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ARTICLE INFO ABSTRACT

Handling Editor: Giovanni Baiocchi Globally, decentralized energy systems are gaining popularity due to their potential for energy accessibility,
energy resilience, and sustainability benefits. Existing research on an energy system decentralization approach,
community choice aggregation (CCA), shows its ability to lower energy costs and increase renewable electricity
consumption for U.S. communities. Nevertheless, research on the relationship between CCA and distributed
electricity generation development is lacking. This paper fills this gap by investigating if the CCA approach
associates with distributed generation capacity interconnection in California municipalities. The finding shows
that although the average capacity has increased for all municipalities throughout the study period, contrary to
proponents’ arguments, the CCA approach has insignificantly decreased the capacity interconnected for mu-
nicipalities. It is unclear if the result is due to a lack of higher-level support for the full CCA implementation or
substitution by community-owned distributed generation. Future research is necessary to determine the CCA
effect comprehensively in California. With this understanding, the research could be expanded to explore how
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community energy approaches work towards distributed generation across the U.S. and the globe.

1. Introduction

Energy security and resilience gained importance after the
2000-2001 Energy Crisis in California (Reddy, 2001; Duane, 2002;
Fenn, 2002). To resolve the failure of the electricity market deregula-
tion, California State Legislator Carole Migden sponsored a bill autho-
rizing community choice aggregation (CCA) in 2002 (Hess, 2019). The
legislation, California Assembly Bill No. 117 (AB117) Chapter 838
(2002), authorizes local governments to make energy procurement de-
cisions for small-scale customers in their jurisdictional areas, except for
accounts served by publicly owned utilities (California Public Utilities
Code). While CCAs are responsible for energy procurements, IOUs are
obligated to offer other indispensable energy services, like transmission,
distribution, and customer billing (O’Shaughnessy et al., 2019; Kennedy
and Rosen, 2020). The CCA approach can be employed for either elec-
tricity or natural gas management. This study exclusively focuses on the
electricity sector.

Previous studies have assessed if CCA worked to lower electricity
prices and increase renewable electricity consumption (Armstrong,
2019; Deryugina et al., 2020; O’Shaughnessy et al., 2019). There is a
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lack of empirical scholarship on how community energy approaches like
CCA work on distributed generation development, although many
recent studies have discussed community energy and distributed gen-
eration (Trabish, 2019; Bakhtavar et al., 2020; Ceglia et al., 2020, 2022;
Fernandez et al., 2021; Pressmair et al., 2021; Fina et al., 2022; Maldet
et al., 2022; Roy et al., 2023). However, these studies have not empir-
ically tested the effectiveness of community energy approaches on
distributed generation development, let alone potential causes of the
ineffectiveness of the approaches on distributed generation. This paper
fills this gap. It evaluates if the approach has increased the capacity of
distributed generation interconnected to the grid for municipalities.
Our finding suggests that contrary to proponents’ arguments, the
CCA approach has not contributed to developing small-scale distributed
generation in Californian municipalities. Instead, it demonstrates that
CCA is associated with an insignificant decrease in the interconnected
distributed generation capacity. This research cannot attribute the result
to any specific causes. A possible explanation could be a lack of legis-
lative, financial, and informational support from higher-level govern-
ments to fully realize the CCA effect on distributed generation.
Nevertheless, before enhancing the support, we recommend researching
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Fig. 6. Dynamic ATT of CCA on annual residential distributed generation ca-
pacity interconnection, compared to never-treated units.

* We transformed the capacity using the square-root function as the distri-
bution of the original values was seriously right-skewed.

* The dynamic ATT function gives the Simple ATT in Stata.

* Above specifications also apply to Figs. 7, 8, and 9.

Fig. 7. Dynamic ATT of CCA on annual residential distributed generation ca-
pacity interconnection, compared to not-yet-treated units.

residential capacity interconnection. The difference is that the
controlled group in Fig. 7 comprises the not-yet-treated units while
excluding the never-treated ones. A municipality is recognized as a
controlled unit for the period before 2015 if it adopted CCA in 2015. The
results are similar to that in Fig. 6: post-treatment differences between
the treated and not-yet-treated units are negative but statistically
insignificant. Also, as the Simple ATT and t-value show, the overall post-
treatment difference in the outcome between the treated and not-yet-
treated units relative to the pre-treatment period is also negative and
statistically insignificant.

Figs. 8 and 9 display ATTs of CCA on the annual interconnection of
total distributed generation capacity. As shown by the figures, the ATTs
are averagely negative for post-treatment than pre-treatment periods.
Nevertheless, the differences are not statistically different from zero, as
the 95% confidence intervals contain the zero value. The Simple ATTs
and the t-values indicate that the overall ATT is negative but not sta-
tistically different from zero, regardless the controlled group comprises
never-treated or not-yet-treated units.
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Dynamic ATT of CCA on Annual Total Capacity Interconnection
Comparison: Never-treated (n=5584)
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Fig. 8. Dynamic ATT of CCA on annual total distributed generation capacity
interconnection, compared to never-treated units.

Dynamic ATT of CCA on Annual Total Capacity Interconnection
Comparison: Not-yet-treated (n=1889)

(=]
S o
N Simple ATT = -3.046
t-value = -0.86
o
8 |
—_
©
S
» )
SlS) —-.—-Q—.—.-—.—-.—-.—.-—.—-.—'—.-—.——.—.—.-—.——.—'_; ______
2
ke
‘O_ -
o
(=18
G

T T T
-10 -5 0 5 10
Periods to Treatment

| Pre-treatment Post-treatment

Fig. 9. Dynamic ATT of CCA on annual total distributed generation capacity
interconnection, compared to not-yet-treated units.

In sum, according to the analyses of trends and ATTs, the outcomes
for the treated units are smaller than for the controlled units for both
customer classes. However, since the 95% confidence intervals always
contain the zero value and the absolute t-values of the Simple ATTs are
always smaller than 1.96, we do not conclude that the treatment has
made the treated units behave differently than the controlled units. In
other words, the treatment does not significantly affect the outcomes.

5. Discussion

The results demonstrate that contrary to CCA advocates’ arguments,
the approach has not advanced the development of distributed genera-
tion for municipalities in California while controlling for potential
confounders. Instead, the results suggest that CCA has insignificantly
decreased California municipalities’ distributed generation capacity
interconnection.

Several possible factors could help explain the apparent ineffec-
tiveness of CCA in distributed generation development in California.
First, informational and financial costs could prevent citizens from
installing and interconnecting distributed generation systems. As Allan
et al. (2015) suggest, potential users of distributed generation systems
may not easily access and understand information about distributed
generation and related assistance programs, which could hinder the
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penetration of distributed generation. Also, as Christensen et al. (2019)
discuss, people face burdens in learning program information and
complying with various requirements for public service participation.
They also propose that the costs could be more significant for citizens
who are already disadvantaged but in need of assistance.

The other possible factor that impeded citizens from installing and
interconnecting distributed generation systems could be the unavoid-
able interconnection costs. There is variation among states, IOUs, loca-
tions, and even distributed generation systems in interconnection
procedures and costs (Horowitz et al., 2019; Seel et al., 2023). It takes
effort and money for customers to understand the requirements and
apply to interconnect their installed generation systems to the grid to get
NEM credits, which allows customers to recover their facility in-
vestments in the long run (Horowitz et al., 2019; CPUC, 2021c). Crago
and Koegler (2018) state that potential financial return significantly
impacts customer decision-making on installing distributed generation
systems. However, as Schelly et al. (2017) state, the complicated and
inconsistent interconnection policies could confuse potential users about
their potential gains, discouraging them from installing and inter-
connecting distributed generation systems. Therefore, higher-level
standardized interconnection policies may be necessary for advancing
distributed generation development. Moreover, Schelly et al. (2017)
describe distributed generation-related monthly surcharges as a penalty
to distributed generation customers that reduces their long-term finan-
cial return expectations and desires for distributed generation. Due to
the informational and financial costs, many CCA customers might not
know what assistance they could get and not adopt distributed genera-
tion systems.

According to Energy Sage (2021), CCA’s apparent ineffectiveness in
distributed generation development could also be due to the tradeoff
between community- and household-owned distributed generation.
Because CCA customers in California enjoy more competitive renewable
electricity plans than IOU customers, either through buying renewable
electricity from local sources or generating from CCA-invested distrib-
uted generation systems (O’Shaughnessy et al., 2019; CPUC, 2021a;
MCE, 2022). As CalCCA (2023)’s map shows, CCAs in California have
signed long-term power purchase agreements with local renewable
electricity projects for more than 11,000 Megawatts and built their own
community projects too. These projects are located close to customers,
which makes community-level renewable electricity generation visible
to customers. The visibility might lead customers served by CCAs to be
less incentivized to invest in distributed generation, although they could
get assistance and long-term financial return for distributed generation
investment. Caplan (2023) found that people decide on
community-versus household-level electricity generation by analyzing
potential benefits and costs. The competitiveness of CCA renewable
electricity plans, visibility of CCA-invested community solar and wind
farms, and potential informational and financial costs related to
household-level distributed generation installation and interconnection
tend to make CCA customers prefer community-owned distributed
generation.

6. Conclusions, limitations, and recommendations for future
research

The research question investigated in this study is whether the CCA
approach has contributed to the development of distributed generation
in California. As far as we know, ours is the first study to investigate this
research question. Our finding is that CCA has not led to an increase in
the interconnected capacity of distributed generation for municipalities
in California. Conversely, the CCA approach has decreased capacity,
though the negative effect was statistically insignificant. The interesting
finding suggests deeper exploration, considering the CCA approach was
expected to achieve a positive effect by its proponents.

We propose a few future research recommendations to address the
limitations of this study. First, only municipalities in California are
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included in this study. The CCA approach in California encourages
distributed generation more than that in other states. Also, the CCA
approach varies in design and implementation between California and
the other states. Thus, our finding may not be generalizable to munici-
palities in other states. Further research that includes information
collected on municipalities in other states could provide evidence on if
the finding of this study is generalizable to a broader context. Beyond
municipalities in U.S. states, research exploring the relationship be-
tween community energy approaches and distributed generation could
also be expanded to communities in other countries. Local-level elec-
tricity security is the foundation for electricity system transformations at
higher levels, including national and global levels. Furthermore, the
improving data availability could allow long-term observation of CCA’s
effect on distributed generation, which can address the limitation that
the policy effect might be lagged as CCA programs have started
emphasizing distributed generation in recent years.

Second, this study’s dataset only includes distributed generation
systems interconnected to the grid. There might be installed systems not
interconnected to the grid, which are missing from the dataset. How-
ever, the difference between the interconnected and installed capacities
should be insignificant. The financial return is a significant driver of
distributed energy system installations, and customers have to inter-
connect their systems to receive net metering benefits. Nevertheless,
future research utilizing distributed generation system installation
datasets could be useful to test if the CCA approach has advanced
distributed generation capacity installation.

Finally, this study aimed to test whether the CCA approach has
contributed to the development of household-level distributed genera-
tion in California. As noted above, it found that CCA has not led to an
increase in the interconnected capacity of distributed generation for
municipalities in California. We have discussed possible explanations for
the apparent ineffectiveness of CCA on distributed generation develop-
ment, which could be a lack of broader informational and financial
support and the tradeoff between community-versus household-owned
distributed generation systems. Nevertheless, as this study has yet to test
if they were the causes, we recommend further research to explore them.
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