
Ecological Economics 135 (2017) 10–21

Contents lists available at ScienceDirect

Ecological Economics

j ourna l homepage: www.e lsev ie r .com/ locate /eco lecon
Business Strategy Under Institutional Constraints: Evidence From China's
Energy Efficiency Regulations
Junming Zhu a,b, Marian R. Chertow b,⁎
a School of Public Policy and Management, Tsinghua University, Beijing 100084, China
b Center for Industrial Ecology, School of Forestry and Environmental Studies, Yale University, 195 Prospect St, New Haven, CT 06511, USA
⁎ Corresponding author.
E-mail addresses: junming@tsinghua.edu.cn (J. Zhu), m

(M.R. Chertow).

http://dx.doi.org/10.1016/j.ecolecon.2017.01.007
0921-8009/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 23 July 2016
Received in revised form 21 November 2016
Accepted 6 January 2017
Available online xxxx
This paper links theoretical perspectives from energy efficiency economics with those observed from corporate
environmental strategy to develop a framework for explaining energy efficiency strategies by firms in response
to national policies and local regulations in China. The framework is refined through analytic generalization of 20
cases from four industries and four cities in Jiangsu Province, and reveals two strategies: 1) firms with moderate
institutional pressure seek incremental competitiveness by adopting energy-saving technologies, which is rein-
forced by their informational, organizational, and financing capabilities, and facilitated by voluntary policies and
industrial competition; 2) firms with survival risk or development constraints under regulation seek a position
favored by local governments by replacing old plant and equipmentwith larger, more efficient ones and contrib-
uting to the local community. The Chinese case studies reveal a strong institutional impact on firms' choice of
business strategies and particularly the positioning strategy. The identified business strategies shed additional
light on the effectiveness and implications of different policy instruments for energy efficiency.
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1. Introduction

Decision making by firms regarding energy efficiency investment is
often viewed as an economic problem. Being a factor of production, en-
ergy can be substituted by other factors of production, such as fixed cap-
ital. Energy savings, which are often recurrent, can reduce production
costs and preserve financial assets over the long term. Although empir-
ical evidence confirms that the adoption of energy-saving technologies
is responsive to energy pricing, a gap has long been recognized between
the current energy efficiency level and economic or social optimal levels
(Jaffe and Stavins, 1994). Such an “energy efficiency gap” has been ex-
plained systematically in terms of market failures and non-market be-
havioral barriers (Gillingham et al., 2009; Jaffe et al., 2004). These
broad-scale explanations, however, do not fully address how related
policy mechanisms and behaviors are perceived within a specific insti-
tutional context and how firms vary in response to regulation and
other inputs. In contrast, the management literature discusses institu-
tional constraints more explicitly as well as strategic decision-making
and organizational behavior of firms. Causal mechanisms can be identi-
fied to help build theories and propose propositions of firm behaviors
for further examination and policy recommendations.
arian.chertow@yale.edu
Building on the insight provided by the observation of the energy ef-
ficiency gap, then, this paper adds perspectives from the corporate envi-
ronmental management literature, to define a model that helps to
explain firms' motivations and decisions for energy saving in the con-
text of substantive regulations on energy efficiency in China. The
model considers how multiple policy instruments are interpreted and
implemented, and explains how institutional and industrial contexts
shape firms' behaviors, conditional on their capabilities. The model is
developed based on interviews with industrial firms about their strate-
gies during 2006–2015 and both within-case and between-case
analyses.

The geographical setting is China, not only because of its magnitude
of energy consumption and significance to global climate mitigation,
but also, more importantly, because it offers researchers an ideal setting
to confirm or extend previous discussions about energy efficiency deci-
sions. Four case studies are included in the Appendix A to illustrate the
decision-making process of example firms doing business in China. The
policies that went into force in 2006 in China featuredmixed use of pol-
icy instruments beyond simple command-and-control or market ap-
proaches and immediate tightening of industrial energy consumption.
The findings herein are contingent on contextual factors identified ex-
plicitly, which help to advance the knowledge of firms' responsiveness
in energy saving and inform policymakers on the effect of different pol-
icy instruments and their specific dynamics in China.

The remainder of the paper is organized as follows. Section 2 reviews
the literature in economics and management about energy efficiency
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and environmental behaviors of the firm. Section 3 gives an overview of
the regulatory background in China and a preliminary framework for
explaining firm strategies. Section 4 describes the case study method
applied in this research and data collection process. Section 5 presents
findings. The implications of these findings for research and policy-
making are further discussed in Section 6. Section 7 concludes this
paper.

2. Literature

2.1. Energy Efficiency Economics

Fromaneconomic perspective, afirm's decision regarding energy ef-
ficiency is based on a balance of costs of initial investment and expected
benefits of future cost savings, as well as expected profits from technol-
ogy transfer (Jaffe et al., 2004). As a rational actor, afirm should invest in
all of the energy efficiency technologies with a positive net present
value. An energy efficiency gap is often observed empirically, however,
revealing that firmsdo not adopt all of the profitable technologies. Rath-
er, it appears that firms make decisions based on an implicit discount
rate higher than other market interest rates and, as a result, the invest-
ment falls short of the optimal (Gillingham et al., 2009; Jaffe et al., 2004;
Tietenberg, 2009).

The underinvestment in energy efficiency is often explained bymar-
ket failures regarding accessibility to information and investment. Infor-
mation about the existence of a technology and the act of adopting it –
often called learning by using – creates positive externalities by letting
others be more informed about the technology at little or no cost
(Jaffe et al., 2004). Positive externalities indicate undersupply of the in-
formation that is essential to firms' ability to make investment deci-
sions. Within an organization, imperfect information exacerbates
principal-agent problems –managers who determine an energy saving
investment may be evaluated before the benefit of the investment is
fully revealed, and would likely choose not to invest suspecting that
others do not understand and appreciate the benefit of investing in
the technology. Additional principal-agent problems are manifested
by capital costs being treated differently from operating costs in an or-
ganization, leading to similar underinvestment (Tietenberg, 2009).

Lack of access to financing for energy efficiency features another
kind of market failure (Gillingham et al., 2009). Liquidity constraints
apply not only to energy efficiency investments, but also to other poten-
tial investments a firm faces. Under a financing or credit constraint, a
firm-as-rational-actor would choose only the most profitable invest-
ments with the shortest payback periods, or choose among those that
lenders – without the same knowledge about energy efficiency –
would consider to have low credit risks.

Policies can encourage technology adoption by directly addressing
market failures. Positive information externalities associated with ener-
gy efficiency technologies can be internalized through financial incen-
tives to technology adopters. Imperfect information and principal-
agent problems can be mitigated through information programs that
provide energy audits or information about certain technologies. Capital
market failures can be solved by financing or loan assistance particularly
for energy efficiency projects.

Deviating from the assumption of rational choice, behavioral eco-
nomics sheds additional insights on the behaviors of energy users
from their nonstandard preferences and nonstandard decision-making
(Gillinghamand Palmer, 2014). Nonstandard preferences include temp-
tation and self-control that favor products with lower upfront costs and
most often, lower energy efficiency (Tsvetanov and Segerson, 2013).
The endowment effect and loss aversion under uncertainty also suggest
a preference for the status quo (Gillinghamand Palmer, 2014). Nonstan-
dard decision-making includes bounded rationality, which implies a
limited ability to process information, and heuristic decision making,
which deviates from pure net-present-value or cost-benefit decision
making (Gillingham et al., 2009).
Firms, as economic agents, experience and learn directly from an ex-
change institution and arbitrage, and may behave more rationally com-
pared to individual consumers, but they are not fully immune to
behavioral anomalies (Tversky and Kahneman, 1986). In economic
terms, as long as these behavioral anomalies exist, their interaction
with other market failures makes the policy efforts to “correct the mul-
tiple imperfections” far more difficult than addressing a single one
(Shogren and Taylor, 2008). Policies can improve energy efficiency
through investment incentives that reduce upfront cost, information
programs that assist decision-making, and energy efficiency standards
that mandate the use of more efficient technologies and products.

2.2. Strategic Behaviors Under Institutional Constraints

Empirical research shows that firms are heterogeneous in levels of
investment inefficiency and preferences for energy efficiency within
and across different geographic and institutional contexts, based on re-
vealed preference (for example Anderson and Newell, 2004; Arvanitis
and Ley, 2013; DeCanio and Watkins, 1998) or self-stated preference
(for example De Groot et al., 2001; Hasanbeigi et al., 2010; Liu et al.,
2012; Rohdin and Thollander, 2006; Schleich, 2009). This implies that
universal policy efforts discussed above may lead to distortions espe-
cially for firms already close to efficient investment levels and not en-
hance overall welfare. To understand the heterogeneity across firms
and contexts requires causal explanations of energy saving decisions
that are built upon essential characterization of corporate responses
on the one hand, and are embedded in detailed institutional contexts
with accurate accounts of policy mechanisms on the other hand.

On broader environmental issues, the management literature often
incorporates external contexts and internal organizational processes
in rationalizing corporate responsiveness and strategy. Seemingly costly
environmental practices can arguably bring competitive advantage to
firms. From Porter's dynamic perspective of competitiveness, environ-
mental innovation can create advantage for firms that are subject to
well-designed regulations that induce innovation, moving the firms to
a position of lower cost or greater differentiation comparedwith the of-
ferings for non-subject firms (Ambec et al., 2013; Esty and Porter, 1998;
Porter and Van der Linde, 1995).

Reinhardt (2000) explores alternative conditions for environmental
behaviors to be economically viable – environmental externalities co-
existing with asymmetric information and oligopoly. Reinhardt (2000)
also explains additional competitive advantages of environmental be-
haviors beyond direct economic returns, including managing competi-
tors through new rules and regulations, managing environmental risk,
differentiating the environmental characteristics of products, and
redefining markets.

The literature also invokes institutional theory, which helps to ex-
plain the coercive, mimetic, and normative influences of institutions
on organizations (DiMaggio and Powell, 1983; Scott, 1987). How firms
act upon these influences and position themselves on environmental is-
sues depends on their motivation (Bansal and Roth, 2000), interpreta-
tion of the issues (Naffziger et al., 2003; Sharma, 2000), perception of
stakeholders (Henriques and Sadorsky, 1999), social networks (Pulver,
2007), and organizational structures (Delmas and Toffel, 2008). Institu-
tions are not unidirectional influential forces, but are also affected by the
strategic behavior of firms that have larger bargaining power and more
proactive positions (Child and Tsai, 2005).

The effect of firms' internal capabilities on their environmental deci-
sions is more thoroughly explored in research based on the resource-
based view of the firm. In contrast to the view of competitive advantage
of firms' positioning in an industry, the resource-based view of the firm
argues that competitive advantage is sustained by valuable, rare, imper-
fectly imitable, and non-substitutable resources and capabilities
(Barney, 1991), among which environmentally oriented ones are im-
portant (Hart, 1995; Hart and Dowell, 2010). The empirical research in-
dicates that environmental performance and strategies are positively
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correlated with economic performance (Russo and Fouts, 1997), capa-
bilities for stakeholder integration, higher-order learning, continuous
innovation (Sharma and Vredenburg, 1998), and process innovation
and implementation (Christmann, 2000).

3. Policy Background and Preliminary Framework

With a reversal of national energy efficiency improvement in China
in the beginning of the new century and a continuous increase in abso-
lute consumption, the national government enacted a set of policies for
energy efficiency. Themost significant changewas the very firstmanda-
tory target of reducing energy consumption per GDP by 20%, whichwas
written into the 11th Five-Year Plan to guide resource allocation and
evaluation of government performance (Young et al., 2015). The new
policies provide a unique setting to explore business strategies for ener-
gy efficiency investment: the policy framework consists of a compre-
hensive set of policy instruments and detailed policy measures; local
government implements and enforces national policies strategically;
and firms are likely to have divergent decision-making processes be-
cause of their diverse characteristics, such as size, technology level,
and relationship with the government. While a detailed review of rele-
vant policies and local implementation can be found elsewhere (Zhou et
al., 2010; Zhu and Ruth, 2015), we highlight here the policy settingwith
regard to the energy efficiency literature, followed by a preliminary
framework of firm strategies for further refinement.

3.1. Policies and Local Regulation for Energy Efficiency

The policy measures identified that affected firms' decisions for en-
ergy efficiency were examined across four cities in Jiangsu Province of
China. These measures are categorized below and introduced in ways
that describe how they address market failures and behavioral anoma-
lies that have been found in the literature of energy efficiency econom-
ics to cause underinvestment as summarized above.

• Incentives for adoption. Both the national and local governments
providefirmswith subsidies as a small portion of their energy efficien-
cy investment, and rewards according to the amount of energy saved.
The subsidies and rewards help to internalize positive externalities of
technology adoption and use. Specifically, efficiencymeasures that re-
sult in the use of industrial waste energy and steam are considered
under the same law governing reuse of industrial waste, and, there-
fore, qualify for annual tax relief through the “comprehensive utiliza-
tion of resources” policy (Zhu and Chertow, 2016b). The repeated
tax relief not only facilitates the information dissemination about
technology adoption, but also reduces negative externalities associat-
ed with using energy, which are not well internalized through
Pigouvian taxes or a similar instrument in China.

• Financing support. Investment in energy efficiency is encouraged
and supported by loan and financing assistance, which may address
potential failures in capitalmarkets. In some cases, loans are preferen-
tially provided to energy efficiency projects through local government
coordination. A more popular financing mechanism is Energy Savings
Performance Contracts (ESPCs). Through ESPCs, Energy Service Compa-
nies (ESCOs), exempted from taxation under the national policy, pro-
vide financing and sometimes initial management to energy
efficiency projects; in exchange they collect all of the cost-savings
from the investment or share with the firms during the contract peri-
od. Working as a financing mechanism, ESPCs and ESCOs also help to
mitigate behavioral concerns about high upfront cost and provide ex-
pertise about energy efficiency. ESPCs and ESCOs are a growing part of
the finance and management mix in China.

• Information provision. Asymmetric information especially in the
context of principal-agent problems within an organization is ad-
dressed through multiple channels. The largest energy consumers
are required and other energy consumers are encouraged to propose
their own energy efficiency targets and design energy saving plans,
usually through energy-saving agreements signed with the govern-
ments. As part of an agreement, an energy saving audit is conducted
to identify energy saving potential and recommend efficiency mea-
sures. In less formal communications, local regulators also introduce
advanced technologies and stress energy saving as an important na-
tional policy. These formal and informal channels all help energy effi-
ciency become exposed and important to organizational decisions.

• Standards and mandates. Both the national and local governments
use standards and direct intervention for energy efficiency and other
purposes. Nationally, technical elimination standards are designed as
a floor belowwhich existing facilities must be retired, or new facilities
are prevented from being installed, especially for industries with
overcapacity, such as cement and steel. In those industries, total pro-
duction capacity caps are set for a province and its subdivisions that
are not allowed to exceed. More broadly, energy efficiency levels are
set for major energy consuming processes and specific technologies
are mandated for use. Local governments use electricity quotas or
rolling blackouts to curb industrial electricity use in summer to guaran-
tee residential supply. They also have direct requirements for individ-
ual firms to upgrade plant and equipment for local environmental
management, which sometimes improves energy efficiency, too.

Local authorities not only implement these policy measures for en-
ergy efficiency actively, but also can lower the enforcement stringency
in some cases of mandatory regulation to respond to firms' behaviors
and demands (Zhu and Chertow, 2016a). This derives from the region-
ally decentralized authoritarian system in China (Xu, 2011), where local
authorities are appointed, evaluated, and promoted by the higher au-
thorities and at the same time autonomously take care of economic
and administrative governance and policy reforms under their jurisdic-
tion. By taking an authoritarian but responsive approach, they coordi-
nate the progress in achieving local energy efficiency targets with
other regulatory issues, such as environmental management, economic
development, and employment, seeking to optimize among the regula-
tory issues (Zhu and Chertow, 2016a).

3.2. A Preliminary Model of Firm Responsiveness

While local governments are in a much stronger position regarding
implementation of energy efficiency policies relative to other stake-
holders (Eichhorst and Bongardt, 2009; Hu, 2007; Zhu and Chertow,
2016a), firms are not simply reactive. They sometimes assume more
proactive positions (Child and Tsai, 2005), take advantage of their polit-
ical connections (Wu et al., 2012) and lobby (Yu et al., 2014) in policy
implementation. Empirical evidence in China shows that firms' respon-
siveness is not only contingent on policy incentives and enforcement
(Liu, 2009; Shi et al., 2008), but also on firm size (Zhang et al., 2008),
ownership (Christmann and Taylor, 2001; Wang and Jin, 2007), cost
(Eichhorst and Bongardt, 2009; Liu, 2009; Shi et al., 2008), concern for
reputation and parent company targets (Eichhorst and Bongardt,
2009), as well as pressures from supply chains (Zhang et al., 2008),
communities and NGOs (Liu, 2009).

Combining the institutional context and firm features, a preliminary
framework for explaining energy saving behaviors of firms is summa-
rized and proposed for further examination and refinement (Fig. 1). A
firm's decisionmaking is contingent on national policies related to ener-
gy saving, local interests, and industrial dynamics. These external con-
texts, combined with internal capabilities of firms, affect their overall
motivations. The motivations and contexts, in turn, shape the final
choices firms make regarding energy efficiency investment.

The implementation of national energy efficiency policies is delegat-
ed to the local governments, affects industrial dynamics – the two larger
boxes with dotted lines – and affects firms indirectly. The national pol-
icies also directlymotivate and shape firms' choices – the small boxwith



Fig. 1. A preliminary framework explaining firms' responsiveness toward energy
efficiency. In the small solid-line box are factors within a firm, and outside the box are
industrial, local and national policy influences. A firm is embedded in overlapping
contexts of industrial dynamics and local governance and interests, which may differ
across industries and locations and are shown by the boxes with dotted lines. National
policies influence firms directly and indirectly by affecting the industrial and local
contexts.
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solid lines – through clearly designed measures. Local governments,
while committed to energy efficiency targets, interpret and implement
national policieswith consideration of their own interests, thereby plac-
ing additional impacts on the firms. Policy enforcement is also depen-
dent on firm behavior. Industrial characteristics matter to firm
decision-making because different industries feature different market
dynamics, expectations and policies, upon which firms observe and
respond.

While responses by firms to regulations are associated with a few of
their internal characteristics particularly revealed in econometric analy-
sis, the commonly observed characteristics mentioned above – such as
firm size and ownership – likely affect final decisions only indirectly.
Rather, the decisions are assumed to be driven directly by firm motiva-
tions and shaped by their capabilities as themanagement literature sug-
gests. The capabilities and motivations are in turn dependent upon
those indirect factors.

4. Methods

The research objective is to develop structured explanations of firms'
energy efficiency decisions contingent on the institutional context. To
Table 1
List of cases studied.

Industry Location Ownership Number of employees Corporation subsidia

Cement 1 A State 800 Yes
Cement 2 A Private 300 No
Cement 3 B Private 250 No
Cement 4 B Foreign 300 Yes
Cement 5 C Private 800 No
Cement 6 C Foreign 800 Yes
Steel 1 A Private 2000 No
Steel 2 B Private 5500 No
Steel 3 C Private 400 No
Steel 4 D State 4000 No
Paper 1 A Private 500 No
Paper 2 C State 1400 No
Paper 3 C Foreign 5600 Yes
Paper 4 D Foreign 300 Yes
Paper 5 D Foreign 550 Yes
Chemical 1 B Foreign 20 Yes
Chemical 2 C State 4300 No
Chemical 3 C State 1700 No
Chemical 4 C Private 700 Yes
Chemical 5 C Private 400 No

Note: “A” is a city in the north, and “B, C, and D” are three cities in the south. The observed nu
energy saving initiatives in a firm, and therefore may be smaller than the actual number of act

a Indicates that the interviews were documented by taking notes instead of audio records.
accommodate the existing literature and the preliminary model, we
apply a multiple-case design for analytic generalization. A case is de-
fined as a firm's energy saving strategy over recent years, embedded
in which are one or multiple energy saving decisions by the firm as
units of analysis. Analytic generalization is based on strategies of de-
scriptive explanations, pattern matching, within-case comparison, and
cross-case comparison (Yin, 2014). Through this process, the prelimi-
nary model is revised and refined to provide analytic explanations for
the energy efficiency decisions by firms.

4.1. Case Selection

The study area is Jiangsu province, which features a diverse industri-
al economy of extremely large scale, relatively high capacity for policy
enforcement, and large regional disparities between the north and
south. This single province with a population of 80 million within
China is selected for a simple, yet representative institutional setting:
national policies are uniformly interpreted from the province to cities,
but cities vary in implementation and enforcement according to their
interests.

For analytic generalization, 20 cases are selected as in Table 1 based
on theoretical replication (Yin, 2014). That is, firms are carefully select-
ed with contrasting internal features or external contexts, so that one
would anticipate different energy-efficiency decisions according to the
preliminary framework. The important contexts and internal features
that guide case selection include location, industrial sector, firm size,
ownership, organizational level, and age. The names of case firms and
locations are coded to preserve anonymity. Four cases are described in
more depth in the Appendix A offering an empirical observation of Chi-
nese firm behaviors.

• The case locations consist of one city in the industrializing north (A),
with more interest in economic development and less obligation in
energy efficiency, and three cities in the industrialized south. Among
the southern cities, B has a relatively smaller share of industries in
the local economy and a more stringent energy-efficiency target; C
has already achieved a high level of energy efficiency; D enjoys
more advanced economic development and a stronger industrial sec-
tor.

• The four case industries are all energy intensive but face different reg-
ulatory stringency and industrial dynamics. Cement and steel indus-
tries, both experiencing serious overcapacity, follow strict technical
ry Age (years) Interviewee Observed number of energy efficiency actions

15 1 2
35 1 3
30 1 2
5 2a 1
12 3 2
20 2 2
5 2a 3
55 2 4
12 2a 4
55 2 4
35 1 1
65 1 1
20 1a 1
18 2 7
20 1a 4
10 1 1
55 1 7
65 1a 3
35 1 2
10 1 2

mber of energy efficiency actions in each case depends on how an interviewee explained
ions taken by the firm.



Fig. 2. Two sets of energy efficiency strategies and associated factors in China. Enclosed in
the two big boxes are internal capabilities,motivations, and decisions of firms, and outside
are external institutional and industrial contexts. Arrows indicate causal mechanisms.
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standards to retire old facilities and to control production capacity
below regionally based caps. The cement industry is under even
higher pressure for capacity control, is extremely homogenous in pro-
duction, and competes in smaller regional markets. Fewer mandates
and more diverse products exist in the paper industry. The chemical
industry is much more diversified in technologies and products with
higher technical barriers to entry, except for only several processes
that experience overcapacity, such as the chloral-alkali process.

• The internal characteristics are selected according to their potential to
affect afirm'smotivation and capability in decision-making.Managers
in state-owned firms, for example, may differ from those in private
and foreign firms with regard to their interest in energy efficiency in-
vestment, and in their formal and informal connections to acquire in-
formation and financing support (Wu et al., 2012). Large firms are
generally more capable of making economically efficient decisions
and are preferred in the financial markets (DeCanio and Watkins,
1998). Independent firms are likely to be more concerned about
profits and also more flexible in decision-making processes than sub-
sidiaries of corporations (Rohdin et al., 2007; Schleich, 2009). New
firms with recent capital investments are less likely to upgrade their
entire plant and equipment than old firms.

4.2. Data Collection and Analysis

The main data source was semi-structured interviews conducted in
the 20 firms with 29 interviewees during 2012–2015. Interviewees
were firms' chief executives, directors in charge of production, energy
management, or environment and safety. Twenty interviews were
allowed to be audio-recorded, and for the others, detailed notes were
taken. All interviews were in Mandarin Chinese and usually lasted for
1 h in the interviewees' offices. An interviewee was asked first to briefly
introduce thefirm and its position in the industry, and then to introduce
all the energy efficiency initiatives the firm took in the past, and when
the decision to undertake each initiative was made. The interviewee
was encouraged to describe the decision-making process supporting
each initiative in detail, and to highlight the reasons and determinants
for the decision, as well as any interaction with the government or the
firm's headquarters in the process. For comparison, material conserva-
tion and pollution control initiatives and their decision-making process-
es were also queried. Finally, the intervieweewas asked to comment on
the general relationship with the regulatory authorities, overall perfor-
mance of the industry, any potential investments the firm did notmake,
and barriers to capturing those foregone opportunities.

Before firm-level investigation, interviewswere conductedwith two
provincial officials and nine local officials in the four cities that were in
charge of energy saving and related areas, to understand the policy
framework, implementation and effects. Background materials about
the firms were gathered online throughout the research period, mainly
from firms' websites, media coverage, and government archives. These
materials include firms' production processes and products, energy
and environmental protection initiatives and reports, significant invest-
ments, as well as other previous events and future visions. The inter-
views and materials helped both to set the context for each case and
to triangulate evidence from different sources.

The information collected was transcribed, and inputted into the
qualitative analysis software NVivo. Chinese transcripts were directly
coded into English concepts, to minimize inaccurate translation intro-
duced in thewhole research process. Coding started frommore descrip-
tive concepts, based on interviews in cement (a sector with highly
varied ownership structures) and steel industries (the only sector rep-
resented in all four cities examined). Among the major categories of
concepts were motivations, policy and government influences, and ca-
pabilities as in firms' decision-making frameworks shown in Fig. 1.
When too many descriptive concepts were identified in a given catego-
ry, similar concepts were aggregated and replaced by a new set of
concepts at a more abstract level. The causal links were also identified
between different categories of concepts within a single unit of analysis,
i.e. an energy-efficiency decision process. Follow-up calls with the inter-
viewees were made at this stage when a statement was not clear
enough for coding. The process stopped when two to five abstract con-
cepts were identified within each major concept category, and when a
consistent causal framework linking different categories of concepts
could explain energy saving behaviors.

The descriptive concepts coded for cases in the cement and steel in-
dustries were applied to several interviews in the paper and chemical
industries to develop descriptive explanations for energy saving.
Through aggregation of the concepts again in new cases, alternative an-
alytic explanationswere explored, selected, or revisedwith aggregation
or disaggregation. This process was repeated for additional cases and fi-
nally led to a robust explanatory framework, whose variations could ac-
commodate all of the cases.

5. Findings

The results suggest that there are two types of firm strategies for en-
ergy efficiency, each associated with different sets of motivations, con-
texts, capabilities, and results. One can be foreseen from the literature
of energy efficiency economics, and the other is greatly affected by the
local institutional contexts. Whether a firm makes one type of decision
or the other depends on the type of policies applied to the firm,
which, in turn, mainly depends on the firm's production technology
and capacity. Generally, the second strategy involvesmuchmore invest-
ment in energy efficiency than the first one, but firms with the same
strategy invest in different levels of energy efficiency according to the
external and internal factors, too. While the general strategies are ex-
plained below, four detailed case reports are presented in the
Appendix A to provide more specific information about individual
firms, including original quotes from the interviewees.

5.1. Type 1: Compliance for Incremental Competitiveness

The first type of decision process, shown in the upper part of Fig. 2, is
in alignmentwith the literature of energy efficiency economics and that
of competitiveness described and cited in the beginning of this paper. To
improve competitiveness incrementally,firms arewilling tomakemod-
erate changes to their production by incorporating additional energy-
saving equipment, which is based on their informational, organizational



Table 3
List of energy-savingmotivations. A firmmayhavemultiplemotivations for energy saving
and be listed in multiple categories.

Motivation Examples

Incremental competitiveness
• Operational profitability
➢ Lower cost Cement 1–6, Steel 1–4, Paper 2–4, Chemical

1–5
➢ Quick payback Cement 1, Steel 1, 3, Paper 3–5, Chemical

2–5
➢ Efficiency improvement Cement 5, 6, Paper 5, Chemical 2
➢ Stable production Cement 1, Cement 6, Steel 1
• Government relations
➢ Energy-saving agreement Cement 1, 4, Steel 2, 4, Paper 3–5, Chemical 2
➢ Response to government

communication
Cement 5, Steel 2, Paper 4, Chemical 1, 2

➢ Response to the policy agenda Cement 1, 6, Paper 3
• Market position
➢ Learn from leading firms Steel 2, Paper 1, Chemical 5
➢ Product quality Chemical 3

Aversion of risk in survival or development
• Survival
➢ Mandatory facility retirement Steel 4
➢ Expected facility elimination Cement 2, Steel 2–3, Paper 1, Chemical 2
➢ Local capacity cap and relocation Cement 3, Steel 2

15J. Zhu, M.R. ChertowEcological Economics 135 (2017) 10–21
and financing capabilities and driven by policy support and industrial
contexts.

The final decisions are adoption of energy-saving technologies,
which are added to the existing production processes.While some tech-
nologies are firm specific, most of them are commonly used within an
industry or across industries. As listed in Table 2, the technologies in-
clude variable speed drives, waste heat to power, direct heat recovery
or insulation, efficiency lighting, materials recycling, furnace gas reuse
in the steel industry, and energy management systems for big firms.
Most of these technologies have been shown to improve energy effi-
ciency in other firms and usually have short payback periods.

The motivation for firms to adopt these technologies is to improve
their competitiveness in an incremental way, as shown in Table 3. All
but one interview respondent explained their investments in energy-
saving technologies as ways to lower production costs and sometimes
to improve efficiency and maintain stable production under temporary
electricity quota; in a few cases, the respondents could explicitly point
out the payback time for the investments. Many respondents consid-
ered investments in energy efficiency not only within the framework
of cost-benefit calculation, but also as away tomaintain a good relation-
ship with the local governments, which is perceived valuable to long-
term competitiveness. In four cases (Steel 2, Paper 1, Chemicals 3, 5),
Table 2
Common energy-saving technologies, their payback periods, and financing support in the
interviewed firms.

Technology adopted Firm
Payback in
years

Financing
support

Variable speed drive Cement 1 0.5–2 No
Cement 2–4, 6 N/A ESPC
Cement 5 1.5 ESPC
Steel 1, 2, 4 N/A ESPC
Steel 3 0.5 ESPC
Paper 2, 3 N/A No
Paper 4 0.5 No
Paper 5 0.5 No
Chemical 2 2 ESPC
Chemical 5 1 No

Waste heat to power Cement 1 2.5 CDM
Cement 2, 4 N/A ESPC
Cement 5 2.5 CDM
Cement 6 3.5 Headquarters
Steel 2 5–8 Loan/ESPC
Steel 4 N/A ESPC
Chemical 2 4.5 ESPC

Heat recovery/insulation Cement 3 N/A No
Cement 5 2.5 No
Steel 1 2 No
Paper 3 2 No
Paper 4 1 No
Paper 5 0.5–1 No
Chemical 1 N/A Headquarters
Chemical 4 2.5 No
Chemical 5 N/A No

Furnace gas reuse Steel 1 2 No
Steel 2 N/A CDM
Steel 4 N/A No

Efficiency lighting Steel 3 N/A No
Paper 4 b1 ESPC
Paper 5 0.2 Subsidy

Material recycling Steel 2 N/A ESPC
Chemical 1 N/A Headquarters
Chemical 2 N/A No

Energy management system Steel 2 3 No
Chemical 2 3 No

Production facility replacement Cement 2 N/A No
Cement 3 4 No
Steel 2 N2.5 No
Steel 4 N/A No
Paper 1, 2 N/A No
Chemical 2 8.5 No

Note: ESPC – energy savings performance contract; CDM – clean development
mechanism.

• Expansion and development Cement 2, 4, Steel 2, Chemical 3
• New facility approval
➢ Technology mandate Cement 2, Steel 2, 3, Paper 2
➢ Performance standard Cement 2, Steel 4

Others
• Environmental image Steel 3, Chemical 4–5
• Compliance within the organization Cement 4, 6, Paper 5
• Employee working conditions Paper 4
energy efficiency investments were part of the efforts to learn from
the leading firms and improve product quality to move ahead and
catch up in the industry.

The motivation is strengthened and final technology choice is
shaped by firms' capabilities of knowing the technologies, making orga-
nizational decisions, and getting finance. Firms vary in their technical
knowledge about certain energy-efficiency technologies and the per-
ceived possibilities and potential of energy saving from those technolo-
gies. This capability comes from the firm's previous experience in
related technologies (Cement 3, Chemical 2), its employees' experience
with the technologies from their former employment in other firms
(Cement 4, Steel 1, Chemical 5), or its collaboration with institutions
of technology expertise (Cement 1, 5, Steel 3, Paper 4, Chemical 3).Mak-
ing transparent decisions in an organization is important for mitigating
the principal-agent problems and prioritizing energy efficiency invest-
ments. The capability is strengthened through the use of environmental
management systems (Steel 2, Paper 3), conducting cleaner production
audits (Cement 5, Paper 5), and being in an organization with energy
saving considered an important issue by the headquarters (Cement 4,
6, Paper 5). The firms also vary in the ability of getting desired energy-
efficiency investments financed, where lack offinancing support, for ex-
ample, led to delay or failure to adopt heat recovery devices (Paper 4,
Chemical 3).

Both the motivation and capabilities are enhanced by external regu-
lations, which serve as information provision and financing support.
Agreements and informal communications with the governments
about energy efficiency prioritized the issue of energy saving. The for-
mal and informal commitments were considered by the interview re-
spondents as essential to their firms' relationship with the
governments (Cement 1, 4, 5, Steel 2–4, Paper 3–5, Chemical 1, 2). Ener-
gy-saving performance contracts (ESPCs) directly relieved firms'financ-
ing constraints and helped to compensate for their weakness in
technical knowledge: energy service companies (ESCOs) invested in
new technologies, and often provided technical expertise for



16 J. Zhu, M.R. ChertowEcological Economics 135 (2017) 10–21
installation and operation of the technologies (Table 2). Even when
firms did not experience any constraint in financing, ESPCswere helpful
in reducing the behavioral barriers and concern over uncertainty in ex-
pected savings, as firms would not need to make any financial invest-
ment. In contrast, investment subsidies showed only minimal effects
on technology adoption in individual cases, although these subsidies
might have helped to raise awareness more broadly about positive ex-
ternalities associated with information and technology adoption at an
aggregated level.

Industrial contextsmatter to firms' internal motivation and capabili-
ties, too. More serious competition makes firms more inclined to adopt
energy saving technologies and accept longer payback periods for com-
petitiveness, as in the cases of cement and steel firms. Some respon-
dents (Cement 1, 3, 5, Steel 1, 2) explicitly expressed their concern
about overcapacity and low profit in their industries, and the need for
energy efficiency to build entry barriers. As a stark comparison, capacity
closure, local regulations, and national investment in infrastructure
greatly changed supply and demand for cement and has boosted the
industry's average profit rate since 2010, which coincided with our in-
terview results that no major energy saving projects were identified
after the increase of profit. Those paper and chemical firms (Paper 4,
Chemical 2, 3) with more serious competition in their subsectors and
worse business performancewere also identifiedwith strongermotiva-
tion for and more practices of energy saving to reduce cost. In addition,
industrial cohesion helps to strengthen the technical capabilities of indi-
vidual firms, through flow of employees among firms (Cement 4, 5,
Steel 1, Chemical 5) and informal communications (Cement 1, 3, Steel
2). Within themost cohesive industry, most cement firms adopted sim-
ilar energy-saving technologies, and their staffswere familiarwith ener-
gy efficiency statistics and technology adoption of other cementfirms in
their region and even in other regions.
5.2. Type 2: Strategic Positioning for Risk Aversion

The second type of decision process, shown in the lower part of Fig.
2, represents the strategic response of firms to local regulation on ener-
gy efficiency. To survive or increase market share under strict control of
local production capacity,firms bargainwith local authorities and seek a
preferred position under local regulation, based on their capabilities and
superior performance in energy efficiency. Such performance relies on
substantial investment in new, more efficient production facilities and
adoption of additional energy-saving devices.

Unlike simply adopting additional energy-saving technologies in the
first type that yields incremental competitiveness, the second type of
decision involves replacement of old, small-scale production facilities
with new ones of larger scale and higher energy efficiency. In some
cases, firmsmaintained the same overall production capacity by replac-
ing a few of its small facilities with a large one (Cement 3, Steel 2–4,
Paper 1, Chemical 2). Elsewhere, a firm's expansion (Cement 2) or
entry (Cement 4) into the market was associated with closure of other
firms in the same industry and region because of local capacity caps.
The use of new production facilities usually was accompanied by instal-
lation of other energy-saving technologies, such as variable speed drives
and waste-heat-to-power facilities.

The extensive efforts to invest in more efficient technologies are
driven by the motivation to avoid the risk of being closed or restrained
from future development, which, in turn, is primarily caused by local
regulations that eliminate old, inefficient production facilities and con-
trol total production capacity from increasing. The construction and op-
eration of new plant and equipment needs approval, whereby the local
government usually mandates additional technology or performance
requirements. Because facility replacement (final type of “technology
adopted” in Table 2) is firm specific and usually cannot be financed
through ESPCs, firms' own financing capabilities are essential for them
to make the decision of facility replacement or expansion.
Under the Type 1 strategy of energy efficiency, compliance for incre-
mental competitiveness, external factors have unidirectional impacts on
the internal decision processes of firms. Under Type 2, thefirms' internal
capabilities and investment also affect external regulations. Capabilities
are not only important determinants for internal decisions, but also in-
dicators that reveal to the local government the firms' prospects in fu-
ture development or their value to the local community. With a mine,
sufficient land, technical experts, and financing capability, a cement
firm (Cement 2)managed to get government support by demonstrating
its “advantage in the region,” and expanded its capacity greatly with the
closure of the other 19 cement firms lacking similar capabilities in the
same region. By supplying furnace gas for residential use at a price
lower than the market level – a contribution to the local community –
one steel firm (Steel 4) was able to replace its old furnaces with new
ones right above the elimination standard rather than adopt a large-
scale furnace as usually required by the government. Lacking this type
of contribution to the local community, another steel firm (Steel 2)
faced great pressure from the local government to relocate, which was
only relieved after its decision to replace old plants and equipment
with much more advanced ones and to adopt energy-saving and envi-
ronmental protection technologies more extensively.

The strategic positioning of firms under local governance is clearly
part of the competition for survival and expansion among these actors.
One cement firm (Cement 3) was able to survive during the first round
of plant closures because of its decision to treat local industrial waste.
Such a contribution to the local community, however, diminished as
other cementfirms could treat not only industrial waste but alsomunic-
ipal solid waste. The firm's production facility was finally suspended in
exchange for the expansion of another firm that was larger in scale, had
been treating municipal solid waste and wastewater-treatment sludge,
and committed to treat hazardouswaste, the combination of whichwas
more valuable to local environmental management and local govern-
ment overall.

Because of great regulatory pressure and strong motivation, firms
that fell in the second type of decision process usually invested much
more in energy efficiency than firms in the first type, through both re-
placement of production facilities and adoption of energy-saving de-
vices. But unlike the first strategy where higher external pressures
always lead to more energy efficiency investment, strategic interaction
in the second type of decision-making suggests that energy efficiency
investment is only one type of leverage that firms can use to bargain
with local governments to increase opportunities for survival or devel-
opment. When a firm canmake a greater contribution to the local com-
munity in other aspects, such as Steel 4 in residential energy supply, it
may make relatively less investment in energy efficiency than a firm
without this type of contribution, as was the case with Steel 2.

Aside from the two major types of decisions and motivations, there
are also cases where firms made energy efficiency investments with
concern for their public image, headquarters' requirements, and/or em-
ployee satisfaction. These firms aremainly subsidiaries of large corpora-
tions, especially multinational corporations. These motivations by
themselves, however, did not cause energy efficiency decisions to be
made, but rather they were coupled with the motivation for incremen-
tal competitiveness.

6. Discussion

Our findings suggest that insights from both energy efficiency eco-
nomics and corporate environmental management contribute to expla-
nations offirms' investment decisions in the context of energy efficiency
regulation. The framework combining these factors helps to improve
the understanding of firms' strategies and policy effects. We have
been able to contribute to this literature by testing examples from busi-
nesses in Jiangsu Province that help to reveal how these results occur
“with Chinese characteristics.”While confirming common explanations
from economics and the management literature, we show particularly
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that “positioning” in corporate management is not only a strategy in
market competition but also a dynamic response to local governance.

6.1. Business Strategies Under Institutional Constraints

Despite the high upfront costs usually required, energy efficiency in-
vestment is a win-win practice that brings benefit to firms through
long-term cost savings. In a broader sense, many of our cases perform
beyond-compliance activities (Portney, 2008) – more energy savings
than negotiated targets,more advanced technology adoption thanman-
dates, higher process energy efficiency than standards, and so forth.
While compliance is an important driver, so, too, is profit maximization,
which, in this case, is focused on reducing production costs. Firms could
over comply with what appear to be extremely aggressive policies be-
cause the original basis of energy efficiency was relatively low. As pre-
dicted by energy efficiency economics, most of the technologies
adopted by the firms have been used somewhere else before and dem-
onstrated short payback periods. Themanagers' concern for uncertainty
in payback, lack of financing methods and information are greatly miti-
gated by ESCOs through ESPCs and to a lesser extent, by government as-
sistance. External influence from the local governments and markets
can facilitate energy saving investments by reinforcing firms' motiva-
tions for cost saving and good relationships with the government.
While aligning business strategies with government interests can be
considered to be a motivation for legitimation (Bansal and Roth,
2000), adoption of energy-saving technologies is still an incremental ef-
fort, where a single failure in adoption does not raise a concern for legit-
imation or incur risks of survival or development.

Our explanatory framework suggests that common causal explana-
tions in the literature – firm motivations, resources and capabilities,
and institutional contexts – also apply to the Chinese context. But insti-
tutional contexts – particularly energy efficiency regulation of the local
governments – dominate firm choices between the two energy efficien-
cy strategies by determining the motivations and final decisions. There
areminimal, if any, impacts fromother stakeholders on decisionmaking
for energy saving, which is different from the literature of corporate en-
vironmental behaviors in China which finds impacts from customers,
local community (Zhang et al., 2008), and large corporations
safeguarding their reputations (Child and Tsai, 2005).

We examined active local governance of energy efficiency elsewhere
and found it was characterized both by authoritarian implementation
and responsive enforcement toward firms' performance and contribu-
tion to the local community (Zhu and Chertow, 2016a). This work illu-
minates behaviors of firms that operate under the authoritarian and
responsive regulation of the local governments. Within the context of
authoritarian implementation of mandatory instruments, firms cannot
mitigate well the risk of being suspended or restrained from expansion
through the decision for incremental competitiveness. Rather, they
have to be more active and strategic in seeking a better position under
local regulation by having larger, more advanced production facilities,
higher energy efficiency performance, and sometimes contributions to
the local community in other aspects, such as utility supply and waste
treatment. More broadly, quite a few interviewees expressed that they
would welcome more stringent regulations to eliminate small, ineffi-
cient firms and increase entry barriers. While positioning is a common
business strategy, firms in our cases seek a distinct position in the con-
text of local governance, rather than the market.

The dominant motivation for competitiveness through energy effi-
ciency investment suggests that firms would keep making energy sav-
ings unless or until the external contexts offset the motivations or
weaken firms' capabilities. Examples of such external barriers to energy
efficiency are subsidies for energy production, macroeconomic plans
that stimulate excessive demand for energy-intensive goods and boost
theprice, or liquidity constraints in capitalmarkets. Generally, larger ex-
ternal pressure leads to a stronger motivation for competitiveness and
more investment, but excessive pressures may cause a shift from a
decision of compliance for incremental competitiveness to one that fea-
tures strategic interaction and positioning. While firms usually invest
even more to acquire a better position for survival or development, in
some cases the leverage from their contributions to the local communi-
ty in other aspects can be used to compensate for less investment in
new, more efficiency facilities (Steel 4).

6.2. Policy Implications

Industrial energy efficiency has been improved at a very rapid pace
in China, not only because of firms' motivation for competitiveness,
but also for increasingly effective policy design. The multiple policy in-
struments used in energy saving, however, are not equally effective.

With ESCOs being promoted through tax relief, ESPCs greatly
assisted firms to adopt energy saving technologies, especially those
with broad application. Three ways that ESPCs were found to be effec-
tive were identified in the interviews and are consistent with the in-
sights from energy efficiency economics as follows: first, providing a
financing solution for firms not capable of investing in energy-saving
projects (Cement 4, Steel 4, Chemical 2), second, reducing firms' risk
of investing in projects where payback periods are uncertain or long
(Paper 4), and third, informing firms about new technologies and
their energy-saving potential (Chemical 2, 4). More direct incentives –
energy saving rewards and investment subsidies – were admitted as a
factor only marginally influential to decisions in a few firms. Where
they were found to be useful, it was usually within organizations
where the managers of environmental protection or energy saving
could showcase their contributions to the firms (Steel 2, 4, Paper 5).
Most other firms enjoyed these incentives, too, but theywere free riders
and did not consider the incentives large enough to affect their deci-
sions. While these incentives may facilitate information dissemination
about energy-saving technologies, this has not been revealed in our
research.

Other policy instruments featured more active government engage-
ment and interaction with the firms. On a relatively voluntary basis, ne-
gotiated agreements and informal communications between the local
government and firms, as well as the general policy agenda for energy
saving facilitated firms to prioritize investment in energy efficiency,
which mitigated the issue of imperfect information and principal-
agent problems. The presence or possibility of other mandatory and co-
ercive approaches available to the government, such asmandatory facil-
ity retirement in our cases, has been suggested as a key to the success of
voluntary approaches (Segerson, 2013).

Strict mandates to eliminate inefficient, small-scale facilities and es-
tablish regional capacity caps not only strengthened the voluntary ap-
proach, but also directly raised firms' motivation for risk aversion. To
avoid being suspended or restrained from development, firms had to
make themselves more valuable to the local government by investing
more extensively in larger and more efficient plant and equipment
than those seeking incremental competitiveness, and more actively of-
fering services that would benefit the local community. With such ac-
tive responses from firms, local governments can coordinate among
different, fragmented regulatory issues and improve their overall gover-
nance for the local community (Zhu and Chertow, 2016a).

While these policy instruments address failures of energy efficiency
investment by affecting firms' motivations and capabilities, they also
have shortcomings. The positive incentives for energy efficiency –
both for financing assistance and for information dissemination –
would send the wrong signal to encourage firms to increase output
and cause excess entry (Goulder and Parry, 2008), which is especially
bad for the cement and steel industries already experiencing overcapac-
ity in China.

As themainmeasure to curbproduction capacity expansion,manda-
tory facility retirement and capacity caps have been generally effective
in controlling total capacity, encouraging new, advanced production
technologies, and improving energy efficiency. But radical mandatory
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approaches may also greatly change market structure and reduce com-
petition,which discourages incumbent firms' motivation for cost reduc-
tion from efficiency investments. The most telling example is that no
major technology adoption was identified in our cases of cement firms
in 2010–2012, after the gross profit rate changed from a few percent
to as high as 30% due to extensive capacity closure and economic stim-
ulus plans. With large expected profits from themarket, firms are likely
to ignore energy efficiency investment, which may require temporary
suspension and change of production processes and allocation of inputs
to activities other than gaining immediate revenue.

Considering the major motivation for competitiveness, market-
based instruments, such as energy pricing, can play a more important
role in future energy saving: on the one hand, a higher energy price in-
creases the share of energy in production cost, and strengthens themo-
tivation of energy saving for competitiveness; on the other hand, an
appropriate design of the policies can internalize the social cost of pollu-
tion emissions associated with energy production and consumption,
adjusting industrial production to an efficient level rather than encour-
aging entry and expansion.

7. Conclusion

This paper reconciles the literature of energy efficiency economics
and that of corporate environmental management within an analytic
framework, and explains firms' energy efficiency strategies under mul-
tiple policies based on cases in China's Jiangsu Province. The use of Chi-
nese examples also opens a window on how industrial firms respond to
energy efficiency policy directives. Two types of decision processes are
identified, featuring differentmotivations, capabilities, and external fac-
tors, especially the regulatory context. In most cases, firms invest in en-
ergy-saving technologies incrementally to reduce operational cost, and
to maintain positive government relationships when facing voluntary
programs or informal requirements. Their decisions are supported by
informational, organizational, and financing capabilities, and are facili-
tated by financing programs and amore competitive and cohesive envi-
ronment. Alternatively, firms facing stringent regulations on their plant
and equipment try to survive or expand with a better position under
local governance, through complete facility replacement and technolo-
gy adoption, and sometimes by making contributions to the local
community.

Our cases are collected in four industries from four cities with obser-
vations spanning multiple years. Because the four selected industries
feature heterogeneity in production processes, products, market dy-
namics, and regulatory contexts, the cases should be generalizable to
other energy-intensive manufacturing industries, such as textiles, non-
ferrous metals, and petroleum. Similarly, the huge gap in development
levels and regulatory stringency across the citiesmake the findings gen-
eralizable to many other regions outside Jiangsu Province. Future re-
search can rely on the dichotomy of firm motivations and decision
processes to quantify the effect of external and internal factors on
firms' energy efficiency investment.
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Appendix A. Four Selected Case Reports

This appendix consists of four case reports of individual firms,
representing different industries, locations, firm sizes, and ownerships.
The firmswere exposed to different institutional constraints and choice
sets. Firms responded to these institutional constraints with alternative
energy saving strategies, based on their specific motivations and
capabilities.

A.1. State-owned Cement Firm in Location A (C1)

The cement firm was previously a subsidiary of a large privately-
owned cement corporation, and acquired by a large state-owned ce-
ment corporation in 2006. Up until the interview, it was the largest ce-
ment clinker producer in the region, with a total of 20,000 tons per day
of capacity on two lines. Cement clinker is an intermediate product
formed by forging together clay and limestone in a kiln in the early
stage of cement production. One of the two lines was newly established
and put into operation in 2012. Because of its scale and stable operation,
the firm's profitability was greater than other plants in the region. Its
energy efficiency was 105 kilograms coal equivalent (kgce) per ton of
clinker produced, much lower than the national agenda to reduce
from 115 kgce/ton in 2010 to 112 kgce/ton in 2015 according to the In-
dustrial Energy Saving Plan in the 12th Five Year.

The interview respondent from the firm identified two major ener-
gy-saving initiatives: a waste heat to power generator being operated
since 2008, and variable-frequency drives, which had been sequentially
put into operation for multiple production processes since 2008. While
power generation using low temperature waste heat was not new in
small-scale production lines of cement clinker, the firm was an early
adopter among the production lines of 10,000 tons per day capacity. It
learned directly from thefirst adopter,which is a subsidiary of its former
parent company. The project's payback period was two and a half years.
The adoption of variable-frequency drives was gradual, because efforts
had to be made in each production process to evaluate operational sta-
tus, estimate energy saving potential, and finally estimate the payback
period. The payback periods lasted between half a year and two years
in different production processes.

According to the respondent, the two initiatives were generally de-
termined in the same framework of incremental competitiveness,
with consideration given to three aspects.

• Energy-saving agreement. “Because our firm was a demonstration site
of Jiangsu Province for energy saving and emission reduction in the
11th five year, we had our own five-year plan for energy saving and
emission reduction … without these initiatives, the target could not
be achieved… after the adoption of thewaste heat to power generator
and variable-frequency drives, we achieved the five-year energy-sav-
ing and emission-reduction target early.”

• Payback period. While the respondent did not explain energy saving in
terms of cost reduction directly, he was very conscious of and men-
tioned the payback periods without being asked when introducing
the two energy saving initiatives. He also commented, “to the firm,
our payback periods were very short. The investments were paid
back in two years, and after two years came benefits … generally if
[payback periods are] longer than five years, we won't do it and
firms have no incentives. We can accept if it is about three years.”

• Broader cost-benefit consideration. Beyond the simple calculation of
payback periods, the consideration draws onmore stable energy sup-
ply and cement production in the context of restrained local electricity
quota. “Because in recent years the country was short of energy sup-
ply, and especially because a series of constraints on electricity supply
wasmandatorily enforced in 2009 and 2010, we adopted these initia-
tives, whichwere very effective inmitigating our electricity shortage.”

As a state-owned subsidiary firm with large-scale capacity and
steady profits in a relatively less developed region, the firm experienced
no pressure for turnover of plant and equipment and possessed better
capability inmaking investments. Its payback cut-off of three years is al-
ready longer than what many other firms without concern for survival
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would accept. State ownership not only helps to strengthen the firm's
capability in making energy saving investment, but also matters to its
motivation. As the respondent commented, “[investment in energy sav-
ing] is much larger [in state-owned firms]. State-owned firms not only
consider profits, but also, more importantly, national policy and social
responsibility. State-owned firms should be role models in their
industries.”

A.2. Privately-owned Iron and Steel Firm in Location B (S2)

This iron and steel firm is among the top-20 iron and steel firms in
China by revenue, with a capacity of more than seven million tons of
steel production per year. It was formerly state-owned, becamepublicly
traded in 2000, and its shareholder structure changed from state-held to
privately-held in 2003. It had two production lines in operation since
2010, based on two blast furnaces with volumes of more than
2000 m3 each. It was replacing other small, old furnaces with new fur-
naces of larger scales at the time of the interview.

After 2000, the firm started to focus beyond pollution control and on
cleaner production, environmental management systems, and circular
economy. It obtained ISO 14001 certification, conducted cleaner pro-
duction audits every three years, and became a demonstration site for
energy-saving and emission-reduction and a trial site for circular econ-
omy standardization.

Because of the firm's large scale andwell established environmental
management system, its investment in energy saving, like investments
in environmental protection and resource efficiency, is usually based on
recommendations from cleaner production audits and consistent with
the firm's five-year environmental protection plan (which proposes
general ideas that correspond to the national five-year plan). The pro-
posed projects, after careful evaluation, are written in the firm's annual
fixed capital investment plan. A fewmajor considerations and associat-
ed energy saving initiatives implemented between early 2000 and 2012
were identified in the interview, where the decisions involved both
strategic positioning and incremental competitiveness:

• Survival and development, by replacing production facilities, to pre-
empt futuremandates for facility retirement or environmental regula-
tion. “Our previous blast furnaces – one of 500 cubic meters volume,
another of 450 cubicmeters volume – are still consistentwith national
industrial policy. But one or two years from now, they may not be
allowed, so this will put us in an awkward position.” “For such a
[small] furnace, its gas recollection rate [is low], has no top-gas-pres-
sure recovery turbine, and its product quality is not good,whichgreat-
ly affects the development of our firm.” “Such a [small] blast furnace
needs more control for particulate emissions, more control for the
input system, so the pollution control is usually not perfect. Therefore,
if such furnaces are not replaced in the 12th five year plan period, and
are still used, especially considering our proximity to the city … the
government will not let you survive, although you may not be in the
elimination list.”

• Following additional technology mandates, by adopting Coke Dry
Quenching and electricity generation from steam, after the firm's pro-
posal of facility installation. “The coke dry quenching equipment was
a requirement by the environmental protection agency. To be honest,
at earlier times the firm always said the less investment the better…
when we applied for approval [for new coke ovens] the government
said, since you built new ones, you should have everything [that rep-
resents high technology, environmental protection, andmaterials and
energy efficiency] prepared.”

• Seeking cost reduction and policy incentives, through electricity gener-
ation based on waste heat from the sintering process and waste pres-
sure from the blast furnace based on top-gas-pressure recovery
turbine. “The sintering process creates high-temperature flue gas,
and we thought if it could be used to generate electricity, the profit
would be great … after construction [of the sintering process], waste
heatwas not used immediately. A few years ago its potential for ener-
gy saving was identified, and the firm thought there would be profit
and decided to build it.” “On the other hand, these efforts have practi-
cal effects, because the government not only supports themorally, but
also with funding … for example for waste heat and pressure reuse,
the governmentwould certify the products for comprehensive utiliza-
tion of resources, and provides tax exemption … so for our depart-
ment, doing this brings money, and relieves our firm's burden.” “The
project for waste heat and pressure utilization, … we financed
through government loans for energy saving.”

• Improving profit and preempting environmental issues, through furnace
gas reuse and elimination of coal-fired boilers, based on long-term
technological experience. “In 20 years, residual gas reuse has been
considered of importance [in the firm] … at the beginning only coke
oven gaswas used, then blast furnace gas… since 1995 or so blast fur-
nace gas was used for steel casting… after 2000 when new basic ox-
ygen furnaces were built, basic oxygen furnace gas was immediately
used … [we] signed a contract with the World Bank to use the clean
development mechanism, first for one basic oxygen furnace, and
then the other.” “Through the use of furnace gas, we gradually elimi-
nated coal-fired boilers … From our environmental perspective, a
big problemwas solved, andweno longer needed to address sulfur di-
oxide emissions.”

In addition to the explanation of four initiatives, one respondent
commented on the importance of communication with government,
the influence of leading firms, energy-saving agreements, and perfor-
mance standards.

• For communication with the government, he said: “There is an issue of
how firms and governments communicate and agree with each
other. Such communication and agreement comes from how we un-
derstand government's policy needs. If our initiatives can fulfill gov-
ernments' needs, or even if we can think [about the future needs] in
advance, then our communication with the government will be har-
monious. You cannot be passive. If you are not on track with [govern-
ment] policy and thinking, you do everything less easily and cannot
develop.” “They wanted us to relocate. Later on, after we reported ...
our facility replacement plan, our general plan, and our detailed mea-
sures and thoughts, they now basically agree with our development
plan.”

• For influence from the leading firms, he said: “Great influence from the
industry. When we make plans, aside from the needs of the govern-
ment, we set our own benchmarks and goals … where are those ad-
vanced indicators from? Probably from Jinan Steel Corporation,
Baoshan Steel Corporation, maybe not entirely, but we will follow
their good indicators.”

• For energy saving agreement, he said: “The energy saving and emission
reduction target is locally disaggregated, and disaggregated to our
firm. Our firm will do according to our real situation.”

• For the performance standard, he said: “Energy consumption per ton of
steel production for the 12th five year plan is [required to reach] 580
[kgce]. We were at 619 in 2011, and our plan is to go down to 580.”

A.3. State-owned Chemical Firm in Location C (Ch2)

This chemical firm is fully state-held, and produces acetic acid, ethyl
acetate and sodiumhydroxide. Its production of acetic acid is among the
largest in the world. It obtained ISO 14001 certification and had a strat-
egy for a green chemical industry area based on integration of its supply
chain.

Seven energy saving initiatives between 2008 and 2012were identi-
fied from the interview, involving both types of decisions.

• Reducing material consumption and cost, by collecting and reusing car-
bonmonoxide. “[the respondent's description of the carbonmonoxide
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collection process] this is the entire process, with the major consider-
ation of reducing material consumption… no concern for pollution,
because the waste gas used to be flared before being released, but
now it relates to carbon emissions too … the project was done in
2008, when carbon emission was not an issue.”

• Improving efficiency, through boiler replacement with cogeneration.
“We had an ethyl acetate facility with large steam consumption, and
used three small boilers to supply steam, which had no power gener-
ation … we changed in 2008 … the overall efficiency improvement
was 20% due to the current cogeneration of heat and power … the
major consideration was to improve boiler efficiency.”

• Improving efficiency under production capacity cap, through production
facility replacement. “Later, a new production process… was built in
the west [of our plant], and our old cogeneration was in the east …
the pressure was not enough, and heat loss in the pipe was huge. So
we built a new cogeneration facility in the west … the replacement
had to be at the same level of total capacity, because otherwise the
government would not approve it… previously the boilers' combus-
tion efficiency was about 75%, and now with fluidized bed boilers
the efficiency is 96%. As the pressure increases, the efficiency for elec-
tricity generation increases. [Changing] boilers was ultimately to im-
prove combustion efficiency and to improve the efficiency of using
coal.”

• Reducing operational cost, through waste heat to power generation,
assisted by technological and financing support. “We collaborated
with a US company, because the domestic equipment was not corro-
sion-resistant enough … It was also done in 2008, when few [firms]
did so because of [investment] cost … a lot of water was consumed,
and heat was wasted … [investment was paid back] roughly in four
to five years, which was forward-looking at that time … because we
used an energy-saving performance contract … we did not invest
much, and the foreign partner invested more … now almost all
firms are doing this, because otherwise your production cost would
be high and not competitive with others. Without the benefit of
using the low-pressure steam, there is no profit from selling sulfur
acid.” “The forward-looking view was mainly about reducing con-
sumption and notwastingheat… because Jiangsuhas no coal produc-
tion, our coal is basically transported from northern ports … at a cost
of at least more than 100 RMB [per ton of coal] for transportation.”

• Reducing operational cost, through a few small projects with the help
of energy saving performance contracts. “Recently for energy-saving
technological changes, because of the firm's funding issue, most of
them were done via energy saving performance contracts. For exam-
ple, adoption of variable-frequency drives for the boiler in the cogen-
eration plant, adoption of variable-frequency drives for fans, and a
customized pump in themethanol plant all have energy saving effects.
These projects are relatively smaller than others, have relatively
smaller investment, and relatively smaller energy savings. Payback
periods are generally two years or so. Our longest energy saving per-
formance contract is for three years.”

• Survival by replacing the diaphragm cell with a membrane cell in pro-
ducing caustic soda, to preempt future regulation. “Our diaphragm
cell technology was improved … relatively advanced, so it had not
been on the elimination list. But following the general trend, it
would be eliminated … [as energy consumption for] the membrane
cell… is greatly reduced.” “Recently the firm's [economic] situation
was not very good, but [the project] could not be delayed… the pay-
back period is relatively longer [about eight years according to the es-
timated energy saving by the respondent]. The upfront cost is
relatively large… it was a little bit difficult to finance by ourselves.”

• Achieving the energy saving agreement through maintaining an energy
information management center, based on communication with the
government and previous technical experience. “Investment is large,
but our firm has invested some. For basic information collection, we
have been prepared, so [the government of] the city only recommend-
ed that we use this new management system now. Because our
technology information has been collected in the centers of every
plant … except at the corporate level, our following investment will
not be that high. [The government of] city C is also very clear about
this, because [the government] came to examine our firm very often
and supervise our energy saving, and understood our data collection
clearly.”

The respondent also commented on the energy saving agreement as
an important policy constraint: “Every single initiative was not directly
connected to each other, but the ultimate goalwas to greatly reduce en-
ergy consumption and thereby to make sure that we exceed the energy
saving target from the province [government].” “[for energy saving in
the 12th FYP] we cannot be optimistic, and have relatively a lot of pres-
sure to perform.”

A.4. Foreign-owned Paper Firm in Location D (P4)

This paper firm was originally established by an American company
in 1996 and acquired by a large Japanese paper producer in 2002. It uses
its original papermakingmachine with a width of 2670mm,whichwas
imported from Italy, and produces 18,000 tons of consumer tissue paper
per year. Pulp used for papermaking is not locally produced but pur-
chased from overseas.

Seven energy saving initiatives were identified from the interview,
mainly following the decision for incremental competitiveness.

• Reducing operational cost and improving the working environment,
through insulation for drying, which benefited from technology dis-
semination. “Its payback period is one year or so … with current
new technology, insulation can help us save energy.” “On the other
hand, heat was disseminated into the work space and affected the
working environment. With the initiative the entire environment is
better, and the risk of fire is reduced.” “In addition, thanks to the cur-
rent new technology, which we never thought of but was recom-
mended by the provider. [From the provider] we learned that the
technology has matured [and decided to adopt it].”

• Reducing operational cost and following the local environmental require-
ment, through fuel switching from fuel oil to gas for a boiler. “First, the
market price for fuel oil was increasing rapidly … according to calcu-
lations switching fuel would save a lot of money … the city govern-
ment of D assigned a carbon dioxide quota to firms, and those
unused could be traded for additional revenue.” “On the other hand,
the district had a control requirement for sulfur dioxide. By using nat-
ural gas, the stack was removed.”

• Reducing operational cost by adopting variable-frequency drives. “Of
course we considered the payback period of roughly half a year or
so. Generally investment within one year [to break even] would be
supported.” “And to consider maintenance cost, with variable speed,
motors do not need to run at full load, maybe 40–50%, which is very
effective for protecting motors.”

• Reducing operational cost by suspending a redundant vacuum pump
and using it as backup. “This saved a lot of energy … according to
our production process, we tried this new change… for saving energy,
and also from the perspective of maintenance … maintenance cost
would decrease.”

• Reducing operational cost, by using evaporative air conditioners.
“There was only investment cost, and maintenance cost is just water
… the cost of regular air conditioners is much higher.”

• Reducing operational cost, to follow the trend in the industry to use
fewer motors. “… for our industry, some new [firms] use only one
motor, and we use two … with one for 300 kilowatts, you think
how much [electricity cost is there] for one day.”

• Achieving the requirement for absolute energy consumption reduction
and improving profit, through reducing the quantity of output. “Energy
savingwas required by the city [government], to decrease total energy
consumption by 20% … we reached the target. Absolute energy
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consumption decreased a lot, but not so much for energy consump-
tion per ton of paper.” “We have different product categories, and
the average [product weight] has been reducing gradually … with
lower per unit product cost, market sale would be easier.”

Aside from these initiatives, the respondents commented about
pressure and motivation from the firm's chief director for energy saving.
“The firm's per unit energy consumption is high, so [energy saving] is
a concern. The boss has been focusing on this … our machine was
imported, relatively better than domestic ones. But compared to the
best performance in the industry, compared to Japan, it is not good.”
On the other hand, the poor economic performance seemed to limit
the financing capability of the firm, reflected by very short payback cut-
off generally and particularly for a financing difficulty in one potential
project. “Our boss is supportive of investment with payback periods in
one year.” “[Talking about one specific technological change] If we
could change, we would. But this relates to investment, and relatively
big investment is needed.”
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