphasized by OECD (2008), the robustness of a composite indicator ranking
against its design should be assessed. A very useful method to address this problem is
uncertainty analysis, as shown by Saisana et al. (2005), Marozzi (2015), Luzzati and
Gucciardi (2015), and Di Tommaso et al. (2017).

Uncertainty analysis is a Monte Carlo simulation-based procedure applied to the formula
defining the composite indicator. The sources of uncertainty in the composite indicator are
aggregation and weighting. The aim of uncertainty analysis is to test whether the ranking of
sectors according to the composite indicator is robust or volatile with respect to the design of
the index. More precisely, the aggregation source of uncertainty is modelled by scalar input
factor U; and the weighting source of uncertainty is modelled by vectoral input factor U..
According to general practice, uniform distributions are assigned to the input factors (Saisana
et al. 2005, Marozzi 2015). These distributions are sampled, i.e., aggregation and weighting
are varied simultaneously to assess their effects on the composite indicator.

Let ¢ denote a continuous random variable uniformly distributed in the [0,1] interval. For
input factor Uy, the general disposal rule is as follows:

1 ieselect,sif £ €[0,/4)
2 ieselect,s5if ¢ €[1/4,1/2)
3 ieselect,sif ¢ €[1/2,3/4)
4 ieselect,dif £ €[3/4]]

Input factor U,=(Uz...,Uk) is the vector of raw weights. We assign to each raw weight a
continuous uniform distribution in the interval [1,p] with p>1 so that the maximum theoretical
weight cannot exceed p times the minimum theoretical weight. The raw weights are then
rescaled as follows:

U2k

K )
k:]_U 2k

W, = k=1..K

so that the usual restrictions on weights apply: wi>0, Vk=1...,K and ZLV\L =1. The

rationale for assigning different weights to the variables is to reflect different importance as
well as different perceptions of policymakers towards them.

L combinations of the two sources of uncertainty are generated by sampling the
uncertainty input space L times. Each combination corresponds to a different composite
indicator, jy=(1%;j=1,...,J), and then to a different ranking |R=(R;,j=1...,J) of the J sectors. An
estimate of the uncertainty distribution of the rank of sector j is obtained by considering all L
combinations of input factors and computing the corresponding rank. The median of the
resulting vector of ranks for sector j jR=(R;I=1...,L) is a summary measure of sector j rank
uncertainty distribution, and the interval defined by the 5™ and 95" percentiles of the rank
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distribution reflects its robustness with respect to the design of the composite indicator. A
narrow uncertainty interval for sector j means that its ranking is robust because it slightly
depends on the selection of a particular aggregation method and a particular set of weights.
Conversely, a wide interval means that the sector j ranking is volatile because it markedly
depends on the particular design of the composite indicator.

In this work, we apply the methodology described above to develop two different
composite indicators to assess the economic and environmental performance of 18 American
manufacturing industries.”® Data were collected by the United States Census Bureau (US
Department of Commerce) and by the Manufacturing Energy Consumption Survey (MECS)
conducted by the US Energy Information Administration (EIA). Manufacturing industries are
classified according to the classification of productive sectors of the 2012 North American
Industry Classification System (NAICS).

The first composite indicator (the Economic Performance Index, or EPI) provides a
ranking of the US industries based on their different economic performance. The index is
calculated for the years 1998, 2002, 2006, 2010, 2014, and 2015. It is composed of five
different variables to evaluate the economic performance of these industries?:

1. VA as % of GDP: the sector value added as a percentage of the total national GDP in
2012. This variable aims to consider the weight of the industry in the economy.

2. VA/Full-time equivalent employees: the sector productivity of labour. It shows the
intrinsic capacities of a sector to produce economic wealth, regardless of the total volume of
sector production (thus differentiating it from the previous three variables).

3. Net export/Full-time equivalent employees: the value of net exports per employee.
This variable is used as a proxy to evaluate sector performance in international markets.

4. Investment in private fixed assets: the total value of investment in private fixed assets.
It aims to measure the overall capital intensity of the industry.

2 The choice of focusing on manufacturing sectors derives from the peculiar role that these industries play in
economic growth dynamic. Indeed, as shown by the economic literature, characteristics such as high
productivity of labour, dynamic economies of scale, rapid technological change and innovation, and positive
externalities towards other sectors, make manufacturing industries extremely important as engines of economic
growth (see amongst others Tregenna 2009, 2014; Bianchi and Labory 2011; Chang et al. 2013; Andreoni and
Scazzieri 2014). The choice to limit our study to manufacturing industries also presents the methodological
advantage of testing our exercise on a more homogeneous group of sectors.

! The choice of variables (and the weight to be assigned to each variable) is an arbitrary decision in studies
using composite indicators, manifesting itself as ‘a source of contention’ (see, e.g., OECD, 2008, p. 31). As
emphasized by the Joint Research Centre of the European Commission (Saisana and Tarantola, 2002) and the
United Nations Economic Commission for Europe (UNECE, 2019), there is often a compromise between
scientific accuracy and information availability, making reliability and timeliness of available data central in
selecting variables. There is no fully objective way of selecting the variables defining the composite indicator
(Saisana and Tarantola, 2002, p. 8), and it is central to assuring that composite indicator design is transparent:
this is the aim of the uncertainty analysis performed in Subsection 6.1. Following these considerations, in this
paper we have chosen the economic and environmental perspectives (as defined by the selected variables), in
order to apply the proposed methodology to an illustrative case-study, discussing potential targets for industrial
policy. It would be in principle possible to assess the importance of the variables behind a composite indicator
and to select the most important ones, obtaining a simplified composite indicator. However, there are many
methods in the literature and no agreement on which one is the best (Marozzi, 2016). Moreover, in these
methods the selection of variables is merely statistical, ignoring the possible economic or political significance
that these variables might carry.
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5. Investment in private fixed assets/full-time equivalent employees: the value of
investment in private fixed assets per employee. It aims to measure capital intensity per
employee and the propensity of private businesses to invest in the sector.

The second indicator (the Greening Performance Index, or GPI) assesses the sector’s
environmental performance. As specified in the previous sections of the paper, our focus is on
the productive processes characterizing the industries, and the environmental performance is
evaluated according to the degree of adoption of energy-saving technologies by the sectors.
The GPI is calculated for the years 1998, 2002, 2006, and 2010 (which is the last year
currently available for the chosen variables). It is composed of seven variables to assess the
greening performance of industries:

1. Percentage of Establishments Using Computer Control of Processes or Major Energy-
Using Equipment. This refers to a process automation or automation system (PAS) that is
used to automatically control a process through a network to interconnected sensors,
controllers, operator terminals and actuators. PAS is the lowest level of automation. Process
automation involves using computer technology and software engineering to help power
plants and factories operate more efficiently and safely.

2. Percentage of Establishments Using Waste Heat Recovery. A waste heat recovery unit
(WHRU) is an energy recovery heat exchanger that recovers heat from hot streams with
potential high energy content, such as hot flue gases from a diesel generator or steam from
cooling towers or even wastewater from different cooling processes, such as steel cooling.

3. Percentage of Establishments Using Adjustable-Speed Motors. Adjustable speed drive
(ASD) or variable-speed drive (VSD) describes equipment used to control the speed of
machinery. Many industrial processes, such as assembly lines, must operate at different
speeds for different products. Where process conditions demand the adjustment of flow from
a pump or fan, varying the speed of the drive may save energy compared with other
techniques for flow control.

4. Percentage of Establishments Using Cogeneration Technologies. The cogeneration
system uses a heat engine or power station to generate electricity and useful heat at the same
time.

5. Percentage of Establishments Employing a Full-Time Energy Manager. A full-time
energy manager is a person whose major function is to direct or plan energy strategies relating
to energy use and energy-efficient technology within the establishment.

6. Percentage of Establishments Participating in One or More General Energy-
Management - Activities. General energy-management activities include energy audit or
assessment; electricity load control; power factor correction or improvement; standby
generation programme; equipment installation or retrofit for the primary purpose of using a
different energy source; special rate schedule; interval metering; equipment installation or
retrofit for the primary purpose of improving energy efficiency affecting.

7. Capability to Switch from Natural Gas to Alternative Energy Sources: the ability of
the sector to switch from natural gas to alternative energy sources (in terms of percentage of
switchable energy on total consumption). 'Alternative energy sources' consist of those energy
sources that could have been substituted for natural gas. It measures the flexibility of the
sectors in substituting for the use of natural gas in productive activities.

The next section presents the results of the application of the two indexes to the case of
the United States.

18



Journal Pre-proof

6. Results
6.1 Assessing the robustness of the ranking trough uncertainty analysis (UA)

The uncertainty analysis (UA) methodology described above has been used to assess the
robustness of the ranking for the two indicators for each year considered. The uncertainty
analysis was computed considering 50,000 different combinations of combining functions
and variable weighting schemes in the composite indicator equation. The result of the UA is a
distribution of values of the composite indicator for each sector. Accordingly, the position of
each sector in the ranking is not given by a single value but by a distribution of values
corresponding to a large number of different groupings from combining functions and
variable weighting schemes in the index equation, graphically represented as the rank
(position) uncertainty interval. The wider the band is, the higher the influence of the index
computing choices (i.e., 0.5 selection of combining function and of the weights assigned to
the variables) on the ranking are. In other words, the wider the bands are, the higher the
possibility is of manipulating the ranking by changing the equation of the index and the
weights assigned to the variables. The final ranking is built on the basis of the median rank
for each sector, which is represented in the graph by the dot, whereas the band goes from the
5" to the 95™ percentile of the rank uncertainty distribution. Sector 1 is the best and sector 18
is the worst for performance.

By performing the uncertainty analysis for the two indicators for each year considered,
we find that the rankings are generally very robust since the bands representing the level of
uncertainty are generally very short. Below, we report the results of UA for the two indicators
for 2010. Appendix A shows the details of the percentage frequency distribution of each
sector rank resulting from our uncertainty analysis.

Figure 1. Result of the Uncertainty Analysis for the Economic Performance Index
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Source: Author’s calculations.

The uncertainty analysis applied to the economic performance index shows that the
ranking of industries is sufficiently robust. In fact, the bands generally tend to be narrow. As
can be noted, industries near the head and tail of the ranking have generally narrower bands,
and the results tend to be miore robust for these sectors. In certain cases, the median is located
at the extremity of the band because its value coincides with the maximum or minimum of the
range. This is another Indication of the robustness of the median ranking. In particular, the
ranking for the economic performance index shows a different economic performance of the
sectors. For the US economy, the industries with the best economic performance are chemical
products; petroleum and coal products; machinery computer and electronic products; and
food, beverage and tobacco products. In contrast, the industries that achieved the lowest
economic performance are apparel and leather allied products; textile; furniture; wood
products, and electrical equipment and appliances components. As a preliminary result, the
EPI provides information on the industrial structure of the American economy that is
potentially useful in the process of defining industrial policy targets.

Figure 2 shows the result of the uncertainty analysis for the Greening Performance
Index.

Figure 2. Result of the Uncertainty Analysis for the Greening Performance Index
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The 2010 ranking for the Greening Performance Index (GPI) appears particularly robust since
the bands obtained by applying the uncertainty analysis are very short. The results in terms of
ranking of the industries analysed indicate that the GPI presents some similarities with the
economic performance index (EPI). (We further discuss the similarities and differences
between the two rankings in the next section). Indeed, among the best greening performance
industries, we find petroleum and coal products; chemical products; food, beverage and
tobacco products, which are in the first five positions for their economic performance. In
addition, primary metals and paper reached good greening performances (at the third and fifth
positions, respectively). These best greening performance sectors are those that have mostly
adopted energy-saving technologies in their productive processes. In contrast, apparel and
leather allied products; furniture; printing and related support sector; miscellaneous; and
machinery are the industries characterized by the lowest greening performance. In reading
these results, we specify that the GPI tends to capture just the ability of the sectors to invest in
energy-efficient productive processes. This means, for example, that the Greening
Performance Index (GPI) overlooks considerations on the environmental impact of the sector
product’s final use. In our specific case, for instance, the petroleum and coal industry has
achieved good greening performance since it mostly adopted energy-saving technologies
compared to the other sectors; of course, this does not mean that the use of petroleum and coal
products is environmentally friendly.

6.2 Discussion on potential targets for industrial policy

By simultaneously evaluating the results provided by the two indexes presented above, it is
possible to derive important information on the characteristics of the potential targets of
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industrial policies. As a first step of this analysis, we assessed the degree of correlation among
the two indexes (see Figure 3).

Table 1. Degree of correlation between EPI and GPI over time (1998, 2002, 2006, 2010)

Coefficient
Year R
1998 0,305
2002 0,333
2006 0,330
2010 0,549

Source: Author’s calculations.

The analysis of correlation between the two indexes, performed by using the Spearman
correlation coefficient (here, it is equivalent to the Pearson correlation coefficient R), shows
that correlations between indicators maintain approximately the same value over time. In
particular, the Greening Performance Index (GPI) is positively correlated with the Economic
Performance Index (EPI) (even if the level of correlation is not high). The correlation
coefficients range from 0.305 to 0.579 over time. This could mean that industries with higher
economic performance (that, according to the construction of the EPI, tend to coincide with
capital intensive industries) are more inclined to invest in energy-saving technologies.

However, the analysis of the degree of correlation offers just a general overview of the
relation between the economic and —environmental performance of industries by
simultaneously considering all sectors. In reality, the existence of possible inconsistencies
between the economic and greening performance of industries could suggest different kinds
of policies for sectors with different characteristics. In other words, the relationship between
the economic and greening performance of the sectors deserves to be further explored to
address the potential trade-off between the economic and environmental goals of industrial
policies. This kind of problem must be addressed through methodologies able to identify,
through a ‘case by case’ approach, the existence of such a trade-off to implement selective
industrzizal policies that are differentiated and calibrated on the specific characteristics of the
target.

Following this intuition, Figure 4 simultaneously displays the two rankings. This chart
is a useful tool for mapping different industrial sector performances and discussing policy
implications.

Figure 3. Mapping industrial sectors - Economic and Greening Indexes

22 |In addition to the problem of potential trade-offs, the issue of the interdependencies between different
industries is a relevant topic that currently is not taken into account in our analysis, but that certainly deserve to
be explored in the future. Indeed, considering linkages between different activities seems to be a promising way
to identify relevant industries of an economy, as well as to assess how intervention on each industry will have
effects on other industries. For instance, sectors with strong upstream connections, which buy inputs from many
other industries, are capable of influencing overall economic production by stimulating demand for the related
industries. On the other hand, sectors with downstream connections can improve the offer by selling output to
other sectors, and therefore develop overall consumption (see, e.g., Hirschman, 1958; Cella, 1984; Cardinale,
2017; Scazzieri et al., 2015).
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In the horizontal axis, the sectors are sorted according to the growing economic
performance (from the best — 1 — to the worst — 18 —), whereas the vertical axis maps the
greening performance as a function of the economic performance. The more the greening
performance moves away from the bisector, the greater the divergence between this
performance and the economic performance; therefore, the trade-off between economic and
environmental objectives is potentially greater. According to this framework, the diagram can
be divided into four quadrants, which identify four different types of industrial policy targets
potentially treated in different ways by the policymaker. The quadrant at the top left of the
diagram includes the sectors with high economic performance but low environmental
performance. One can hypothesize, for example, that for this group of sectors, the
intervention of industrial policy should pursue the objective of improving the environmental
performance of the industries. The opposite case is represented by the low right quadrant:
sectors with low economic performance but high environmental performance. For these
sectors, policy goals, for instance, could focus on improving economic performance. The
quadrants on the bisector represent the sectors for which the trade-off between economic and
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environmental performance is less evident. Specifically, the sectors of the quadrant at the top
right could be the target of policies aimed at both improving economic and environmental
performance. In contrast, the lower quadrant on the left contains sectors that may not need
any policy intervention, as they are characterized by high economic and environmental
performance. We recall here that the good performances of sectors such as petroleum and coal
depend upon the indicator we use, which captures improvements in the production processes,
and not in the impact of the final goods produced or in the renewability of resources.

Beyond the specific results of our analysis on the US case, which should be considered
only as an illustrative example, these results allow us to present a methodology that,
appropriately adapted to the objectives to be studied, can help different policy stakeholders to
discuss and define goals and targets of industrial policies in a more rigorous and transparent
manner by making the relation between them explicit. Specifically, the methodology aims to
improve the policymaking process in two ways. First, since industrial policy implemented
with weak (or unobservable) justifications could run the risk of responding to partial interests
(e.g., of influential lobbies or self-interested politicians and bureaucrats), we suggest that
policymakers’ choice about the promotion of specific targets (such as industries, companies,
territories, and so on) should be based on transparent and communicable motivations. Indeed,
requiring policymakers’ reasons for industrial policy to be explicit increases the control of
society on public action and potentially limits ‘unvirtuous’ behaviours, creating incentives to
operate for the more general interest of the community (see, for example, Bird, 2005). In this
direction, the methodology we applied makes different political priorities explicit (e.g.,
economic and environmental) and highlights their connections with specific targets of
intervention. In other words, the methodology, if applied, offers to the policymaker the
opportunity to justify industrial policy decisions (i.e., in terms of promotion of particular
targets instead of others) in a rigorous and transparent way, showing the explicit connection
between a particular target and its capacity to promote specific societal goals. This
transparency in policymaking potentially has the effect of discouraging and reducing
‘regulatory capture’ phenomena from (internal and external) ‘rent-seekers’ by revealing
whether the selection of particular targets and the implementation of particular policies are
justifiable or not with respect to the identified societal goals.

Second, the proposed methodology aims to improve the ability of the government to
process information useful to decision-making. In this context, the methodology provides
useful information on the performance of the different targets (e.g., industries) with respect to
multiple objectives (e.g., economic and environmental). Specifically, the methodology
categorizes the potential targets of intervention in different groups based on the combination
of the performances realized with respect to different goals. In this framework, in addition to
information on the existence or absence of potential trade-offs, the analysis reveals how
different targets express a different capacity to achieve certain policy objectives. This
constitutes useful information for policymakers to discuss and decide on which targets
deserve to be promoted (and through which policy tools) in view of fostering sustainable
structural change. In this way, the methodology is useful to provide rigorous information for
the implementation of selective industrial policies, differentiated on the specific
characteristics of the targets. Under this perspective, the illustrative results of the analysis (i.e.,
the diagram in Figure 4) can also be intended as a modus operandi that can be used by
governments to share their views on priorities, goals and targets both within and outside the
public administration. Certainly, there are limitations, especially in those sectors at the
technological frontier, because of the structural uncertainty characterizing new industries and
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innovations (Nelson and Winter, 1982; Foster, 1997; Cardinale, 2019). This uncertainty can
imply even more difficulties for policymakers in justifying their selective choices.

Nevertheless, we argue that competing policy choices should always be specified and
discussed, as should be the reasons (albeit unstable) to follow one policy option or another.
Indeed, this modus operandi appears useful to promote risk sharing and/or to mitigate
potential government failures due, for example, to the lack of information or opportunistic
behaviours (Bird, 2005). In doing so and if the discussion is genuinely open (i.e., in a
participatory setting) a potential arena is created for different stakeholders to raise their voice.
In this context, effective public policy management choices might offer important answers to
the kind of government failures we are discussing. There are no one-for-all solutions, and in
diverse institutional settings, different policy governance and management mechanisms could
be envisioned to guarantee an effective participatory process in which distinct stakeholders
have a real voice. Ideas and solutions on this matter can come from studying the different
(past and present) government practice experiences in Europe (with reference, for example, to
how the governance of national and regional innovation agencies can be organized), in the US
(with reference, for example, to the role of industrial lobbying) and in quite different
institutional contexts, such as China or South Korea (with reference, for example, to the
process of defining ‘strategic industries’).?*

7. Final remarks.

This paper is grounded in the debate on selective industrial policy and sustainable structural
change, as defined in this paper. Despite the massive use of selective industrial policy to
promote processes of structural change, this paper has recalled the risk that public actions
could be affected by government failures, especially in the absence of a widespread
theoretical debate on the possible corrections to such failures. On the one hand, government
action risks being led and captured by pressures from partial interests and rent-seekers. On the
other hand, important information asymmetries must be overcome to identify targets and tools
that better promote specific economic and societal objectives. Building up these well-known
issues, we have discussed the importance of promoting structural changes that are sustainable
from a plurality of viewpoints, including ecological, economic and social changes. In this
vein, we have considered industrial policy as a powerful tool for governing structural changes,
with the goal of containing the risk of dramatic collapses. In view of that, government failures
have also been considered circumstances in which public action is unable to acknowledge and
mitigate the potential (ecological, economic and social) threats to system sustainability that
could characterize the process of structural change. All these considerations point to the need
to invest in analytical tools and theoretical frameworks able to recognize the political
economy of industrial policy, with different interests at stake from various societal groups
that can be translated into specific industrial policy goals and later into specific industrial
policy targets.

With this in mind, this paper has intended to contribute to the literature and to the
theoretical debate by proposing a methodology to improve the efficiency and effectiveness of
industrial policy. Specifically, by focusing on the analysis of the US manufacturing system,
the methodology we have proposed ranks US manufacturing industries as potential industrial

23 For further details on how different governance and management policy mechanisms might work in different
institutional settings, see, for example, Diez (2001); Dir and Mateo (2012); Yadav (2008); Barbieri et al
(2019a); Tassinari et al. (2019); Holburn, G., and Spiller, P. (2002); Kamberelis and Dimitriadis (2000).
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policy targets according to their capacity to pursue economic and environmental goals. This
analysis has been carried out through the construction of two different composite indicators
that are useful to assess many sectors’ economic and environmental performances. In addition,
we have applied an uncertainty analysis methodology to the construction of the composite
indicators to test the robustness of the rankings. In this way, it has been possible to understand
whether and to what extent the rankings are volatile or fail to capture the phenomenon that the
indicator is meant to measure. Finally, the results of the two rankings have been
simultaneously considered by mapping in a single diagram the economic and environmental
performance of the industries. From a political economy perspective, such a diagram should
be intended as an important exemplifying outcome for discussing, deciding and motivating
(inside and outside the public administration) the choice on targets and tools of industrial
policy when multiple goals are at stake. In this context, the main strength of the proposed
methodology is the ability to highlight the political priorities and their connections with IP
targets. This enables, in our view, transparency and rigour in industrial policymaking, which
can in turn contribute to mitigating potential government failures. On the one hand, the clear
specification of the political priorities by the policymakers and their connection with the
intervention targets could increase the control of public action by the community and
discourage ‘unvirtuous’ behaviours of regulatory capture, incentivising policymakers to
operate for the more general interest of society. On the other hand, the methodology offers
reliable information on how different targets express a different capacity to achieve certain
policy objectives, contributing to overcoming potential information asymmetries affecting
policymaking processes. Of course, we are aware that the analytical exercise proposed herein
is simplified in a context of two ‘competing’ goals and that it could be improved to
simultaneously capture a higher number of goals. In this framework, we wish to further
underline that, within the practice of identifying proper IP goals, targets and tools, the
adoption of the proposed methodology might be interpreted as a modus operandi rather than a
mere tool, and in this sense, it can offer a chance to make the debate on political priorities
more explicit and transparent.
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Appendix A

Table Al. Percentage frequency distribution resulting from uncertainty analysis for the
Economic Performance Index (2010) - sectors listed according to the median rank.

Rank
Manufactoring sector Median 1 2 3 4 5 G T 8 g 10 11 12 13 14 15 16 17 18
Chemicals 1|0 © © © © O 0 © O ©0 © © 0O ©0 0 0O 0 o0
Petroleum Coal Products 3 0 23 5 15 3 4 2 o 0 [u] i} o a i} 1] 0 0 [u]
Machinary 3 [ a 19 2 27 0 o 0 0 i} o a i} 1] 0 0 0
Computer, Electronic Products 3 0 3\ 3 20 3 k| 9 o 0 0 [} o L1} [} 1] 0 0 0
Food Beverage Tobacco Products 5 o ] 4 10 75 10 0 o 0 [u] i} o a i} 1] 0 0 [u]
Transportation Equipment G o ] o 28 8 39 i 17 8 0 [} o L1} [} 1] 0 0 0
Paper T o ] 4 6 5 11 46 18 11 0 [} o L1} [} 1] 0 0 0
Fabricated Metal Products g 0 o o © ©0 ©O 29 5 1 0 © © 0O ©0 ©0 0O 0 0
Miscellaneous 9 o ] [} [} 1] a 0 11 41 10 13 o 25 [} 1] 0 0 0
Plastics Rubber Producis 10 o ] [} [} 1] a 0 0 15 85 [} o L1} [} 1] 0 0 0
Printing and Related Support 11 0o o 2 5 6 13 1 9.5 32 7 13 10 0 ©0O 0 0
Naonmetallic Mineral Products 12 o ] i} i} 1] a 0 o 0 i) 3 52 35 10 1] 0 0 [u]
Primary Metals 12 o ] i} i} 1] a 0 o 0 0 28 324 11 14 5 [ 0 [u]
Electrical Equip. Appliancas Components 14 o 0 © © © 0 ©o ©0 0 0o 0 5 15 5 0 1 24 0
Wood Products 15 o ] i} i} 1] a 0 o 0 0 23 2 a [ 0 0 [u]
Furniture, Related Producis 16 o ] i} i} 1] a 0 1] 0 o i} o 0 12 14 75 0 [u]
Textile Mills - Textile Product Mills 17 o ] [} [} 1] a 0 o 0 0 [} o L1} [} 6 18 76 0
Apparel Leathar Allied Products 18 o o o © ©0 O ® 0 0O 0O © © 0O ©0 0 0O 0100

Source: Author’s calculations.
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Table A2. Percentage frequency distribution resulting from uncertainty analysis for the
Greening Performance Index (2010) - sectors listed according to the median rank.

Rank
Manufactoring sector Median 1 2 3 4 5 7 T 8 @ 10 11 12 13 14 15 16 17 18
Petroloumn Coal Products 1|0 © © © © © © © ©0 ©0 ©0 0O O 0O © © 0o o©°
Chemicals 2 oi® © © © © © © 0 ©o 0 O O 0 © O 0 o°0
Primary Metals 3 1] 0 @3 T 1] ] i) 1] o [u] i) 1] o [u] o a o [u]
Food Beverage Tobacco Products 4 o 0 7 % o0 0 © O 0O O ©0 0 O O 0 0O 0O 0
Paper 5 o 0O ©o ©o1M © © © ©0O ©0 O©0 O O O © © 0 ©0
Plastics Rubber Products G 1] ] 0 0 0 100 i) 1] o [u] i) 1] o [u] o a o [u]
Transportation Equipmeant 7 o 0 o © O O 54 4 0 O O O O O 0O 0O O O
Electrical Equip. Appliances Components 8 o 0 4] 4] 0 0 46 54 0 1] 1] o 0 1] o o0 0 1]
Computer, Electronic Products g o 0 4] 4] o 0 1] 0 &3 IF 1] o 0 1] o 0 0 1]
Monmetallic Mineral Products 10 00O o © © O O0 0 ¥ BB 0 0 O 0 © O 0 O°
Wood Products 11 v} ] 0 0 v} ] 0 1] 1] 0 98 2 1] 0 o L1} 1] 0
Taxtile Mills - Textile Product Mills 12 o 0O © © © ©O o ©o 0 0 2 52 43 2 © ©O 0O O
Fabricatod Metal Products 13 o 0O O © © O o © 0 0 0 45 B 0 © O 0O 0
Machinary 14 v} ] 0 0 v} ] 0 1] 1] 0 0 1] 2 o8 o L1} 1] 0
Miscellaneous 15 1] ] 0 0 1] ] i) 1] o 1] i) 1] o 0 100 a o [u]
Printing and Related Support 16 o 0O o © © O o © 0.0 0 0O O O © 8% 5 0
Furniture, Related Products 17 1] ] 0 0 1] ] i) 1] [1] o] 0 1] o [u] o 5 @5 [u]
Apparel Leathar Alliad Products 18 0o 0O o © © ©0 o 0o /0 B 0O 0O O O © ©O 0100

Source: Author’s calculations.
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