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INNOVATING SMART GRID: A UTILITY CASE 

STUDY OF “POWERING” PARADOX 

 

By Lawrence Luong* 

Synopsis: Since enactment of the American Recovery and Reinvestment Act 
(ARRA) in 2009, billions of public and private investment dollars have gone into 
deploying smart grid projects which utilities typically consider high risk.  This 
article offers an analysis of utility smart grid innovation through research on U.S. 
power sector deployment and, specifically, from a case study of how a municipal 
utility implemented its smart grid with AARA funding.  Examining the 
“SmartSacramento” project that digitized electric distribution infrastructure at the 
Sacramento Municipal Utility District (SMUD), data gathered from former project 
team members revealed creative decision-making and adaptive practices function-
ing to navigate tensions within a risk-averse organization to successfully innovate.  
SMUD’s experience developing its smart grid highlights lessons for electric sector 
decision-making as utilities pursue innovation pathways to reduce carbon emis-
sions from their operations.  Among key implications of this research is that utility 
sector stakeholders may be well advised to examine ways their organizations 
might “power” paradoxes to innovate towards a lower carbon future. 
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I. INTRODUCTION 

U.S. federal investment in smart grid innovation that began with the $4.5 bil-
lion American Recovery and Reinvestment Act of 2009 (ARRA) has continued 
under the Bipartisan Infrastructure Law.1  The Department of Energy (DOE) is 
currently administering $10.5 billion in grid modernization funding through the 
Grid Resilience and Innovation Partnerships (GRIP) program of which $3 billion 
is designated for smart grid projects.2  The term smart grid used in this article refers 
to an electric grid operating with networked power meters commonly known as 
smart meters, sensors, software, and automated system interconnections designed 
to enhance system reliability by enabling efficient communications, monitoring, 

 

 1. The statute also commonly known as the Infrastructure Investment and Jobs Act authorizes the De-

partment of Energy to administer over $62 billion for energy infrastructure investments that includes $14 billion 

in financial assistance to States, Indian Tribes, utilities, and other entities who provide products and services for 

enhancing the reliability, resilience, and efficiency of the electric grid.  See Bipartisan Infrastructure Law Grid 

Resilience, NAT'L ENERGY TECH. LAB., https://netl.doe.gov/bilhub/grid-resilience (last visited Aug 1, 2024) (cit-

ing Bipartisan Infrastructure Law §§ 40,101, 40,103, and 40,107 (Infrastructure Investment and Jobs Act, Pub. 

L. No. 117-58, §§ 40,101, 40,103, 40,107, 135 Stat. 429, 904, 907, 915 (2021))). 

 2. See Grid Resilience and Innovation Partnerships (GRIP) Program, U.S. DEP'T OF ENERGY, 

https://www.energy.gov/gdo/grid-resilience-and-innovation-partnerships-grip-program (last visited Jun 28, 

2024) [hereinafter GRIP Program]. 
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evaluation, and control through information technology.3  Maturing from the 
ARRA-funded Smart Grid Investment Grant (SGIG) a decade ago that spurred 
nationwide upgrades from analog power meters to first generation digital metering 
systems, national smart grid policy implemented through GRIP aims today to: 

increase the flexibility, efficiency, and reliability of the electric power system, with 
particular focus on increasing capacity of the transmission system, preventing faults 
that may lead to wildfires or other system disturbances, integrating renewable energy 
at the transmission and distribution levels, and facilitating the integration of increas-
ing electrified vehicles, buildings, and other grid-edge devices.4 

Policy support directed towards smart grid has resulted in widespread adop-
tion of advanced metering infrastructure (AMI) across the nation.  The Federal 
Energy Regulatory Commission’s (FERC) 2023 National Assessment of Demand 
Response and Advanced Metering indicated there were 115.3 million advanced 
meters operating in the U.S. out of 162.8 million total electric meters in 2021, 
marking a 70.8% penetration rate.5  Growth of smart meters has thus been signif-
icant considering 2007 figures reported in FERC’s first national assessment 
showed 6.7 million advanced meters used by consumers out of 144.4 million total 
meters (4.7% penetration rate).6 

 

 

 

 

 

 

 

 

 

 

 

 3. For adapting definitions of ‘smart grid,’ see You Zheng et al., Proceeding with Caution: Drivers and 

Obstacles to Electric Utility Adoption of Smart Grids in the United States, 93 ENERGY RES. & SOC. SCI. 1, 2 

(2022) (“overlay of networked power meters, sensors, software, and automated system interconnections enabling 

greater efficiency and reliability of electricity management and use”); Jason Dedrick et al., Adoption of Smart 

Grid Technologies by Electric Utilities: Factors Influencing Organizational Innovation in a Regulated Environ-

ment, 25 ELEC. MKT. 17, 18 (2015) (“an electric grid whose operations employ information technology for com-

munications,” monitoring, evaluation, and control through information technology). 

 4. GRIP Program, supra note 2; see Derek Ryan Strong, Impacts of Diffusion Policy: Determinants of 

Early Smart Meter Diffusion in the US Electric Power Industry, 28 INDUS. & CORP. CHANGE 1343, 1345 (2019) 

(noting that integration of information and communication technologies into power grids is providing deeper 

levels of situational awareness of grid operations and capabilities through real-time sensing, control, and auto-

mation of power flow). 

 5. 2023 Assessment of Demand Response and Advanced Metering, FERC 4-5 (Dec. 19, 2023), 

https://www.ferc.gov/news-events/news/ferc-staff-issues-2023-assessment-demand-response-and-advanced-

metering; Table 10.05 Advanced Metering Count by Technology Type, 2013 through 2022, ENERGY INFO. 

ADMIN., https://www.eia.gov/electricity/annual/html/epa_10_05.html (last visited June 17, 2024) (U.S. Energy 

Information Administration data for 2022 indicates AMI meters installed totaled 118,722,741 out of 164,098,901 

(72% penetration rate)). 

 6. 2023 Assessment of Demand Response and Advanced Metering, supra note 5, at 4-5. 
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U.S. Advanced Meter Growth (2007-2021)7 

 

Tracking the implementation of SGIG, a limited but growing body of re-
search focusing on utility smart grid innovation8 has emerged over the past decade.  
Diffusion policies influencing adoption of smart meters9 within the U.S. power 
industry has been examined.10  Scholars have analyzed factors impacting utility 

 

 7. Id. at 5, Fig. 2-1. 

 8. See Ernest J. Moniz, Stimulating Energy Technology Innovation, 141 DAEDALUS 81, 82 (2012) (inno-

vation refers to “an integrated system, comprised of four interrelated components: Invention: discovery, creation 

of knowledge, and generation of prototypes; Translation: creation of a commercial product or process; Adoption: 

deployment and initial use of a new technology; and Diffusion: increasing adoption and use of a technology.”). 

 9. Smart meters and ‘advanced meters’ will be used interchangeably in this article to refer to the same 

devices.  See Strong, supra note 4, at 1344 (noting smart meters enable dynamic pricing of electricity at the retail 

level and provide basis for further industry innovation related to consumer engagement on electricity and home 

automation technology; “Smart meters refer to advanced electric meters based on digital technology that are 

capable of measuring and recording electricity consumption data in hourly intervals, or less, and capable of two-

way communication between the electric power utility and the consumer.”).  

 10. Id. 
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smart grid innovation given the regulated structure of the U.S. power sector11 as 
well as those influencing smart grid adoption among investor- and community-
owned utilities.12  The institutional and organizational processes which drive in-
novation and deployment of smart meters have also been examined in a study of 
Washington State’s utility sector.13 

This article adds to the smart grid literature with findings from a case study 
of how such innovation14 operated at a granular level within an individual U.S. 
municipal utility that executed a SGIG-funded smart grid deployment.  The qual-
itative study examines SMUD’s accomplishment a decade ago of its “SmartSac-
ramento” grid modernization project.  The research aims to illuminate decision-
making of the teams that achieved SmartSacramento to identify insights assisting 
utility systems undertaking grid modernization and policymakers involved in ad-
vancing smart grid innovation as an energy policy matter.  As U.S. electric utilities 
implement substantial investments of financial and human capital to modernize 
and upgrade power distribution systems, “know[ing] not only how to innovate but 
also how to make their innovation processes effective”15 is essential for industry 
managers and policymakers to understand.  Applying an organizational psychol-
ogy lens, analysis of SmartSacramento from this study revealed team members 
practicing what scholars have labelled “paradox mindset,” animated by and navi-
gating tensions within the organization to achieve SmartSacramento.  The impli-
cations of this research could prove strategic as utilities strive to decarbonize16 at 
the pace and scale climate scientists predict will be required to avert the worst 
effects of human-caused climate change.  In the highly regulated, organizationally 
risk-averse environment of the electricity sector, innovation in smart grid technol-
ogies provides an opportunity to examine how technology advancement vital to 
transitioning the electric grid towards a lower carbon future is achieved with re-
source constraints, siloed business units, resistance to change, and institutional in-
ertia distinguishing utilities in full operation.  In short, the research presented here 

 

 11. See generally Dedrick et al., supra note 3. 

 12. See generally Zheng et al., supra note 3; Yue Gao et al., A Spatial Analysis of Smart Meter Adoptions: 

Empirical Evidence from the U.S. Data, 14 SUSTAINABILITY 1 (2022). 

 13. See Meghan Elizabeth Kallman & Scott Frickel, Nested Logics and Smart Meter Adoption: Institu-

tional Processes and Organizational Change in the Diffusion of Smart Meters in the United States, 57 ENERGY 

RES. & SOC. SCI. 1 (2019). 

 14. Guoqiang Peter Zhang et al., The Payback of Effective Innovation Programs: Empirical Evidence from 

Firms That Have Won Innovation Awards, 23 PROD. & OPER. MGMT. 1401, 1408 (2014) (“By definition, inno-

vation implies a deviation from conventional course of behaviors . . . [for which] firms . . . question their own 

assumptions and premise of existing practices . . . [in a] process [that] forces firms to think about new ways of 

combining resources[,] [] re-link knowledge components, . . . [and] coordinat[e] among separate units within the 

firm.”). 

 15. Id. at 1418. 

 16. For a livable climate: Net-zero commitments must be backed by credible action, U.N., 

https://www.un.org/en/climatechange/net-zero-coalition (last visited Jul 14, 2024) (“The science shows [] that in 

order to avert the worst impacts of climate change and preserve a livable planet, global temperature increase 

needs to be limited to 1.5°C above pre-industrial levels.  Currently, the Earth is already about 1.1°C warmer than 

it was in the late 1800s, and emissions continue to rise.  To keep global warming to no more than 1.5°C – as 

called for in the Paris Agreement – emissions need to be reduced by 45% by 2030 and reach net zero by 2050.”). 
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sheds light on utility innovation capabilities17 by analyzing how innovation occurs 
within a U.S. electric utility, a topic which has yet to be studied in any systematic 
manner. 

Accordingly, the remainder of this article is structured as follows: Section II 
recaps the federal policy context that led to current support for smart grid innova-
tion.  Section III discusses studies of U.S. smart grid deployment highlighting the 
results of grid modernization policy fostering ongoing smart grid buildout.  The 
case study of SMUD’s SmartSacramento implementation will be presented illus-
trating how team decision-making operated to innovate smart grid.  Analysis of 
the research is informed and framed by innovation literature addressing the inter-
related concepts of ambidextrous leadership, skunkworks, and paradox theory.  
Relying on studies to date of utility smart grid adoption,18 Section IV discusses the 
effects organizational features such as size, ownership structure and regulatory 
choices have on smart grid development.  Section V highlights implications of the 
SmartSacramento case study as utility mangers and policymakers nationwide nav-
igate industry decarbonization efforts.  Section VI describes recommendations for 
utility sector action.  Section VII notes the study’s limitations and identifies op-
portunities for additional research, and Section VIII concludes the discussion. 

II. U.S. SMART GRID: FEDERAL POLICY CONTEXT 

U.S. federal energy policy advancing smart grid technology – the suite of 
digital power meters, backend control systems, data gathering and processing tech-
nologies, and telecommunications utilities rely upon today to manage electric dis-
tribution and transmission networks – can be traced to the Energy Production and 
Conservation Act of 1976 (EPCA).19  EPCA, enacted as a direct response to the 
oil embargo and energy crises of the 1970s, required the DOE to develop “design 
proposals” to promote energy conservation through improved electricity rate de-
sign which included reflecting the “marginal cost of service and/or time of use.”20  
Time-of-Use (TOU) rates adjust electricity prices based on the time of day when 
energy is consumed thereby incentivizing consumers to use electricity during off-
peak hours, reducing demand during peak times and enhancing grid stability.21 

 

 17. See Zhang et al., supra note 14, at 1417 (noting that “firms’ true innovation capabilities are often hard 

to observe directly”). 

 18. Processes by which innovations are adopted include the transition from evaluation to deployment, 

routinization, and incorporation into organizational processes.  See generally Zheng et al., supra note 3, at 2. 

 19. See Erwin Rose, Smart Meters and Federal Law: What Is the Role of Federal Law in the United States 

in the Deployment of Smart Electricity Metering?, 27 ELEC. J. 49, 51 (2014). 

 20. See James W. Moeller, Electric Demand-Side Management Under Federal Law, 13 VA. ENV’T L. J. 

57, 62–64 (1993) (explaining directive to DOE on rate design set forth under 42 U.S.C § 6803 (a)(2)). While 

EPCA’s provisions applied to federal agencies, manufacturers of residential appliances, and state energy conser-

vation agencies, the statute did not impose energy conservation requirements on electric utilities.  Id. at 63. 

 21. See, e.g., What Are Time-of-Use (TOU) Rates?, CAL. PUB. UTIL. COMM’N, 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-

rates#:~:text=Time%2Dof%2Duse%20is%20a%20rate%20plan%20in%20which,in%20sum-

mer%20months%20than%20in%20winter%20months (last visited Oct. 20, 2024). 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-rates#:~:text=Time%2Dof%2Duse%20is%20a%20rate%20plan%20in%20which,in%20summer%20months%20than%20in%20winter%20months
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-rates#:~:text=Time%2Dof%2Duse%20is%20a%20rate%20plan%20in%20which,in%20summer%20months%20than%20in%20winter%20months
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-rates#:~:text=Time%2Dof%2Duse%20is%20a%20rate%20plan%20in%20which,in%20summer%20months%20than%20in%20winter%20months
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A. PURPA 

 Congress later broadened the basis for federal involvement in electricity 
under the Public Utility Regulatory Policy Act of 1978 (PURPA),22 seeking to 
advance electricity conservation, efficient deployment and use of energy infra-
structure by electric utilities, and equitable retail rates for electric consumers while 
regulating wholesale energy.23  Title I of PURPA requires that electric utilities 
consider and potentially adopt as part of their ratemaking processes regulatory 
standards designed to encourage energy conservation, efficient resource use, and 
fair consumer rates.  The statute mandates that state regulatory authorities and non-
regulated electric utilities consider adopting standards to design rates reflecting 
the cost of providing service, discouraging declining block rates (lower rates for 
higher consumption) as such rates may not promote energy conservation, encour-
aging adoption of time-of-day rates reflecting the cost of electricity production 
fostering off-peak usage, suggesting rate designs reflecting seasonal variations in 
electricity demand, consider rates for customers willing to have their service in-
terrupted during peak demand times, and encouraging utilities to implement tech-
nologies and practices to manage and reduce peak electricity loads.24  Section 
2621, as amended, provides additional “must-consider” standards including inte-
grated resource planning to anticipate future energy needs of utilities, energy effi-
ciency measure to reduce overall power demand and improve system reliability, 
and programs enabling consumers to adjust energy consumption in response to 
time-based power pricing information made directly accessible by electricity pro-
viders via smart grid applications.25 

Since its enactment, “PURPA has garnered attention” for the statute’s “suc-
cessful promotion of cogeneration and small power production” yet its “principal 
target is retail regulatory policy for public utilities.”26  The statute established five 
standards for retail electric power rates and services summarized as follows: 

First, the provision of services should ordinarily exclude the installation of ‘master 
meters’ for multi-unit residential buildings.  Second, the rates should not increase 

 

 22. See generally Public Utility Regulatory Policies Act of 1978, Pub. L. No. 95-617, 92 Stat. 3117 (cod-

ified as amended in scattered sections of 16 U.S.C.).  General provisions applicable to this discussion can be 

found in 16 U.S.C. §§ 2601-2645 setting forth definitions, goals, and the specific regulatory and policy provisions 

introduced by PURPA. 

 23. Rose, supra note 19, at 52 (internal quotes omitted). 

 24. See 16 U.S.C. § 2621(d)(1)-(6) (2024). 

 25. See id. § 2621((d)(7)-(9), (16)-(21)). 

 26. Moeller, supra note 20, at 67–68 (noting that “PURPA devotes particular attention to electric power 

conservation, energy efficiency and equitable rates for utility consumers,” reflected prior to its 1992 amendment 

the six policies for retail electric power rates and services set forth under Section 111 [16 U.S.C. § 2621(d)(1)-

(6)]: (i) rates should reflect the actual cost of electric power generation and distribution; (ii) rates should not 

decline with increases in electric power use unless the cost of providing the power decreases as consumption 

increases; (iii) rates should reflect the daily variations in the actual cost of electric power generation; (iv) rates 

should reflect the seasonal variations in the actual cost of electric power generation; (v) rates should offer a 

special ‘interruptible’ electric power service rate for commercial and industrial customers; and (vi) each electric 

utility must offer load management techniques to their electric customers that will be practicable, cost effective 

and reliable, as determined by the state public utility commission). 
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under automatic adjustment clauses, unless specific requirements are met.  Third, ser-
vices should provide information to electric utility customers concerning electric 
power rates.  Fourth, the services may not terminate electric power service except in 
accordance with specified procedures.  Finally, ‘no electric utility may recover from 
any person other than the shareholders . . . of such utility any direct or indirect ex-
penditure by such utility for promotional or political advertising.’  [emphasis added]  
[citations omitted]27 

“Congress designed PURPA to increase competition in wholesale and retail 
sales, and a key element of that involve[d] providing price signals through im-
proved demand response.”28  The statute “expand[ed] federal reach in part due to 
the recognition that interstate wholesale markets cannot function efficiently with-
out meaningful and dynamic retail price signals” for which: 

PURPA establishe[d] standards for ‘cost of service’ that fostered a policy rationale 
for improved metering, including ‘time-of-day’ rates, as well as ‘interruptible rates’ 
(for industrial and commercial users) and ‘load management techniques,’ and a gen-
eral requirement that individual units have their own meters rather than one ‘master 
meter’ per building.29 

Still, given the statute’s express time limit of two years from enactment for states 
to complete determinations of its “must-consider” standards,30 PURPA’s impact 
on expansion of smart grid infrastructure nationally was arguably limited, partic-
ularly in comparison to direct federal funding of AMI buildouts under ARRA. 

Subsequent to PURPA, the Energy Policy Act of 199231 “increased federal 
support for integrated resource planning (considering conservation and efficiency 
along with production), energy efficiency, and [demand side management].”32  As 
a consequence, the statute “built up pressure for [advanced metering]” but did not 
explicitly address metering.33 

B. EPAct ‘05 and EISA 

Direct federal involvement in the promotion of advanced metering was ef-
fectuated under the Energy Policy Act of 200534 (EPAct ‘05) which amended 
PURPA.35  While it did not mandate consumers receive dynamic pricing, EPAct 
‘05 established new “must-consider” federal standards on “net metering” and 

 

 27. Id. at 68–69 (citing 16 U.S.C. § 2623 et seq. and noting that Section 113 of PURPA “resembles Section 

111 to the extent that the adoption and implementation of the five additional standards by state PUCs is not 

required,” requiring only that the state commissions consider each standard and whether a particular standard 

should be implemented). 

 28. Rose, supra note 19, at 52. 

 29. Id. (citing 16 U.S.C. § 2623(b)(1)). 

 30. See 16 U.S.C. § 2622(b) (2024) (requiring states begin consideration within one year after the date of 

enactment of the Energy Policy Act of 2005 (by August 8, 2006) and to complete their determinations within two 

years (by August 8, 2007)). 

 31. Energy Policy Act of 1992, 42 U.S.C. §§ 13201-13574 (2024). 

 32. Rose, supra note 19, at 52. 

 33. Id. 

 34. Energy Policy Act of 2005, 42 U.S.C. §§ 15801-16539 (2024). 

 35. See Rose, supra note 19, at 52; see also 16 U.S.C. § 2622(b). 
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“time-based metering and communications” that furthered federal policies pro-
moting advanced metering to deliver such energy use detail to consumers.  Section 
1252 titled “Smart Metering” specifically provided a standard on “time-based me-
tering and communications” as follows: 

. . . [E]ach electric utility shall offer each of its customer classes, and provide indi-
vidual customers upon customer request, a time-based rate schedule . . . The time-
based rate schedule shall enable the electric consumer to manage energy use and cost 
through advanced metering and communications technology . . . Each electric util-
ity . . . shall provide each customer requesting a time-based rate with a time-based 
meter capable of enabling the utility and customer to offer and receive such a rate, 
respectively.36 

To carry out federal demand response policy goals, EPAct ‘05 directed DOE 
to “educat[e] consumers on the availability, advantages, and benefits of advance 
metering and communications technologies, including the funding of demonstra-
tion or pilot projects” among related steps “in support of demand response.”37  
“[U.S. energy] policy has sought to expand the participation of the demand side in 
electricity markets and for prices in retail markets to reflect the time-varying costs 
of generating electricity” with “[t]ime-based rates [] intended to incentivize 
changes in consumption behavior to reduce peak demand.”38 

The Energy Independence and Security Act of 200739 (EISA) established 
smart grid deployment as U.S. policy to support “modernization of the Nation’s 
electricity transmission and distribution system to maintain a reliable and secure 
electricity infrastructure that can meet future demand growth” and achieve identi-
fied energy policy goals40 collectively constituting “Smart Grid.”41  “Federal pol-
icy [] increasingly recognize[d] the need for improved demand response as part of 
the effort to improve interconnectivity and efficiency.”42  EISA established new 
federal standards for “‘integrated resource planning,’ ‘rate design modifications to 

 

 36. Rose, supra note 19, at 53 (citing EPAct ‘05 provision codified as 16 U.S.C. § 2621(d)(14)(A), (C) 

(2024). 

 37. Id. 

 38. Strong, supra note 4, at 1345. 

 39. Energy Independence and Security Act of 2007, 42 U.S.C. §§ 17381-17392 (2024). 

 40. 42 U.S.C. § 17381 (2024) (“(1) Increased use of digital information and controls technology to im-

prove reliability, security, and efficiency of the electric grid; (2) Dynamic optimization of grid operations and 

resources, with full cyber-security; (3) Deployment and integration of distributed resources and generation, in-

cluding renewable resources; (4) Development and incorporation of demand response, demand-side resources, 

and energy-efficiency resources; (5) Deployment of ‘‘smart’’ technologies (real-time, automated, interactive 

technologies that optimize the physical operation of appliances and consumer devices) for metering, communi-

cations concerning grid operations and status, and distribution automation; (6) Integration of ‘‘smart’’ appliances 

and consumer devices; (7) Deployment and integration of advanced electricity storage and peak-shaving tech-

nologies, including plug-in electric and hybrid electric vehicles, and thermal-storage air conditioning; (8) Provi-

sion to consumers of timely information and control options; (9) Development of standards for communication 

and interoperability of appliances and equipment connected to the electric grid, including the infrastructure serv-

ing the grid; and (10) Identification and lowering of unreasonable or unnecessary barriers to adoption of smart 

grid technologies, practices, and services.”).   

 41. See id. 

 42. Rose, supra note 19, at 53. 
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promote energy efficiency investments,’ ‘consideration of smart grid invest-
ments,’ and ‘smart grid information,’ further strengthening the imperative for [ad-
vanced metering].”43  Federal policy support for a ‘smart grid’ as stated in EISA 
identified “[d]eployment of ‘smart’ technologies . . . for metering, communica-
tions concerning grid operations and status, and distribution automation.”44 

Congress instructed federal agencies under EISA to effectuate smart grid na-
tionally.  DOE was directed to set up a federal Smart Grid Task Force45 and Con-
gress funded a federal program DOE would administer, in consultation with the 
FERC and other appropriate agencies, electric utilities, states, and other stakehold-
ers, to support “Smart Grid Technology Research, Development, and Demonstra-
tion.”46  EISA further required the FERC to publish a “National Assessment of 
Demand Response” and “National Action Plan on Demand Response.”47 

C. Economic Stimulus Bills of 2008 and 2009 

U.S. energy policy support for smart grid shifted to nationwide deployment 
by the time the U.S. financial crisis took hold in 2007-2008.  The Emergency Eco-
nomic Stabilization Act of 200848 (Stabilization Act) provided accelerated tax de-
preciation for smart meters from twenty to ten years incentivising advanced me-
tering investments.49  Federal policy by this stage sought to undertake nationally 
what scholars have called the “digital electricity transition,”50 the evolution from 

 

 43. Id. 

 44. Id.; see Strong, supra note 4, at 1345 (noting that metering technology is integrally tied to the structure 

of retail electricity rates which are ultimately limited by capabilities of power meters). 

 45. 42 U.S.C. § 17383(b) (2022). 

 46. 42 U.S.C. § 17384(a) (2022) (“(1) to develop advanced techniques for measuring peak load reductions 

and energy-efficiency savings from smart metering, demand response, distributed generation, and electricity stor-

age systems; (2) to investigate means for demand response, distributed generation, and storage to provide ancil-

lary services; (3) to conduct research to advance the use of wide-area measurement and control networks, includ-

ing data mining, visualization, advanced computing, and secure and dependable communications in a highly-

distributed environment; (4) to test new reliability technologies, including those concerning communications 

network capabilities, in a grid control room environment against a representative set of local outage and wide 

area blackout scenarios; (5) to identify communications network capacity needed to implement advanced tech-

nologies; (6) to investigate the feasibility of a transition to time-of-use and real-time electricity pricing; (7) to 

develop algorithms for use in electric transmission system software applications; (8) to promote the use of un-

derutilized electricity generation capacity in any substitution of electricity for liquid fuels in the transportation 

system of the United States; and (9) in consultation with the Federal Energy Regulatory Commission, to propose 

interconnection protocols to enable electric utilities to access electricity stored in vehicles to help meet peak 

demand loads.”). 

 47. 42 U.S.C. § 8279(a)-(b) (2022). 

 48. Emergency Economic Stabilization Act of 2008, 12 U.S.C. §§ 5201-5261 (2024). 

 49. See 26 U.S.C. § 168(e)(3)(D) (2023) (codifying Section 305 of the Stabilization Act accelerating tax 

depreciation period from 20 to 10 years for certain energy property including smart meters and smart grid sys-

tems); see also, Strong, supra note 3, at 1347; Rose, supra note 19, at 54. 

 50.  Ryan Thomas Trahan & David J. Hess, Who Controls Electricity Transitions? Digitization, Decar-

bonization, and Local Power Organizations, 80 ENERGY RSCH. & SOC. SCI. 1 (2021). 
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analog to digital technologies within the power sector which “represent[ed] a fun-
damentally changed approach to electricity management.”51 The following exam-
ple illustrates that fundamental change established for utility operations: 

In the analog era, responding to an outage often meant relying on the long experience 
and deep system knowledge of line engineers as a crucial variable in identifying and 
responding to the issue.  Today’s outage management systems use [Geographical In-
formation System] GIS and real-time monitoring data (including from [System Con-
trol and Data Acquisition] SCADA and AMI systems), together with automated al-
gorithms, to analyze system data to predict the location and sequences of propagating 
outages . . . if a single customer (or the system) reports an outage, the system may 
predictively trace the problem to a meter and initiate communication; if two neigh-
bors report outages, then an algorithmic prediction might be made that the issue is 
traceable to the transformer; and so on up the grid network, fuse, line, and substation 
breaker.  As that data reporting is fed into the master network control, the operator 
(or system) may communicate with switches, relays, and reclosers to isolate and/or 
resolve the problem.52 

In wake of the Great Recession, the federal government began implementing 
ARRA in 2009 which included $4.5 billion for grid modernization.53  ARRA spe-
cifically provided over $3.48 billion to fund the SGIG administered by the DOE.54  
“[T]he . . . (ARRA) emphasized innovation, particularly in the clean technology 
and renewable energy sectors . . . [with] the largest ever one-time investment in 
upgrading the U.S. electrical infrastructure, mitigat[ing] some of the risk of inno-
vation, and support[ing] utilities in sharing their experiences throughout the elec-
tric industry.”55  Through the SGIG program, DOE together with industry invested 
approximately $9.5 billion in 99 cost-shared projects involving more than 200 par-
ticipating electric utilities and other organizations to “modernize the electric grid, 
strengthen cybersecurity, improve interoperability, and collect an unprecedented 
level of data on smart grid operations and benefits.”56  A summary of benefits and 
costs of smart grid technologies is provided in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 51. Id. at 3. 

 52. Id. at 4. 

 53. American Recovery and Reinvestment Act of 2009, Pub. L. No. 111-5, 123 Stat. 115 (2009). 

 54. See 2009 American Recovery and Reinvestment Act, U.S. DEP’T OF ENERGY, https://www.en-

ergy.gov/oe/2009-american-recovery-and-reinvestment-act (last visited Jun 22, 2024). 

 55. Kallman & Frickel, supra note 13, at 4. 

 56. 2009 American Recovery and Reinvestment Act, supra note 54. 
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Figure 1: Benefits and Costs Resulting from Smart Grid Technologies57 

 

 

 57. See Vítor Marques et al., Greater than the Sum: On Regulating Innovation in Electricity Distribution 

Networks with Externalities, 79 UTIL. POL’Y 1, 3-4 (2022).  
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 According to DOE, the ARRA investments “helped utilities take [] first 
steps” mitigating risks associated with adopting new smart grid technologies, 
share learnings preparing the industry to “meet the needs of a growing digital 
economy, enable greater levels of clean energy deployment, and strengthen the 
electric grid to be more resilient to natural disasters and cyberattacks.”58  Research-
ers have commented that deployment of DOE’s SGIG funds produced large-scale 
deployment of smart grid technologies providing utilities “critical operational ex-
perience . . . mov[ing] from the cycle of pilot projects to full-scale deployment in 
utility operations.”59 

 Deployment of smart grid technologies, for example, is credited with ena-
bling restoration of electric service within four days to CenterPoint Energy’s 
nearly one million customers in Houston who lost power when Hurricane Harvey 
hit Texas in 2017.60  CenterPoint’s decade of investment in smart grid technolo-
gies61 allowed the utility to locate, isolate, and repair outages more efficiently.62 

III. U.S. SMART GRID INNOVATION: DEPLOYMENT STUDIES 

The adoption and diffusion of smart grid technology have been the focus of 
increasing research on smart grid innovation by U.S. utilities.63  Studies on smart 
grid advancements have attempted to illuminate technology adoption decisions in 
highly regulated sectors such as electric utilities.64  Organizational choices by util-
ities to pursue smart grid development are made in context of their operations as 
legal monopolies under state and federal regulation.65  Utilities face many of the 

 

 58. The American Rescue and Reinvestment Act Highlights: Jumpstarting a Modern Grid, U.S. DEP’T OF 

ENERGY, (Oct. 2014), https://www.energy.gov/sites/prod/files/2014/12/f19/SGIG-SGDP-Highlights-

October2014.pdf [hereinafter Jumpstarting a Modern Grid]. 

 59. Kallman & Frickel, supra note 13, at 5 (citing Jumpstarting a Modern Grid, supra note 58, at 2). 

 60. Zheng et al., supra note 3, at 1. 

 61. CenterPoint Energy was awarded a $200 million SGIG grant for its smart grid project completed in 

2015 featuring installation of 2.2 million advanced meters, distribution system automation/upgrade for 187 of 

1,516 circuits, distribution management systems, supervisory control and data acquisition (SCADA) communi-

cations network, equipment condition monitors, and 187 smart relays.  See Jumpstarting a Modern Grid, supra 

note 58, at 21. 

 62. Zheng et al., supra note 3, at 1.  As of the writing of this article, CenterPoint Energy in Houston re-

ported more than 2 million homes and businesses without power in and around the nation’s fourth-largest city 

after Hurricane Beryl swept into Texas on July 8, 2024.  Mark Vancleave & Juan A. Lozano, Beryl Weakens to 

Tropical Depression after Slamming into Texas as Category 1 Hurricane,  AP, https://apnews.com/article/hurri-

cane-beryl-texas-7dfd5353671ee30d0c6d11518ea5a370 (last visited Jul 9, 2024) (reporting that the utility was 

bringing in thousands of additional workers to restore power with top priority for places such as nursing homes 

and assisted living centers). 

 63. See generally Strong, supra note 4; Dedrick et al., supra note 3; Zheng et al., supra note 3; Kallman 

& Frickel, supra note 13. 

 64. See, e.g., Strong, supra note 4, at 1343 (noting “[s]ectoral innovation systems in heavily regulated 

industries are strongly influenced by public policy, and regulation can play a definitive role in the diffusion of 

new technologies by either enabling or hindering adoption”). 

 65. See Dedrick et al., supra note 3, at 20 (noting that “[i]n the case of electric utilities, the role of regula-

tion is pervasive”); Kallman & Frickel, supra note 13, at 2 (identifying subject Washington State utilities as 

“legal monopolies within their established geographic service areas” which “function at the state level as oligop-

olies within the electricity districts they serve”). 

https://www.energy.gov/sites/prod/files/2014/12/f19/SGIG-SGDP-Highlights-October2014.pdf%20%5bhereinafter
https://www.energy.gov/sites/prod/files/2014/12/f19/SGIG-SGDP-Highlights-October2014.pdf%20%5bhereinafter
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same competitive forces that private firms in unregulated industries do as well as 
constraints on their business and technology decisions.66  “[Investor-Owned Util-
ities] IOUs must deliver profits to shareholders as if they operated in a private 
market[;] [community-owned utilities], on the other hand, are not allowed to earn 
profits, but they also are not allowed to charge too much or too little for the power 
they provide.”67  Furthermore, risks associated with technology innovation in a 
business that powers the lives of its customers are high.  “[R]esearchers have noted 
that smaller LPOs [Local Power Organizations (municipal utilities, local govern-
ment departments, electricity cooperatives, community choice aggregators)]” tend 
to take “a conservative position [] based partly on the traditional organizational 
focus of utilities on reliability and affordability and partly on an imputation of lack 
of customer demand for sustainable change.”68  “Of greatest relevance . . . is the 
recognition of the financial barriers that small electricity cooperatives face . . . 
many [] have fewer than 10,000 end users.”69  Uncertainty with cost recovery for 
deploying smart meters allowed by state public utilities commissions delay tech-
nology adoption decisions of IOUs.70  “Given the relative lack of competition 
among utilities, heavy state and federal regulation, and high risks of technological 
change, utilities have few obvious incentives for developing and implementing 
new, and largely untested, smart metering technology.”71  Nonetheless, utilities 
small and large, cooperatives (co-ops), municipal systems, and IOUs have inno-
vated, deploying smart grid infrastructure nationwide.  Industry innovation re-
search has sought to explain how utilities achieve smart grid innovation.  We now 
turn to consider what the studies indicate. 

A.  Washington State Study 

Researchers applying an analytic model of “institutional logics”72 found that 
ARRA funding was instrumental in helping Washington State’s otherwise risk-
averse utilities to pursue and complete deployment of smart grid.  With electric 
utilities, “[i]nstitutional norms include reliance on non-utility organizations (e.g. 
vendors, academic researchers, national labs) to drive innovation, knowledge shar-
ing and cooperation among utilities who do not compete directly with one another, 
and reliance on public funding to reduce the cost and risk of investment in new 

 

 66. Kallman & Frickel, supra note 13, at 2. 

 67. Id. 

 68. See Trahan & Hess, supra note 50, at 2. 

 69. See id. at 2, 7 (noting that with respect to broader national energy transition “[d]igitialization presents 

a fundamental yet separable set of challenges for the [Local Power Organization (municipal utility, local govern-

ment department, electricity cooperative, or community choice aggregator)] and the community it serves”). 

 70. See Strong, supra note 4, at 1347. 

 71. Kallman & Frickel, supra note 13, at 2. 

 72. Id. at 4 (defining the term to refer to “shared practices, beliefs and values that govern how a particular 

social world works.”) (quoting PATRICIA THORNTON & WILLIAM OCASIO, INSTITUTIONAL LOGICS 101 (R. 

Greenwood, C. Oliver, R. Suddaby & K. Sahlin-Andersson eds., SAGE 2008); see Zheng et al., supra note 3, at 

3 (explaining the framework “looks at how cultural schema shape organizational behavior” with individual or-

ganizations having their own internal cultures which operates and interacts with larger external cultures). 
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innovations.”73  “[I]n Washington’s electric power field, innovation emerge[d] 
through collaborative networked partnerships among like organizations, because 
regulation prohibits competition.  [emphasis in original]”74  The study found that 
collaboration among public, private, and cooperatively owned utilities, institu-
tional processes and organizational changes “nested” across different governance 
scales (local, state, and federal) “dr[iving] the deployment and adoption of smart 
meters.”75 

Personnel from the state’s IOUs, co-ops, Public Utility Districts (PUDs), and 
municipal utilities constituted the bulk of the fifty-two respondents interviewed by 
the researchers.76  The remainder of those interviewed represented Washington 
utility trade groups, technology firms, university and national labs, and consumer 
advocacy groups.77  The study found that “[a]lthough utilities are the dominant 
actors in the Washington energy field, they do not act independently . . . their be-
havior is conditioned through relationships with other organizational actors at 
other levels, all of whom . . . make decisions guided by institutional logics . . . .”78 

B. SmartSacramento Case Study 

In October 2009, DOE awarded SMUD an SGIG grant totalling $127.5 mil-
lion to execute its project titled “SmartSacramento.”  Combined with SMUD’s 
own capital and other grant funding, the project budget totalled nearly $360 mil-
lion79 to “[i]nstall a comprehensive regional smart grid system from transmission 
to the customer that include[d] 600,000 smart meters, dynamic pricing, 100 elec-
tric vehicle charging stations and 50,000 demand response controls including pro-
grammable smart thermostats, [and] home energy management systems.”80  The 
scope of SMUD’s smart grid work covered the Electric Distribution Systems, 
AMI, and Customer Systems categories81 targeted by the SGIG. 

1. Innovation Achievements 

During the subsequent three-year grant implementation period, SMUD (with 
approximately 2,100 employees at the time) organized internal teams to complete 
over fifty subprojects across eight main topic areas (Advanced Metering Infra-
structure, Distribution Automation, Consumer Behaviour Study informing electric 

 

 73. Zheng et al., supra note 3, at 3. 

 74. Kallman & Frickel, supra note 13, at 8. 

 75. Id. at 1-2. 

 76. Id. at app. A. 

 77. Id. at 2-3. 

 78. Kallman & Frickel, supra note 13, at 4. 

 79. SmartSacramento: 2009-2014, SMUD 3 (Aug. 2013), https://www.smud.org/-/media/Documents/Cor-

porate/About-Us/Energy-Research-and-Development/SmartSacramento-Fact-Sheet.ashx (Report pursuant to 

DOE Award No. OE0000214) [hereinafter SmartSacramento]. 

 80. Recovery Act Selections For Smart Grid Investment Grant Awards - By Category, U.S. DEP’T OF 

ENERGY 7, https://www.energy.gov/oe/articles/recovery-act-selections-smart-grid-investment-grant-awards-cat-

egory-updated-november (last visited Jun 22, 2024). 

 81. The four project types under the SGIG were Electric Transmission Systems, Electric Distribution Sys-

tems, Advanced Metering Infrastructure, and Customer Systems. See Jumpstarting A Modern Grid, supra note 

58, at 7. 
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pricing, Demand Response, Customer Applications, Technology Infrastructure, 
Cyber Security, and Research and Development).  Collectively, this smart grid 
implementation digitized SMUD’s power metering infrastructure, facilitating two-
way electric meter data flow between the utility and its customers and enabling 
real-time operations visibility into its distribution operations for the first time in 
the utility’s existence. 

The largest portion of the SmartSacramento budget ($137.6 million) went to 
replacing 620,000 existing analog power meters with new smart meters, a founda-
tional step enabling wireless communication for automated meter reading, im-
proved bill accuracy, remote service connect/disconnect capability, enhanced out-
age management, and improved power theft detection.  The new AMI system 
helped SMUD transition from manual meter operations mainly through automated 
meter reading and automated service switching saving the utility approximately 
$31.8 million in meter operation costs from project initiation through March 31, 
2014.82  Software platforms for meter data management and analysis were in-
stalled to organize, analyze, and make AMI data accessible to SMUD’s enterprise 
systems that served to improve load forecasting and capital investment planning.83 

SmartSacramento enabled SMUD’s introduction to customers of time-based 
rate programs.  With its advanced metering infrastructure84 installed, SMUD cre-
ated rate programs “based on TOU, critical peak pricing (CPP) [see Figure 2], and 
TOU combined with CPP.”85  Through early program offerings, selected SMUD 
customers could opt into the new rate programs or choose to keep their existing 
rates.  Additional customers were placed on the new rates but were able to opt out.  
SMUD evaluated “the relative merits of these programs in terms of load impacts, 
customer acceptance, and cost effectiveness . . . aim[ing] [] to provide customers 
with greater control over their electricity bills and reduce peak electrical loads.”86  
In 2018, SMUD defaulted its residential customers to its “Time of Day (TOD)” 
rate resulting in 98% of that customer group being included, enabling the utility to 
achieve an 8% (approx. 130 MW) peak customer load shift beginning in 2019. 

 

 

 82. Id. at 58. Additionally, SMUD avoided an estimated 1.2 million vehicle miles previously required to 

manually read meters from project initiation through March 31, 2013. Id. at 59. Based on SMUD’s prior use of 

gasoline cars and light-duty trucks to read meters, and assuming 23.4 miles per gallon per vehicle, SMUD avoided 

consuming 51,000 gallons of gasoline. Id. 

 83. See Jumpstarting A Modern Grid, supra note 58, at 59. 

 84. SMUD’s AMI utilized Landis+Gyr meters operating on Silver Spring Networks’ two-way mesh net-

work technology.  See SmartSacramento, supra note 79, at 5. 

 85. Jumpstarting A Modern Grid, supra note 58, at 58. 

 86. Id. 
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Figure 2: SMUD Critical Peak Pricing Illustration87 

 

Through SmartSacramento, SMUD modernized its distribution systems by 
deploying automated sectionalizing and restoration (ASR)88 “equipment, reclos-
ers, capacitor banks, and remote fault indicators integrated with SMUD’s energy 
management system on 171 distribution circuits.”89  This equipment automatically 

 

 87. Critical Peak Pricing, SMUD, https://www.smud.org/Rate-Information/Residential-rates/Critical-

Peak-Pricing (last visited Aug 1, 2024) (“CPP is designed to allow SMUD’s customers to help reduce demand 

on the electric grid during times when energy demand is at its highest or there are emergency conditions with the 

power system.”  “Customers on CPP receive a discount of $0.020 on Time-of-Day off-peak and mid-peak prices 

from June 1 to September 30. The peak price is the same as the Time-of-Day peak price. During CPP Peak 

Events, an additional charge is added to the current time period’s price.  CPP Peak Events can be called any time 

of the day during the summer months (June 1 through September 30), including weekends and holidays, and only 

one event can be called per day.  Events last 1 to 4 hours with a maximum of 50 hours total per summer. Events 

may span more than one time-of-day period. For example, an event may start during the mid-peak time period 

and end during the peak time period.”  SMUD notifies “participating customers a day in advance before a CPP 

event is called, though the utility may call the event with shorter notice during emergency situations.”  The fol-

lowing “prices and time periods are only for summer months.” “Customers on CPP will have the same Time-of-

Day Rate time periods and prices during non-summer months (October - May).  All prices are measured in kilo-

watt hour (kWh): Off-Peak, Midnight – noon, Monday through Friday, all day on weekends and holidays 

($0.1225 per kWh). This is a discount on the standard Time-of-Day off-peak price of $0.1425 per kWh; Mid-

Peak, Noon – 5 p.m. and 8 p.m. – midnight, Monday through Friday ($0.1767 per kWh). This is a discount on 

the standard Time-of-Day mid-peak price of $0.1967 per kWh; Peak, 5 p.m. – 8 p.m., Monday through Friday 

($0.3462 per kWh); EV discount, Midnight – 6 a.m., every day, all year long, including weekends and holidays 

($0.1075 per kWh); CPP Peak Events ($0.5000 kWh + the price of the applicable time period when the event 

occurs.  (Example: Peak price of $0.3462 + CPP Peak Event price of $0.5000 for a total of $0.8462 kWh)”).  

 88. This equipment is commonly known in the power sector as fault location isolation and service resto-

ration (FLISR). 

 89. Jumpstarting A Modern Grid, supra note 58, at 58. 

https://www.smud.org/Rate-Information/Residential-rates/Critical-Peak-Pricing
https://www.smud.org/Rate-Information/Residential-rates/Critical-Peak-Pricing
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responds to power disruptions by isolating faulted sections of circuits and rerout-
ing power to customers.  Among evaluations SMUD conducted with its SGIG 
funding, the utility determined that if the ASR and line automation upgrades de-
ployed through SmartSacramento had been implemented in 2007–2012, the 
measures would have reduced the impact of outage events by 37% in terms of 
customer-minutes interrupted (a reliability metric of the total number of customers 
and the minutes they were without power known as SAIDI90), and the proportion 
of customers impacted (known as SAIFI91) by 41% based on historical reliability 
performance of SMUD’s distribution grid and the observed performance of the 
ASR system.92  Evaluating outage data over eighteen months from April 2013 
through September 2014, a follow-up assessment showed that fully installed and 
operational93 ASR and line automation upgrades would have achieved comparable 
reductions of 32% and 36% in SAIDI and SAIFI, respectively.94 

Other improvements generated from the SGIG-funded SmartSacramento 
project included (i) system efficiency gains achieved through integrated voltage 
control from capacitor controllers and increase in distribution capacity through 
reduced energy losses on SMUD’s distribution system, (ii) installation of nearly 
10,000 residential and small commercial home area network (HAN) devices to 
provide customers with options to more conveniently manage their energy use, 
(iii) implementation of advanced energy management control systems with auto-
matic demand response capability at customer facilities, (iv) deployment of pro-
grammable communicating thermostats and load-control switches that support 
load reduction or load shifting during periods of peak demand, and (v) installation 
of electric vehicle charging stations and advanced metering equipment at twenty 
parking spaces on college campuses and sixty residences across SMUD’s service 
territory.95  

 

 90. SAIDI is the “System Average Interruption Duration Index.” SAIDI is calculated by summing the 

customer minutes of interruption (CMI) for sustained outages over a given period of time and dividing that total 

sum of CMI by the total number of customers served. CMI is determined for each sustained outage by multiplying 

the number of customers interrupted by the minutes they were interrupted for each outage/outage step. A sus-

tained outage at SMUD is any outage greater than one minute. 

 91. SAIFI is the “System Average Interruption Frequency Index.” SAIFI is calculated by summing the 

number of customers impacted by sustained outages over a given period of time and dividing that total sum of 

customers impacted by the total number of customers served. A sustained outage at SMUD is any outage greater 

than one minute. 

 92. Theoretical Reliability Improvement: Line Automation & Automatic Sectionalizing and Restoration 

(ASR) Projects, Selected Feeder Outages from 2007 – 2012, SMUD 4-5 (Dec. 27, 2023) (Report pursuant to 

DOE Award No. OE0000214). 

 93. Issues with communication systems caused line automation inoperability in 16 out of the 46 outages 

evaluated.  Of the 30 outages where line automation was operable, the report noted “devices performed their 

automatic protective function and isolated the faulted section when applicable” resulting in actual reductions of 

28% and 19% of SAIDI and SAIFI, respectively. 

 94. 2013-2014 Reliability Improvement Summary: Line Automation & Automatic Sectionalizing and Res-

toration (ASR) Projects, SMUD (Dec. 23, 2014) (Report pursuant to DOE Award No. OE0000214, 9, Table 12).  

 95. See generally SmartSacramento, supra note 79; SMUD’s service territory covers the geographic re-

gion encompassing California’s capital city of Sacramento across approximately 900 square miles that includes 

Sacramento County and portions of Placer and Yuba Counties. 
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In short, SmartSacramento marked SMUD’s transition from an analogue-me-
tered electric utility to a modern smart grid-based system.  The municipal utility 
which began service in 1946 was able in 2012 to detect lights were out in its ser-
vice territory without someone reporting the outage.  Before SmartSacramento’s 
implementation, real-time visibility into functioning of SMUD’s distribution sys-
tem (i.e., SMUD’s grid operators could tell instantly when power was out at a 
customer’s location) and day-to-day distribution operations did not co-exist.  
SmartSacramento changed that by implementing a utility-wide innovation effort 
that transformed SMUD’s power distribution system. 

2. The Paradoxical Matter of Utility Innovation 

SmartSacramento also marked SMUD’s nearly seventy years of operations 
before the utility modernized its distribution system.  Slow and incremental tech-
nological change is customary in the power sector.  Utilities are risk averse.  This 
reality juxtaposed with the fact SmartSacramento was executed on schedule as 
promised by SMUD raised the question addressed in the present research: How 
does a risk-averse utility innovate?  Perhaps those who joined the teams imple-
menting this grid modernization represented technical experts and staff more in-
clined to take risks conducive to innovation.  Some of the interview data gathered 
for this study corroborated this theory, supporting the narrative that their achieve-
ment established the foundational grid infrastructure and customer programs 
SMUD today is building upon to become the first large utility in the U.S. to 
achieve a 100% carbon-free power generation portfolio by 2030.96  However, a 
less obvious but more instructive issue is presented in the question itself: risk-
aversion and innovat(ion) are contradictory yet interdependent concepts.  SMUD’s 
achievement of SmartSacramento represents paradox, a contradiction that demon-
strated itself to be interdependent with the risk-averse utility culture from which 
the smart grid innovation project emerged.  The research presented here sought to 
explain this and other related paradoxes characterizing the electric utility industry. 

SMUD’s goal to become carbon-free by 2030 is itself paradoxical.  Utility-
scale long-duration battery storage beyond four hours needed to achieve such goal 
is not currently feasible (reflecting underlying paradox of reality and fantasy).  
SMUD’s target also assumes achievement of innovation magnitudes greater than 
it has ever achieved given its risk averse company culture (risk aversion – risk-
taking).  The utility aims to reach “Zero by 2030” keeping customer rate increases 
in coming years to less than inflation while managing mounting operational cost 
pressures (financial security – financial risk).  Such interrelated, conflicting de-
mands and expectations generate tension.  For SMUD, there is considerable ten-
sion between its current reality and the zero-carbon power portfolio it strives to 
realize. 

Today, SMUD is among utilities nationwide grappling with decarbonization, 
shifting from reliance on fossil fuel-powered electricity production to low- and 
even non-carbon-emitting generation.  SMUD is one of over 2000 public power 
 

 96. See generally 2030 Zero Carbon Plan, SMUD (Apr. 2021), https://www.smud.org/-/media/Docu-

ments/Corporate/Environmental-Leadership/ZeroCarbon/2030-Zero-Carbon-Plan-Technical-Report.ashx. 
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systems97 serving a quarter of the U.S. population including major metropolitan 
areas such as Los Angeles, New York, Seattle, Orlando, Austin, and Phoenix.  In 
SMUD’s case, its annual carbon emissions from power generation totals approxi-
mately 2 million metric tons. 

The utility’s strategic plan to reach Zero by 2030 calls for its natural gas 
plants, which SMUD relies upon to keep the lights on for 1.5 million residents to 
be re-designed to run on low- or non-carbon emitting fuel sources such as hydro-
gen.  Utility-scale batteries currently still in early development would need to pro-
vide power when intermittent energy such as wind and solar are unavailable.  Car-
bon emitted from natural gas-fired power generation would need to be piped into 
the ground and stored with carbon capture and sequestration to be demonstrated at 
utility scale.  SMUD’s plan to reach Zero by 2030 thus relies on technologies de-
pendent on innovation to create solutions and scale them for wide use among the 
3,000 electric utilities both public and private operating in the U.S. power sector. 

In short, achieving Zero by 2030 requires that SMUD innovate – creating 
new solutions to operate carbon-free – at an unprecedented scale and speed.  Yet, 
major tensions exist to accomplish such innovation: What resources—i.e., finan-
cial and staffing—are available to undertake the R&D needed? Why is SMUD 
busy with tomorrow’s technology when it has a grid to manage today? How does 
any particular SMUD project make sense for an employee’s career?  The SMUD 
teams that executed SmartSacramento more than a decade ago faced many, if not 
all, of these same dilemmas.  This study attempted to unpack their experience to 
provide strategic considerations for utility managers and policymakers involved in 
electric utility innovation efforts such as sector decarbonization. 

3. Analytic Framework 

This section summarizes the analytic framework applied in the research. 

a. Ambidextrous Leadership 

Within organizational psychology, the concept of “ambidextrous leadership” 
refers to the ability to both explore98  creative ideas necessary for innovation and 
to exploit99 innovations to materially benefit the organization.100  This theoretical 
model posits that organizations that innovate with sustained success do so balanc-
ing demands for exploration of new alternatives, investing for future gains, and 

 

 97. See Stephanie Lenhart et al., Municipal Utilities and Electric Cooperatives in the United States: Inter-

pretive Frames, Strategic Actions, and Place-Specific Transitions, 36 ENV’T INNOVATION & SOCIETAL 

TRANSITIONS 17, 18 (2020) (noting that along with municipal systems, there are over 900 cooperative utility 

systems serving towns and localities across the U.S. “founded on shared principles of democratic accountability, 

local governance, and local rate regulation”). 

 98. Kathrin Rosing et al., Explaining the Heterogeneity of the Leadership-Innovation Relationship: Ambi-

dextrous Leadership, 22 LEADERSHIP Q. 956, 957 (2011) (“Explore” in the literature refers to organizational 

behavior associated with “increasing variance, experimentation, searching for alternatives, and risk taking.”). 

 99. See id (“Exploit” refers to organizational behavior that features reducing variance, adherence to rules, 

alignment, and risk avoidance).  

 100. See, e.g., id; Shuanglong Wang et al., A Double-Edged Sword: The Effects of Ambidextrous Leadership 

on Follower Innovative Behaviors, 38 ASIA PAC. J. MGMT. 1305 (2020). 
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exploitation of current capabilities seeking to maximize present profits.101  Explo-
ration features experimentation and ideation for ‘radical’ innovation typified by 
research and development (R&D) work; exploitation involves implementing ideas 
through processes and routines required for planning, performance of day-to-day 
operations, and for incremental innovation.102 

Exploration involves learning that is “generative” (knowledge creation de-
parting from a firm’s existing knowledge base); “divergent” (generating multiple 
solutions from various perspectives of problem domain, seeing connections to pro-
vide meaningful ‘gestalt’ whole of domain); and “individual” (individual-based, 
intuitive).103  In contrast, exploitation involves learning that is “adaptive” (incre-
mental knowledge building based on firm’s existing knowledge base), “conver-
gent” (efficient, practical problem solving), and “organizational” (collective).104  
Researchers have observed that “[t]ension between divergent and convergent 
learning exists because creative energy without effective organizational control 
could lead to a fragmented organization without any synergy that is needed when 
exploiting opportunities.”105 

Studies have found numerous factors influencing organizational ambidexter-
ity.  “[P]sychological safety has a significantly positive impact on innovation per-
formance.”106  CEO “transformational leadership” “can drive close to half of the 
organizational innovation outcomes” in a company.107  Management able to “rec-
oncile the contrasting and often conflicting definitions of exploration and exploi-
tation” facilitates innovative work behavior of employees through knowledge-
sharing.108  Absent such knowledge-sharing, research has found ambidextrous 
leadership negatively impacts innovative work behavior.109  “Distributed leader-
ship” where multiple leaders throughout a firm “manage [] existing tensions that 

 

 101. Andrea Fosfuri & Thomas Rønde, Leveraging Resistance to Change and the Skunk Works Model of 

Innovation, 72 J. ECON. BEHAV. & ORG. 274, 276 (2009). 

 102. See, e.g., Syed Arslan Haider et al., How Does Ambidextrous Leadership Promote Innovation in Pro-

ject-Based Construction Companies? Through Mediating Role of Knowledge-Sharing and Moderating Role of 

Innovativeness, 26 EUR. J. INNOVATION MGMT. 99, 103 (2021) (explaining that gaining new external or tacit 

knowledge in the form of research and development is linked to irregular innovation and change, which is called 

‘exploration,’ while developing current and overt knowledge is associated with incremental innovation known 

as ‘exploitation’). 

 103. Catherine L. Wang & Mohammed Rafiq, Organizational Diversity and Shared Vision, 12 EUR. J. 

INNOVATION MGMT. 86, 88-89 (2009). 

 104. Id. at 95-96. 

 105. Id. at 95. 

 106. Fuqiang Zhao et al., Impact of Ambidextrous Human Resource Practices on Employee Innovation 

Performance: The Roles of Inclusive Leadership and Psychological Safety, 26 EUR. J. INNOVATION MGMT. 1444, 

1457 (2023). 

 107. Abdelrahman Zuraik & Louise Kelly, The Role of CEO Transformational Leadership and Innovation 

Climate in Exploration and Exploitation, 22 EUR. J. INNOVATION MGMT. 84, 96 (2019). 

 108. Haider et al., supra note 102, at 112. 

 109. Id. at 111 (finding that “leadership support without knowledge-sharing cannot cope and attain the de-

sired results at the workplace [citation], as knowledge is an integral part of spreading awareness throughout the 

organization at almost every level of department through affective participation of a project leader in order to 

bring innovativeness to projects”). 
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are based on different managerial [,][] knowledge capabilities and leadership func-
tions” has been found to “boost[] ambidextrous innovation.”110 

b. Skunkworks 

Separate and relatedly, “skunkworks” refers to innovation by teams operating 
in secret and/or separately outside typical organizational rules or norms.111  The 
concept is named after the “Skunk Works” unit of Lockheed Martin, which func-
tioned autonomously in complete secrecy within the company after WWII, devel-
oping cutting-edge military technology including “Stealth” fighter jets which 
evade radar.112  Technology firms including Apple, IBM, Intel, and Siemens have 
implemented skunkworks to develop breakthrough technologies.  Scholars have 
observed skunkworks “gives researchers the necessary autonomy, independence 
and freedom to escape the established lines of thought and to produce novel ideas” 
and “help to overcome the resistance that radical innovations meet inside the or-
ganization.”113 

 

F-117A Nighthawk Stealth Fighter aircraft flies over Nellis Air Force Base, 
Nevada, during U.S. Air Force joint service experimentation process dubbed Mil-
lennium Challenge 2002.114 
 

 110. Sarra Berraies et al., Distributed Leadership and Exploratory and Exploitative Innovations: Mediating 

Roles of Tacit and Explicit Knowledge Sharing and Organizational Trust, 25 J. KNOWLEDGE MGMT. 1287, 1305, 

1308 (2021); accord Ruiqian Jia et al., Ambidextrous Leadership and Organizational Innovation: The Importance 

of Knowledge Search and Strategic Flexibility, 26 J. KNOWLEDGE MGMT.781 (2022). 

 111. See Shane Greenstein, What Does a Skunk Works Do?, 36 IEEE MICRO 70 (2016). 

 112. See BEN R. RICH & LEO JANOS, SKUNK WORKS: A PERSONAL MEMOIR OF MY YEARS AT LOCKHEED 

(1994). 

 113. See Fosfuri & Rønde, supra note 101, at 281. 

 114. F-117A Nighthawk, WIKIMEDIA COMMONS, https://en.wikipedia.org/wiki/File:F-117_Night-

hawk_Front.jpg (last updated Aug. 11, 2021). 
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While research on actual skunkworks are rare, Donada et al. gained access to 
European automaker Peugeot’s skunkworks group to study their development of 
a secret, low-emission vehicle propulsion system known as Hybrid Air.115  Direc-
tors from different R&D departments were instructed by management to “make 
expertise available [for the project], even if it disrupted their department; this pro-
ject was priority, even though they could not know what it was.”116  The Hybrid 
Air team operated without formal rules or organizational structures to foster speed 
and agility.  An engineer in the study noted that, “[i]t was a phenomenal cohe-
sion . . . [w]e trusted one another and developed a team spirit.”117  The team drew 
more than 100 people throughout the main organization and from external partners 
that “came together in a cross-functional platform, representing competencies in 
vehicle integration, powertrain development, marketing, and after-sales sup-
port.”118  Within two years, the Hybrid Air team delivered a Citroen model fully 
equipped with the newly invented Hybrid Air technology. 

While the project demonstrated successful exploration, the lesson of Hybrid 
Air was failed exploitation.  Electric mobility became the market choice for low 
emission transportation as Hybrid Air was being developed.  Peugeot shut down 
its skunkworks unit shortly after Hybrid Air’s unveiling and its participants were 
returned to positions within the main organization.  “[T]he Hybrid Air team not its 
achievements have been reintegrated into the main organization because of ‘not 
invented here’ syndrome,” the researchers noted.119  “Hybrid Air members became 
‘skunks’ to others, who avoided them.”120  Donada et al. thus observed a “double 
tension between the employees of the main organization who rejected Hybrid Air 
team members and the latter who no longer accepted the processes of the central 
organization.”121  “Skunkworks projects leave traces that can be hard to cope with 
threatening the feasibility of exploitation at the wider organizational level,” an 
equipment manufacturer interviewed told the researchers.122 

c. Paradox Theory 

Paradox theory posits that actors need to accept, engage, and navigate ten-
sions rather than attempt to resolve them.  This organizational management theory 
assumes that competing demands and tensions cannot be resolved because they 
are contradictory, interdependent, and persistent over time.  “[U]nderstanding and 

 

 115. See Carole Donada et al., Managing Skunkworks to Achieve Ambidexterity: The Robinson Crusoe Ef-

fect, 39 EUR. MGMT. J. 214 (2021). 

 116. Id. at 218. 

 117. Id. at 219. 

 118. Id. at 218. 

 119. Donada et al., supra note 115, at 219-20. 

 120. Id. at 220. 

 121. Id. 

 122. Id. 
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managing these tensions is central to successful innovation.”123  The nature of such 
tensions and their management can produce outcomes akin to a double-edged 
sword, sparking innovation and spurring anxiety from increased stress.  Early par-
adox theorists treated the nature of competing demands as a matter of trade-offs 
and dilemmas involving choices among options. 

Smith & Lewis (2022) defined paradox as “interdependent, persistent contra-
dictions that lurk within our presenting dilemmas” that often leads to “reductionist 
thinking” reflecting a mindset that limits the ability to find more “holistic solu-
tions” to difficult problems.124  A more productive and sustainable way for people 
and organizations to address issues holistically the authors argue is to apply a “par-
adox mindset” – the extent to which one is accepting of and energized by ten-
sions.125 

4. Research Questions and Methodology 

This study sought to answer the following questions: 

(1) What does the achievement of innovation demonstrated by the 
SmartSacramento teams reveal about the effect of navigating para-
doxes at SMUD? 
(2) What are the practical implications for decision-making at 
SMUD and the U.S. power sector as utilities innovate towards a low 
carbon future? 

In-person interviews of thirteen current SMUD employees randomly selected 
from a list of former SmartSacramento project team members126 were conducted 
for the study.  Data from twelve interviews were included in the results.127  Each 
of the interviews lasted 30-35 minutes.  While they were all involved in SmartSac-
ramento, the employees interviewed varied in their roles, responsibilities, level of 
seniority within the organization, and departments at SMUD from which they par-
ticipated on the project. 

 

 123. Ronald Bledow et al., A Dialectic Perspective on Innovation: Conflicting Demands, Multiple Path-

ways, and Ambidexterity, 2 INDUS. & ORG. PSYCHOL. 305, 306 (2009). 

 124. WENDY K. SMITH & MARIANNE W. LEWIS, BOTH/AND THINKING: EMBRACING CREATIVE TENSIONS 

TO SOLVE YOUR TOUGHEST PROBLEMS 5, 26 (2022). 

 125. See id. at 92-95 (explaining that “[t]hose with a high paradox mindset tend to accept tensions as natural, 

valuable, and energizing” such that when confronted with dilemmas, they ask “how can I accommodate A and B 

at the same time”); see also Craig L. Pearce et al., Toward a Theory of Meta-Paradoxical Leadership, 155 ORG. 

BEHAV. & HUMAN DECISION PROCESSES 31 (2019); Ella Miron-Spektor et al., Microfoundations of Organiza-

tional Paradox: The Problem Is How We Think about the Problem, 61 ACAD. MGMT. J. 26, 29-30 (2018) (finding 

that when employees experience tensions those with a paradox mindset are more likely to approach tensions as 

opportunities, gaining energy as they search more broadly for integrative solutions, and thereby enabling superior 

in-role job performance and innovation). 

 126. Staff members who were not members of executive management during SmartSacramento’s imple-

mentation were selected since the study sought to assess decision-making at the project team level distinct from 

executive management decision-making for the project. 

 127. Data from one former team member was excluded from the research because the participant lacked 

sufficient knowledge of team decision-making. 
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The interviews were completed between June and October 2022 via MS 
Teams.  At the start of each interview, participants were informed that their re-
sponses would remain confidential with no attribution by name, job title, or role 
to anything they shared to elicit candid responses.  The interviews were recorded 
with permission of participants and transcribed using the voice-to-text software, 
Otter.ai.  The video camera of the interviewer was turned off during interviews to 
avoid influencing responses given by participants who might otherwise react to 
the interviewer’s facial expressions. 

During the semi-structured interviews, all participants provided comments, 
reflections, and examples of their own and their team’s operations, decisions im-
pacting their portion of the project, and personal impressions from their experience 
on the project.  Participants were asked to recall the reporting structure of their 
teams, their respective roles and responsibilities, how their teams made decisions, 
whether conflicts arose and if so how those were dealt with, what they attributed 
to their team’s performance, and their impressions of SMUD management’s role 
in their teams’ ability to execute their work.  In December 2022, participants re-
ceived via email a final inquiry, asking each to complete the following sentence: 
“SMUD is in the business of _________.”  Responses were received from seven 
participants. 

Additionally, managers at two other municipal utilities, one from the Pacific 
Northwest (Pacific Manager) and another located in the Southeastern U.S. (South-
east Manager) were interviewed to illicit feedback on how innovation has operated 
to implement innovations at their respective systems.  Each of the managers were 
interviewed separately for sixty minutes via MS Teams to obtain background on 
innovations at their respective utilities and answers to questions regarding how 
decision-making operated at the team level of their organizations to realize their 
projects.  Their confidentiality was assured as well to ensure candid responses.  
Interviews were recorded with permission of both managers with video camera of 
the interviewer turned off and transcripts generated by Otter.ai.  Information from 
those interviews provided a reference point to compare and gauge responses of the 
SMUD participants. 

Interview data was coded using categories based on organizational innova-
tion literature.  Coding was based on timeline (pre-, during-, post-SmartSacra-
mento), ambidextrous organizations (exploitative, exploratory, innovative re-
sult(s)), skunkworks (management support, autonomy, individual empowerment), 
and paradox (conflicts/tensions/dilemmas, navigation, outcomes) (see Figure 3). 

 Secondary sources of information obtained internally from SMUD as well as 
public sources were reviewed for this research to triangulate the data gathered in-
cluding SMUD’s SGIG grant application submitted to the U.S. DOE, reliability 
evaluation reports generated pursuant to the grant, SMUD’s post-project summary 
report also submitted to DOE, DOE post-SGIG summary reports, and SMUD’s 
“Zero Carbon by 2030 Plan.”  
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Figure 3: Interview Data Coding 



2024] INNOVATING SMART GRID: “POWERING” PARADOX  333 

 

5. Findings 

Decision-making tensions permeate the daily work lives of utility personnel.  
They deal with tensions at the organization level.  “We can talk about decision-
making . . . [i]t’s really just in futility,” one SMUD interviewee remarked.128  “De-
cision by committee can be death by a thousand swords,” another commented.129  
Pacific Manager characterized a decision made by an executive that had lasting 
impact on the utility’s innovation project as follows: “The grid has worked this 
way . . . for the last fifty years, dammit if we’re gonna put anything new in it.”130    
Utility employees also manage team tensions.  (“[I]f I got involved . . . it would 
have just been . . . extra . . . entropy within that [team decision-making] pro-
cess.”)131  They struggle with personal choices that reflect tensions.  (“I remember 
people even asking me specifically about [SmartSacramento] . . . asked if I was 
sure I wanted to [work on the project] because . . . it was a career risk”;132 “that 
job comes up only . . . once in your career . . . I knew that I needed to interview . . . 
I got it and I left the [SmartSacramento] project.”133) 

In short, the SmartSacramento teams were emersed in competing demands, 
tensions, dilemmas, and conflicts to execute their work contributing to the overall 
innovation effort.  Underlying those discomforting, anxiety-provoking situations 
interviewees experienced paradox: risk aversion – innovation requiring risk tak-
ing; resource need – resource creation; micro-management – autonomy.  Data 
from interviews revealed that the SmartSacramento teams worked to advance the 
project with, rather than against, these tensions that exist at SMUD. 

a. Teams Created Resources Within A Resource-Constrained 

Organization 

To the question of “what challenges did the SmartSacramento teams face?” 
the predominate response from interviewees centered on resources – staffing, time, 
and tools to complete project deliverables.  Few had the fortune as one interviewee 
shared of being “empowered with staff resources”134 to execute additional work 
associated with SmartSacramento.  Within utilities, innovation projects are in ad-
dition to, rarely in lieu of an employee’s existing duties.  “Everything still had to 
get done,”135 explained one former project team member.  “All that [existing work] 
couldn’t get dropped.  We just had to manage that.”136  Organizational researchers 

 

 128. Interview with former SmartSacramento team member No. 1, SMUD (Aug. 22, 2022). 

 129. Interview with former SmartSacramento team member No. 3, SMUD (Aug. 23, 2022). 

 130. Interview with Pacific Manager, SMUD (Oct. 24, 2022). 

 131. Interview with Southeast Manager, SMUD (Nov. 1, 2022). 

 132. Interview with former SmartSacramento team member No. 11, SMUD (Oct. 14, 2022). 

 133. Interview with former SmartSacramento team member No. 5, SMUD (Oct. 10, 2022). 

 134. Interview with former SmartSacramento team member No. 2, SMUD (Aug. 22, 2022). 

 135. Interview with former SmartSacramento team member No. 10, SMUD (Oct. 13, 2022). 

 136. Id.; see also, Gail Reitenbach, Vermont Electric Cooperative Takes Wise Approach to Smart Grid 

Projects, 155 POWER 44, 46 (2011) (explaining Vermont Electric Cooperative’s experience developing solution 

enabling energy usage display for customers to view their usage details by “[w]orking part time, in addition to 

their regular responsibilities, VEC’s IT staff wrote the software” given lack of affordable vendor option). 
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have noted that “[t]ensions intensify under conditions of resource scarcity.”137  
SMUD committed to a thirty-six-month project completion timeline.  Under that 
deadline, the teams found themselves tackling one resource dilemma after another. 

During the implementation, the SGIG project manager hit a roadblock with 
a senior manager.  The project team had identified a staffing need critical to the 
project’s progress.  The team informed the project manager of the senior man-
ager’s refusal to help.  One of the SMUD interviewees recalled the incident as 
follows: 

[The Project Manager] met with the director . . . at the time.  It was a senior director 
. . . and said ‘if we’re not getting the support, we’re going to hire our own.’  He said 
‘go ahead’ . . .  We did.  We actually hired [] internal[ly] [from] SMUD.  So I posted 
some limited term positions, and we hired two people directly from [the director’s 
group], and they moved over onto the team and it really did speed up some of the 
things that we were working on . . . I was very proud of [Project Manager] when she 
did this.138 

While the Project Manager’s actions might seem expected, utility culture is 
highly differential to organizational hierarchy.  SMUD’s management practice 
typically does not condone managers confronting senior managers on resourcing 
decisions of which staffing is generally paramount. 

“We are very risk averse,” another interviewee put it.139   Group decision-
making among managers at SMUD typically follows a “consensus” model pursu-
ant to which managers from across the organization engage in collective decision-
making.  Commenting on the inefficiencies and delays such consensus decision 
making can create, another interviewee characterized this feature of SMUD’s pro-
cesses as “too many cooks in the kitchen.”140 Decisions requiring senior leadership 
approval follows a “layered’ approach” as one former team member described it: 

Typically, at SMUD and I think many . . . utilities . . . there’s a layered approach to 
approvals.  The team comes up and give three options and they go to their next layer 
up and ask, ‘Hey, we got these three options.’  Oftentimes, they’re afraid to actually 
even make a recommendation, they just want to lay out ‘here’s my three options.’  
Only say which one they prefer if they’re asked, and there’s a discussion and a group 
discussion.  Not always super clear who gets to make the decision.  Then it goes that 
way back up through the next layer.141 

Hence, upon receiving the senior manager’s response, the SmartSacramento 
team hired staff needed directly from the manager’s group.  The comment of being 
“proud” that the project manager stood up to secure needed resources for the team 
indicates this served to foster team morale.  Still, the solution the project manager 
found did not resolve the underlying paradox embedded in SMUD’s culture favor-
ing status quo (tradition) while SmartSacramento teams were asked to innovate 
quickly (change).  In this instance, hiring internally adapted an effective, albeit 
temporary, solution to the dilemma of technical expertise needed on the SmartSac-
ramento team at that time to move the project forward. 

 

 137. Miron-Spektor et al., supra note 125, at 27. 

 138. Interview with former SmartSacramento team member No. 11, supra note 132. 

 139. Interview with former SmartSacramento team member No. 2, supra note 134. 

 140. Interview with former SmartSacramento team member No. 3, supra note 129. 

 141. Interview with former SmartSacramento team member No. 12, SMUD (Oct. 27, 2022). 
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Another project team found itself in a struggle between two departments over 
a software solution.  The team was responsible for securing software that would 
run new distribution automation devices, and thus turned to SMUD units using 
existing software that had elements of the application the team sought.  However, 
the units each viewed their own software as competing and superior to the other.  
Caught between the two, the SmartSacramento team negotiated their way to a so-
lution. 

[W]e would go to [Department 1], we would say ‘we’d like to do this’ and they would 
say ‘no’, and then we’d go back and we would talk to  . . .  [Department 2] and say 
‘this is what we’d like to do to change this and [Department 1] would like to do that.’  
So, we became this kind of almost foreign affairs negotiator between departments . . . 
to develop a project or a process that would work for both organizations.142 

The team thus faced a zero-sum resource conflict between warring business 
units.  The primary underlying paradox involved existing versus new technology.  
Those in the SmartSacramento team effectively paved an alternate path to obtain-
ing the software needed to run new meters by mediating between the two business 
units each of which saw only their own technical solution operating at SMUD.  
“We found a way through difficult problems,”143 another team member put it.  
“Difficult problems didn’t linger and iterate . . . [as] sometimes this happens 
within our utility today.”144  The SmartSacramento teams created resources in a 
resource-constrained environment that moved the project along to completion. 

b. Teams Adapted Exploitative Measures To Leverage Their 

Exploratory Reach 

SmartSacramento team members cited “autonomy” – being able to make de-
cisions independent of SMUD’s regular processes – for their ability to perform 
their best work to complete projects.  “What worked . . . was allowing our small 
teams full reigns, full authority to figure out solutions,”145 recalled one former 
team member.  Another said, “I was given a huge amount of freedom to develop 
the tools . . . we needed to be successful.”146  And still another commented, “not 
having a tremendous amount of oversight structure – that was key to being able to 
do things quickly, to make adjustments as . . . we needed.”147  Paradoxically, these 
same SmartSacramento team members who identified autonomy as a driver of 
their success imposed structure and rules on themselves. 

SMUD management had the SmartSacramento teams self-organize.  Free to 
choose how they would operate, the teams established a steering committee com-
posed of department leads from across the organization.  Project decisions were 
brought to the steering committee for discussion during regularly scheduled pro-
ject update meetings.  Interviewees credited the steering committee for providing 

 

 142. Interview with former SmartSacramento team member No. 7, SMUD (Oct. 11, 2022). 

 143. Interview with former SmartSacramento team member No. 4, SMUD (Oct. 7, 2022). 

 144. Id. 

 145. Interview with former SmartSacramento team member No. 2, supra note 134. 

 146. Interview with former SmartSacramento team member No. 4, supra note 143. 

 147. Interview with former SmartSacramento team member No. 10, supra note 135. 
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guidance from multiple relevant business units on project decisions.  “I think there 
was a real value of having that steering committee because there are multiple per-
spectives,”148 recalled one former team member.  “There were people very focused 
on customer experience . . . [others] . . . were focused on marketing communica-
tions, people on the grid side . . . you weren’t just relying on a single person mak-
ing a decision based on their perspective.  We’re getting input from a bunch of 
folks.”149 

The teams also established written “charters” setting forth each of the team’s 
respective project missions.  These “charters” originated from a dilemma in the 
nature of the SmartSacramento projects.  Some projects had clearly defined spec-
ifications such as installation of particular number of reclosers, which are switches 
on the utility’s power distribution network.  Other projects lacked a defined scope 
or objective.  The operative underlying paradox here was ambiguity and defini-
tiveness.   “[T]hat’s where we came up with the project charters to at least come 
up with some guidelines to be able to help direct people on what that the result 
would be.”150 

From an organizational ambidexterity view, the teams adapted exploitative 
measures (guidelines, definitions, date-certain installation schedules, decision-
oversight processes) and applied them to their exploratory context (radical inno-
vation sought through SmartSacramento, autonomous decision-making, taking 
“full reigns” to figure out solutions).  The effect of combining these team govern-
ance features was – freedom.  “I felt like I had the authority and the advocacy and 
support to do anything within . . . the charter of SmartSacramento to explore,”151 
noted one interviewee.  In other words, the structure that the SmartSacramento 
teams set up for decision-making empowered team members to take risks to ac-
complish their project goals.  Another former team member put it this way: “I was 
given a lot of freedom within the sandbox that we were operating but at the same 
time there was an organization with the appropriate and necessary path or mission 
where we did feel confident that the risks could be contained within that sandbox 
of decisions that were being made.”152 

Hence, by establishing written guidelines and ceding decision review to the 
larger group at SMUD (group-control), the SmartSacramento teams helped them-
selves by reinforcing their autonomy (self-control).  The team’s decision to imple-
ment a formal oversight process in the steering committee provided a means to 
establish leadership buy-in of project decisions.  That in turn provided team mem-
bers confidence that their exploratory work innovating had the blessing of leader-
ship even if only through a cursory review process (“I would just tell [the steering 
committee] this is what I’m going to do, any comments, questions?”153).  The 
SmartSacramento teams essentially operated as an ambidextrous unit able to both 

 

 148. Interview with former SmartSacramento team member No. 12, supra note 141. 

 149. Id. 

 150. Interview with former SmartSacramento team member No. 5, supra note 133. 

 151. Interview with former SmartSacramento team member No. 7, supra note 142. 

 152. Interview with former SmartSacramento team member No. 4, supra note 143. 

 153. Interview with former SmartSacramento team member No. 12, supra note 141. 
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innovate and implement within the larger utility focused on exploitative work nec-
essary to keep the lights on. 

c. Teams Experimented As Cross-Functional Innovation Units 

“We were not set up for testing anything like this,”154 one interviewee shared.  
Dilemmas arising from resource constraints were compounded for the SmartSac-
ramento teams with complications of trying to operate outside of SMUD’s existing 
electric grid the way it was designed (manifesting underlying paradox of present 
and future). 

SmartSacramento was an effort to transform the way the SMUD’s electrical 
distribution worked.  The promise of a “two-way,” interconnected system of 
“smart” meters through which the utility could measure customer energy usage 
was just that: a promise requiring creation of real-world technology to realize it.  
The tension under which the SmartSacramento teams worked stemmed in signifi-
cant part from the need to create solutions under time constraints of the project 
schedule.  And so, they improvised, drawing from their collective expertise. 

A former member of the meter replacement team explained their predicament 
needing to test new meters being installed without a proper testing tool.  The team 
“jerry-rigged” one.  “[T]he first [tool] was kind of a ‘belt and bootstraps’ thing,”155 
described the former member.  A meter technician “evolved” a meter testing de-
vice in the form of a small meter box into which a meter socket could be placed 
allowing the meter being tested to communicate within SMUD’s meter shop.  The 
device “pinged” the new meter to ensure its proper functioning.  This prototype 
“ping” device formed the basis of a scaled version later built to test entire banks 
of meters allowing the team to replace existing units with new meters assured that 
they functioned properly once installed.  The meter testing tool developed by the 
team continues to be used today at SMUD.  

 

 154. Id. 

 155. Id. 
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“Ping” testing devices (attached to middle row of smart meter bank) in oper-
ation and on display at SMUD’s offices. 

 

Iterating the “ping” testing device to address their dilemma of having to test 
new meters without an existing tool is noteworthy because the teams operated un-
der tight constraints of time and resources.  In SmartSacramento’s case, teams had 
the benefit of funding made available by the SGIG grant to undertake the research 
and development.  That was the point of the grant.  Yet, creating solutions such as 
the ping tool under deadline underscores the type of ingenuity that national smart 
grid policies have sought to incent among utilities such as SMUD.  The teams that 
worked on SmartSacramento functioned as an innovative unit able to draw on ex-
pertise at SMUD as needed to further adapt to dilemmas that came their way 
throughout the project. 

The former team members interviewed cited the decision to “centralize” 
SmartSacramento team members into one physical location within SMUD as be-
ing critical to the teams’ effective operation.  A core set of approximately a dozen 
staff members (there were dozens of other team members spread across SMUD 
business units involved in project implementation) working on the project were 
grouped into a cluster of office cubicles on the same floor of SMUD’s headquar-
ters building.  Interviewees noted that their physical proximity with one another 
fostered team cohesiveness and cross-function.  “Everyone was brainstorming and 
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innovating new ideas . . . that is the result of the energy that is created when you 
have a dedicated ‘moonshot’ team.”156 

Others identified “empowerment” of decision-making by SMUD leadership.  
From SMUD’s publicly-elected Board, to executive management, through team 
leads managing day-to-day work of the project teams, the project was made a pri-
ority.  This empowerment, which interviewees understood from their own experi-
ence at the utility to be unprecedented, was cited by one interviewee as the basis 
of creative solutions for conflicts their team encountered. 

A customer claimed SMUD’s meter changeout as part of SmartSacramento 
cut power to his house, killing his expensive pet fish.  SMUD’s designated cus-
tomer care team typically handles such complaints.  Given options spanning po-
tential negative press from the complaint, prospect of getting management in-
volved, and addressing an issue within the team member’s control, the team 
member went out to an aquarium shop where workers there said the fish that the 
customer claimed died couldn’t have been in the same tank, “they’d kill each 
other.”157  “Interesting,” the team member recalled thinking before buying a $300 
gift certificate and personally delivering it to the customer’s house.158 

The SmartSacramento teams navigated paradoxes at SMUD in part by find-
ing ‘win-win’ solutions.  Resolving the customer’s fish casualty claim is the 
SMUD customer department’s job and the team will help them accomplish it; 
jerry-rigging a meter testing tool is slow to help test meters until the tool is proven 
to work allowing teams to move fast after testing; rules and procedures can bog 
down decision-making and teams exercised autonomy within those parameters. 

d. Teams Discovered Navigating Utility Paradoxes Is Paradoxical 

The SmartSacramento teams had to work through competing ideas and re-
solve differences to progress.  As one former team members put it: “Yeah, it 
wasn’t easy . . . [t]here were a lot of hard decisions . . . spirited debate if not argu-
ments even sometimes yelling matches to figure out how to move forward.”159  
Innovating for SmartSacramento “wasn’t easy.”  Teams had to make “a lot of hard 
decisions.”  They even had “yelling matches” to decide how to proceed.  In other 
words, the teams navigated tensions with the larger organization and in their own 
teams. 

Additionally, project team members explained that after SmartSacramento 
ended in 2013, they experienced personal tensions.  “[O]nce we left that project 
and started going back to our organizations, a lot of us felt somewhat lost because 
we didn’t have that cohesiveness going forward . . . we kind of went back to diffi-
culties,”160 recalled one former team member.  Another team member described 
feeling that “problems sounded hard again”161 after the project’s end. 

 

 156. Interview with former SmartSacramento team member No. 7, supra note 142. 

 157. Interview with former SmartSacramento team member No. 12, supra note 141. 

 158. Id. 

 159. Interview with former SmartSacramento team member No. 4, supra note 143. 

 160. Interview with former SmartSacramento team member No. 8, SMUD (Oct. 12, 2022). 

 161. Interview with former SmartSacramento team member No. 4, supra note 143. 
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“Feeling lost” and going “back to difficulties” following the achievement of 
a significant innovation undertaking is noteworthy.  The SmartSacramento team 
members rejoined the main exploitative SMUD organization after living in an ex-
ploratory SmartSacramento world in which teams experienced autonomous deci-
sion-making and even physical grouping into a designated location akin to opera-
tions of a skunkworks unit within the company.  This suggests that navigating 
paradoxes woven into SMUD’s culture is itself paradoxical.  The experience of 
the SmartSacramento teams indicates that by executing the project, SMUD gener-
ated innovation along with emotional dissonance among participating employees.  
Thus, similar to the findings from research on Peugeot’s Hybrid Air team, the data 
provided by former SmartSacramento team members suggests that there is both 
gain and pain from innovating. 

Still, the feedback from team members was not that SmartSacramento 
harmed them.  On the contrary, team members saw themselves as growing with 
and from the project.  The former team member who had heard comments from a 
colleague that SmartSacramento was a risky career move recalled personally re-
flecting “who even thinks that?”162  Indeed, SmartSacramento drew employees 
onto project teams who were the “doers” as another former member called them – 
“folks who get stressed out but then think about how [they] can make [] things 
happen.”163  Several team members who worked on SmartSacramento were later 
promoted to senior management positions within SMUD, with a few even being 
promoted to become executives.  “It was a renaissance time,”164 recalled another 
former team member of the SmartSacramento period. 

IV. FACTORS IMPACTING UTILITY SMART GRID INNOVATION 

SMUD was one of eighty-one utilities funded by the SGIG that installed over 
16.3 million smart meters nationwide.165  The policy goal of SGIG to deliver grid 
efficiencies and modernization through smart grid technologies seems to have 
grown more acute given the frequency and severity of extreme whether events 
today associated with climate change and consequent demands placed on the 
power grid.  For context, the U.S. averaged 8.5 weather/climate disasters resulting 
in at least $1 billion in damage from 1980–2023 (CPI-adjusted); the annual aver-
age for the most recent five years (2019–2023) is 20.4 events (CPI-adjusted).166  
The power sector is now the U.S. economy’s third-highest emitting sector of 
greenhouse gases, having been first as recently as 2016.167  Understandably, utility 
 

 162. Interview with former SmartSacramento team member No. 11, supra note 132. 

 163. Interview with former SmartSacramento team member No. 1, supra note 128. 

 164. Interview with former SmartSacramento team member No. 7, supra note 142. 

 165. See AMI and Customer Systems: Deployment Status, U.S. DEP’T OF ENERGY (2019), 

https://www.smartgrid.gov/archive/recovery_act/deployment_status/ami_and_customer_systems (last visited 

Jul 13, 2024). 

 166. U.S. Billion-Dollar Weather and Climate Disasters, 1980 - Present, NAT’L CTRS. FOR ENV’T INFO., 

https://www.ncei.noaa.gov/archive/accession/0209268 (last visited Jul 8, 2024). 

 167. 2024 Sustainable Energy in America Factbook, BLOOMBERGNEF & BUS. COUNCIL FOR SUSTAINABLE 

ENERGY 24 (Feb. 28, 2024), https://assets.bbhub.io/professional/sites/24/2024-BCSE-BNEF-Sustainable-

Energy-in-America-Factbook.pdf. 
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researchers have noted that “neither firms nor regulators can afford to ignore the 
potential value and risks of smart grid technologies, nor to make poorly informed 
decisions about their adoption.”168  Utilities and industry regulators understand 
that “intelligent monitoring, communication, control, and self-healing technolo-
gies are the core of the modernization of the distribution network . . . a crucial step 
in responding to the increasing demands for electricity and services from the dig-
ital society while reducing the environmental impacts at the lowest cost.”169  Yet, 
smart grid technologies can deliver such value to electricity providers and the cus-
tomers they serve only if their systems choose to expend limited financial and 
technical resources for smart grid innovation i.e. adoption and deployment of 
AMI. 

With industry now undertaking investment of billions of dollars in public and 
private funding to upgrade existing U.S. smart grid infrastructure under the DOE’s 
GRIP program, a practical question arises: are utilities and regulators making de-
cisions involving smart grid informed by evidence of how innovation operates at 
utilities?  Federal grants supporting development of next generation smart grid 
infrastructure and applications, for instance, will be awarded to perhaps dozens of 
utilities.  Learnings from those federally-subsidized smart grid innovation projects 
is intended to demonstrate and apply technology solutions that help modernize 
through smart grid technologies utility distribution systems across the country.  
Whether and how quickly the latter goal can be accomplished assumes utilities 
ranging from large IOUs serving tens of millions of ratepayers to co-ops that may 
serve a few thousand customers are prepared as organizations to innovate, e.g. 
replace existing smart grid infrastructure with grid-edge enabled metering devices.  
This then begs the question: What organizational capabilities enable a utility to 
innovate? 

Kallman & Frickel (2019) alluded to this issue in their study of AMI deploy-
ment by Washington State utilities, noting that one branch of literature contends 
innovation “happen[s] within organizations” while another “argue[s] that innova-
tion is distributed across, and predicted by, inter-organizational networks and sys-
tems.”170  Both appears to be the case for the U.S. electric utility sector.  Studies 
have identified as drivers of utility smart grid innovation falling into broad cate-
gories of organizational and regulatory factors. 

A. Organizational Factors 

1. Utility Size, Ownership Form, and Management 

“In terms of organizational factors, larger utilities have higher adoption 
rates,” observed Zheng et al. (2022) who conducted a combination qualitative and 

 

 168. See Zheng et al., supra note 3, at 8. 

 169. Marques et al., supra note 57, at 2. 

 170. Kallman & Frickel, supra note 13, at 3. 
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quantitative study of factors impacting utility smart grid deployment.171  Evaluat-
ing both investor- and community-owned utilities nationwide, the researchers 
tested the influence of utility size, ownership form, regulatory and organizational 
factors on adoption of smart grid technologies.172  Through interviews with pro-
fessionals from co-ops (thirty-seven individuals), municipals (thirty-eight), and 
IOUs (seventy-eight) and online survey responses of 132 utility representatives 
from these three sub-sectors, they found “[u]tility size [] was significant and pos-
itive in each model [tested], indicating that larger utilities had more extensive 
adoption of smart grid technologies.”173  Moreover, after controlling for size, the 
study also found that “IOUs have higher levels of adoption than their cooperative 
and municipal counterparts.”174  The researchers found in an earlier smart grid 
study “smaller and more nimble cooperatives and municipals are more innovative 
than their larger and highly-regulated IOU counterparts.”175  They attributed the 
difference to the ownership form of utilities: because IOUs are subject to lengthy 
approval processes to set prices or make investment decisions, “their decision-
making autonomy is constrained”; municipals, on the other hand, do not typically 
need regulator approval for rate setting or infrastructure investments, resulting in 
“greater autonomy to invest in smart grid and use pricing to create incentives for 
customers to reduce peak demand.”176  However, in their subsequent study of 
smart grid deployment by utilities, the group found results consistent with predic-
tions by other scholars associating larger utilities and IOUs with “greater financial 
and technical resources.”177 

Organizational innovation research clarifies the ‘greater financial and tech-
nical resources’ explanation for innovative outcomes.  The size of an organization 
impacts innovative results because “larger agencies are more likely than their 
smaller counterparts to use . . . innovation support strateg[ies] [fostering] intro-
duc[tion] [of] novel innovations, and gain large benefits from their innovation ef-
forts.”178  The “financial, human and intellectual resources” leveraged by larger 
innovative agencies “enable them to spread and absorb the risk and cost involved 
in innovation, compared to their smaller counterparts.”179  “[B]y dint of their size, 
larger agencies are more bureaucratic and formalized” which “can make it harder 

 

 171. Zheng et al., supra note 3, at 8; accord Strong, supra note 4, at 74 (noting that “[d]iffusion research 

has typically found a positive association between firm size and the initial adoption of a technology”). 

 172. Zheng et al., supra note 3, at 8. 

 173. Id. at 6. 

 174. Id. 

 175. Id.; see Dedrick et al., supra note 3, at 22 (finding from industry interviews “a few utilities regarded 

their smaller size as an advantage, enabling them to respond more flexibly and to try out technologies without 

facing bureaucratic delays”). 

 176. Dedrick et al., supra note 3, at 24. 

 177. Zheng et al., supra note 3, at 8. 

 178. Nuttaneeya (Ann) Torugsa & Anthony Arundel, Rethinking the Effect of Risk Aversion on the Benefits 

of Service Innovations in Public Administration Agencies, 46 RES. POL’Y 900, 906 (2017) (finding that small 

public service agencies of between 1 to 49 employees achieved high benefits from their service innovations only 

in a low risk-averse organizational culture combined with an integrated risk management strategy). 

 179. Id. at 902. 
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to experiment with new ideas, but these same processes can make it easier to man-
age risk by enhancing predictability and reducing uncertainty, for instance when 
decisions are repeatedly scrutinized and responsibility shared through formal ap-
proval processes.”180  In smaller agencies by contrast, “the limited resource base 
and lesser formalization of decision-making processes (which make managers 
bear the cost of potential failure [citation omitted]) could constrain organizational 
learning opportunities and consequently make it difficult for managers to mini-
mize the negative effects of risk and hence to effectively operate in a high risk-
averse culture.”181  The findings from SmartSacramento which featured teams es-
tablishing a formal steering committee that reviewed and approved workgroup de-
cisions as well as customized team charters for individual project groups illustrate 
such use of formal innovation risk management processes. 

Researchers from the Zheng et al. group found in their earlier study of inves-
tor-owned and municipal utilities that “[l]eadership by top management was men-
tioned consistently by utilities that have advanced farthest in smart grid adop-
tion.”182  They noted that “[o]ne manager argued that the kinds of organizational 
changes required can only be made through top-down mandate.”183  In SmartSac-
ramento’s case, former project team members expressed recognition that SMUD 
management directed business units to dedicate personnel to the project’s execu-
tion, and that SMUD’s leadership from the utility’s Board of Directors down 
through work group managers prioritized successful execution of the SGIG-
funded project.184  Thus, data from the former SmartSacramento teams lends sup-
port to the notion that utility leadership can and does influence utility-wide inno-
vation efforts.185 

 

 180. Id. 

 181. Id. (explaining that research suggests small agencies with high risk aversion would less likely be able 

to obtain high benefits from their innovations even with the use of appropriate strategies that allow them to 

manage risk). 

 182. Dedrick et al., supra note 3, at 21-22 (reporting results from qualitative study qualitative study involv-

ing 15 interviews with 20 representatives of 12 utilities between IOUs and municipals); see Zheng et al., supra 

note 3, at 8-9 (Interestingly, the researchers later found the opposite when surveying a larger group of utilities, 

that “[t]op management leadership was not a significant predictor of smart grid adoption . . . .”).  The disparate 

findings may reflect fact that the researchers surveyed respondents from utilities regarding smart grid innovation 

at their systems without focus on their participation in SGIG projects years before the survey whereas respondents 

from utilities interviewed for their initial study were comprised of AARA grant recipients whose smart grid 

projects involving management overseeing their utility’s execution of federal funding as was the case for 

SmartSacramento. 

 183. Dedrick et al., supra note 3, at 22. 

 184. Among comments shared, interviewees noted that “[t]he best decision SMUD made was putting all of 

the different work groups that touched SGIG under one executive…[that] allowed us to be nimble” (Interview 

with former SmartSacramento team member No. 2, supra note 134), that “[m]anagement…pull[ed] together a 

team of subject matter experts throughout the district that had expertise…to deliver on the…scope in that 

[SmartSacramento] application” (Interview with former SmartSacramento team member No. 8, supra note 160), 

and that “uniform messaging from…our Board, to our CEO to all of our executives, the SGIG project portfolio, 

was [that] our strategic and tactical focus for the three years [] we were planning and operating those pilots 

(Interview with former SmartSacramento team member No. 4, supra note 143). 

 185. See id.; Zuraik & Kelly, supra note 107; see generally Haider et al., supra note 102; Berraies et al., 

supra note 110; Jia et al., supra note 110. 
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Consistent with findings from SmartSacramento, the earlier study by the 
Zheng et al. group indicated that among the utility respondents “interviewees dis-
cussed the need for changes such as breaking down organizational barriers and 
siloes, and creating cross-functional teams to implement different projects.”186   
Similar to the disorientation expressed by former SmartSacramento team members 
at the conclusion of the project, representatives from both IOUs and municipal 
systems interviewed “spoke of challenges in managing change in organizations 
unaccustomed to rapid transformational change.”187  This indicates that at mini-
mum, utility-wide innovation efforts such as SmartSacramento are not an emo-
tionally neutral exercise for utility personnel and can actually result in employees 
experiencing dissonance undertaking innovation within existing risk-averse or-
ganizational cultures of electricity providers. 

2. Risk Aversion 

The smart grid literature addresses power sector innovation from the under-
standing that utilities are risk averse.188  “This internal risk aversion is reinforced 
by the status of most utilities as local monopolies working within external rules 
and norms that constrain them from using innovation to pursue potentially profit-
able business options . . . as firms in other industries do.”189  More generally, in-
novation in public services such as electricity provision “inherently involves risks” 
with costs (risks) of such innovation “almost certainly measurable, specific, and 
traceable to the decisions of individuals” while “benefits . . . are often uncertain, 
difficult to measure and diffused over numerous recipients.”190  For the electric 
sector under pressures to innovate towards decarbonized operations, this poses a 
problem since “[r]isk aversion, together with the uncertainty avoidance191 associ-
ated with the results of innovative processes, raise barriers to innovation and the 
transition to other technological paradigms.”192  However, the lesson from utility 
adoptions of smart grid is that innovation by investor- and community-owned sys-
tems alike appears to be that implementing risk management measures tailored to 
a given utility’s culture enables innovation outcomes. 

 

 186. Id. at 26 (“In the words of one respondent, organizational siloes need to be smashed, which can only 

be accomplished with top management leadership.”).  
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 188. See, e.g., Zheng et al., supra note 3, at 8 (concluding “smart grid adoption was mainly motivated by 
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 190. See Torugsa & Arundel, supra note 178, at 901 (explaining how risk dynamics at issue with public 

service innovation results in underestimation of relative gains together with higher penalties for failure compared 

to rewards for success, negatively impacting risk perception and undermining incentives to innovate). 

 191. See Logan L. Watts et al.,, Uncertainty Avoidance Moderates the Relationship between Transforma-

tional Leadership and Innovation: A Meta-Analysis, 51 J. INT’L. BUS. STUD. 138, 139 (2020) (using the term 

“uncertainty avoidance” to refer to “the extent to which the members of a culture feel threatened by uncertain or 

unknown situations”). 

 192. See Marques et al., supra note 57, at 5. 
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While convention may hold that “risk-averse culture in public agencies is a 
cause of management ineffectiveness and a significant barrier to successful inno-
vation,”193 research involving public service organizations throughout the Euro-
pean Union revealed public managers “work[ed] effectively around risk and 
achieve[d] high benefits from [their] innovations.”194  Of the 3,699 agencies sur-
veyed in the study, 54% reported a risk-averse culture they associated with either 
high or medium importance in preventing innovation and yet 71% of those identi-
fied risk-averse agencies introduced a service innovation.195  Moreover, “a signif-
icantly higher percentage of agencies with a high risk-averse culture (34.4%) de-
velop[ed] a novel innovation than agencies with a low risk-averse culture 
(28.2%).”196  The researchers concluded that an organization’s level of risk aver-
sion “is a relevant but not deterministic condition for high innovation benefits; 
rather, the ability of managers in risk-averse agencies to implement appropriate 
combinations of strategies for managing risk is what drives innovation success.”197 

The data from U.S. smart grid studies supports this argument that risk man-
agement drives innovation success.  On the IOU side, decisions to undertake smart 
grid innovation depends on whether regulatory environments under which they 
operate provide sufficient planning security.  Cost recovery allowed by an appli-
cable state public utilities commission is consistently mentioned as a deciding fac-
tor for smart grid deployments.198  Federal grants made available to utilities 
through ARRA provided financial incentive for IOUs “to be able to plan long-
term” mitigating the financial risk of smart grid investments.199 SmartSacramento 
team members responded to the utility’s risk aversion by adapting measures prac-
ticed within the organization to manage an inherently risky process to innovate.  
At the institutional level, the “nested institutional logics” observed in Washington 
State’s smart grid deployment was in a practical sense a spreading of innovation 
risk across organizations such that IOUs “joined forces with other smaller regional 
utilities . . . effectively creating an inter-organizational innovation network 
through incentives offered at the federal level . . . to move one Washington city 

 

 193. Torugsa & Arundel, supra note 178, at 901. 
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 199. See Kallman & Frickel, supra note 13, at 5. 
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towards “Smart City”200 status.”201  By implementing their respective innovation 
risk management measures, IOUs, the SmartSacramento teams, and utility part-
ners in Washington State were able to successfully execute their smart grid inno-
vation projects.  “Managers in high risk-averse organizations exhibit a higher pro-
pensity to develop an integrated [risk management] strategy and consequently they 
are likely to be able to work effectively around risk [and] to develop novel inno-
vations . . . .”202 

Research has also found that “[i]n risk-averse organizational environments, 
managerial attitudes to risk play a vital role in influencing staff perceptions and 
behaviors concerning risk.”203  Data from former SmartSacramento team members 
to the effect that they felt “empowered” by SMUD management to make decisions 
suggests that the attitude towards innovation risk which management applied at 
SMUD framed risk in a manner that fostered innovative performance.204 

3. Subject Matter Expertise 

Zheng et al. found from their study of investor- and publicly-owned systems 
that while “[a] utility’s internal knowledge and skill base were not found to influ-
ence [smart grid] adoption” the quantitative data from their research showed that 
internal expertise “emerged as the third most important barrier to adoption.”205  
This apparent dichotomy in the study’s findings, the researchers determined, “sug-
gest that new skills are needed for smart grid adoption, but that internal skill levels 
may not be a critical factor if needed skills are available externally through con-
tractors or consultants.”206 

However, data obtained from the former SmartSacramento team members 
underscored that subject matter expertise within SMUD was pivotal to their ability 
to navigate innovation obstacles.  Faced with the dilemma of testing new smart 
meters without existing tools, team members of the metering team created and 
tested a “belts-and-bootstraps” prototype “ping” device which once proven to 
work was scaled to test banks of meters.  Likewise, team members developing 
software to run new distribution automation devices developed a solution that met 
the needs of warring business units by mediating between them.  In the case of 
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SmartSacramento, subject matter expertise was combined with creativity and in-
genuity to generate solutions moving the smart grid project along to completion 
with utility tensions in operation. 

While assistance from contractors or consultants may be an option available 
if budgets and project timelines allow, the experience conveyed by SmartSacra-
mento team members and even co-ops that implemented smart grid projects indi-
cates that innovation within utilities depend on internal subject matter experts ex-
panding their existing work duties to accommodate the organization’s effort.  
When Vermont Electric Cooperative (VEC) needed software developed to connect 
the utility’s network server to software managing their AMI data so that their 
members could view energy usage data, the co-op found few vendors that could 
do the work, and bids beyond what the organization could afford.207  “Working 
part time, in addition to their regular responsibilities, VEC’s IT staff wrote the 
software between late 2008 and May 2009” for the 35,000 member-customer sys-
tem serving 74 towns throughout more than 2,000 square miles of rural northern 
Vermont.208  As one former SmartSacramento team member relayed the realities 
of innovating within SMUD, “[e]verything still had to get done” and that those 
involved in supporting SmartSacramento “just had to manage” their expanded 
workloads.209 

B. Regulatory Factors 

“Federal and state policies and regulations210 prominently shape the adoption 
environment of utilities with respect to technology choice in general and smart 
meters in particular.”211  Federal policies have supported national adoption of 
smart meters and TOU rates “despite the lack of legal jurisdiction, which rests 
with the authority of state to regulate the distribution and retail sale of electric-
ity.”212  “[R]ecognition of demand response as a viable and important resource in 
electricity markets has been a persistent, overriding policy objective [driven by] 
[t]he Federal Energy Regulatory Commission [which] has acted as a change agent 
for the diffusion of demand response in wholesale markets . . . .”213  The accelera-
tion of tax depreciation for smart meters from twenty to ten years under EESA and 
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the nearly $3.5 billion of ARRA funding DOE deployed through the SGIG cata-
lyzed utility installation of over 16 million smart meters. 

Along these lines, state legislation and regulatory rulings have directly sup-
ported or mandated deployment of smart meters by IOUs.  State legislative actions 
have been found to have a “significant and positive impact on smart meter adop-
tions” by mandating utility cost recovery frameworks for metering projects and 
reducing policy uncertainty for utilities through data security and customer infor-
mation privacy legislation.214  For example, California requires that its large IOUs 
develop detailed smart grid plans.  Other policies that can indirectly affect smart 
meter adoption include the power market structure within a particular geographic 
region.  Because “[s]mart meters enable time-varying pricing at the retail level,” 
in states where competitive wholesale and retail markets exist, “utilities . . . may 
be more likely to adopt smart meters in order to reflect these costs in prices.”215  
Additionally, regulatory allowance of lost revenue recovery via mechanisms such 
as lost margin recovery (e.g. “de-coupling”) “removes disincentives for invest-
ments in energy efficiency.”216 

From interviews of both IOUs and community-owned system personnel, re-
searchers found that “regulatory factors were very important for IOUs, while only 
of minor importance to municipals and cooperatives.”217  “[R]egulatory environ-
ment matters strongly to IOUs [because their] investments require approval by 
state-level utility regulators [whereas] [m]unicipals and cooperatives were con-
cerned with reducing costs . . . and empowering customers . . . .”218  The approval 
of state public utilities commissions of smart grid projects were determining fac-
tors for IOUs interviewed in another study.  “We requested a rate increase, but the 
commission only approved one-third of it,” recounted one IOU respondent who 
added, “this caused us to cancel a pilot project on smart grid.”219  In contrast, an-
other IOU interviewee noted that their PUC “encouraged [the utility] to submit the 
application for [] ARRA smart grid funding” and once obtained the IOU “got the 
regulatory approval for moving forward” on the adoption.220  Consequently, the 
researchers reported that “[a]mong our interviewees, the regulatory environment 
ranged from obstacle to driver.”221  More specifically, the study noted that a “char-
acteristic comment” from IOU respondents was, “[w]e try to be proactive in our 
discussion and relationship  with the public utility commission so that we are open 
and transparent to what we’re doing . . . Those relationships are always key, inter-
nally and externally.”222  Evaluation of their data revealed that “formal aspects of 
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regulation (e.g. published evaluation criteria) may matter less than the quality of 
relationships between utility representatives and regulators in smart grid adop-
tion.”223 

V. IMPLICATIONS FOR A DECARBONIZING POWER SECTOR 

Innovating for a lower carbon future poses huge dilemmas for utilities na-
tionwide.  The system deliverables involved are specific (e.g. a ‘micro-grid’  that 
keeps a section of town lit when the rest of the city goes dark) and general (e.g. 
ensure regional grids can recover from weather-related disasters becoming more 
destructive and frequent with climate change); incremental (e.g. training workers 
needed to maintain the modern utility) and radical (e.g. running a utility’s natural 
gas plant using hydrogen produced from electrolysis of water); as well as technical 
(e.g. engineering solutioning) and social (e.g. people solutioning).  Such innova-
tions involve billions of dollars of capital investment.  “[W]e as a [municipal] util-
ity . . . have to be prudent in our expenditures . . . we have ratepayers and obvi-
ously want[] to be judicious in our rates,” noted Southeast Manager, who 
explained that funding of their dedicated innovation projects requires manage-
ment’s “buy-in” for requests are typically met with “a lot of skepticism.”224 

SMUD is among the largest municipal utilities in the country.  The commu-
nity-owned utility, established under California law and governed by a publicly-
elected Board of Directors, is guided in its operations by competing interests and 
considerations of the utility’s stakeholders, management, other utilities including 
its neighboring investor-owned utility (Pacific Gas & Electric) and the organiza-
tion’s values past and present.  Yet, in terms of innovation, the conflicting and 
often contradictory demands and tensions generated therefrom are not themselves 
the challenge.  As paradox academics have put it: “the problem is not the problem; 
the problem is in the way we think about the problem.”225 

The issues raised by this study are particularly relevant to utilities such as 
SMUD which generally spend little time analyzing their innovation initiatives.  
Surfacing, let alone analyzing, tensions that may very well cause anxiety and dis-
comfort is not typical management practice even in a forward-thinking utility such 
as SMUD.  SmartSacramento thus highlights a potential blind spot for leadership 
of utilities such as SMUD – the need to diagnose paradoxical dynamics that may 
be restricting their utility’s ability to innovate, and how those challenges might be 
managed and leveraged to move the utility productively over time towards a low-
carbon future. 

The challenge of accomplishing SmartSacramento teams faced a decade ago 
contextualizes the obstacle SMUD now faces as an organization moving towards 
Zero by 2030.  As a former team member recalled, “we were trying to solve very 
difficult and complex things and in sometimes very short time periods.”226  Legal 
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scholars have criticized the “lack of progress to date” by “utilities and their regu-
lators” to transition away from fossil fuel power generation and reduce carbon 
emissions, “continu[ing] to dig the climate hole deeper while they are operat-
ing.”227  SMUD is today trying to solve “very difficult and complex things” within 
a “very short time period.”  The persistent paradoxes such as resource scarcity and 
urgency to innovate with which SmartSacramento teams grappled over a decade 
ago is today cast in the form of its Zero by 2030 goal. 

Yet, unlike SmartSacramento, Zero by 2030 is SMUD’s company mission, 
not simply a priority project involving cross-functional teams.  The SmartSacra-
mento teams as this research has found developed “organic” solutions themselves 
to address day-to-day conflicts and dilemmas.  In doing so, they managed to secure 
staffing needed for the project, “jerry-rigged” solutions, combined exploitative 
and exploratory practices to maneuver their way to project completion, and they 
also explored their way to “win-win” solutions, leveraging SMUD’s existing ex-
ploitative operations processes to execute SmartSacramento.  After deftly pivot-
ing, adjusting, and adapting to myriad conflicts, demands, and pressures to accom-
plish the smart grid project, they experienced costs exacted on the organization.  
Team members returned to the main organization after SmartSacramento feeling 
“lost” and problems became “hard again.”  In essence, SmartSacramento demon-
strated SMUD teams functioning as a ‘complex adaptive system’228 – containing 
a large number of agents which “interact, learn, and, most crucially, adapt to 
changes in their selection environment in order to improve.”229 

This research is not intended to imply that SmartSacramento represents a 
model of how innovation ought to happen for SMUD or any other utility.  Each 
utility, its culture, and innovation project is unique.  Moreover, the paradox of 
innovation success has been studied and research indicates it exists.  “Success mo-
tivates us to stick with that option, until we get stuck in a rut,” noted Smith & 
Lewis (2022), citing research on the “S” curve depicting “how choices lead us 
from progress to stagnation and, ultimately, decline.”230  Without getting afield of 
this article, utilities such as SMUD are well advised to think creatively to start new 
“S” curves while traversing the one they may be on rather than reapplying inno-
vation playbooks that worked in prior contexts.231  The more pertinent lesson to be 
drawn, it seems, is whether utilities individually and the electric sector at large are 
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gathering pertinent data on how innovation operates to maintain sustained innova-
tion efforts necessary to meet challenges such as sector decarbonization.  As one 
innovation scholar put it, “[e]ven if a company has the resources for [rapid inno-
vation], how can [] teams be freed to move quickly enough and be motivated to 
sustain a focused effort long enough to build a sustainable advantage” in their 
arena of operation.232 

Nonetheless, the implications of this study can assist utility stakeholders in 
approaching their innovation endeavors in more strategic and productive way.  
Two primary lessons emerging from this research can be summed up as follows: 
(1) The Battery Paradox, and (2) Innovation Learning Paradox. 

A. The Battery Paradox 

A battery has a positive and negative charge, yet that is irrelevant to whether 
either is subjectively “good” or “bad.”  Both charges are needed to produce power.  
Moreover, the value that a battery offers is not in the power it provides so much 
as when its stored energy can be tapped.  For utilities, the promise of batteries lies 
in their ability to provide instant back-up power for intermittent generation re-
sources (e.g. when the sun is not shining on solar panels, or when the wind is not 
turning wind turbines).  Thus, a battery’s “power” as an energy resource hinges on 
its ability to deliver electricity instantly when needed. 

Data from this study revealed that the frame – assumptions and beliefs – 
which utility personnel apply to innovation is that it is positive (good) while risk 
aversion is negative (bad).  The data indicates that this frame has prompted the 
wrong questions to be asked.  There is sound reason in the electric utility industry 
to be risk averse.233  The performance of a utility is measured not only in terms of 
reliability and affordable rates, but in also in terms of ensuring the safety of em-
ployees handling high voltage electrical equipment.  Decisions can at times be 
matters of life or death.  In the U.S., utilities face regulatory liabilities upwards of 
$1 million per day if the lights go out due to utility negligence.  Risk aversion is, 
therefore, adaptive in the power sector and cannot be segregated from what may 
deemed its opposite – innovation.  To innovate as an electric utility in any sustain-
able manner is to also simultaneously tend to the system’s competing demands to 
ensure reliability and safety.  The point here is that utilities pursing projects for a 
low carbon future should determine what frame they are applying to innovation. 

Electric utilities such as SMUD are today undertaking R&D to expand the 
duration of utility-scale batteries to upwards of 10 hours so that energy and timing 
of demand can coincide to deliver reliable power.  ‘Long-duration’ battery storage 
is a technological and engineering challenge that will cost millions of dollars and 
countless research hours to solve.  “It’s a very complicated business that that we 
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operate,”234 noted one former SmartSacramento team member.  Innovating solu-
tions such as long-duration batteries is neither simple nor certain. 

Yet, certainty and simplicity constitute the frame utilities apply to innovation.  
“INNOVATION” is emblazoned across sleek images of solar panels and towering 
windmills amidst green fields featured in utility advertisements.  Messaging utili-
ties such as SMUD convey outside their organizations portray innovation not only 
as destined but already here.  Internally, the innovation task is posed as achieving 
SMUD’s “Zero Carbon vision.”  Such framing belies the organizational dilemma 
faced by public power systems, exploitative in operating complicated utility sys-
tems to provide electricity, and exploratory in developing radical innovations 
needed to decarbonize the grid.  That exploration as SmartSacramento illustrated 
involves the utility functioning as a ‘complex adaptive system’235.  For a utility, 
that system features “[m]any stakeholders [] involved in [the] organization[’s] in-
novation . . . emerg[ing] through processes in which [] contributions of different 
actors are integrated”236.  In this sense, the utility ‘emerges’ as an innovation or-
ganization by its individual teams making decisions and quickly improvising237 
through interaction with others both in exploratory and exploitative capacities.  
Therein lies the battery paradox.  While the battery may be presented as simple, 
with utilities applying an innovative frame of certainty, delivering the promise of 
battery solutions requires the utility adapt to complexities posed by underlying 
paradoxes. 

Keeping the lights on while concurrently pursuing yet-to-exist solutions to 
operate reliably is not self-evident.  The worlds from which utility employees 
show up for work is anything but conducive to connecting with that apparently 
self-evident concept.  These worlds include a parent choosing between working 
extra hours or spending time with their child; a world in which an employee jug-
gles meeting a supervisor’s expectations and those of executives; worlds in which 
keeping the lights on is all that employees have capacity to do because they are 
dealing with personal health issues.  Those worlds are filled with competing de-
mands.  Tensions employees bring to SMUD, which is a culturally risk-averse 
institution, and those Zero by 2030 creates in their lives do not mesh for many 
SMUD employees.  Expecting them to mesh assumes the underlying paradoxes 
can be resolved.  Can resource scarcity, for instance, be definitively reconciled 
with innovation within a utility such as SMUD?  Perhaps a more productive ap-
proach may be to acknowledge as utility managers or energy sector policymakers 
as the case may be that the two concepts are irreconcilable, which generates ten-
sion, and still the organization will persist in exploring paths to develop resources 
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necessary to execute innovation projects by managing tensions238 while continuing 
to keep the lights on. 

SmartSacramento highlights a utility operating as a complex adaptive system 
innovating within the main organization oriented towards maintaining power for 
customers.  The teams that achieved SmartSacramento executing a comprensive 
grid infrastructure upgrade project prioritized by the entire leadership chain at 
SMUD.  They self-structured, even self-selected their participation in projects.  
They leveraged autonomy to adapt approaches that grew out of the needs of that 
particular innovation project.  They were empowered to develop their own path-
ways to adjust to and work with competing demands and dilemmas that character-
ize innovative work at SMUD, work that itself generates additional tensions for 
team members and the organization.  Those elements combined, changed, and 
were adapted to achieve SmartSacramento whose value was greater than the sum 
of its parts.  Operationalizing these lessons from SmartSacramento to inform 
SMUD’s decision-making to achieve Zero by 2030, therefore, is in not simply a 
matter of trying to re-create steps taken to achieve SmartSacramento.  Based on 
this study, SMUD and other electric utilities may want to practice innovating for 
a low carbon future from the vantage of powering paradoxes – dealing with rather 
than attempting to eliminate competing demands, tensions, and conflicts – experi-
enced by its employees who live and work in a paradoxical electric sector. 

B. Innovation Learning Paradox 

Identifying the costs of a business, applying tried and true processes to track 
where costs are being generated, developing assumptions of cost drivers and ana-
lyzing how costs ought to be properly allocated to make budget decisions – these 
are quintessential exploitative functions, essential to properly running a public 
power utility.  A utility’s financial controller must trace costs to their origins based 
on data gathered, assembled, and analyzed to build a case for budget decisions. 

The stories utilities tell themselves about how innovation happens within 
their systems are based on frames – sets of assumptions and beliefs through which 
people perceive the world.  Data from this study suggests SMUD has internalized 
its version of the story of SmartSacramento; the utilities employing the managers 
from the Pacific Northwest and Southeast have their own for their respective in-
novation projects.  While each utility has stories fitting their respective innovation 
journeys, the operative issue for SMUD and public power systems nationwide as 
they execute plans for a low-carbon future harkens back to the inconspicuous yet 
vital role of the financial controller: What is the data giving rise to those stories?  
Is the utility making innovation decisions involving major investments of its al-
ready-limited financial and strained staff resources based on evidence rather than 
stories developed from frames operating within their organizations? 

Thus, another key implication of the findings from this research is that power 
utilities ought to assess whether their systems are making evidence-based deci-
sions to build toward a low carbon future.  This can be labeled the Innovation 
Learning Paradox – innovation is both forward and backward looking. 
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SmartSacramento highlights forward thinking.  Visioning, planning for that 
vision, and executing steps of that visions to create the future we seek – these are 
all part of the exploratory exercise of innovation. 

Backward thinking includes work such as this study, probing innovation pro-
jects to find nuggets of wisdom from heavy lifts to innovate.  Utilities such as 
SMUD, and federal energy policy stakeholders for that matter, have a challenge 
to collect and analyze data from the past to inform the future they seek to innovate 
towards.  For instance, DOE’s implementation of its current GRIP program will 
involve collection of technical outcomes to be detailed copiously by grant recipi-
ents through compliance reporting, yet information on how utility teams actually 
achieve the innovations U.S. energy policy seeks from the power sector could re-
main ignored.  Gathering such team functioning information is an exploitative ex-
ercise requiring deliberate processes such as the utilities research highlighted in 
this article.  SMUD’s ability to operate ambidextrously in this regard could pro-
vide significant strategic insights as it proceeds with plans the utility estimates 
could cost upwards of $4 billion to achieve Zero by 2030, a paradoxical goal by 
an electric system not unlike power systems across the country that operated for 
decades before smart grid provided transparency into their distribution grid to 
know lights were out without someone calling in to inform the utility.  Hence, a 
consideration for energy policymakers is whether valuable data on how innovation 
functions at the utility level instructive for effectuating and accelerating innovation 
required to meet decarbonization goals are going unnoticed. 

Tackling increasingly complex, seemingly intractable problems in the elec-
trical utility industry such as eliminating carbon emissions requires taking stock 
of the frame(s) through which innovation challenges are perceived.  Learning from 
SmartSacramento that working with conflicting and contradictory dilemmas 
SMUD faces is a big part of how that innovation happened seems to be a critical 
lesson.  Just as a controller must conduct proper analysis to determine actual cost 
drivers within a utility to figure out what to do about them, innovation requires 
proper diagnosis to assess what makes it work within an organization to determine 
how lessons learned can be leveraged and, in turn, how that might help create the 
low carbon future utilities and policymakers envision. 

VI. RECOMMENDATIONS 

A. Utility Managers 

This article has attempted to illuminate through SmartSacramento the ten-
sions, conflicts, dilemmas project teams lived during its implementation.  Based 
on the data gathered from former project team members, the overall theme that 
emerged involved teams facing, dealing with, and even internalizing the tensions 
inherent in a large-scale innovation effort within SMUD.  This article argues that 
SMUD and other U.S. utilities may want to approach innovation from a vantage 
of managing paradoxes which is a leadership challenge for any utility moving to-
ward a low carbon future. 

To assist managers of utilities to think through their innovation challenges, 
the following P-O-W-E-R framework is offered: 
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 P stands for paradox.  What is/are the paradox(es) at play with a 
given innovation challenge?  If all a utility sees is the conflict be-
tween grid operations and R&D, it is likely missing the point.  Get 
to the paradox to unwind often intertwined, conflicting, and contra-
dictory issues that have companies, teams, and individuals intracta-
bly stuck. 

 O is for opposition.  Innovation roadblocks and/or or hang-ups are 
in the eyes of the utility perceiver.  Instead of succumbing to a given 
conflict/dilemma, managers may want to ask how their system 
might re-cast the challenge.  Can you view the opposition from a 
different vantage that allows your system to apply a paradox mind-
set to the problem? 

 W is for wins.  These must be diagnosed as carefully as any major 
failure (it’s a paradoxical world).  SmartSacramento was a success 
for SMUD on multiple levels.  At the same time, a more complete 
story of SmartSacramento can be revealed if SMUD is deliberate in 
uncovering why things worked.  That knowledge should be incor-
porated into the thinking that goes into strategizing for the next in-
novation endeavor.  In other words, mine your wins for nuggets of 
wisdom. 

 E is for energy.  How much time/effort is your team or utility pour-
ing into wasted spinning over conflicts and tensions.  Accepting the 
contradictions and competing demands can relieve wasted energy.  
Become more energy efficient and energy effective by acknowledg-
ing tensions before moving on to directing your utility’s energy at 
innovating with those tensions in existence. 

 R is for retry.  SmartSacramento underscores the value of iterating 
solutions.  We might not have the killer app for every problem we 
hit with innovative effort.  For utilities facing daunting prospects of 
moving to net zero or zero carbon, remember that innovation is not 
about perfection.  Greg Satell in his book, “Mapping Innovation” 
put it this way: 

We expect innovations to be well dress, smooth talking, and brilliantly executed, 
but the reality is that the innovation process is anything but those things.  It is 
not smooth or shiny.  It stutters.  It is often overweight and poorly groomed, with 
dark circles under its eyes from overwork.  It comes into the world stumbling 
and falling, only later to gain Olympic prowess.239 

B. Utility Innovation R&D 

Likewise, federal stakeholders, particularly DOE, should consider the gap in 
utility innovation R&D highlighted in this article.  National innovation undertak-
ings such as DOE’s administration of the $3 billion in smart grid funding under 
GRIP for cost-shared projects will involve utilities deploying next generation 
smart grid technologies.  These projects will produce a plethora of utility technical 
data similar to information reported by utility awardees of SGIG a decade ago 
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informing decisions by federal energy stakeholders impacting grid reliability, 
functioning of grid management applications building upon existing smart meter-
ing infrastructure, and potential returns on current investments in U.S. smart grid 
upgrades.  Just as the agency accomplished with SGIG,240 DOE will likely be gath-
ering and documenting ‘lessons learned’ from implementation of GRIP.  Yet, 
along with the technical information from GRIP implementation, scores of project 
teams throughout the electric sector will be generating qualitative data from their 
experiences executing federally-funded smart grid development that illuminate 
how and why utilities are able to innovate.  These insights could prove particularly 
important to understand as utilities and U.S. energy policy steer power sector in-
novation towards low and even non-carbon emitting operations.  Absent deliberate 
research and analysis of utility team data, decisions on how billions of dollars of 
public and private funding to modernize grid distribution and transmission will be 
spent based could rely on rather consequential assumptions about how innovation 
supposedly works or fails to work within the highly regulated power sector.  Thus, 
in addition to capturing and summarizing technical details from utilities learned 
from connecting, integrating, and operating next generation smart grid technolo-
gies, DOE has an opportunity to study the workings of utility team innovation 
nationwide through the GRIP program.  This type of utility-level research provides 
a more complete data set for policymakers and industry making substantial grid 
investments to try innovating solutions to operate reliably in a low carbon future. 

To this end, DOE should consider developing through its administration of 
GRIP reports on not only what is being innovated – e.g. AMI systems equipped 
with grid-edge technologies,241 integration of Distributed Energy Resource Man-
agement Systems with utility Outage Management Systems, end-to-end secure 
communications network between edge-enabled consumer devices and utility sys-
tems – but the ‘how’ and ‘why’ of utility innovation based upon evidence from 
utility innovation implementations.  As the federal agency most directly involved 
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with industry smart grid innovation, DOE is in position to build a nationwide da-
taset gathered from utilities on their respective team decisions, organizational 
structuring, and interactions between and among members.  Utilities awarded 
GRIP funding for instance could host project-based DOE research fellows to per-
form data gathering and analysis on innovation practices by leveraging DOE’s 
existing workforce development initiatives through Oak Ridge National Lab’s 
ORISE242 program.  In partnership with other national labs, DOE could commis-
sion studies to be undertaken post-project similar the research presented in this 
article documenting key data points and themes to be drawn from individual 
GRIP-funded projects.  The project-based information gathered from the ground 
level of innovation processes can inform regulatory decision-making on grid mod-
ernization by DOE or other government agencies, identify where implementation 
challenges exist, and design programmatic solutions addressing issues based on 
data generated by project-based experience of a broad representation of utility sys-
tems.  By capturing such project-specific data, DOE would develop intelligence 
on power sector innovation that could prove pivotal for sustained industry innova-
tion needed to effectuate federal energy policy targeting decarbonization by utili-
ties. 

VII. LIMITATIONS AND FURTHER RESEARCH 

Because the SmartSacramento study addressed a smart grid project com-
pleted over a decade ago, there is a potential for recall bias – systemic error that 
occurs when participants do not remember previous events or experiences accu-
rately or omit details.  Recall of events by interviewees were consistent across the 
interviews conducted.  For instance, the firing of a vendor that had performed 
poorly during the project came up during multiple interviews.  Each person who 
commented on this event independently provided generally similar explanations 
as to the circumstances of the situation and outcomes, and even similar commen-
tary to the effect that it was not something usual for SMUD to fire a vendor.  Like-
wise, while interviewees recalled events specific to their individual roles and pro-
ject involvement, similar themes emerged across responses including decision 
autonomy, solution iteration, integrative solutioning as tensions arose, and expe-
riencing personal tensions from working on the project after it was completed.  
Thus, to the extent there was recall bias, the relative coherence of themes and in-
formation interviewees independently provided suggested that recall bias did not 
materially impact the veracity of the data in this research. 

Separately, confirmation bias – seeking and paying attention to information 
which confirms one’s beliefs and assumptions – may have influenced this re-
search.  As an employee of SMUD, I as author of this study carried my own frames 
into these interviews reflecting sentiments shared regarding decision-making ten-
sions many experience at SMUD.  While I attempted to mitigate bias of which I 
was aware (e.g. turning off video during interviews) and took measures to control 
them, my research methodology may have nonetheless introduced bias by virtue 
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of turning the microscope so to speak on my employer.  The findings presented in 
this article should be viewed with these limitations in mind. 

Further study of utility-specific innovation is warranted.  Qualitative studies 
of other utilities, empirical evaluation of systems undertaking innovation are the 
types of research that will be needed to gain the comprehensive perspective on 
innovation practice still largely academic and non-actionable for the average util-
ity.  Studies addressing challenges presented by novelty and uncertainty that is 
core to innovation along the lines of research by Thayer, et al. (2018)243 within the 
electric sector is ripe for further research. 

For example, participants in this study spoke in very positive terms of 
SmartSacramento colleagues being “decisive” and “visionary” and generally anti-
thetical to the “consensus” relied upon to make decisions.  The consensus culture 
acknowledged and uniformly scorned by SMUD interviewees raises an interesting 
question: is this a “bad” thing?  It has developed over time at SMUD for a reason.  
What are those reasons and, applying paradox theory, might lessons underlie an-
other paradox SMUD could leverage to its advantage. 

Research conducted by Rothman and Melwani (2017) on emotional ambiva-
lence – feeling pulled in different directions, feeling uncertain, having mixed emo-
tions – posits that “leaders experience emotional complexity in the face of contra-
dictions between stakeholders and demands.”244  Uncertainty and difficulties may 
help people be “cognitively flexible,” which refers to thinking more broadly about 
concepts in comprehensive and inclusive manners.245  In other words, perspectives 
on decisiveness may inadvertently be undermining accuracy in judgement when 
making decisions.  The consensus that SMUD teams revert to in their decision-
making, paradoxically, could have adaptive characteristics conducive to organiza-
tional innovation. 

VIII. CONCLUSION 

As part of the study, participants were asked via email to complete the fol-
lowing statement: “SMUD is in the business of ________.”  The following repre-
sent the responses provided: providing reliable electricity service at reasonable 
rates; making sure that our customers have cheap and reliable power; continuously 
innovating solutions to meet our community’s evolving energy needs. 

Such statements are accurate in that they describe purposes SMUD serves as 
a municipal utility.  It is noteworthy how concepts such as “cheap and reliable 
power,” as conflicting and contradictory as they may be, are normal to those at 
SMUD.  Given the findings from this research, an argument could be made that as 
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far as innovation is concerned, a utility such as SMUD engaged in the type of 
company-wide innovation endeavors such as SmartSacramento is in the business 
of “managing tensions to innovate.” 

Innovation at the scale needed to decarbonize utilities being undertaken by 
utilities nationwide involves substantial investments of labor and financial re-
sources.  SMUD is one of thousands of U.S. public power systems who likely 
share many of the organizational tensions revealed by the utility professionals in-
terviewed for this research.  The question for these utilities is whether they can 
find ways to make their paradoxical worlds work for them to realize a lower carbon 
future. 


