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Abstract: There is wide variability in how organizations approach sustainability and the energy sys-
tem transition toward using more renewables. In the electric power industry, while some distribution
utilities have leaned into the transition, others have taken a more conservative approach. Grounded in
an institutional resource-based perspective, this multi-level study examines key intra-firm, firm, and
individual leadership factors that impact an organization’s commitment to renewables. Sustainability
orientation in the power industry is assessed as the percent of renewable energy in a utility’s fuel mix
compared with their expressed commitment to renewables and energy efficiency within planning
documents. Through computer-aided text analysis, characteristics of 170 electric utilities in the United
States were analyzed to predict sustainability orientation. Results indicate that rurality, deregulation,
and the entrepreneurial orientation of a utility, as expressed within their Integrated Resource Plans,
explain a significant amount of variability in the sustainability orientation of electric utilities.

Keywords: energy system transition; entrepreneurial orientation; renewable energy; sustainability
orientation

1. Introduction

The electric power industry is in upheaval, as user preferences change, generation
loses predictability, and the electrification of industries like transportation and agriculture
are poised to exert pressure on an already stressed regime. Organizational performance
measures have expanded from a singular focus on providing reliable, least cost power to
now include meeting policy goals for larger renewable energy shares. Some utilities are
taking a defensive stance and resisting decarbonization, while others lean into a future
based on a decentralized, decarbonized, and digitized grid. Why do some electric utilities
lean into the transition from fossil fuels to renewable energy while others resist change?

Considering the multi-level perspective on socio-technical transitions developed by
Geels [1] and applied to deep decarbonization of energy systems [2], this research offers a
new approach to investigating regime-level change in the context of market, organizational,
and managerial factors that influence how electric utilities approach the energy system
transition. Geels suggests that sociotechnical transitions occur when forces from the niche
level and sociocultural level apply pressure to the existing regime, finally succeeding in
altering the structures, processes, and policies that kept that regime in place. However,
sociotechnical change does not occur at the same rate for all regime actors. Drawing on
Oliver’s resource-based institutional theory [3], we propose a heterogeneity in the behavior
of regime actors related to inter-firm, firm, and individual leadership factors.
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Central to this approach is estimating “entrepreneurship orientation” from computer-
aided text analysis [4]. Investigations of entrepreneurial orientation are concerned with the
decision-making practices, managerial philosophies, and strategic behaviors of a firm [5,6]
In the context of the renewable energy transition, a “sustainability orientation” score was
developed using Integrated Resource Plans (IRPs) for 170 electric utilities in the United
States. These publicly available strategic plans provide a window into utility planning
and prioritization that can then be compared to niche-level and landscape-level pressures
on the socio-technical regime. Since there are considerable time lags to designing and
building new energy generation and transmission infrastructure, textual analysis of IRPs
can provide insight into how a utility is positioned to meet, exceed, or resist the transition
to renewable energy.

The study begins with developing hypotheses around contributing factors to the
sustainability orientation (SO) score of electric utilities. Following Oliver [3], SO drivers are
organized into three different levels of inquiry that could impact organizational posture:
inter-firm, firm, and individual. At the inter-firm level, public and regulatory pressures
can have a profound impact on business decisions [7,8]. For example, state rurality, market
dynamism, and renewable portfolio standards (RPS) can potentially impact a utility’s
engagement with the transition to renewables. Firm level variables including size, age, and
ownership structure may also influence an organization’s decision-making processes and
strategic orientation [9,10]. While many organizations have been established for decades
in uncontested marketplaces, newer entities such as community choice aggregators are
creating competitive markets that can use environmental consciousness as a strategy to
attract customers [11]. Lastly, at the individual leadership level, factors such as the CEO’s
experience in the power industry or gender may also play an important role in influencing
a utility’s environmental consciousness and sustainability orientation. For example, recent
studies suggest that women may be more likely to invest in clean energy technologies than
men when in corporate leadership positions [12].

Following hypothesis development, the paper provides more detail on methodology,
including the novel SO approach developed from a new CATA dictionary based on the
combined glossaries of the American Council for an Energy Efficiency Economy [13] and
Clean Energy Resource Teams [14]. A results section then details the six models developed
to evaluate influences on SO scores and the percentage of power from renewables. The
paper concludes with the implications of this research for policy makers interested in
accelerating utility efforts to decarbonize. The main contribution of this paper is a deeper
understanding of the drivers of change among regime actors in the energy system transition.

2. Hypothesis Development

Sustainability orientation (SO) has been framed and measured in many ways. Perhaps
the most holistic was proposed by Roxas et al. [15] as a three-dimensional scale assessing
an organization’s knowledge, practice, and commitment to sustainability. This approach is
followed by analyzing the performance of family versus non-family firms, new ventures,
and stakeholder integration among others [16–18]. Other researchers have viewed SO as
a combination of economic, social, and environmental priorities in a triple-bottom-line
business strategy [19–23]. Others follow a narrower model of “ecopreneurship”, aligning
environmental priorities with the core business model [24].

The narrower interpretation of SO as commitment to renewables and efficiency makes
sense within the context of the power industry. Electric utilities are unique among orga-
nizations, in that the selection of core resources within their strategic orientation directly
reflects their commitment to environmental values. Following Oliver [3], SO can then be
evaluated across a suite of factors at the inter-firm, firm, and individual levels. Oliver’s
institutional framework is particularly well-suited to an analysis of sustainability in the
power industry, due to profound differences in the institutional context of utilities.

Beginning with the inter-firm environment, in a highly regulated industry like the U.S.
power industry, policies can vary substantively by from state to state. In the context of this
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study, some states require renewables to represent a certain percentage of a utility’s fuel mix,
while others make no such demands. In addition to variations in policy design between
states, demographic disparities, such as the rurality of a state, may also impact a utility’s
positioning towards renewables. Due to the regulated nature of the industry, there are also
discrete differences in firm culture across electric utilities. In the power industry, utilities
are structured in one of three ways: investor-owned, municipally owned, or cooperative.
This ownership structure may determine how involved customers are in decisions about
their electric system. Rural cooperatives and municipal utilities typically serve a single
city and decisions about siting and fuel mix are informed at least in part by community
engagement [25]. Investor-owned utilities, however, tend to be much larger and potentially
more sensitive to outside investor priorities in resource acquisition decisions. In addition
to ownership structure, other firm-level factors that may influence SO include organization
age and institutional conformity.

At the individual leadership level, the characteristics of top executives can have a pro-
found impact on the trajectory of an organization [26]. For example, the gender and tenure
of the CEO might influence positioning toward renewables. The traditionally masculine
power industry is just beginning to open up leadership positions to women [27]. Prior
research suggests that female led organizations are more innovative and likely to champion
environmental action in the workplace [28,29]. There is also a growing literature on the
influence of gender on entrepreneurial orientation [30–32]. CEO tenure can also impact
the level of SO that an organization expresses. For example, research on family organiza-
tions has found that, after about 15 years, a CEO begins to display less entrepreneurial
orientation, an effect that occurs at a faster rate in non-family organizations like electric
utilities [33]. Prior researchers have applied institutional theory to suggest that increased
exposure to institutional norms will make a CEO more likely to exhibit isomorphism, and
be less willing to innovate after a mid-point in their career [34,35].

Figure 1 illustrates how we approached this analysis of heterogeneity in the power
industry. We selected eight sets of hypotheses across all three of Oliver’s levels in order
to build a model of sustainability orientation. This is a classic example of a moderator
model where predictors, moderators, and predictors crossed with moderators, all comprise
discrete hypotheses [36].
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2.1. Inter-Firm Level

Market Dynamism. Market turbulence has been positively associated with entrepreneurial
orientation in previous studies [7]. In the power industry, there is a recent trend of deregu-
lation where utilities are able to compete for customers for the first time, increasing market
dynamism. In regulated states, consumers have no choice in their distribution utility, while
in deregulated states consumers choose their energy provider. In the competitive envi-
ronment of a deregulated state, we predicted that utilities would seek to use renewables
as a form of competitive advantage. As a result, we hypothesized that environmental
dynamism would be highly correlated with SO and percent power from renewables.

H1a: Market dynamism will make it more likely for utilities to talk about renewables.

H1b: Market dynamism will increase the likelihood that a utility sources energy from renewables.

Renewable Portfolio Standard (RPS). These state-level policies require utilities to
source a certain percentage of their overall fuel mix from renewables. These standards
can be required, recommended, or non-existent depending on the state where the utility
functions. Previous studies have found that RPS are effective at increasing the percentage
of power that a utility derives from solar [8]. We predicted that RPS would similarly
be positively correlated to the overall percentage of power that a utility derives from
renewables. However, we did not believe that this policy would have a direct impact
on SO.

H2: Renewable portfolio standards will increase the likelihood that a utility sources energy from
renewables.

Rurality. Rurality is important to consider in any study of renewable energy. The
promise of renewable energy and the reality of its implementation in rural America today,
points to potential equity concerns. Previous literature has found that rural states are more
likely to derive power from renewables, but issues like the placement and ownership of
infrastructure often lead to conflict and resistance from rural communities [37–39]. Alterna-
tively, goals of self-reliance and economic growth could be assisted through the increased
penetration of renewables. Rural communities have also demonstrated higher levels of
social cohesion, trust, and embeddedness which make them particularly well positioned
to support community renewable energy initiatives and rural social entrepreneurs [40].
Renewable energy also has the potential to support rural identities, like self-reliance and
independence, by creating options for customers to isolate themselves from issues related
to the larger grid [41]. Further, the development of renewables is often considered a key
strategy for helping rural communities enliven job markets [42].

In practice, renewable energy installations are often not delivering on their promise.
High numbers of permanent, long-term jobs are not usually created when large private
corporations install wind turbines in rural areas [43]. Additional research suggests that the
economic promise of a more vibrant economy is rarely fulfilled when renewable energy
projects are privately owned [44]. While wind energy is the most likely to create conflict,
bioenergy and geothermal have also been problematic [39,45,46]. Rural energy transitions
are frequently hotly contested, so we hypothesized that utilities in rural states might be less
inclined to show high levels of support for renewables. In contrast, we also hypothesized
that renewables would be more prevalent in rural states, and thus, rurality would be
positively correlated with the percent of power from renewables.

H3a: Rural communities will be less likely to talk about renewables.

H3b: Rural utilities will be more likely to source power from renewables.

2.2. Firm Level

Entrepreneurial Orientation (EO). We measured each utility’s proactiveness, innova-
tiveness, and risk-taking preferences by analyzing the language that utilities included in
their IRPs. Previous research has connected EO to different expressions of organization
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performance, such as profitability and an increase in sales [47–49]. EO has also been corre-
lated to non-financial performance metrics, such as forming strategic partnerships, keeping
talented employees, increasing employee motivation, and creating a positive culture [50,51].
Research in information studies has posited that utilities with a culture of innovation will be
more likely to be early adopters of renewable energy technologies, although there is limited
research to date on technology adoption decisions in regulated industries like the power
industry [52]. This research explores the relationship between EO and utility commitment
to renewables, hypothesizing that entrepreneurial utilities will be more likely to derive
energy from renewables and talk about renewables in their planning documents.

H4a: Entrepreneurial orientation should be associated with a focus on decarbonization in utility
planning documents.

H4b: Entrepreneurial orientation should be associated with the percent of power from renewables in
a utility’s fuel mix.

Organization Ownership Structure. Elements of utility performance, such as cost
and higher service quality, have been associated with public ownership in previous
studies [53,54]. However, there has not been any research on how utility ownership struc-
ture correlates to commitment to renewables. Of the three main types of utility ownership,
investor-owned utilities (IOUs) are the only privately owned, and with far larger service
territories. In 2017, 168 IOUs provided power to 72% of U.S. electricity consumers [55].
Since privately owned utilities are larger and controlled by board members, rather than
local residents, we hypothesized a prioritization of profits over community goals would
manifest as both less power from renewables on average and a lower frequency of language
regarding renewables and efficiency in their IRPs.

H5a: Privately owned utilities will be less likely to talk about renewables than publicly owned utilities.

H5b: Larger/privately owned organizations will be less likely to get power from renewables.

Organization Age. Prior research has found that older organizations are less likely
to convert entrepreneurial orientation into higher performance metrics [10,56]. We pre-
dicted that older utilities would be more set in their ways, and less inclined to talk about
renewables and efficiency in their planning documents. We did not investigate the link
between organization age and fuel mix because installing new generation facilities in the
power industry has long lag times, so younger organizations may not have had sufficient
time to signal environmental consciousness through increasing the percentage of power
from renewables.

H6: Older organizations will talk less about renewables.

2.3. Individual Leadership Level

CEO Gender. Identity characteristics of CEOs have been found to mitigate the relation-
ship between entrepreneurial orientation and performance in previous studies on family
business [57]. Further, research has shown that women are more likely to engage in environ-
mental actions and to invest in renewable technologies [12,58]. However, female leadership
in the transition from fossil fuels to renewables has not been widely acknowledged, or even
recognized [28]. We therefore hypothesized that utilities managed by females would be
more likely to source power from renewables and discuss renewables in their planning
documents.

H7a: Utilities managed by women will be more likely to talk about renewables.

H7b: Utilities managed by women will be more likely to source power from renewables.

CEO Tenure: A heightened awareness of institutional norms can create value-laden
choices that reflect norms and traditions more directly than immediate market needs [3].
Previous literature has demonstrated that the effect of CEO tenure on entrepreneurial
orientation tends to follow an inverted-u-shaped curve, and that EO in non-family organi-
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zations tends to decline much more precipitously after about 15 years of experience [33].
Based on the nature of this curve and the high average tenure of utility management
(mean = 18.2 years), we hypothesized that the length of time a manager worked in the power
industry would be inversely related to the organization’s positioning towards renewables.

H8a: Managers with more experience in the power industry will be less likely to talk about renewables.

H8b: Managers with more experience in the power industry will be less likely to source power from
renewables.

2.4. Moderators

Rurality and Deregulation. Prior studies have investigated the connection between
deregulation and the diversification of fuel mixes in electric utilities, and found that
deregulation can lead to greater consumer choice, particularly when the population served
values renewable energy [59,60]. As noted above, rural populations can often have reason to
resist the proliferation of renewables. While some studies provide evidence that dynamism
is positively correlated to green innovation [61], the effects of competition could be different
for electric utilities in rural states. We therefore hypothesized that deregulated rural states
would both talk less about renewables in their planning documents and be less likely to
source power from renewables.

H9a: Utilities in deregulated states with rural populations will be less likely to signal environmental
consciousness in their planning documents.

H9b: Utilities in deregulated states with rural populations will be less likely to source energy from
renewables.

Rurality and Entrepreneurial Orientation. Entrepreneurial orientation has been as-
sociated with organization performance in the literature, and so a similar relationship
with non-financial performance measures related to sustainability may also exist [62]. In a
culture of proactiveness, innovation, and risk taking, we would expect that innovation in
the power industry is correlated to investment in renewable technology [52]. This relation-
ship could be particularly strong in rural states in light of the availability of undeveloped
land, and previous studies have found renewable energy investments to be more likely in
rural areas [38]. Therefore, we hypothesized that rurality would amplify the relationship
between entrepreneurial orientation and environmental consciousness.

H10a: Entrepreneurial orientation will have a stronger relationship on sustainability orientation in
rural states.

H10b: Entrepreneurial orientation will have a stronger relationship to the percentage of power from
renewables in rural states.

2.5. Simultaneity

There are multiple institutional factors that influence an organization’s strategic ori-
entation [7,63]. In the context of the power industry, a utility’s sustainability orientation
may influence it’s percentage of generation from renewables (fuel supply mix). Simultane-
ously, the percentage of renewables in a utility’s fuel mix may influence their sustainability
orientation. This relationship violates the assumption of strict exogeneity and requires
appropriate statistical methods. The use of simultaneous regression models are required to
accommodate the violation of this assumption [64]. In the methods section, we describe a
two-stage least squares approach to test for simultaneity of the two dependent variables.

We hypothesized that organizations that talked more about renewables (and thus,
a higher SO score) would have more renewables in their fuel mix. However, energy
infrastructure is expensive with construction time lags. Results did not find evidence of
this relationship which could be, at least in part, attributed to time between the decision to
invest in renewables and ultimate delivery of renewable electricity. The second dimension
of this hypothesis is that organizations with more renewables in their portfolio would more
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likely talk about renewables. This was a negative relationship which is interesting and
worthy of deeper investigation.

H11: Both sustainability orientation and percent power from renewables are dependent on one another.

3. Methodology
3.1. Sample

A total of 170 electric utilities were selected for this analysis. These utilities were
selected after a national search for utility Integrated Resource Plans (IRPs). Only electric
distribution utilities were chosen, excluding transmission-only utilities that do not directly
distribute power to end users. The selection was also limited to utilities in states that require
IRPs. Further, some state regulations only require investor-owned utilities to publish IRPs,
often excluding cooperatively or municipally-owned utilities.

IRPs provide a unique and powerful level of insight into electric utility planning
processes, including the energy generation resources currently held and those intended
to build [65]. These documents also go into detail on strategic plans to implement energy
efficiency programs and invest in renewable generation. The lengths of the documents
widely varied, with the word count ranging from 452 to 170,431 words with a mean of
20,319. The sample included 70 investor-owned utilities, 67 municipal utilities, 17 rural
electric cooperatives, and 16 others (including community choice aggregators, non-utility
electric service providers, and public utility districts).

3.2. Data Development and Analysis

Two dependent variables, sustainability orientation and percentage of power from
renewables, and the independent variable of entrepreneurial orientation were developed
by analyzing the language and content of IRPs, consistent with the procedure outlined by
McKenny et al. [66] and implemented by various entrepreneurial orientation (Eos) studies
(e.g., [6,67]). Using computer-aided text analysis (CATA), each IRP was scored for innova-
tiveness, proactiveness, and risk-taking [49,62] and then normalized by word count. The
IRPs were then analyzed with a new CATA dictionary created for sustainability orientation
(SO) focused on energy efficiency and renewable resource terms (see Appendix A). We also
analyzed the content of each IRP to estimate the current percent of renewables in the power
supply mix, supplemented with data from utility websites and press releases. It was not
possible to find fuel mix data for every utility, and therefore, the final data set included
148 of the 170 electric utilities with IRPs. Measurement error was addressed by manually
coding each of the IRPs in order to ensure that the word counts were accurate in addition
to managing transient error, by adjusting for the year in which the IRP was published [66].
We also took a proactive approach to managing specific factor errors in creating the new
SO metric, given industry-specific terminology.

Independent variables were continuous or categorical (coded as dummy variables).
At the inter-firm level, rurality was a continuous variable from the United States Census
Bureau [68]. Dynamism was a binary variable denoting whether or not a state was deregu-
lated based on data from Electric Choice [69]. Data on state renewable portfolio standards
was also categorical as states could have no RPS requirements, RPS goals, or RPS standards
as reported in the DSIRE database [70].

At the firm level, entrepreneurial orientation was a continuous variable built internally
and based on the most recent EO CAT scanner word list to assess innovativeness, proactive-
ness, and risk-taking [66]. An ownership structure variable was constructed using dummy
variables for the three main ownership types of investor-owned utilities, municipal utilities,
and rural electric cooperatives, based on data from the Energy Information Administra-
tion [71]. There was very high collinearity between organization ownership structure and
size, so we focused on ownership because of the ongoing debate in the power industry
around the comparative advantages of private ownership structure [72]. At the individual
leadership level, organization age and gender of the general manager were assessed by
using each utility’s website.
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The two dependent variables, percent power from renewables and SO, did not follow
a normal distribution (p < 0.0005 in the Shapiro-Wilk W test). We determined that percent
power from renewables followed an exponential distribution by applying the Kolmogorov’s
D test for goodness of fit, where Prob > D = 0.1500. SO followed a Johnson SI distribution,
confirmed using a Shapiro-Wilk W test where Prob < W = 0.1023. Since we hypothesized a
relationship between discussing renewables in planning documents (SO score) and percent
power from renewables, we chose to use simultaneous equation estimation. Since our data
was finite and unbiased, the results were also of finite variance and unbiased; so, using
ordinary least squares as part of our simultaneous equation estimation did not compromise
the validity of our model [73].

In summary, the analysis incorporated ten variables based on theories from the energy
system transition literature and resource-based institutional theory. Table 1 summarizes
the variables, expected effect (sign) on the dependent variable of SO, the basic theoretical
argument, and a sample of supporting literature. Table 2 provides a similar synopsis for
the dependent variable of percentage of power from renewables. We further established
that the independent variables were not colinear. The variance inflation factors were all
smaller than 3, significantly less than the hold criterion of 10, indicating that results were
unlikely to have been influenced by multicollinearity [7,74].

Table 1. Independent variables for analysis of sustainability orientation.

Variable Expected Sign Theory Literature

Dynamism Positive Dynamism will encourage more
innovative behavior Engelen, 2015 [7]

Rurality Negative Rural residents will resist land use for renewables Hyland & Bertsch, 2018 [37]

Ownership Type Positive Private utilities are more likely to have
distributed generation Kwoka, 2005 [53]

FirmAge Negative Older companies are less able to convert EO into
firm performance

Wales, Monsen, & Mckelvie, 2011 [10];
Hult, 2003 [56]

Entrepreneurial
Orientation Positive EO will be correlated to firm performance Anderson & Eshima, 2013 [75];

Linton & Kask, 2017 [62]

Gender of CEO Positive Women invest more in renewable Allison, 2019 [12];
Zelezny, Chua, & Aldrich, 2000 [58]

CEP Tenure Negative Higher isomorphism Boling, Pieper, & Covin, 2016 [33]

Table 2. Independent variables for analysis of percent power from renewables.

Variable Expected Sign Theory Literature

Dynamism Positive Dynamism will encourage more
innovative behavior Engelen, 2015 [7]

RPS Positive RPS will encourage adoption of renewables Sarzynski, Larrien, & Shrimali, 2012 [8]

Rurality Positive Rural states will have more land available
for renewables Bergmann, Colombo, & Hanley, 2008 [43]

Ownership Type Negative Large private firms will have a smaller percentage
of renewables

Hult, 2003 [56],
Meade & Söderberg, 2020 [54]

Entrepreneurial
Orientation Positive EO will be correlated to firm performance Anderson & Eshima, 2013 [75];

Linton & Kask, 2017 [62]

Gender of CEO Positive Women invest more in renewables Allison, 2019 [12]; Zelezny,
Chua, & Aldrich, 2000 [58]

CEO Tenure Negative Hihger isomorphism Boling, Pieper, & Covin, 2016 [33]

4. Results
4.1. Main Effects: Sustainability Orientation H1a–H10a

Based on Oliver’s framework, six models were developed to explore the variability in
SO across electric distribution utilities. The first model explored the impact of the inter-firm
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variables of market dynamism (deregulation of the energy marketplace) and the percentage
of rurality in the state. The second model considered the impact of ownership type and
EO score. The third model looked at the impact of the gender of the organization manager
on SO. The fourth model included variables at all three levels. The fifth model included
interaction effects. A final model assessed the relationship between the two dependent
variables via simultaneous equation estimation with organization age as the identifying
variable. We report results using a standardized beta in order to compare the variables to
one another more easily (Figure 2).
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Figure 2. Results of the multi-regression analysis with sustainability orientation (SO) as the dependent
variable. Independent variables at the leadership, firm, and inter-firm levels were all significant.

Firm-level variables appeared to explain the majority of the variation in utility SO.
In particular, entrepreneurial orientation was highly predictive for SO, supporting the
hypothesis that entrepreneurial orientation would be influential as a non-financial success
metric of organizational performance. Utility ownership structure did not significantly alter
utility positioning towards renewables, a finding that caused us to reject the hypothesis that
publicly owned utilities would position themselves more aggressively towards a future
powered by renewables. A key finding here was the importance of Oliver’s three-tier
perspective. While there was significance in the model that used only variables at the firm
level, the model became much stronger when variables at all three levels were allowed
to interact with one another. Including the simultaneous equation estimation in order to
incorporate percentage of power from renewables, improved the model by 2.7%, and the
additional term was significant and negative.
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Hypothesis testing for the effect of rurality as a moderator of sustainability orientation
followed the protocol implemented by Anderson et al. [76] and mapped out by Baron and
Kenny [36]. We wanted to understand how the moderator, rurality, changed the effect
of the independent variables, deregulation and EO, on the dependent variable SO. We
hypothesized that the effect would be a gradual, steady change as the moderator changes,
the most frequently assumed relationship between variables [36]. These results caused us to
reject our hypothesis that entrepreneurially-oriented utilities in rural states would be more
likely to discuss renewables. Rurality did, however, strengthen the negative relationship
between market dynamism and sustainability orientation. When the marketplace is open to
competition, utilities in rural states are even less likely to discuss renewables and efficiency.
This negative relationship supports the hypothesis that market preferences in rural states
run contrary to policy goals for decarbonizing the grid.

4.2. Main Effects: Power from Renewables H1b–H10b

This analysis was implemented in a similar fashion to the models above, although
the variables included were not identical. At the inter-firm level (Model 1) we looked at
the impact of market dynamism, renewable portfolio standards (RPS), and the rurality of
the state’s population to explain the variability in renewable power supply. At the firm
level we tested the effects of utility ownership structure and entrepreneurial orientation on
the percentage of power from renewables (Model 2). At the individual leadership level,
we investigated the impact of the manager’s gender on the dependent variable (Model
3). Model 4 included variables at all three levels, and Model 5 included interaction effects.
Model 6 is the simultaneous equation estimation, and the identifying variable is Renewable
Portfolio Standards (RPS) (Figure 3).

In this analysis, inter-firm level variables were much more relevant than in the analysis
of sustainability orientation. Deregulation, rurality, and the existence of renewable portfolio
standards all made it more likely for a utility to derive power from renewables. Utility
ownership structure predicted more variability in this model as well. Investor-owned
utilities were significantly less likely to derive power from renewables than municipal or
rural utilities. The model became much stronger when variables across all levels were able
to interact in Model 4. Model 5 was the strongest, however, suggesting that the rurality of a
state has a significant impact on a utility’s likelihood of deriving power from renewables.
The inclusion of SO through the simultaneous equation estimation only explained 0.3%
more variability and the new term was not significant, indicating that the amount of
language a utility uses regarding renewables and efficiency is not significantly impactful
on how much power they derive from renewables.

It is noteworthy that rurality strengthened the effects of both entrepreneurial orienta-
tion and deregulation on percent power from renewables. Taken alone as an independent
variable, rural states were more likely to derive power from renewables as we had hypoth-
esized. Furthermore, utilities with an entrepreneurial mindset were even more likely to
derive power from renewables if they lived in rural states. However, utilities in deregulated
states were much less likely to derive power from renewables. This finding pointed to a
strong interaction effect between rurality and deregulation that was similar to the SO anal-
ysis. Rural utilities that need to compete for customers appear to be addressing customer
preferences that run counter to policy priorities for a decarbonized grid.
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5. Discussion

These findings add quantitative rationale to policy decisions related to utility lead-
ership, organizational structure, and state-level characteristics. In addition, this research
significantly adds to the literature on resource-based institutional theory, and to envi-
ronmental management research more broadly. This work additionally builds on the
management literature by identifying favorable conditions for sustainability entrepreneurs
interested in collaborating with electric utilities, and adds a new dimension to research on
entrepreneurial orientation by examining a regulated industry.

A recent literature review noted a general lack of meso-level studies in resource-based
institutional theory at the industry level, noting that most research is concerned with the in-
dividual/firm level, while industry-wide studies are highly uncommon [77]. By including
all electric distribution utilities across the United States which filed an IRP, this study is
built on a data set that provides a true meso-level perspective on drivers of organization
heterogeneity. Our findings indicate that this three-tiered model is important when assess-
ing drivers of firm strategy, and significant results were achieved when variables from the
leadership, firm, and inter-firm level were all included.

The majority of research on entrepreneurial orientation is based on data from private
organizations, where firm success can be measured by growth and profitability. The
regulated power industry is fundamentally different because their growth and profitability
are determined by regulators. This research applied an alternate set of success metrics
related to firm adoption of national decarbonization initiatives, a regulatory priority that
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utilities are being asked to incorporate into their planning. The variable of entrepreneurial
orientation was associated with these non-traditional indicators of firm success at fulfilling
regulatory priorities. This research thus suggests that entrepreneurial orientation can be
useful in studying drivers of environmental consciousness in regulated industries.

In addition, this research contributes to the management literature by proposing a
new variable for assessing organization performance in the power industry. Sustainability
orientation is measured using a novel assessment technique based on the frequency of
language about renewables and efficiency that occur in utility planning documents. This
new computer-aided text analysis dictionary could be used to compare and contrast an
organization’s commitment to climate change mitigation in other regulated industries, such
as heating or transportation.

A key learning from this study relates to rurality, suggesting that the energy transition
in rural areas is unfolding differently than in more populated regions of the U.S. Utilities in
rural states use more renewable energy than their more urban counterparts, but talk about
it less. When local constituents can express market preferences in rural areas, this research
reveals that they are less likely to emphasize renewables and efficiency in their planning.
However, rural communities have some of the highest energy burdens in the country, given
aging infrastructure, inefficient oil-based heating systems, long commuting distances, and
chronic rural poverty. These results expose a potential risk that the transition to renewables
could be developing in a way that is not meeting the needs of this vulnerable population.

This research also finds that large, privately owned utilities were significantly less
likely to derive power from renewables. This reinforces the findings of Kwoka [53], that
privately owned utilities are less likely to source power from renewables. Recently, Cal-
ifornia mayors submitted a petition to turn Pacific Gas and Electric, one of the largest
investor owned utilities in the country, into a cooperative utility [72]. Our results suggest
that this type of transition could increase the likelihood of an organization deriving energy
from renewables.

We also found that the age of the organization and the tenure of the CEO make a
difference in how a utility approaches the energy transition. Older organizations were less
likely to talk about renewables and efficiency in their IRPs compared to newer utilities,
echoing existing research that shows that older organizations are less likely to convert
entrepreneurial orientation into organization performance [75]. Younger organizations
appear to be leaning into the transition to renewables more aggressively, a finding that
echoes the work of other researchers who have reported “learning impediments” in older
organizations which make it difficult for them to adapt to new [78]. CEO tenure also had
a significantly negative impact on percentage of power from renewables. The average
tenure of CEOs in our data set was 20 years, five years beyond the mid-point suggested
by [33] where entrepreneurial orientation begins to decline. A CEO’s extended exposure to
industry norms and selection of enduring paradigms earlier in their careers appears to limit
their willingness to embrace the energy system [35]. These results suggest that younger,
less entrenched top management might be a key to expediting the energy system transition.

In summary, these models provide insight into a deeply complex system. Utilities are
regime actors, responsible for providing a critical resource to the economy. Their ability to
provide affordable, reliable power is a matter of national security, and therefore, a more
conservative approach to risk management and an associated heightened sense of caution
around innovation is not only expected, but necessary. Nevertheless, our national security is
also threatened by climate change. As policy makers seek to balance these critical priorities,
research like this can shed light on which levers will be most impactful and emphasize the
importance of developing a different approach to the rural energy transition in particular.

6. Research Limitations and Future Directions

Analysis was limited by the availability of data. Only 33 states require distribution
utilities to publish Integrated Resource Plans (IRPs), and some of those states only require
investor-owned utilities to publish these reports [79] It was also difficult to find current data
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on utility fuel mixes, as this data point often did not exist or was buried in the IRP. Additional
IRPs and more data on utility fuel mixes would have strengthened this study.

There was also a scarcity of data on utilities managed by women, with only 27 utilities
identified as having a female manager. A recent article noted that the role of female
leadership in the transition from fossil fuels to renewables, has not been widely analyzed
or even recognized [28]. Our data revealed that the average percentage of energy generated
from renewables among male-led utilities was 29.7%, while the average for female-led
utilities was 36.5%. However, due in part to the small sample size of female-led utilities,
the difference was not significant. While the relationship between female leadership and
renewables was not ultimately conclusive, it was certainly suggestive.

The results of the simultaneous equation estimation were unexpected and could be
further explored in future analyses. Our results predicted that the more power a utility
derives from renewables, the less likely they are to talk about renewables and efficiency.
This could be due to a nonlinear relationship between the two variables, an event that
is frequently evidenced in the literature on entrepreneurial orientation [80]. There could
also be a temporal element to the relationship between SO and the percentage of power
from renewables, as utilities with less renewable energy in their fuel mix plan for more
aggressive installations in the future, while utilities who are ahead of the curve see less need
to address renewables in their planning documents. In other words, talking at length about
renewables may occur when a utility is in the early planning stages. Another possibility is
that many utilities that derive a high percentage of power from renewables may accomplish
this by being located next to a large amount of inexpensive hydro-electric power or wind
turbines, and thus, may be choosing renewables because they are competitive and readily
available, rather than from a strong renewable orientation. More granular data on the fuel
mix or deconstructing SO into two separate motivations of efficiency and effectiveness
might shed further light on this finding.

An important next step for this research would be to do a more deliberate investigation
of the rural energy transition. This analysis suggests that the current approach to deploying
renewables in rural areas is not supported by local constituents. Qualitative research with
stakeholders in rural areas could reframe national thinking on rural renewables deployment,
examining ways in which rural communities differ from urban centers and finding ways to
more collaboratively envision and develop a just and decarbonized energy future.
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Appendix A. Word List for Sustainability Orientation

Achievable Potential; Acid Rain; Additionality; Advanced Metering Infrastructure;
Advanced Rate Design; American Recovery and Reinvestment Act of 2009; Behavior-Based
Programs; Blower Door; Coincidental Peak Factor; Combined Heat and Power; Com-
prehensive Home Energy Audits; Critical Peak Pricing; Decoupling; Demand Response;
Demand-Side Management; Distributed Energy Resource; Distributed Generation; Dis-
tributed Power; Emerging Technology; Energy Conservation; Energy Efficiency Measure;
Energy Efficiency Potential; Energy Efficiency Resource Standard; Feebate; Flexible Fuel
Vehicle; Fuel Cell Vehicle; Global Warming; Green Building; Greenhouse Gas; Heat Pump;
High Performance Building; In-Home Display; Industrial Ecology; Load Shifting; Market
Transformation; Peak Shaving; Plug-in Hybrid-Electric Vehicle; Post-Occupancy Evaluation;
Real Time Pricing; Recycled Energy; Renewable Generation; Smart Meter; Time of Use
Rates; Utility Restructuring; Weatherization; AFV; Biofuels; Biomass; C-BED; CIP; Cogener-
ation; Combined Cycle; Distributed Generation (DG); DSM; Energy Conservation; Energy
Efficiency; Greenhouse gases; Greenhouse; Net metering; NEM; PACE; Property Assessed
Clean Energy (PACE); PV; RDF; REC; Renewable Energy Certificate; Renewable Resources;
RES; Renewable Energy Standard; RPS; Renewable Portfolio Standard; Societal Benefits
Charge; SREC; Solar; Solar Renewable Energy Certificate; Unbundling; Wind; Turbine.
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