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When Low Hanging Fruit Is Beyond Reach:
Management Practices and Firm Energy Efficiency
(Authors’ names blinded for peer review)
We study whether structured management practices affect the uptake and impact of industrial energy efficiency measures, which are widely considered important for mitigating climate change. In a randomized
experiment that encourages small- and medium-sized metal machining firms to adopt recommendations
aimed at improving energy efficiency, we find that the intervention’s main effect—a reduction in the implied
unit cost of electricity—is largest in firms with less developed structured practices. Firms with well-developed
practices had realized greater savings prior to the intervention: in baseline data, moving from the 25th to
75th percentile of the management practice score distribution is associated with a reduction in electricity
intensity of 40% in value terms (electricity expenditure divided by output value) and a 33% reduction in
physical terms (electricity use in kilowatt-hours divided by output value). However, firms with well-developed
practices were more likely to receive cost estimates for, and to adopt, recommendations, even though they
achieved more limited unit cost reductions compared to poorly-managed firms. We posit that our findings
can be explained by heterogeneity in what we term “new practice orientation,” or employees’ collective
receptivity to adopting practices with the potential to enhance performance. Taken together, our findings
suggest the importance of differentiated interventions that bring firms with weak new practice orientation
toward the current energy efficiency frontier. Second, energy efficiency interventions, especially in rapidlydeveloping countries, may need to be combined with a binding constraint on greenhouse gas emissions to
support climate change mitigation.
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1.

Introduction

Nearly every projection of what it would take to address climate change on a global scale relies
heavily on industrial energy efficiency. The International Energy Agency’s 2019 World Energy Outlook calls for a 3% annualized reduction in energy intensity, or energy use per unit of output, far
from recent observed rates of 1.2% per year (International Energy Agency 2019). The Intergovernmental Panel on Climate Change attributes 33% of global CO2 emissions to industrial energy
use, due to the fact that industries rely heavy on fossil fuels, especially coal, either indirectly for
electricity or directly for process heat (Intergovernmental Panel on Climate Change 2014). A vast
array of initiatives have emerged to raise industrial energy efficiency, including policy targets for
process and product efficiency, international standards for energy management, subsidies for energy
saving investments, and training programs.
Yet, despite a proliferation of initiatives, we know very little about how interventions to raise
firm energy efficiency interact with internal decision-making. These interventions ultimately affect
energy expenditures and physical energy demand, which drives climate impact when energy is provided from fossil fuels. A large literature suggests that when it comes to energy efficiency measures,
energy users value discounted savings less than upfront costs and thus invest less than they otherwise would (Allcott and Greenstone 2012, Gillingham and Palmer 2014, Gerarden et al. 2017).
Known as the “energy efficiency gap,” this pattern has been documented empirically for passenger vehicles (Allcott and Wozny 2014), residential buildings (Myers et al. 2018), and industrial
firms (Anderson and Newell 2004, Granade et al. 2009, Backlund et al. 2012). With the exception
of a few recent studies (Muthulingam et al. 2013, Dowell and Muthulingam 2017), research on
the impacts of energy efficiency interventions has frequently treated the organization as a black
box, often assuming that decisions are made on the basis of uniform and transparent estimates of
upfront costs and recurring savings, consistently discounted to the present.
This study examines how a firm’s preexisting structured management practices, which shape
interactions among managers and employees, affect the uptake and impact of an external intervention consisting of tailored recommendations to improve energy efficiency. We focus here on structured general and energy-centric management disciplines. General management practices include
minimizing wasted inputs through lean operations, setting and monitoring progress toward production targets, and rewarding high-performing employees. These practices have been associated with
higher productivity (Bloom and Van Reenen 2007) as well as lower energy expenditure intensity
in cross-sectional analysis in both developed and developing countries (Bloom et al. 2010, Boyd
and Curtis 2014, Martin et al. 2012, Grover and Karplus 2020). We collect baseline data on general management practices, energy management practices, and energy expenditure and physical
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use in firms with similar production processes and energy requirements in a machine components
manufacturing cluster in Shandong Province, China. We implement a randomized controlled trial
to study the relationship between these practices, adoption of the intervention, and energy-related
outcomes. Our study also allows us to consider how organizational attention and attributes of
interventions affect adoption, beyond those dimensions studied in the prior literature.
Our study makes three contributions. First, we provide evidence that, beyond cost and other
recommendation-specific factors, the organizational property of structured general management
practices affects how firms respond to an external energy efficiency intervention. The main effect
of our energy efficiency intervention, measured as the post-treatment reduction in a firm’s unit
electricity costs, is largest among firms with the lowest generic management scores. By contrast,
firms with more developed structured practices showed smaller improvements. Our cross-sectional
analysis of baseline data shows that firms with more developed practices were less energy-intensive
at baseline, and thus may have had less “low-hanging fruit” (in terms of untapped, cost-effective
energy saving opportunities), compared to firms with less developed structured practices. In this
case, the intervention plausibly served to direct these firms to opportunities that the firms with welldeveloped practices had already reaped. Our findings suggest that energy efficiency interventions
designed to bring firms to the existing technological and practice frontier may be most effectively
directed to firms with the least developed structured management practices, and include supporting
practices to overcome what we term weaknesses in a firm’s “new practice orientation,” or the
readiness of an organization’s members to collectively seek and adopt competitively significant
improvements.
Second, although the effect of the intervention was smaller for firms with more developed structured management practices, firms with higher general management scores were more likely to
receive detailed information about the economic benefits of interventions and to implement them.
This finding is consistent with a role for structured practices in facilitating access to external
information and its application to improve performance. In support of this notion, we find a positive correlation between general and energy-centric management practice scores that is mediated
by firm size. Specialized energy management practices involve monitoring energy use, appointing energy managers, evaluating employees’ based on the firm’s energy saving performance, and
meeting regularly to assess progress. We further find that adoption depended on the complexity
of implementing the recommendation (beyond its direct cost) and on the seniority of the manager
who spoke with us at the first follow-up interview, a proxy for organizational attention to energy
efficiency.
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Third, our results have implications for the design of interventions to limit energy use and emissions of CO2 , the primary energy-related greenhouse gas (GHG). The firms in our study did not face
any price or quantity constraints on their energy use or CO2 emissions, and therefore it is perhaps
not surprising that the intervention reduced neither the average treated firm’s physical energy use
nor its energy expenditure. This is consistent with prior studies, which find energy efficiency interventions increase energy productivity, leading to marginally higher energy use and higher demand
for skilled labor (Ryan 2018). This effect may be particularly large in conditions of rapid growth
in developing countries. Cross-sectional evidence from our baseline survey underscores that structured management practices are more strongly associated with reductions in energy expenditure
intensity, rather than in physical energy use intensity. Based on our results, we hypothesize that
policies that explicitly value physical energy and CO2 reductions may have the greatest impact on
firms with more developed structured practices, as they direct firms’ innovative efforts to include
limiting CO2 .
This paper proceeds as follows. In Section 2, we draw on prior research to theorize how variation
in structured management practices could affect the uptake and impact of an energy-efficiency
intervention, and formulate hypotheses to guide our empirical analysis. Section 3 describes our
experimental setup, as well as data preparation and collection. Section 4 presents the results, while
Section 5 discusses implications for the design of efforts to improve energy efficiency and mitigate
climate change.

2.
2.1.

Literature
Drivers of a firm’s energy and climate impacts

A firm’s CO2 emissions are a function of its output scale, physical energy use per unit of output
(energy intensity), and the CO2 intensity per unit of energy used (Plambeck 2013). Internal firm
decisions and external environmental conditions shape each of these factors in interactive ways:
investments in capital equipment to perform a particular task at lower cost may increase energy
relative to labor input requirements, raising energy and CO2 emissions intensity in the absence
of changes in the fuel mix. External changes in energy prices and efficiency policies also interact
with internal firm decisions in ways that ultimately affect output, energy use, and CO2 emissions.
Given the variety of possible production configurations, it is no surprise that the distribution of
energy intensity within narrowly-defined industries is substantial (Boyd and Curtis 2014, Grover
and Karplus 2020).
At the same time, there is growing evidence that variation in the adoption of energy efficiency
measures cannot be explained by their direct costs alone. To explain this “energy efficiency gap”
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(Allcott and Greenstone 2012), scholars have focused on existence of hard-to-measure costs associated with the adoption of energy saving practices (Anderson and Newell 2004, DeCanio and
Watkins 1998) as well as behavioral explanations (Allcott and Greenstone 2012, Muthulingam et al.
2013). In a variety of settings, factors other than the direct cost are found to affect adoption of
energy efficiency recommendations. For example, DeCanio (1998) find that firm characteristics are
important predictors of adoption. In a related study, firm performance, location, and industry correlated with participation in a generic and voluntary energy-saving program for lighting (DeCanio
and Watkins 1998). A study by Anderson and Newell (2004) of firm responses to a government
energy audit found that adoption decisions implied hurdle rates of 50–100%. Muthulingam et al.
(2013) finds that firms tend to adopt recommendations that are presented earlier: moving a recommendation down the list by one position is equivalent to increasing its cost by 17%. Dowell
and Muthulingam (2017) finds that, beyond profitability, the extent of disruption, number of prior
local adopters, and strength of environmental norms influence firms’ adoption of energy efficiency
initiatives.
Recently, scholars have begun to relate a firm’s structured management practices, both general
and energy-centric, to energy intensity outcomes. In a sample of firms in the United Kingdom,
Bloom et al. (2010) found that adoption of a set of structured management practices was associated
with a reduction in energy intensity (energy expenditure per value of output) of 17% when moving
from the 25th to the 75th percentile on management score. A study for the U.S. suggested a more
complex relationship, with most management techniques associated with lower energy intensity,
but an emphasis on generic targets, conditional on other management practices, was found to
be correlated with higher energy intensity (Boyd and Curtis 2014). Martin et al. (2012) studied
the relationship between “climate friendly” management practices, organizational structure, and
energy efficiency in U.K. firms, and found adoption of “climate friendly” management practices
is higher if the firm has an environmental manager with direct links to the CEO. Grover and
Karplus (2020) examined the cross-sectional association between structured management practices
and energy intensity in manufacturing and services firms across 31 countries, including eight in the
“lower middle” or “low” income category. For manufacturing firms, they find energy expenditure
intensity falls with general management practice scores, while for physical energy intensity, there
is no significant effect.
2.2.

Absorptive capacity and energy efficiency interventions in firms

While cross-sectional studies have found that measures of structured management disciplines correlate with lower energy expenditure intensity in firms, many gaps remain in our understanding
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of how this relationship works. Do management practices deliver only cost efficiencies, or do they
also lead firms save physical energy use and reduce associated environmental impact? Moreover,
while a large literature has focused on the elusive question of how firms innovate, applications to
energy efficiency and environmental protection have focused on productivity impacts (Porter and
Van der Linde 1995). The interaction between firms’ management practices, external interventions
to improve energy efficiency, and outcomes has not been well studied.
To develop our arguments, we build a connection between the literature on the role of absorptive
capacity in organizational learning and innovation (Cohen and Levinthal 1990), which examines
the antecedents of firm’s ability to explore and exploit external knowledge (March 1991), and structured management practices, developed in the empirical management literature. While much of the
absorptive capacity literature has focused on technological innovation in products and services, the
application to energy efficiency involves process innovation (to reduce energy cost/waste), one of
three types of “component knowledge” proposed by Cohen and Levinthal (1990).1 In this regard,
energy efficiency measures differ from investments in pollution removal. The latter typically incur
cost to install and operate devices that remove harmful substances from waste streams (King and
Lenox 2002), while energy efficiency measures promise cost savings and with them reductions in
physical energy use and environmental harms. Absorptive capacity is defined as a firm’s ability to
“recognize the value of new, external information, assimilate it, and apply it to commercial ends”
(Cohen and Levinthal 1990). It is a property of the organization, distinct from the characteristics
of its individual members. Cohen and Levinthal (1990) focuses on prior knowledge as the main
antecedent of absorptive capacity, while Van Den Bosch et al. (1999) broadens the framework and
provides case-based evidence that organizational structure and combinative capabilities also play
a role. Combinative capabilities are defined as a firm’s ability “to synthesize and apply current
and acquired knowledge,” and categorized into systems, coordination, and socialization capabilities
(Kogut and Zander 1992). However, the literature stops short of elaborating what organizational
characteristics enable firms to realize superior combinative capabilities.
Here, we consider structured management practices as a source of support for the combinative
capabilities that enable firms to recognize and implement (or “absorb”) tailored recommendations
to improve energy efficiency presented by an external party. Generic structured management practices as defined in the empirical management literature are measured in the World Management
Survey (WMS) as a set of disciplines related to operational efficiency, target-setting and monitoring, and incentive systems (Bloom and Van Reenen 2007). Measures related to these categories
1

Other types of component knowledge include knowledge related to products or services and knowledge related
to markets (Cohen and Levinthal 1990).
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developed by the WMS and others bear a well-documented relationship with overall financial performance and productivity in manufacturing firms (Mefford 1986, Ichniowski et al. 1997, Bloom
and Van Reenen 2007, Bloom et al. 2016). Randomized controlled trials (RCTs) in India (Bloom
et al. 2013) and in Mexico (Bruhn et al. 2017) further causally relate management practices to
improved performance outcomes. Well-managed firms are also found to comply with labor standards (Distelhorst et al. 2017) and use energy more efficiently (DeCanio and Watkins 1998, Bloom
et al. 2010), relative to poorly-managed firms. To the extent that they provide an underlying structure for communication and reward employees based on performance, these practices are likely to
influence the firm’s processes of discovering and applying new information.
Here, we hypothesize that structured general management practices strengthen a firm’s combinative capabilities and thus its absorptive capacity in two ways: (1) increasing the firm’s access
to useful information and readiness to adopt competitively-significant innovations, and (2) raising
the impact of the intervention on performance outcomes. We examine each of these relationships
separately, relating them to the four “tions” (perception, inspiration, motivation, and implementation) developed by Jan Rivkin and adapted by Gibbons and Henderson (2012) to delineate
explanations for why firms do not adopt practices associated with superior performance. We can
think of the external intervention as providing inspiration, and interacting with the state of the
four “tions” within the firm. The first mechanism involves perception: firms with strong operational, target-setting, and monitoring practices are likely to have a larger share of employees with
a keen awareness of current patterns of energy use and equipment efficiency relative to technical
benchmarks. This information can be shared with the external consultants and used internally to
evaluate the relevance of recommendations they provide. We therefore hypothesize:
Hypothesis #1: Firms with a higher a general management practice score will receive more
detailed information about available energy efficiency opportunities, in the form of cost estimates
for recommendations.
Our null hypothesis is that this detail will be the same or more limited for high-scoring firms:
Hypothesis #1.A: Firms with a higher a general management practice score will receive equally
or less detailed information about available energy efficiency opportunities, in the form of cost
estimates for recommendations.
A second mechanism entails motivation: to the extent that energy intensity affects overall performance, structured management practices are expected to facilitate and reward employee initiative
in identifying and advocating for cost-saving process innovations. Conditional on inspiration, a
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stronger motivation among employees to act in the firm’s economic interest would be expected to
increase adoption of energy-saving recommendations. This adoption effect is expected as long as
the recommendation is profitable for a firm, regardless of the magnitude of the savings. This leads
to our second hypothesis:
Hypothesis #2: Firms with a higher a general management practice score are more likely to
adopt the energy efficiency recommendations they receive.
And, the corresponding null hypothesis:
Hypothesis #2.A: Firms with a higher a general management practice score are equally or less
likely to adopt the energy efficiency recommendations they receive.
Turning to the question of how structured management practices could mediate an intervention’s
impacts, we return to the absorptive capability literature and note that the relationship is not
straightforward. Two competing effects could influence a firm’s post-intervention energy intensity
change: (1) a “baseline” effect, in which reductions are greatest among firms with weak structured
practices, because the intervention draws employee attention to energy saving possibilities that
firms with stronger practices have already exploited; and (2) a “cognition” effect, in which firms
with well-developed management practices can more accurately recognize and coordinate implementation of energy saving opportunities. The main outcomes of interest in our experiment are
operational electricity expenditure (intensity), physical electricity use (intensity), and a firm’s unit
electricity cost (electricity expenditure divided by physical electricity use). The net impact on each
of these quantities is expected to depend on the relative magnitude of cognition effect and the
baseline effect.
To examine the net effect empirically, we first quantify the baseline relationship between management practice scores and energy intensity in physical and value terms. Prior studies using
cross-sectional data have found that better-managed firms have a lower energy expenditure intensity, however, they have focused on highly heterogeneous firm populations and mostly in developed
country settings (Bloom et al. 2010, Boyd and Curtis 2014, Grover and Karplus 2020). Nevertheless, we expect that in our sample, firms with more structured management practices may have
applied these practices to energy-related decisions, relative to firms with less structured practices.
We therefore hypothesize:
Hypothesis #3: Firms with a higher a general management practice score will have a lower
level of energy intensity in the pre-treatment cross section, compared to firms with a weaker new
practice orientation.

Authors’ names blinded for peer review
Article submitted to Management Science; manuscript no. MS-XXXX

9

The null hypothesis is:
Hypothesis #3.A: Firms with a higher a general management practice score will have an equal
or higher level of energy intensity in the pre-treatment cross section, compared to firms with a
weaker new practice orientation.
Second, we focus on how structured management practices could mediate the the net effects
of our intervention. According to our implementing partners, small- and medium-sized firms in
China similar to those in our study sample are unlikely to have been targeted by major energy
efficiency programs, and lack a basic understanding of energy use in their operations. We therefore
hypothesize that recommendations presented will represent new cost-saving opportunities for even
those firms with highly structured management practices. If this “cognition” effect is large enough,
it will outweigh the “baseline” effect. We hypothesize:
Hypothesis #4: Firms with a higher a general management practice score will achieve a larger
performance impact from the adoption of energy efficiency recommendations.
In this case, our alternate hypothesis is a directly competing hypothesis, positing a dominant
role for the baseline effect:
Hypothesis #4.A: Firms with a higher a general management practice score will achieve an
equal or smaller performance impact from the adoption of energy efficiency recommendations.
Our data allow us to probe whether the effects are driven by specific types of generic management practices, which are the components of the overall management score and differentiate structured practices related to operational efficiency, target setting, monitoring, and performance-based
employee incentives.
Our empirical setting allows us to examine one possible mechanism by which structured general
management practices could affect the intervention’s uptake and impact. Specifically, we posit that
firms with well-developed structured management practices will also be more likely to developed
structured practices around more specialized functions, such as energy management, which may
increase awareness of any mismatches between performance and goals and raise the likelihood of a
firm’s receiving useful information that is ultimately adopted in practice. We hypothesize:
Hypothesis #5: The higher a firms’ general management score, the higher its energy-centric
management score.
We test Hypothesis #5 using our baseline (cross-sectional) data.

Authors’ names blinded for peer review

10

Article submitted to Management Science; manuscript no. MS-XXXX

Finally, as discussed above, many assessments of energy efficiency potential assume that firms
adopt energy-saving recommendations in order of increasing cost, despite increasing evidence that
behavioral factors matter (Muthulingam et al. 2013, Dowell and Muthulingam 2017). However,
prior studies did not examine the role of organizational attention (the degree to which management
prioritizes a particular goal), nor did they consider the role of a recommendation’s complexity.
While we did not formalize hypotheses on these effects in advance of our study, our data allowed
us to test for evidence of these relationships. We provide this evidence as a starting point for future
studies.

3.

Empirical Setting

3.1.

China’s manufacturing sector, energy use, and climate change

China uses more energy and emits more CO2 than any other nation. Its vast and energy-intensive
manufacturing sector is responsible for approximately 55% of the nation’s energy use (National
Bureau of Statistics of China 2018) (after including the contributon of electricity), equivalent to
more than 12% of the global total (International Energy Agency 2019).2 While much of this energy
use is concentrated in industries with high energy intensity (iron and steel, cement, refined oil,
chemical products, and mining and metals production), manufacturing activities with a higher share
of value-added account for substantial energy use. Energy used in these activities primarily takes
the form of electricity, an energy carrier that is generated from primary fuels. High value-added
manufacturing accounts for over 12% of China’s total energy use (National Bureau of Statistics of
China 2018). Globally and especially in China, primary fuels used to generate electricity remain
dominated by fossil fuels, especially coal, which when combusted generate climate-warming CO2
and local air pollutant emissions.
3.2.

Sample selection

Our study began with a baseline cross-sectional survey of 100 firms in 2016, followed by a randomized experiment involving a 48-firm subset of the original surveyed group, which was implemented
between 2017 and 2020. The 100 firms represented all operational machine component manufacturing firms in Jinan city, Shandong province, China in late 2015 (location shown in Appendix
Figure A1). Firms in the sample are located within a 50-mile radius and are spread across the city’s
eight districts/counties, making all firms comparable on dimensions of local climate (which can
substantially impact energy use), governance at the city level and above (thus policy environment
is common to all firms), and market conditions (including electricity price schedules and labor force
2

Worldwide, the manufacturing sector alone accounts for over two-thirds of end-use energy demand (International
Energy Agency 2019).
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composition). Jinan city also has a distinct industrial history, as some manufacturing processes and
product types have remained unchanged for thousands of years. Firms in our population represent
seven two-digit industries and were chosen because of the role of electricity as their main energy
source for production.
Of the original set of 100 firms for which we obtained both management scores and energy use
information, we dropped two outliers that either were involved solely in assembly (very low energy
intensity), or reported dramatic shifts in energy intensity between 2014 and 2015. We further
dropped seven firms that did not contain any of the three energy-intensive process categories related
to metalworking: machining, casting, and forging. We utilize the data collected on the remaining 91
firms in the descriptive part of our analysis. Many of the firms in our sample manufacture multiple
products using a fixed set of production equipment that is powered by electricity. Two-thirds of
91-firm sample consisted of single-plant firms. Descriptive statistics for the 91 and 48 firms sample
in 2015 from the baseline survey are shown in Table 1. Photographs (taken with permission) of
the physical setting and production floor at several of our sampled firms are shown in Appendix
Figure A2.
3.3.

Baseline data collection and preparation

We collected our baseline survey over two months in March and April 2016. The two-part survey
covering management and energy management was designed and administered by a collaborative
team including an analyst, two associates, and one junior partner from the China offices of a
global management consultancy and researchers from the Massachusetts Institute of Technology
and Tsinghua University. The team administered the survey with logistical support from our local
Shandong partner, Shandong Energy Conservation Association (SECA), a local non-governmental
organization that arranges energy saving training and provides energy saving consulting for industrial and commercial firms. Over a period of five weeks, two groups (each comprised of one MIT
or Tsinghua researcher and one consultancy analyst or associate) conducted on-site interviews on
general management and specialized energy management practices in the Chinese language at all
100 firms. Team members attended a one-day orientation on survey administration, followed by a
mock interview round to ensure consistency in teams’ understanding of the survey questions and
scoring procedure. The teams visited two to four sites per day, depending on travel time between
sites, and interviewed one member of the company’s general management and, when available,
one energy specialist. Completing the full interview (including its general management and energy
management components) required approximately one hour.
The general management questionnaire followed the methodology of the World Management
Survey very closely (Bloom and Van Reenen 2007), with minor adjustments to localize concepts
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to the Chinese context. The survey included multiple questions in four categories (operations,
targets, monitoring, and incentives), each of which was scored on a 1-5 scale by the interviewer.
Scoring outcomes were not shared with the interviewee. Starting with a Chinese translation of the
management survey based on Bloom and Van Reenen (2007), question translations were vetted
for accuracy of meaning and potential for misinterpretation by multiple Chinese speakers within
the global consultancy, MIT, and local Shandong teams. Prior to fielding the survey, the team
performed a dry run of the full interview with one company. Adjustments were made to reflect
managers’ feedback and to shorten the energy management questionnaire to keep the entire process
under one hour.
The energy management questionnaire incorporated general requirements from China’s national
standard for energy management GB/T 23331, which closely follows the international energy management standard ISO 50001. Questions attempted to measure the firm’s general awareness and
experience with energy saving measures, as well as the existence and extent of the company’s internal energy management system. A copy of the energy management questionnaire is provided in
Appendix Table A2. Both general management scores and energy management scores are calculated as unweighted averages of scores on individual questions. Scores were converted to z-scores
for ease of interpretation in regression analysis.
The intervention was designed to leverage the local network of SECA. We contacted the firms
by sending a letter to the firm through SECA. SECA then called their main contact within each
firm to schedule a visit. While we expressed an interest in speaking with firm leadership, at least
initially, managers internally selected a firm representative to participate in the interview. Interviewers began by asking general management questions to the appointed representative. Energy
management questions were sometimes answered by the main interviewee, although in some cases
a specialized energy manager was also interviewed.
In parallel, monthly electricity use and production information was obtained through a survey
disseminated by SECA. We collect these data in early 2016 for the years 2013–2015 for the 91 firm
sample, and for a further two years (2016–2017) for the 48 firm included in the experiment during
the first half of 2018. We obtain the latest round of electricity data from the RCT firms for 2018 in
March 2019. Electricity consumption data, including physical use in kilowatt hours and expenditure
in value terms, was obtained at monthly resolution for all six years. Firms were assured that raw
data provided would be kept strictly confidential. Our local partner is not involved in regulatory
enforcement and regularly interacts with government offices at the county level as well as with firms
directly, leading to a high degree of trust and raising the chances of obtaining data that represent
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an honest collection effort. Firm submissions were cross-checked against metered electricity bills
for a subset of firms to ensure consistency. We were unable to verify reported consumption of other
energy types, which represented a modest share of the overall total, and therefore we focus on
electricity in this study. None of the firms in our 48-firm sample had any unrecorded electricity use
(e.g., self-generation). Other energy types were largely used for space heating and not substitutable
with electricity in core production processes.
3.4.

Randomized experiment

Our experiment involved a subset of 48 firms in the baseline sample that share the same production
process, metal machining. Using pairwise randomization,3 half of the firms were assigned to the
treatment,4 which was administered in two waves, one running from June to August 2017, and the
other from October 2017 to January 2018.
We recruited experts via the Shandong Energy Conservation Association to perform the intervention. Each treated firm received a one-day site visit from two experts. These experts gathered
information in discussions with firm managers and then examined energy-intensive equipment and
production processes for opportunities to improve. The experts then presented preliminary energy
saving recommendations and best practices for energy management to firm managers verbally at
the end of the visit. Within one month of the visit, the experts followed up with a formal document
that included an itemized list of energy saving recommendations and energy management practices
that were tailored to firm conditions. Two rounds of follow-up visits to evaluate adoption of recommendations were performed in spring 2018 and summer 2018, and an endline survey on energy use
was collected in 2019. For most energy saving recommendations, there were typically several subrecommendations. For example, to improve the energy efficiency of an air compressor, the experts
might recommend adjusting a parameter setting and adding a frequency control component.
For each recommendation, we strongly encouraged the experts to provide their best estimate of
the available financial savings due to reduced energy use expected from implementing each lever. We
3
We adopt the pairwise matching method as described in Bruhn and McKenzie (2009). Twenty-four firm pairs
were matched using the Mahalanobis distance, which is computed on the basis of electricity use quantities (kWh), sales
(RMB), electricity intensity (in quantity terms, kWh/RMB), ratio of sales in 2015 to sales in 2013, management score,
and energy management score. We randomly pick one firm from each pair as the treatment firm. More information
about our experimental protocol can be found on the American Economic Association Randomized Controlled Trial
Registry at https://www.socialscienceregistry.org/trials/2221.
4

We conduct power calculation using the baseline data (for 2013 to 2015) by assuming a hypothetical reduction
in energy expenditure or use for treatment firms in the 12 months of year 2015. We ran 1,000 iterations and randomly
drop four firms in each iteration to allow possible sample attrition. We find that our data can detect a 6% reduction
in energy expenditure or 9% reduction in energy use at the significance level of 10% with a probability of 80%, see
details in Appendix Section A1.
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also asked them to provide their best estimate of the adoption cost. However, our experts expressed
that they found this requirement difficult and very demanding. First, experts cited that equipment
and material prices were highly volatile. They also indicated that the labor costs associated with
adopting the recommendation were highly uncertain, making it challenging to provide an accurate
number without misleading the firm. Second, for some recommendations that are highly tailored
to specific equipment and production processes, experts found estimating electricity savings more
difficult, as there is no template or experience to work from. For example, an expert could suggest
that insulating a furnace could save substantial energy, reducing ambient heat losses. However, if
a firm had never measured the heat efficiency of the furnace (which was common in our sample),
estimating the improved efficiency or cost savings is impossible. Therefore, we were only able
to obtain estimated energy savings from the experts for a subset of recommendations, which we
provided to firms when available. Otherwise, we indicated to the firm that estimated energy saving
was not available. As a general rule of thumb, and to increase the likelihood that recommendations
would considered, experts focused on providing recommendations that were expected to pay back
within three years.
Recommendations were categorized into six groups based on the equipment or end-use targeted
for efficiency improvement. In Table 2, we summarize the number of recommendations and associated sub-recommendations provided to treated firms, as well as the availability of information
about the estimated energy savings within each of the six groups. Recommendations are listed
in descending order from the most standardized to the most bespoke, reflecting differences in the
customization required and firm-reported feedback on the technical and behavioral complexity
of implementation. For example, most lighting system recommendations are relatively standard
because they typically only involve replacing old inefficient light bulbs with more energy-efficient
LEDs, while recommendations related to the configuration of the power supply are generally less
standard. This category includes changing to another electricity rate plan that would be less costly
for the firm. The rate plan options are same for all firms, but the optimal choice of plan will depend
on a firm having a detailed understanding of its own patterns of energy use. Specifically, making
the most of an update further requires firms to optimize their own parameters, e.g. transformer
capacity or maximum load, which must be reported to the local utility company. This category
of recommendations explicitly targets unit electricity cost. Recommendations grouped as “others”
are even more heterogeneous and have to be highly tailored. For example, some types of energyintensive equipment are fairly uncommon or belong to specific vintages, e.g. a decoiler machine
or a shot blasting machine. A manager would need to locate customized parts or components if
she wished to retrofit the equipment. An example of recommendations and sub-recommendations
provided to a sample firm is shown in Appendix Table A3.
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Results

4.1.

Impact of the energy efficiency intervention

We begin with the causal impacts of the energy efficiency intervention, before turning to the
role of structured management practices. First, the intervention resulted in adoption of many of
the recommendations provided. As shown in Figure 1, the likelihood of a recommendation being
adopted conditional on being offered ranged between 0.2 (for production rescheduling) to 1.0 (for
lighting, full adoption). Not all recommendations were equally suitable for every firm; some had
already been adopted previously, while others were not relevant in the judgement of our team
of consultants. The percentages provided in parentheses above each panel indicate the share of
firms receiving a particular recommendation. Aside from lighting recommendations, which had an
adoption rate of 100%, it is noteworthy that adoption rates for other categories were below 50% on
average. This is despite the fact that firms were only presented with recommendations tailored to
their production conditions and that were expected to pay back within a maximum of three years.
Turning to estimates of impact, we find that our energy efficiency intervention reduced firms’
average unit electricity cost, defined as total electricity use divided by total expenditure (see Figure
2a), but had no effect on total electricity use (see Figure 2b).5 These effects can also be observed
by looking at the trends after the treatment (see Appendix Figure A3). While noteworthy, it is
perhaps unsurprising that our intervention did not affect total electricity use (or expenditure),
because it imposed no limit or disincentive. Instead, because firms could have adjusted their inputs
and/or production levels in response to the new information, the effect on total physical electricity
use or expenditure is ambiguous (see Appendix Section A3 for an explanation, based on a simplified
analytical model). We focus on firm’s post-treatment unit electricity cost change as the main effect
of our intervention. On average, a treated firm experienced a 7% decline in its unit cost (statistically
significant at the 5% level, see column (1) in Table 6).
4.2.

Management practices, recommendation detail, and extent of adoption
(Hypotheses #1 and #2)

We begin by asking whether firms with more developed structured management practices received
more detailed information about recommendation costs from consultants (Hypothesis #1). We
examine the relationship between a firm’s pre-treatment structured management practice score and
two measures of cost detail. First, we use a linear probability model to examine the relationship
between a firm’s management score and the consulting team’s provision of a cost estimate for a
recommended lever (equal to 1 if a cost estimate was provided, and otherwise 0), after controlling
5

All the regression specifications are described in Appendix Section A2.
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for lever-specific fixed effects that influenced the ease of providing a cost estimate across the entire
sample. As shown in Table 3, columns (1) and (2), the coefficient on management score is positive
and significant at the 10% level, consistent with Hypothesis #1. Second, for each firm, we compute
the share of recommendations for which cost estimates were provided to the firm as the dependent
variable. As shown in Table 3, column (3), management score is positively correlated with this
share, but not significant.6
Next, we examine whether structured management practice scores are positively associated with
recommendation adoption before the end of the study period (Hypothesis #2). Specification (1)
in Table 4 supports this hypothesis, with a one standard deviation change in management score
predicting an increase of 0.14 in the probability of adoption, although the significance of this
effect disappears once firm size (revenue) is included in the regression in specification (2). If we
replace general management with energy-centric management, the correlation becomes stronger
(see column (3)) but again disappears after including firm size (see column (4)). We return to the
firm- and recommendation-specific predictors of adoption later.
4.3.

Management practices and recommendation impact (Hypotheses #3 and #4)

Hypothesis #3 focuses on the direction of the pre-treatment association between structured management practices and energy intensity. In the cross section, we find better-managed firms tend to
be less energy intensive than worse-managed firms in the absence of an intervention (see Figure
3). This effect is smaller for physical energy use intensity than for energy expenditure intensity, as
shown in the regression estimates presented in Table 5. Based on the coefficients in columns (4) and
(7), moving from the 25th to 75th percentile on management score is associated with a reduction
in electricity intensity of 40% in value terms (electricity expenditure divided by real output value)
and a 33% reduction in physical terms (electricity use in kilowatt-hours divided by real output
value). Once we control for firm size (see Table 5, column (5) and column (8)), the significance of
the effects disappears.7 We further find that better-managed firms tend to have lower unit cost of
electricity, significant even when firm size is controlled for (see Table 5, columns (1) and (2)).
When it comes to the influence of management practices on the impact of recommendations, our
results support a dominant role for the “baseline effect” over the “cognition effect,” favoring competing Hypothesis #4.A. Results are shown in Table 6. The main effects of the treatment on unit
6
7

Power to detect an effect on the share measure is limited by the small sample size.

We also consider the relationship between energy management z-score and electricity intensity in physical and
value terms. The correlation with electricity intensity is not significant as shown in Table 5, columns (6) and (9).
This could be due to reverse causality: firms that have a higher energy intensity may have a stronger motivation to
adopt energy management practices.
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cost, electricity quantity, and electricity expenditure are shown in columns (1)–(3), respectively,
with treatment effects estimated in a difference-in-difference regression.8 Only unit cost changes
post treatment (reduced by 7%, significant at the 5% level). Interacting treatment status with
the management z-score reveals that pre-treatment management score is positively associated with
the change in unit cost post-treatment, offsetting the average reduction effect in the full sample
(column (4)). Comparing columns (7) and (8), it becomes apparent that the the treatment effect is
being driven by firms with low management practice scores. In other words, the treatment reduced
the unit electricity cost of the firms with less structured management practices closer to the level
of the firms with more structured management practices, while the latter did not experience any
significant reduction in unit cost.
How did the firms with low management practice scores realize unit cost reductions? The effect of
the treatment was driven by the adoption of recommendations that directly affected tariff structure
or firms’ exposure to it. The first category involves adjusting transformer usage and/or base tariff
selection (which is fixed by transformer size) to spread the fixed cost of the transformer over
more units of output.9 This was the dominant channel driving unit cost reductions among treated
firms. The second category is production rescheduling, which involves shifting operation to hours
when electricity is less expensive. Firms with well-developed structured management practices had
already undertaken these cost-saving interventions, as shown in the negative correlation between
pre-treatment unit cost and management score. For example, firms can choose their transformer
with the capacity just above their peak load to avoid unnecessarily high monthly fixed cost charged
based on transformer capacity.
To develop a better understanding of whether specific components of the management score
predict unit cost reductions, we interact the four sub-score categories (operational efficiency, monitoring, targets, and incentives). In regressions that individually interact sub-scores with treatment
status (see Table 7, columns (1)–(4)), we find that higher scores on monitoring, targets, and
incentives offset the magnitude of the main effect. Including interactions with all sub-scores in
specification (5) reduces concerns about omitted variables and allows dominant interactions to
emerge. Here, we find that operational efficiency shows a strong negative effect on unit cost, but is
fully offset by the positive effect of monitoring practices. We found that transformer adjustments,
8

These intent-to-treat (ITT) estimates capture the difference between the changes in the treatment and control
group, before and after the treatment was administered.
9

Although firms in our sample face an identical schedule of electricity prices, which depend on the time of
electricity use and the size of the firm’s transformer (or the declared maximum load), they may have very different unit
costs of electricity given their electricity use plan, especially their choices of transformer size or declared maximum
load. The price schedule is described in Appendix Table A4.
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followed by production rescheduling, were primarily responsible for the unit cost reductions treated
firms achieved. A focus on operational efficiency only would be very likely to overlook transformer
adjustments as a cost-saving opportunity, but once alerted by the consulting team, employees may
more readily recognize its advantages (suggesting a role for the “cognition effect”). The same may
be true of production rescheduling, if managers recognize opportunities previously not tapped,
perhaps because they conflicted with employee preferences to avoid the night shift, or safety concerns. Conditional on other management practices, firms with better monitoring practices may have
already optimized their transformer setup and electricity rate plan, leaving fewer opportunities
for consultants to suggest cost-saving improvements. We emphasize that this exploration is very
preliminary, given the small number of firms in our sample and the fact that we did not formally
hypothesize a priori about how different types of practices could affect outcomes.
4.4.

General and energy-centric management practices (Hypothesis #5)

Our fifth hypothesis proposed that firms with more structured general management practices would
also be more likely to introduce similarly structured practices for managing energy. Visual evidence
in Figure 4 suggests a strong relationship between the two scores, mediated by size, which is
increasing in the values of both scores. Correlations between management z-score and energy
management z-score are highly significant, with every standard deviation change in management
score predicting a third to a half of a standard deviation increase in the energy management score
on average (see Table 8).
4.5.

Additional evidence on drivers of recommendation adoption

Our study further revealed two additional drivers of recommendation adoption: (1) the degree to
which recommendations are standardized and (2) the identity of the respondent at our second
(follow up) interview to troubleshoot recommendation implementation. While we did not formalize
hypotheses on these outcomes, our findings further elaborate factors other than cost that influence
the adoption of energy efficiency recommendations. We therefore provide them here as a starting
point for future studies.
We found that conditional on receiving a recommendation, measures that required less customization were more likely to be adopted. This is shown visually in Figure 1 in the fact that
lighting recommendations, which primarily involve swapping out bulbs for high-efficiency variants,
were universally adopted by the end of the treatment period. Standardization may also explain
higher levels of pre-intervention adoption, leading to a lower rate of recommendation: only 39% of
firms received lighting recommendations, compared to 48% or more for all other recommendation
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types. Examining the lever fixed effects in Table 4, lighting similarly stands out for its high likelihood of adoption. However, furnace recommendations also show a positive and significant effect
(about half as large in magnitude as lighting, despite the fact that is requires more customization).
The existence of heterogeneous, firm-specific adjustment costs suggests that approaches to ranking
energy efficiency measures may look very different once this variation in costs is included.
We also found that whom the firm sent to meet with us when the recommendations were being
considered for implementation (the first follow-up visit) mattered: the higher the firm representative’s position, the greater the likelihood of adoption, as shown in Table 4, column (6). This
suggests that attention from the upper levels of a firm’s hierarchy is important. This effect is slightly
larger but less precisely estimated, relative to the coefficient on general management z-score, before
revenue is included in the regression.

5.

Conclusion

Our results provide new evidence on how a firm’s structured management practices affect the
uptake and impact of an energy efficiency intervention. These findings advance prior work in several
ways: (1) by using an experimental setup that causally attributes impact to the intervention; (2) by
quantifying the interaction of the treatment with structured management practices in a relatively
homogeneous, collocated set of firms; and (3) by exploring mechanisms (energy-centric management practices, recommendation complexity, and organizational attention) that could mediate the
pre-treatment relationship between management practices and energy intensity, and their relationship to the treatment effects we observe. In doing so, our findings extend the literature on the
energy-management nexus in firms to an emerging market setting, and connect it to the innovation
literature on absorption capacity. Below, we discuss the major implications of our findings for the
design and targeting of energy efficiency interventions as well as for their ability to mitigate climate
change.
5.1.

Implications for the design and targeting of energy efficiency interventions

One surprising finding in our study is that structured general management practice scores, energycentric practice scores, and measures of energy productivity (the inverse of energy intensity) tend to
move together in our sample. This echoes findings from other studies that well-managed firms tend
to perform better on a range of metrics, from environment (Bloom et al. 2010, Martin et al. 2012)
to labor practices (Distelhorst et al. 2017). This heterogeneity has implications for the targeting of
interventions: we find that while firms with more structured management practices are more likely
to obtain detailed information about interventions and adopt them, the net effect of doing so is
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lower because these firms are better optimized prior to the intervention, leaving less “low-hanging
fruit” available. The intervention may bring low-hanging fruit “within reach,” unlocking a greater
performance advantage. The customized nature of our energy efficiency intervention, which involved
multiple on-site visits, mediated by familiar and trusted sources, to understand a firm’s unique
situation and evaluate opportunities, may have enabled firms to overcome barriers to absorbing
new, competitively-significant knowledge. Examples include data collection and benchmarking, as
consulting teams performed these functions when the firm had not done so already. Thus, harvesting
these low-hanging fruit may require a targeted and customized effort that supplements weaknesses
across a firm’s broader capability set.
Nevertheless, targeted interventions may only be able to go so far. The co-variance of practices,
intervention uptake, and outcomes points to the possibility of a common underlying cause, which
we hypothesize as a firm’s “new practice orientation,” or the interest or propensity to seek and
translate outside advice into internal action and impact. Firms with a stronger “new practice orientation” may be able to expand more effectively, explaining why structured management, energy
management, and recommendation adoption are associated with firm size. New practice orientation may be deeply rooted in a firm’s organizational culture, and its absence may undermine the
development of a cascade of capabilities, from generic to specialized practices, ultimately limiting
effectiveness of external interventions. Understanding how such cascades work could shed new light
on the mechanisms underlying “absorptive capacity.” In our study, we find that structured energycentric management practices are associated with general management practices (positive and
statistically significant in three out of four specifications), and increase with firm size. Therefore, in
addition to targeted, high-touch interventions for firms with weak “new practice orientation” suggested above, energy efficiency programs could focus on helping to bring within reach more radical
energy and greenhouse gas reduction measures for firms with strong a “new practice orientation.”
For example, providing incentives for these firms to experiment with innovative technologies and
practices or enabling firms to limit emissions beyond their immediate boundaries (e.g., by purchasing green electricity certificates) would ensure that the technology and practice frontier continues
to move outward, bringing more firms with it. In this regard, our energy efficiency intervention,
which focused largely on known or off-the-shelf adjustments to existing production configurations,
may have underestimated the potential of these firms to advance this frontier.
5.2.

Implications for climate change

Our results provide evidence that industrial energy efficiency interventions do not necessarily reduce
energy use and associated CO2 emissions. Instead, our highly tailored energy efficiency intervention
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significantly reduced a firm’s unit electricity cost, but did not affect energy use (or its intensity) in
physical or value terms. Like many energy efficiency programs, our treatment provided firms with
recommendations designed to save energy expenditure and/or reduce physical use. Empirically, we
found that the recommendations that explicitly focused on navigating the intricacies of electricity
billing, such as transformer optimization and rate plan selection, were the main drivers of the
unit cost impact we observed. While recommendations that focused on reducing physical use per
unit of output were also adopted, our interviews suggested that firms adjusted other inputs and
production plans at the same time (e.g., increasing use of energy-intensive capital equipment), with
no net effect on physical energy use or expenditure. This is not surprising: impacts on other output
quantities could be ambiguous, as illustrated in a simple model in Appendix Section A3. The
direction of coefficients, even though not significant, suggest that one effect of the energy efficiency
intervention was to increase physical energy use slightly over time, consistent with evidence from
another experimental study in India (Ryan 2018).
Our findings suggest that just because an intervention targets reductions in cost or waste does
not mean it will result in net reductions in physical energy use and CO2 emissions. In fact, in the
absence of a climate policy target or constraint (as was the case in our setting), energy use and CO2
emissions may increase, especially in a rapidly-growing developing country setting. More research
is needed to understand how firms would respond if facing an additional binding constraint on
CO2 emissions. If the constraint raised the cost of electricity use, especially that generated from
fossil fuels, firms with structured management practices may be able to adapt more readily. In this
respect, internal practices and external constraints may work in tandem to enable firms to reduce
CO2 emissions while limiting impacts on overall firm performance.

Authors’ names blinded for peer review

22

Article submitted to Management Science; manuscript no. MS-XXXX

References
Allcott, H., C.-W. Allan, S. D. O’Connell. 2016. How do electricity shortages affect industry? evidence from
india. Am. Econ. Rev. 106(3) 587–624.
Allcott, H., M. Greenstone. 2012. Is there an energy efficiency gap? J. Econ. Pers. 26(1) 3–28.
Allcott, H., N. Wozny. 2014. Gasoline prices, fuel economy, and the energy paradox. Rev. Econ. Stat. 96(5)
779–795.
Anderson, S. T., R. G. Newell. 2004. Information programs for technology adoption: The case of energyefficiency audits. Resour. Energy Econ. 26(1) 27–50.
Backlund, S., P. Thollander, J. Palm, M. Ottosson. 2012. Extending the energy efficiency gap. Energy Policy
51 392–396.
Bloom, N., B. Eifert, A. Mahajan, D. McKenzie, J. Roberts. 2013. Does Management Matter? Evidence
from India. Q. J. Econ. 128(1) 1–51.
Bloom, N., C. Genakos, R. Martin, R. Sadun. 2010. Modern management: Good for the environment or just
hot air? Econ. J. 120(544) 551–572.
Bloom, N., R. Sadun, J. Van Reenen. 2016. Management as a Technology? NBER Working Paper 22327 .
Bloom, N., J. Van Reenen. 2007. Measuring and explaining management practices across firms and countries.
Q. J. Econ. 72(4) 1352–1408.
Boyd, G. A., M. E. Curtis. 2014. Evidence of an “Energy-Management Gap” in US manufacturing: Spillovers
from firm management practices to energy efficiency. J. Environ. Econ. Manage. 68(3) 467–479.
Bruhn, M., D. Karlan, A. Schoar. 2017. The impact of consulting services on small and medium enterprises:
Evidence from a randomized trial in Mexico. Journal of Political Economy forthcoming.
Bruhn, M., D. McKenzie. 2009. In pursuit of balance: Randomization in practice in development fi
eld experiments. Am. Econ. J.: Appl. Econ. 1(4) 200–232.
Cohen, W.M., D.A Levinthal. 1990. Absorptive Capacity: A New Perspective on Learning and Innovation.
Administrative Science Quarterly 35(1) 128–152.
DeCanio, S. J. 1998. The efficiency paradox: Bureaucratic and organizational barriers to profitable energysaving investments. Energy Policy 21(26) 441–454.
DeCanio, S. J., W. E. Watkins. 1998. Investment in energy efficiency: Do the characteristics of firms matter?
Rev. Econ. Stat. 80(1) 95–107.
Distelhorst, G., J. Hainmueller, R. M. Locke. 2017. Does Lean Improve Labor Standards? Management and
Social Performance in the Nike Supply Chain. Management Science 63(3) 707–728.
Dowell, Glen W.S., Suresh Muthulingam. 2017. Will firms go green if it pays? The impact of disruption,
cost, and external factors on the adoption of environmental initiatives. Strategic Management Journal
38(6) 1287–1304.

Authors’ names blinded for peer review
Article submitted to Management Science; manuscript no. MS-XXXX

23

Gerarden, T., R.G. Newell, R.N. Stavins. 2017. Assessing the Energy-Efficiency Gap. Journal of Economic
Literature 55(4) 1486–1525.
Gibbons, R., R. Henderson. 2012. What Do Managers Do? Exploring Persistent Performance Differences
among Seemingly Similar Enterprises’. Robert Gibbons, John Roberts, eds., Handbook of Organizational
Economics, chap. 17. Princeton University Press, Princeton, New Jersey, 680–731.
Gillingham, K., K. Palmer. 2014. Bridging the Energy Efficiency Gap: Policy Insights from Economic Theory
and Empirical Evidence. Review of Environmental Economics and Policy 8(1) 18–38.
Granade, H.C., J. Creyts, A. Derkach, P. Farese, S. Nyquist, K. Ostrowski. 2009. Unlocking energy efficiency
in the U.S. economy. Tech. rep., McKinsey & Company.
Grover, A., V.J. Karplus. 2020. The Energy-Management Nexus in Firms : Which Practices Matter, How
Much and for Whom? .
Ichniowski, C., K. Shaw, G. Prennushi. 1997. The effects of human resource management practices on
productivity: A study of steel finishing lines. Am. Econ. Rev. 87(3) 291–313.
Intergovernmental Panel on Climate Change. 2014. Fifth Assessment Report, Chapter 10. Tech. rep. URL
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter10.pdf.
International Energy Agency. 2019. World Energy Demand and Economic Outlook. Tech. rep.
King, A., M. Lenox. 2002. Exploring the locus of profitable pollution reduction. Management Science 48(2)
289–299.
Kogut, B., U. Zander. 1992. Knowledge of the firm, combinative capabilities, and the replication of technology. Organization Science 3(3).
March, J.G. 1991. Exploration and Exploitation in Organizational Learning. Organization Science 2(1)
71–87.
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Figure 1

Adoption share by different types of energy saving recommendations over time. Percentages above
each panel indicate the share of firms that received each type of recommendation.

Authors’ names blinded for peer review
Article submitted to Management Science; manuscript no. MS-XXXX

7UHDWPHQW×PRQWKUHODWLYHWRWUHDWPHQWORJXQLWFRVW

26

















0RQWKUHODWLYHWRWUHDWPHQW



7UHDWPHQW×PRQWKUHODWLYHWRWUHDWPHQWORJXVH

(a)
















0RQWKUHODWLYHWRWUHDWPHQW



(b)
Figure 2

Treatment effects on firms’ unit cost of electricity (a) and electricity use (b).
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Figure 3

Relationship among management score, energy intensity in (a) physical and (b) value terms, and
firm size (revenue).

Notes: The graph shows a scatter plot of the residuals of a regression of log(energy expenditure or use / sales) on
process dummies against the residuals of a regression of the management score on the same process dummies.
Circles represent firm size, measured in revenue. Data points are shown for values in 2013, 2014, and 2015.
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Relationship among general management score, energy management score, and firm size.

Notes: Raw general and energy management scores are recorded on a scale from 1 to 5. Circle area scales with firm
revenue in 2015.
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Description statistics for the 91 (full sample) and 48 firm (experiment) samples in 2015 from the
baseline survey.

Full sample Treatment Control Treatment-Control
91 firms
24 firms 24 firms
mean difference
Electricity use (million kWh)

5.8
(18.6)

4.3
(7.3)

2.7
(5.8)

1.6
(1.9)

Sales (million yuan)

268.7
(681.3)

154.1
(243.0)

139.5
(288.1)

14.6
(76.9)

Electricity intensity (kWh/yuan)

0.029
(0.039)

0.035
(0.041)

0.031
(0.026)

0.005
(0.010)

Sales in 2015/sales in 2013

1.0
(0.4)

1.0
(0.3)

1.0
(0.5)

0.0
(0.1)

Management score

3.0
(1.0)

3.0
(1.1)

2.9
(1.1)

0.2
(0.3)

Energy Management score

1.9
(1.1)

2.0
(1.1)

1.9
(1.2)

0.1
(0.3)
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Table 2

Summary of recommendations, sub-recommendations, and availability of energy saving (ES)
information by recommendation category.

Group

No. of recommendations No. of sub-recommendations

% ES info

1. Lighting

9

9

100%

2. Air compressor

15

24

67%

3. Transformer adjustment

14

16

75%

4. Furnace

13

19

53%

5. Other equipment

15

24

50%

6. Production rescheduling

12

12

92%

Total

78

104

67%

Notes: ES - energy savings (refers to available information on the total amount of electricity saving in value
terms). % ES info is calculated at the sub-recommendation level. Recommendations are listed in order of
increasing complexity.
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Relationship between a firm’s structured management practice score and availability (binary by lever,
and share) of recommendation cost estimates provided by the consulting team.
(1) Availability

(2) Availability

(3) Share

Management
z-score

0.11*
(0.06)

0.11*
(0.06)

0.06
(0.07)

State ownership

0.07
(0.10)

-0.01
(0.10)

0.11
(0.11)

Recommendation type fixed effects
Other equipment

-0.42**
(0.15)
-0.35***
(0.12)
-0.13
(0.16)
-0.29**
(0.13)
0.02
(0.08)

Furnace
Transformer adjustment
Air compressor
Lighting
Firms
Observations
R2

23
98
0.053

23
98
0.164

23
23
0.055

Notes: Columns (1) and (2) specify a linear probability model, with the the dependent variable equal to 1 if a
recommendation has cost estimate available and zero otherwise. Recommendation type fixed effects are included, with
the base recommendation type is production rescheduling to take advantage of lower time-of-day electricity rates.
Column (3) regresses the share of recommendations with cost estimates available at the firm level on management
z-score and other covariates. “Management z-score” is the normalized unweighted average z-score of the 18 questions
on management practices. Standard errors are clustered at the firm level (i.e. robust to heteroscedasticity and
autocorrelation of unspecified form) and reported in parentheses below coefficients. * Significant at the 10% level; **
Significant at the 5% level; *** Significant at the 1% level.
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Table 4

Correlation between management z-score and lever adoption, controlling for firm and lever
characteristics.

Management
z-score
Energy management
z-score
ln(revenue)
Interviewee: VP
(first visit)
Interviewee: CEO
(first visit)
Interviewee: VP
(first follow-up)
Interviewee: CEO
(first follow-up)
State ownership

(1)

(2)

0.14**
(0.06)

0.10
(0.07)

(3)

0.18***
(0.06)
0.07
(0.05)

(4)

(5)

(6)

0.16**
(0.06)

0.16***
(0.05)

0.11
(0.10)
0.06
(0.07)
0.09
(0.16)
0.14
(0.17)

-0.16*
(0.09)

-0.18
(0.11)

-0.19*
(0.11)

-0.11
(0.13)

0.19*
(0.10)
0.21*
(0.12)
-0.02
(0.09)

Recommendation type fixed effects
Other equipment
0.07
(0.19)
Furnace
0.33**
(0.15)
Transformer adjustment
0.23
(0.19)
Air compressor
0.27
(0.17)
Lighting
0.65***
(0.15)

0.07
(0.19)
0.32**
(0.14)
0.22
(0.19)
0.27
(0.17)
0.64***
(0.14)

0.06
(0.18)
0.31**
(0.14)
0.26
(0.19)
0.29
(0.18)
0.67***
(0.14)

0.07
(0.18)
0.31**
(0.14)
0.25
(0.20)
0.29
(0.18)
0.66***
(0.14)

0.06
(0.21)
0.32**
(0.15)
0.23
(0.19)
0.25
(0.17)
0.64***
(0.15)

0.06
(0.21)
0.34**
(0.15)
0.21
(0.20)
0.25
(0.17)
0.65***
(0.15)

Firms
Observations
R2

23
98
0.221

23
98
0.200

23
98
0.209

23
98
0.211

23
98
0.226

-0.11
(0.10)

23
98
0.205

Notes: Specifications (1)–(6) use a linear probability model, with the dependent variable equal to 1 if a recommendation is adopted and zero otherwise. “Management z-score” is the normalized unweighted average z-score of the
18 questions on management practices, and “Energy management z-score” is the normalized unweighted average
score of the 10 questions on energy management practices. For lever fixed effects, the base lever type is production
rescheduling. Standard errors are clustered at the firm level (i.e. robust to heteroscedasticity and autocorrelation of
unspecified form) and reported in parentheses below coefficients. * Significant at the 10% level; ** Significant at the
5% level; *** Significant at the 1% level.
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Correlation between management practices and electricity intensity (in value terms), controlling for
firm characteristics.
Log energy cost
(kWh/ yuan)
(1)

(2)

(3)

Management
-0.05**
z-score
(0.02)
Energy management
z-score
ln(revenue)

-0.07**
(0.03)

0.03**
(0.01)

-0.03
(0.03)
0.02
(0.02)

Year controls
Process controls
Firm age controls

Yes
Yes
No

Yes
Yes
Yes

Yes
Yes
Yes

Observations
Firms
R2

269
91
0.145

263
91
0.178

263
91
0.107

Log energy intensity in physical terms Log energy intensity in value terms
(kWh/10,000 yuan)
(yuan/10,000 yuan)
(4)

(5)

-0.21**
(0.09)

-0.12
(0.11)

(6)

-0.10
(0.07)

0.26
(0.18)
-0.24**
(0.09)

Yes
Yes
No

Yes
Yes
Yes

Yes
Yes
Yes

269
91
0.405

263
91
0.397

263
91
0.406

(7)

(8)

-0.26***
(0.08)

-0.18*
(0.10)

(9)

-0.07*
(0.06)

0.23
(0.16)
-0.22***
(0.09)

Yes
Yes
No

Yes
Yes
Yes

Yes
Yes
Yes

269
91
0.403

263
91
0.388

263
91
0.384

Notes: The dependent variable is log unit cost of electricity (unit: yuan) for regressions (1) to (3), log electricity use (unit: kWh) over sales (unit:
10,000 yuan) for regressions (4) to (6) and log electricity expenditure (yuan) over sales (unit: 10,000 yuan) for regressions (7) to (9). We treat sales as
gross output value because all the firms report that they only produce when there is an order and keep a very low level of inventory for final products.
Noise controls are a set of variables capturing interview characteristics: duration of the interview and the patience and willingness to share information
of the interviewee as perceived by the interviewer. Standard errors are clustered at the firm level (i.e. robust to heteroscedasticity and autocorrelation
of unspecified form) and reported in parentheses below coefficients: * Significant at the 10% level; ** Significant at the 5% level; *** Significant at the
1% level.
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Table 6

Treatment effects on the log unit cost (yuan/kWh), quantity (kWh), and expenditure (yuan) and
interactions with management scores.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
log(unit cost) log(quantity) log(expenditure) log(unit cost) log(quantity) log(expenditure) log(unit cost) log(unit cost)

Treatment * After treatment

-0.07**
(0.03)

0.07
(0.09)

0.01
(0.08)

Treatment * After treatment
* Mgmt z-score

-0.07**
(0.03)

0.07
(0.09)

-0.01
(0.08)

0.04*
(0.02)

0.00
(0.06)

0.04
(0.06)

Treatment * After treatment
* Bottom mgmt quartile

-0.03
(0.03)

-0.10***
(0.03)

Treatment * After treatment
* Top mgmt quartile
Month fixed effects
Firm fixed effects
Firms
Observations
R2

-0.07*
(0.04)

0.00
(0.01)
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

44
2112
0.467

44
2112
0.926

44
2112
0.936

44
2112
0.471

44
2112
0.926

44
2112
0.936

44
2112
0.480

44
2112
0.467

Notes: Standard errors are clustered at the firm level (i.e. robust to heteroscedasticity and autocorrelation of unspecified form) and reported in
parentheses below coefficients: * Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.
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Treatment effects on the unit cost (yuan/kWh) and interactions with management sub-scores.

Treatment * After treatment

(1)

(2)

(3)

(4)

(5)

-0.07**
(0.03)

-0.07**
(0.03)

-0.06**
(0.03)

-0.06**
(0.03)

-0.04
(0.03)

0.02
Treatment * After treatment
* Mgmt z-score (Operational efficiency) (0.02)
Treatment * After treatment
* Mgmt z-score (Monitoring)

-0.05**
(0.02)
0.05**
(0.02)

Treatment * After treatment
* Mgmt z-score (Targets)

0.08**
(0.04)
0.04*
(0.02)

Treatment * After treatment
* Mgmt z-score (Incentives)

-0.02
(0.03)
0.05**
(0.02)

0.01
(0.03)

Month fixed effects
Firm fixed effects

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Firms
Observations
R2

44
2112
0.467

44
2112
0.473

44
2112
0.471

44
2112
0.472

44
2112
0.476

Notes: Standard errors are clustered at the firm level (i.e. robust to heteroscedasticity and autocorrelation of unspecified form)
and reported in parentheses below coefficients. * Significant at the 10% level; ** Significant at the 5% level; *** Significant at
the 1% level.
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Table 8

Correlation between general management z-score and energy management z-score.

(1)

(2)

(3)

(4)

Management
z-score
ln(revenue)

0.48***
(0.09)

0.42***
(0.10)

0.21**
(0.09)
0.34***
(0.06)

0.14**
(0.07)
0.37***
(0.05)

Process controls
Firm age controls
Observations
R2

Yes
No
91
0.300

Yes
Yes
89
0.381

Yes
No
91
0.567

Yes
Yes
89
0.668

Notes: Dependent variable is energy management z-score. * Significant at the 10% level; ** Significant at the
5% level; *** Significant at the 1% level.
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Supplementary Online Appendix
A1.

Power calculation

“Power” refers to the probability that a test correctly rejects the null hypothesis when it is false
(avoiding a Type-II error). The power calculation ascertains whether an experiment design has an
acceptable level of power to detect a given treatment effect.
The pairwise matching randomization is adopted to increase the power of a hypothesis test.
We grouped our 48 sample firms into twenty-four firm pairs based on the Mahalanobis distance
matching (MDM) method, as described in Bruhn and McKenzie (2009). The Mahalanobis distance
is computed on the basis of electricity use quantities (kWh), sales (RMB), electricity intensity (in
quantity terms, kWh/RMB), ratio of sales in 2015 to sales in 2013, management score, and energy
management score. We randomly pick one firm from each pair as the treatment firm.
We conduct the power calculation using the baseline data (for 2013 to 2015) by assuming a
hypothetical reduction in energy expenditure or use for treatment firms in the 12 months of year
2015. We randomly drop four firms to allow sample attrition. The power calculation shows that
our data were sufficient to detect a 5.1% reduction in energy expenditure or 9.3% reduction in
energy use at the significance level of 10% with a probability of 80%.
Table A1

Power in detecting a hypothetical reduction in energy expenditure or use for treatment firms.

Energy expenditure, at the significance level of 10%
Hypothetical reduction 4.5%
5.0%
Power
0.70
0.79
Energy use, at the significance level of 10%
Hypothetical reduction 8.5%
9.0%
Power
0.68
0.73

5.5%
0.84

6.0%
0.92

9.5%
0.82

10.0%
0.88
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A2.

Regression specifications for empirical results

In Table 3, we explore the relationship between the structured management practice scores of firms
and the availability of cost estimates for a recommendation provided by the experts. We first apply
a linear probability model (columns (1) and (2)):
costi = β0 + β1 mgmt zscorei + β2 Xj(i) + δLever(i) + εi ,
where the dependent variable costi equal to 1 if recommendation i has the cost estimate available
and zero otherwise. mgmt zscorei is the management z-score, the normalized unweighted average
score of the 18 questions on management practices. Xj(i) is the control variable, i.e., the state
ownership of firm j to which recommendation i is provided. δLever(i) is the recommendation type
fixed effects, with production rescheduling as the base recommendation type. εi is the error term.
In addition to the linear probability model, we also regresses the share of recommendations with
cost estimates available at the firm level on management z-scores (see Table 3, columns (3)).
costj = β0 + β1 mgmt zscorej + β2 Xj + εj ,
where costj is the share of recommendations with cost estimates available to firm j.
In Table 4, we investigate the correlation between management z-scores and lever adoption based
on a linear probability model. The model specification is as follows:
adopti = β0 + β1 mgmt zscorei + γXj(i) + δLever(i) + εi ,
where adopti equal to 1 if recommendation i is adopted and zero otherwise. mgmt zscorei is
the management z-score or energy management z-score. Management z-score is the normalized
unweighted average score of the 18 questions on management practices, and energy management
z-score is the normalized unweighted average score of the 10 questions on energy management
practices. Xj(i) is a vector of control variables for firm j to which recommendation i is provided,
including firm revenue, interviewee’s position and state ownership. δLever(i) is the recommendation
type fixed effects, with production rescheduling as the base recommendation type.
In Table 5, we explore the correlation between management z-scores and energy intensity. The
model specification is as follows:
log yjt = β0 + β1 mgmt zscorej + γXjt + εj t,
where the dependent variable log yjt is log unit electricity cost of firm j in year t (kWh/yuan)
for column (1) to (3), log electricity consumption in kWh over sales (unit: 10,000 yuan) for column
(4) to (6), and log energy expenditure (yuan) over sales (unit: 10,000 yuan) for column (7) to
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(9). mgmt zscorej is the management z-score or energy management z-score. Xjt is a vector
of control variables, including firm revenue, year controls, process controls (machining, casting,
and forging), firm age controls, and noise controls. Noise controls are a set of variables capturing
interview characteristics, including duration of the interview and the patience and willingness to
share information of the interviewee as perceived by the interviewer. Figure 3 shows the relationship
between management scores and energy intensity in (a) physical and (b) value terms.
In Table 6, we examine the treatment effects of energy efficiency interventions on the electricity
usage and cost and interactions with management scores. The treatment effect can be identified
as:
log yjm = β0 + α1 tm × treatmentj + δF irm(j) + δM onth(m) + εjm ,
where the dependent variable log yjm denotes the log unit cost (yuan/kWh) (for column (1),
(4), (7) and (8)), quantity (kWh) (for column (2) and (5)), and expenditure (yuan) (for column
(3) and (6)) of firm j in month m. The binary variable tm is the treatment status, equal to 1 for
post-treatment months and zero otherwise. The binary variable treatmentj indicates whether or
not a firm is in the treatment group. The treatment effect is estimated by the coefficient α1 . δF irm(j)
and δM onth(m) are firm fixed effects and month fixed effects, respectively. Figure 2a and Figure 2b
show the treatment effect on unit cost and total electricity use, respectively. We further explore
the interaction between treatment effects and management scores as follows:
log yjm = β0 + α1 tm × treatmentj + α2 tm × treatmentj × mgmt zscorej + δF irm(j) + δM onth(m) +
εjm , and
log yjm = β0 + α1 tm × treatmentj + α3 tm × treatmentj × tp/bm mgmt zscorej + δF irm(j) +
δM onth(m) + εjm ,
where mgmt zscorej is the management z-score. tp/bm mgmt zscorej is the management zscore in the bottom quartile (badly managed) or the top quartile (well managed). α2 and α3 are
the estimates of interaction between treatment effects and management scores.
In Table 7, we explore the treatment effects on the unit cost (yuan/kWh) and interactions with
management sub-scores:
log yjm = β0 + α1 tm × treatmentj + α2 tm × treatmentj × mgmt sub zscorej + δF irm(j) +
δM onth(m) + εjm ,
where mgmt sub zscorej is the management sub-score (operational efficiency, monitoring, targets, and incentives). Specifications for columns (1)–(4) interact sub-scores with treatment status,
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and the specification for column (5) includes interactions with all sub-scores to reduce omitted
variable concern and allows dominant interactions to emerge.
In Table 8 and Figure 4, we explore the correlation between general management z-scores and
energy management z-scores as follows:
mgmt zscorej = β0 + η egy mgmt zscorej + γXj + εj ,
where mgmt zscorej and egy mgmt zscorej are management z-score and energy management
z-score, separately. Xj is a vector of control variables, including firm revenue in 2015, process
controls (machining, casting, and forging), firm age controls, and noise controls, similar to Table
5.
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Expected treatment effects

We start by assuming a firm faces a downward-sloping demand for its output Q = Bp− (Ryan
2018, Allcott et al. 2016). The inputs for production are energy (E) and other inputs (X), and the
elasticity of substitution between two inputs are constant. The price of energy input is pE and the
price of other inputs is normalized to 1. We denote the energy productivity as AE and the specific
productivity for other inputs as AX . The firm chooses the quantity of X and E to maximize its
profit function:
π = B1/ [(AX X)ρ + (AE E)ρ ]φ/ρ − X − pE E,
which has a unique solution given that the production function has a decreasing return to scale
under the standard assumption  > 0 (φ =

−1


< 1).

Using first-order conditions, we obtain the energy demand:
− ρ

ρ2

− ρ

1

E = Q[AX ρ−1 AEρ−1 pE ρ−1 + AρE ]− ρ ,
and the energy expenditure is pE .
Since our treatment affects both energy productivity AE and energy price that the firm faces pE ,
we use the log-linearization to derive the change in energy demand and expenditure responding
to the change in energy productivity and energy price. If we assume the baseline effect dominates
cE and pc
the cognition effects, both A
E will be a function of baseline management scores (M ) and
\
|A\
E (M )| and |pE (M )| will be larger for with less-developed structured management practices.
We show that both the change in energy demand and expenditure depend on the relative effects
of price/energy efficiency treatment and elasticity of substitution between energy and other inputs.
1 \
b = (− θ − 1) A\
E
pE (M ) + Q̂ ,
E (M ) + θ
|{z}
ρ−1
ρ−1
{z
}
|
| {z }
>0
>0,or<0

<0

θ
1
− 1) A\
+ 1) p\
pd
E E = (−
E (M ) + (θ
E (M ) + Q̂ , where θ ∈ (0, 1).
|{z}
ρ−1
ρ−1
|
|
{z
}
{z
}
>0
>0,or<0

>0,or<0

Therefore, our treatment has an ambiguous effect on firms’ energy use, and must be measured
empirically. By moving Q̂ to the left hand, it can further be shown that the treatment effect could
increase or decrease firms’ energy intensity in physical or value terms.
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Source: Wikipedia (Jinan)
Figure A1

Location of Jinan city in China.
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(b) Metal raw materials outside one of the plants
(a) A metal press in one of the plants in our sample.

in our sample.

(c) Women working on metal lathes in one of the

(d) Plant workers heading to lunch at one of the

plants in our sample.

plants in our sample.

Figure A2

Photographs of the physical setting and production floor at several firms in our sample.
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Treatment timing and trends of electricity use and unit cost. Solid line - treated firms; dashed line control firms.

Notes: Bar charts show the frequency of treatment initiation by month.
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Table A2

Firm energy management questionnaire.

Practice

Examples of questions we asked

Scoring criteria (points)

Energy
Management
System

Whether the company has an operational energy management
system
a) Is there an energy management system in your company?
b) Has your company met any energy management standards? If so, which standards?

1 There is no energy management system.
3 There is an energy management system, but the relevance
to any national or international energy management standards is unclear.
5 There is an energy management system, and it meets a
national or international energy management standard.

Energy
Management
Capacity

Whether energy managers have professional energy management skills and influence company decisions
a) Is there anyone formally appointed as the person in charge
of energy?
b) Has the person in charge of energy acquired any technical
credentials or received any energy management training?
c) How does the energy management team influence the company’s decision making?

1 There is no specialized energy management team.
3 There is a specialized energy management team, but only
one person with limited influence on the company’s decisions
making.
5 The energy management team is well trained and can influence the company’s decisions.

Energy
Management
responsibilities

Whether energy managers have well-defined formal responsibilities
a) Please give a brief introduction to the organization and
responsibilities to the energy management team.
b) Could you specify the document that defines the above
organization and responsibilities, if any?

1 The energy management team does not have any clearly
defined roles.
3 The energy management team has some responsibilities but
they are not clearly defined in a formal document.
5 The energy management team and personnel have formally
defined responsibilities.

Energy
Laws and
Regulations

Whether employees understand and conform to energy saving
laws and regulations
a) Please briefly introduce how the company tracks energy
saving laws and regulations.
b) Please briefly introduce the company’s practices to implement these laws and regulations.

1 The company does not track energy laws and regulations.
3 The company systematically tracks energy laws and regulations, but the company does not provide the reason for
tracking or implementation.
5 The company systematically tracks the energy laws and
regulations. Goals to implement them are clear, and aligned
with the company’s goal.

Energy
Monitoring
and Review

Whether the company tracks and reviews its energy use
a) How often does the company measure and review its energy
use? Is there a standardized process?
b) Is the firm’s energy use compared to any benchmarks?
c) Does the company keep a comprehensive record of its
energy use and review it regularly?

1 The company does not regularly review energy use.
3 The company reviews energy use, but it does not have a
clear goal and lacks consistent and quantitative measures of
progress.
5 The review has a clear goal. It is conducted regularly and
includes quantitative measures of progress.

Energy
Benchmarking

Whether the company has a clear benchmark for measuring
energy saving progress
a) What standard or approach is applied in to construct
benchmark energy use, if any?
b) Does the benchmark include energy use at factory, workshop, and equipment level?
c) How does the benchmark treat parameters that reflect
energy efficiency?
d) Under what conditions are the baseline and parameters
adjusted? Have they ever been adjusted in the past?

1 The company does not set an energy benchmark to evaluate
progress.
3 The company has established its benchmark energy use.
There is no mechanism for regular adjustment.
5 The company has an advance energy baseline system. There
is a mechanism for regular adjustment.

Energy
Targets

Does the firm have energy-saving targets and how are they
implemented?
a) Are the firm’s energy targets documented?
b) Is the energy target defined at the level of the company,
workshop and equipment?
c) Is the company’s internal target connected with any external targets or standards?
d) What is the process for setting, reviewing, and adjusting
energy targets? What happens if the target it met? What
happens if the target is not met?

1 There is no document describing the firm’s energy targets.
3 There is a document that describes the firm’s energy targets, but it is not integrated with mandatory requirements
and carries no punishment for non-compliance.
5 Energy targets are well documented, aligned with regulatory requirements, and non-compliance punishments are
clearly stipulated.

Information
Exchange

How strong is the firm’s internal communication around
energy saving goals and requirements?
a) How is information on the performance of energy-using
equipment exchanged among employees?
b) Do employees commonly offer advice or share information
on how to improve energy efficiency? Are they rewarded?

1 Energy saving knowledge is limited to a small group of
employees and not widely understood.
3 Energy saving knowledge is exchanged internally. Employees occasionally share advice on how to improve energy efficiency.
5 Energy saving knowledge is frequently shared. Employees are encouraged to share advice on improving energy efficiency.

Investment and
Procurement

Is energy saving considered in investment, product design,
and procurement?
a) Is energy saving considered in feasibility studies for new
investments or products? Is an energy audit or other measures
of energy use required for fixed asset investment projects?
b) How does the company analyze energy use and consumption when procuring large energy intensive equipment? Do
you calculate life-cycle economic costs? How long is the life
cycle or depreciation period considered?
c) Please describe how you track and assess energy efficiency
during equipment operation and maintenance.

1 Energy saving is not considered in investment and procurement.
3 The company considers energy saving in investment and
procurement but lacks a systematic assessment approach.
5 The company considers energy saving in investment and
procurement and adopts a systematic assessment approach.

Energy
Management
Evaluation

How does the company review and improve its internal energy
management capabilities?
a) How often does the company review its energy management system? What is the objective? Is the board involved?
b) How do you correct any problems identified?
c) How is performance reviewed? What happens if performance is not satisfactory?

1 There is no review process, with no rewards or punishments
for performance.
3 There is a review process, but the rewards and punishments
are limited or not well defined.
5 There is a clear review process, and clearly defined rewards
and punishments.
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Table A3

Example of recommendations and sub-recommendations for one firm.

Recommendation Sub-recommendation

Estimated energy saving

Power system

a) Request a detailed electricity bill from the utility company to analyze the reason why
the current unit price is higher than industry average.
b) Regularly collect key electricity use parameters, e.g., maximum load, time of use, and
power factor.
c) Reduce the use of electricity during the peak time of electricity price.

300 to 500 thousand RMB per year

Natural gas furnace

a) The exhaust gas temperature is low. Air blasting volume should be reduced to optimize
the air-fuel ratio.
b) The insulation of the furnace door needs to be improved.
c) The hoisting system of furnace door needs to be upgraded to reduce the opening/closing
time.

10% reduction in the gas use by the
furnace
(estimated, and the gas use has not
been measured)

Heating furnace

The furnace is too large. Products that have been heated are in excess of what is required
for the next process, so they have to stay in the furnace for too long before they are used.
Smaller furnaces that are able to heat smaller batches could replace the large furnace.

Around 140 thousand kWh, or
120 thousand RMB

Melting furnace

Most of electricity use is now at the peak hours, which could be shifted to valley hours.

0.2 yuan/kWh reduction in the electricity use by the furnace
(estimated, and the electricity use
has not been measured)

Heat
treatment
furnace

The residual heat has not been utilized, which could be at least used for preheating the
next batch of products.

Not able to estimate

Forging machine

Upgrade all the low-efficiency motors used for the forging machine to high-efficiency ones

5% to 15% reduction in the electricity use by the forging machine
(estimated, and the electricity use
has not been measured)

Flame
machine

The machine model is obsolete, so a oxyhydrogen cutting machine is suggested to replace
this old one as it is safer and more energy-efficient.

60% reduction in the electricity use
by the cutting machine
(estimated, and the electricity use
has not been measured)

cutting
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Table A4

Shandong electricity price structure for large industrial users.
Price per kWh

Voltage level (VL)

Benchmark price (yuan/kWh)

Monthly fixed cost

Time-of-use pricing multiplier
Summit
hours

based on transformer capacity

Peak hours Base hours Valley
hours

or maximum load (yuan/kVA)

1 kV ≤ VL ≤ 10 kV

0.6646

1.7

1.5

1

0.5

28 or 38

35 kV ≤ VL < 110 kV

0.6496

1.7

1.5

1

0.5

28 or 38

Sources: Shandong Bureau of Commodity Price (April 2015).
Note: The benchmark price is occasionally changed by the Shandong Bureau of Commodity Prices, and changes apply uniformly to the
population of firms. Summit hours (10:30 - 11:30, 19:00 - 21:00 from June to August), peak hours (8:30 - 11:30, 16:00 - 21:00 from September
to May; 8:30 - 10:30, 16:00 - 19:00 from June to August), base hours (11:30 - 16:00, 21:00 - 23:00, 7:00 - 8:30), and valley hours (23:00 7:00).

Table A5

Treatment effects on the log unit cost (yuan/kWh) and interactions with adopted lever types.
(1)
log(unit cost)

(2)
log(unit cost)

(3)
log(unit cost)

(4)
log(unit cost)

Treatment * After treatment -0.07**
(0.03)

-0.02
(0.03 )

-0.04
(0.03)

-0.01
(0.03)

Treatment * After treatment
* Transformer adjustment
Treatment * After treatment
* Production rescheduling

-0.12***
(0.04)
-0.10*
(0.05)

-0.11***
(0.04)
-0.02
(0.05)

Month fixed effects
Firm fixed effects

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Firms
Observations
R2

44
2112
0.467

44
2112
0.475

44
2112
0.472

44
2112
0.476

Notes: Transformer adjustment and production rescheduling are firm-level binary variables, which equal to 1 if the lever has
been adopted and zero otherwise * Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.

