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infrastructure investments. Therefore, it is imperative that the rate
payers’ perspective is fully accounted for when determining the feasi
bility of a community microgrid installation. This includes fully 
accounting for both market and non-market values. Electric utilities 
commonly use the interruption cost estimate (ICE) framework to 
determine the economic cost of disruptions and the subsequent value of 
resilience investments, but previous literature finds that this framework 
is not adequate in measuring the full economic benefit (Mukhopadhyay 
and Hastak, 2016). While the ICE framework incorporates customers’ 
willingness-to-pay (WTP) to avoid outages, damages are concave over 
the duration of the outage, they do not compound over the duration of 
the outage, and do not estimate the economic loss due to business dis
ruptions. Critically, this approach treats all customers within their class 
homogenously when valuing resilience investments. In reality, cus
tomers’ WTP will vary depending on the distance of the resilience in
vestment to the customer and the level of benefits received from said 
investment. Yet a paucity of peer-reviewed evidence exists on rate
payers’ support and WTP for community microgrid services in the US. 
While there is a guidebook for electric utilities to perform WTP studies in 
regards to estimating economic costs of outages and reliability upgrades 
(Sullivan et al., 2018), a gap remains in how to use WTP studies to 
measure community microgrid services specifically – especially when 
these microgrid services can be vague or difficult to quantify for 
customers. 

To address this gap, the present article provides novel evidence for 
the public support and WTP for such community microgrid services in 
Arizona, Colorado, New Mexico and Utah (Four Corners). The Four 
Corners was chosen as the study region due to the heterogeneity across 
the four states in installed renewable generation capacity, distributed 
generation potential (Prăvălie et al., 2019), and regulatory frameworks 
such as renewable portfolio standards (RPS). The research question 
pursued is whether ratepayers in the Four Corners region support the 
installation of a community microgrid that passes along some level of 
costs to ratepayers in the form of an increased monthly surcharge, and 
how that support changes across different levels of microgrid services to 
the ratepayer. To answer this research question, the survey-based 
contingent valuation method (CVM) is employed, with a large split- 
sample web-based convenience survey of electric ratepayers across the 
Four Corners. The decision to utilize a CVM largely revolves around the 
market and non-market aspects of microgrid services that are otherwise 
difficult to determine with revealed preference techniques. The survey 
collected ratepayer characteristics on electricity use, electric provider 
relationship, ideology, household, and sociodemographics. With the use 
of a referendum-style elicitation format, and maximum likelihood 
econometric framework, median household WTP estimates are provided 
for determining overall support of community microgrid services across 
two levels of benefits to the ratepayer. 

The resulting econometric findings suggest that ratepayers’ support 
varies with the level of benefits received by the proposed microgrid 
installation. Those who are in the direct benefits sample are more likely 
to vote for a referendum, which would increase their electric bills by a 
surcharge for a microgrid that manages their local community and its 
critical infrastructure than those who are in the indirect group. Those in 
the indirect group were voting to install a microgrid in their provider’s 
broader service region but not directly in their community. This two- 
benefit design highlights the ambiguity faced by ratepayers when 
considering their support for microgrid services since quantifiable re
sults such as percent or likelihood changes to reliability and resilience 
metrics are not often possible or realistic. After controlling for hypo
thetical bias, respondents in the direct group have a total median WTP 
for the installation of $25.44 spread across 24 months of bill surcharge 
increases ($1.06 per month). Those in the indirect group had a total 
median WTP of $13.92 ($0.58 per month). This paper provides the 
consumer preference evidence for community microgrid services in the 
study region, an example of how CVM can be used by public utilities to 
better assess the value of microgrid services, and a critical evaluation 

that remains largely absent from the grid modernization literature. 
The Four Corners includes electric providers that operate in different 

states, have different ownership structures (and thus different in
centives), are subject to heterogeneous regulations, and service a wide 
range of customers. To further narrow differences in WTP across these 
sources of heterogeneity, analysis of state-specific WTP estimates are 
presented. Findings suggest that Arizona, Colorado, and New Mexico 
have similar median WTP estimates but Utah has significantly higher 
estimates. This emphasizes the need for electric utilities considering 
community microgrid services to conduct original surveys specific to 
their service region. 

The rest of this paper is structured as follows: Section 2 provides 
background on community microgrid benefits, the changing regulatory 
climate that incentivizes community microgrids, and how utility de
cisions are made regarding resilience investments in the US. Section 3 
provides an overview of the CVM and the survey instrument used in this 
study. Section 4 provides the results of the survey and finally, discussion 
of the results, policy implications, and conclusions are presented in 
Section 5. 

2. Background 

The use of microgrids to further decentralize electricity grids im
proves resiliency and reliability by mitigating the detrimental effects of 
natural disasters, cyber-attacks, intermittency, and peak demand (Hus
sain et al., 2019; Mishra et al., 2020; Zia et al., 2018). While the US has 
the largest global share of microgrid capacity, microgrid end-use varies 
widely from commercial, institutional, military, and community appli
cations (Mordor Intelligence, 2021). The development of a microgrid is 
often the result of several confounding factors. Ajaz and Bernell (2021) 
performed a multi-level perspective analysis of California, New York, 
and Oregon, and found that several factors lead to policy changes that 
may result in the development and deployment of microgrids. They find 
landscape, regime change, and other state-specific dynamics to be cat
alysts for these policy changes. For California and New York, landscape 
pressures such as grid-impacting natural disasters offer a window of 
opportunity for policy change and can pave the way for microgrid 
development and adoption. While the article outlines factors which have 
contributed to microgrid adoption in those states, there is a lack of 
perspective on public/consumer-side demand for the systems and the 
associated financial cost to ratepayers. 

Electric utilities are continuously entering the microgrid space at the 
community and public utility level given their ability to use existing 
distribution infrastructure and relationship to end-users (Lenhart and 
Araújo, 2021). When considering a community microgrid, utilities 
assess both private and social value when determining the feasibility of a 
microgrid installation. These values can be difficult to determine fully, 
without information about public preferences, due to the combination of 
market and non-market values associated with community microgrid 
services. Microgrids provide a number of services and are often associ
ated with increases in reliability and resiliency, and it is well known that 
residential customers have a demand for them. For example, residential 
customers have expressed a range of positive WTP values for the 
avoidance of power outages, a commonly cited benefit of community 
microgrids (Carlsson and Martinsson, 2008; Morrissey et al., 2018; 
Hussain et al., 2019; Reichl et al., 2013; Kim et al., 2019; Niroomand and 
Jenkins, 2020). In a more general sense, contingent valuation literature 
also suggests that consumers are willing to pay for higher quality of 
service through grid improvements (Kennedy et al., 2019), green energy 
(Roe et al., 2001; Andor et al., 2018; Xie and Zhao, 2018; Ntanos et al., 
2018), and backup generation (Baik et al., 2018). These contingent 
valuation studies provide generalized estimates of consumer WTP for 
resiliency and reliability upgrades but are not specific to microgrids as 
the mechanism for providing those benefits. This distinct difference 
creates a branch in the literature as microgrid services extend far beyond 
simple outage avoidance due to their physical presence in communities, 
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ability to optimize DERs, and unique set of services supplied during grid 
stress events. 

There are studies that investigate ratepayers’ WTP for microgrid 
services in particular. Hotaling et al. (2021) assessed New York rate
payers’ WTP for community microgrid services during an extended 
power outage. They find that WTP for community microgrid services 
was positive – even when the ratepayer was not receiving direct supply 
to their residence. This provides direct evidence of consumers WTP for 
microgrids that provide indirect benefits. The authors employed a 
discrete choice experiment to determine ratepayers’ WTP for specific 
community microgrid services such as providing supply to hospitals, 
emergency services, potable water, etc. The paper focuses on WTP 
valuation for critical services but does not evaluate WTP for community 
microgrids outside of an outage event. The present paper differs by 
investigating ratepayers’ WTP for community microgrids without the 
presence of an outage and contingent on whether the installation 
directly benefits them and their community or not. Graber et al. (2018) 
also used choice experiments to determine the WTP for rural solar- 
powered microgrid attributes in India. They find that WTP is most 
impacted by the amount of power generated by the microgrid, the 
reliability, and the price. They also find that satisfaction is higher for 
these rural microgrids than the electric grid itself. The two above studies 
employ discrete choice experiments to identify the WTP for attributes 
associated with community microgrids. The DCE approach is beneficial 
when the research question focuses on the specific attributes of com
munity microgrids such as services following power outages, types of 
buildings being supplied critical load, type of DER penetration, etc. Each 
attribute receives its own WTP estimate. Since microgrids are engi
neered for their specific use case, the fuel mix, composition, and effec
tiveness of the microgrid is non-standardized. This vagueness most 
accurately reflects the decision-making problem faced by consumers. In 
the context of this paper, the goal is to estimate the support and WTP for 
a microgrid given two levels of consumer benefits. It is for these reasons 
the contingent valuation method (CVM) is used. 

This paper aims to contribute evidence of public support for such 
services similar to Hotaling et al. (2021) and Graber et al. (2018), but 
uses a different elicitation format to evaluate the microgrid installation 
as a whole, and in a study region with different climate, income levels, 
and ideological and political views. The Four Corners is prone to grid 
destabilizing events. Burillo et al. (2016) predicts that rising average 
temperatures in Arizona will result in 30 times more power outages and 
a higher probability of cascading failures for each Celsius degree in
crease in ambient air temperature. The authors cite smart grid power 
flow controls as a potential mitigation tactic for these adverse effects 
from climate change. Fortunately, the Four Corners has “excellent” to 
“outstanding” levels of renewable electricity potential (Prăvălie et al., 
2019), and a heterogeneous set of state-level policy directives regarding 
the future of renewable generation (National Conference of State Leg
islators, 2021). Each state has a widely different approach to renewable 
portfolio standards. These standards are self-enacted legal requirements 
that each state must fulfill by a deadline to produce a portion of their 
electricity from renewable sources. Arizona is requiring 15% of electric 
supply to be renewable by 2025. Colorado is 100% by 2050 for utilities 
serving 500,000 customers and more, New Mexico is requiring 100% by 
2045, and Utah has a voluntary goal of 20% by 2025. As a result of these 
goals, generation capacity is expected to become more intermittent as 
solar and wind generation become more prevalent. Given the potential 
that community microgrids have in decentralizing the electric grid, 
allowing better access to distributed energy generation, and increasing 
reliability and resilience, it is imperative that research into the public 
demand for community microgrids be conducted to better inform utili
ties who are considering these investments. 

3. Methods 

To determine the economic value of community microgrids, a stated- 
preference survey was designed and deployed across the Four Corners 
from August 2020 to January 2021. The survey resulted in 4783 re
sponses and was conducted using the web based Qualtrics XM™ plat
form and their accompanying research services. To elicit a 
representative sample of households, Qualtrics was supplied with 
fulfillment quotas based on census estimates for each state in the region. 
The state-specific quotas include population share, sex, age, race, His
panic origin, household income level, urban/rural classification, and 
whether the respondent obtained a college degree. The census data came 
from the 2017 American Community Survey (ACS) 5-year estimates, 
except for the urban/rural classification coming from the 2010 Census 
(not asked during the ACS). Qualtrics filled quotas and rejected partic
ipants that did not meet remaining sample requirements. In the above 
categories, the sample matches the 2017 ACS estimates almost perfectly, 
with the sample being slightly more educated and of less Hispanic origin 
than found in the ACS estimates. The comparison between the sample 
and the ACS estimates can be seen in Table A1 in Appendix A. Fig. 1 
shows the distribution of responses by county in the Four Corners 
region. 

Respondents were asked a series of questions about their electricity 
use habits, relationship with their electric provider, general attitudes 
and preferences, ideology regarding electricity and politics, and various 
socioeconomic identifiers. The survey included a referendum-based 
valuation exercise to determine the general community-level prefer
ence and median willingness-to-pay (WTP) for microgrid services. 

3.1. Valuation exercise 

The valuation exercise is the focal point of this analysis. As part of the 
contingent scenario, survey respondents are given substantial informa
tion on community microgrids. Respondents are presented with infor
mation on the need for community microgrids, what a community 
microgrid is, benefits and costs of the microgrid, why their opinion 
matters, and finally, examples of community microgrids currently in 
use. 

Respondents were then asked to participate in a closed-ended ref
erendum style valuation exercise, the design of which follows previous 
literature (Boyle et al., 1985; Cameron and James, 1987; Carson et al., 
1998). The referendum style elicitation format used in this paper is 
considered an incentive compatible approach to reducing hypothetical 
bias commonly associated with contingent valuation, but this survey is 
not entirely incentive compatible since the good being evaluated is 
excludable (Arrow et al., 1993; Johnston, 2006; Landry and List, 2007; 
Carson et al., 2004; Zawojska and Czajkowski, 2017; Champ et al., 
2002). Respondents were initially asked a referendum style question on 
whether they would vote for the installation of a community microgrid 
by their electric provider, contingent on their level of benefits, at no cost 
to them: 

Assume that your electric provider held a referendum style vote of its 
customers on whether to add a microgrid to your community at no upfront 
cost to you. If >50% of respondents vote yes, your electric provider would 
install this microgrid. 
Taking into consideration your desire for the microgrid installation, would 
you vote for the referendum to install the microgrids? 

Respondents were allowed to respond with a Yes, No, or Not Sure. 
Under the no cost to respondent scenario, adoption rates for the 
microgrid referendum reflected a majority, with 58.43% of respondents 
answering Yes, 16.35% saying No, and 25.22% saying they are not sure. 
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The follow-up to this question was a similar split-sample valuation ex
ercise except the respondent was tasked with voting contingent on an 
increase to their baseline customer charge (surcharge) and some level of 
benefits provided by the microgrid on which they were voting. Re
spondents were separated into two categories – receiving direct or in
direct benefits from the microgrid that they were voting on. Respondents 
who were presented with direct benefits were asked to “Assume that the 
electric provider guaranteed that the microgrid would directly benefit 
your community by providing electricity to the community and support 
for critical infrastructure during stress events”. Those who were pre
sented with indirect benefits were asked to “Assume that the electric 
provider stated that the microgrid would be installed in a nearby com
munity, but in times of grid stress, this microgrid could reduce the 
probability of outages to your community”. The difference between 
direct and indirect benefits is qualitative in nature as no numerical 
values are associated with improvements. This most reflects the reality 
of community microgrid installations as each installation will provide 
different levels of benefits depending on the underlying reliability and 
resilience of the respondent’s local grid. This is referred to as a form of 
qualitative nesting that allows researchers to measure how WTP changes 
across levels of qualitative microgrid benefits (Carson and Mitchell, 
1995). 

As previously mentioned, respondents were presented with a 
randomly assigned increase to their electric bill that would manifest in 
their customer charge. These increases in the respondent’s customer 
charge are based off the monthly average electricity bill in the Four- 
Corners. A respondent could see an increase to their electric bill 
ranging from $0.10 to $17. The average monthly electric bill in the Four- 
Corners is $86.97 based off the Electricity Information Administration’s 
(EIA) Low-Income Energy Affordability Data Tool (LEAD Tool) as of 
2020. Eight different payment levels were derived from an exponentially 
increasing percent of the average monthly electric bill and rounded to an 
even number for simplicity: 0.1% ($0.10), 0.5% ($0.50), 1% ($1), 3% 
($3), 5% ($5), 10% ($9), 15% ($13), 20% ($17). The respondent was 
randomly assigned a payment level from a random discrete uniform 
distribution of these surcharge increases. Below is the valuation exercise 
respondents faced when contingent on costs and level of microgrid 
benefits received. 

Now assume that your electric provider held a referendum style vote on 
whether to add a surcharge to your electricity bill for a duration of 2 years 
(24 billing cycles). This surcharge would pay for the installation of a 
microgrid. [Insert Level of Benefits]. If >50% of respondents vote yes, 
your electric provider would install this microgrid and increase your 
electric bill (the amount is listed in the question below). 

Taking into consideration your desire for the microgrid installation as well 
as your current disposable income, would you vote for the referendum to 
install the microgrids if the electric provider added a surcharge of 
$[Assigned Payment] to your monthly electric bill for 24 billing cycles? 

It is assumed there is a direct negative relationship between the 
amount a respondent is asked to pay and their likelihood to vote in favor 
of the referendum. This relationship is clearly presented in Table 1 
which is the result of this public referendum by each payment level. 

It is also common to experience upward hypothetical bias in regards 
to stated-preference questions, regardless of elicitation format (Little 
and Berrens, 2004; Li et al., 2009). A cheap talk script was used to 
remind the respondents of their disposable income and the potential for 
hypothetical bias in the survey (Cummings and Taylor, 1999; Penn and 
Hu, 2019). To help mitigate hypothetical bias, respondents were asked 
to rank their level of certainty in their valuation question response on a 
scale of 0 through 10. This numerical certainty scale is used widely as a 
method to mitigate hypothetical bias (Akter et al., 2008; Li and Matts
son, 1995; Morrison and Brown, 2009). Several recoding schemes were 
implemented in which Yes votes are recoded to No votes if they do not 
surpass certainty levels. The YESX scheme recodes Yes responses to No if 
the respondent reported a confidence below X%. For the purposes of this 
study, three different certainty thresholds were used, 60% as YES6 (Poe 
et al., 2002), 70% as YES7 (Ethier et al., 2000), and 80% as YES8 
(Champ and Bishop, 2001). The voting behavior for these certainty 
thresholds is also included in Table 1. 

From the voting behavior in Table 1, it is apparent that the per
centage of respondents voting for the referendum declines as they are 
asked to pay more. This finding is consistent across the raw sample for 
the direct and indirect groups as well as their subsequent certainty 
recoding schemes. Additionally, the proportion of respondents who 
voted Yes in the direct group was consistently higher than their indirect 

Responses
0

1 - 5

5 - 20

20 - 45

45 - 85

85 - 125

125 - 300

300 - 450

450 - 1250

Fig. 1. Survey responses by county (n = 4783).  
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group counterparts. To provide additional evidence of this, a Mann- 
Whitney Rank Sum test was used to determine whether the distribu
tion of voting is same across both levels of benefits. The null hypothesis 
that the distribution is the same across both groups is rejected with a z- 
score of −3.021 (p-value of 0.0025).2 This provides further evidence that 
voting behavior across the two groups is not statistically the same, and 
that further analysis is needed to determine whether the observed 
ratepayer characteristics influence voting behavior. 

3.2. Determinants of participation and willingness-to-pay 

Voting behavior is influenced by external factors other than the in
formation provided in the valuation exercises. These external factors 
amass in the form of institutional and environmental perspectives, at
titudes, and sociodemographics. An exhaustive list of observed charac
teristics used in this analysis are presented in summary statistic form in 
Table 2. There are several categories of observable characteristics that 
may impact voting behavior. A combination of electricity use, provider 
relationship, ideological, household, and sociodemographic character
istics were chosen carefully for this analysis to reduce the potential for 
correlation. Additionally, since the survey was conducted during the 
COVID-19 pandemic, a control for self-reported pandemic related in
come shocks is included as this may impact a respondent’s disposable 
income, and thus their willingness to accept an increased financial 
burden. 

Survey respondents where allowed a Not Sure response, but 

following the conventional and conservative approach of Carson et al. 
(1998), Not Sure responses are recoded to No responses. This limits the 
survey responses to a binary indicator of support for the referendum, 
where a respondent is either a Yes vote or a No or Not Sure vote. This 
dichotomous choice (DC) framework combined with the take it or leave 
it approach of presenting a single payment level makes the “closed- 
ended” contingent valuation (CECV) methodology of Cameron and 
James (1987) optimal. Respondents in support of the referendum are in 
essence willing to pay for microgrid services through surcharges on their 
electric bill. It is assumed that the underlying WTP function for these 

services is exponential as follows: 

WTPi = ex′

i γ+σεi (1)  

where a respondent’s WTP for microgrid services is a function of a vector 
of their observable characteristics, xi, the associated parameter esti
mates, γ, an unknown error term that is logistically distributed, εi, and a 
variance parameter, σ. Assuming an exponential form for the WTP 
function imposes a mathematical lower bound on the distribution of 
0 which is consistent with the logic that a respondent who does not 
support the referendum has an implied WTP of $0. A latent class vari
able, Yi, is implemented which is equal to 1 if the respondent voted for 
the referendum and 0 if else. The following probability statement out
lines the decision process of voting subject to the natural log of the 
payment level that a respondent was randomly assigned and their un
derlying WTP function (Eq. 1). 

Pr(Yi = 1) = Pr(WTP > ln(ti) ) (2) 

The probability that a respondent votes in favor of the referendum is 
then determined by the probability that their WTP for the microgrid 
services is higher than the amount assigned to them. Assuming that the 
error term is logistically distributed with a mean of zero, Eq. 2 is 
expanded to include the cumulative density function and incorporated 
into a log-likelihood equation, which is used to calculate the maximum 
likelihood estimates via the Newton-Raphson method,   

The inner product of 
(

−
βt+x′ γ

σ

)
can be rewritten as −

(t, x′

)

[
−β/σ
γ/σ

]

= − z′ δ*. In this paper, the median WTP is estimated 

using MD(WTP) = exp [−z′δ*]. Where δ* are the averages of the 
covariates. The median WTP is used to mitigate the skewness that may 
occur from fat tails and outliers and is consistent with the median voting 
hypothesis associated with the referendum voting format (Li et al., 
2009). The median WTP estimates in this paper represent the median 
amount the average ratepayer is willing to pay for the microgrid ser
vices, irrespective of the level of benefits. In this study, it is important to 
measure the difference in median WTP across both the direct and indi
rect benefits group. To account for these differences, the sample is split 
among direct and indirect benefit groups and regressed separately. 

Table 1 
Voting behavior by payment level and certainty recoding scheme.   

Indirect Group (N = 2397) Direct Group (N = 2385) 

Payment Level % Raw YES6 YES7 YES8 % Raw YES6 YES7 YES8 

$0.01 0.64 0.49 0.46 0.36 0.66 0.54 0.44 0.36 
$0.50 0.64 0.56 0.48 0.38 0.68 0.58 0.49 0.38 
$1.00 0.63 0.53 0.47 0.37 0.69 0.59 0.53 0.42 
$3.00 0.58 0.43 0.38 0.28 0.59 0.48 0.44 0.34 
$5 0.48 0.39 0.34 0.26 0.59 0.47 0.40 0.31 
$9 0.41 0.31 0.27 0.21 0.43 0.34 0.29 0.21 
$13 0.38 0.29 0.26 0.19 0.39 0.29 0.26 0.18 
$17 0.27 0.21 0.18 0.12 0.39 0.29 0.25 0.16 
Total 0.50 0.40 0.35 0.27 0.55 0.45 0.39 0.30 

Note: All figures are the percent who voted Yes. For each group (YES6, YES7, YES8, YES9), Yes responses were kept if they matched a certainty level of that number or 
higher, the rest were recoded as No responses. 

ln(L ) =
∑n

i=1
yiln

(

1 −

(

1 + exp
(

−
x′

iγ − βt
σ

) )−1
)

+ (1 − yi)ln

((

1 + exp
(

−
x′

iγ − βt
σ

) )−1
)

(3)   

2 Additionally, a rank sum test was used to determine there is no statistical 
difference in the distribution of payment levels across the two groups of 
microgrid benefits, to ensure one group did not see systematically higher/lower 
payment levels than the other. 
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4. Results 

4.1. Median WTP across the four corners 

Table 3 provides the estimation of Eq. 3 and is presented as marginal 
effects evaluated at the Four-Corners means. The median WTP is esti
mated for each specification in the lower panel.3,4 Monthly fixed effects 
are included to account for the duration of the data collection which 
encompassed holidays that impact disposable income. 

In the case of this study, the non-recoded median WTP estimates 
contain an upward bias as they include respondents who are 50% certain 
and less – which can be debated as a not sure response since these re
spondents cannot be relied on to say Yes in a real-world referendum 
scenario. It is for this reason, that median WTP estimates in the YES6–8 
recoding schemes are more reliable as noted earlier. For the recoded 
responses, the indirect group’s monthly median WTP estimates range 
from $0.04–$0.58 depending on the certainty threshold (higher 
threshold correlating with a lower estimate). All of these indirect group 
estimates are statistically different from zero in their point estimates at 
the 95% confidence interval or higher. For the direct group, monthly 

median WTP estimates range from $0.03–$1.06 depending on the cer
tainty threshold. More interestingly, as the certainty threshold increases, 
the gap between the indirect group and the direct group shrinks to 
becoming almost identical in their point estimates as seen in the YES7 
and YES8 recoding schemes. This indicates that the more certain a 
respondent is, the less likely their response is driven by the variation in 
benefits and more so by unobserved factors.5 Additionally, the 
extremely low point estimates for median WTP at high certainty 
thresholds may be driven by a correlation between a respondent’s cer
tainty and the payment level they were exposed to, as higher financial 
burdens are correlated with uncertainty (correlation coefficient between 
the payment level and certainty score is −0.0220). Additionally, it is 
possible that respondents who are confident in their answers may be 
voting ideologically rather than truly considering the valuation sce
nario. This phenomenon results in decreases in total program median 
WTP. For the non-recoded data, the total median WTP for the indirect 
group is $69.36 and the direct group is $141.84 over a two-year period. 
These results are significantly lower than those found in Hotaling et al. 
(2021) which find a mean WTP of $168.60 for the year for their most 
inclusive scenario which includes many critical infrastructure attributes. 
The difference between our results and theirs may be the result of the 
vagueness associated with the term “critical infrastructure” as part of the 
valuation exercise as well as differing sociodemographic and ideological 
characteristics. It is likely that specifying specific critical infrastructure 
components anchors the respondent to a higher WTP. 

With the controlling of hypothetical bias, the total for the indirect 
group ranges from $0.96–$13.92 and $0.72–$25.44 for the direct group. 
There is no consensus in the literature on what the appropriate level of 

Table 2 
Summary statistics for observable characteristics.  

Variable Description Coding Mean S.D. 

Electricity Use and 
Provider     

Tracking How carefully a HH tracks electricity use 1 = Not carefully at all, 5 = Very carefully 3.33 1.19 
Ownership Structure Knowledge of ownership structure 0 = Does not know, 1 = Knows the ownership structure 0.46 0.5 
Best Interest Does respondent think provider has their best 

interests in mind 
0 = No, 1 = Yes 0.51 0.5 

Confidence How confident respondent is that provider will make 
correct decisions 

1 = Not at all confident, 5 = Completely confident 3.49 1.02 

Outage Length Length of most recent outage Categorical, varying timesteps range from never having an outage to outage 
lasting more than a month 

1.76 1.74 

Attitudes and 
Preferences     

Importance of Supply “It is important to have as much electricity as I need 
when I need it” 

1 = Strongly disagree, 3 = Neither agree nor disagree, 5 = Strongly agree 3.98 0.98 

Pollution Concern for pollution from electricity generation 1 = Not at all concerned, 5 = Very Concerned 3.76 1.11 
Ideological     
Political Ideology Report political ideology 1 = Strongly liberal, 4 = Middle of the Road, 7 = Strongly Conservative 4.11 1.74 
Household     
Average Bill Average monthly summer electric bill Incremental by $50. 1 = Less than $50, 3 = $100–$150, 6 = More than $250 3.56 1.88 
Efficiency Upgrades Ever made efficiency upgrades? 0 = No, 1 = Yes 0.53 0.5 
Sociodemographic     
Income Household income before taxes Incremental, varying steps. 4.16 1.93 
Covid Impact Has HH income been affected by COVID 0 = No, 1 = Yes 0.43 0.49 
Female Respondent identifies as female 0 = No, 1 = Yes 0.51 0.49 
Age Age of respondent Discrete: 18–93 46.84 17.8 
Rural Is household in rural environment? 0 = No, 1 = Yes 0.13 0.34  

3 All regressions include monthly fixed effects and the variables listed in the 
summary statistics (Table 2). To measure the impact that adding various 
covariates may have on the regression, Table A2 in Appendix A shows four 
separate model specifications for the non-recoded data with stepwise integra
tion of covariates. Point estimates are largely consistent across specifications 
and insensitive to the inclusion of additional covariates. The preferred model 
(specification 4 – all covariates) is used in Table 3 and the rest of the study.  

4 Median WTP estimates are sensitive to their assumed empirical distribution. 
The most common types are linear and exponential distributions. The linear 
distribution has an infinite lower and upper bound that allows for negative 
WTP. The exponential distribution restricts the lower bound to zero which 
aligns with the theoretical limit of the good being provided in this study. For 
completeness, both exponential and linear median WTP estimates using non- 
recoded data are calculated and presented in Table A3. Results indicate that 
the exponential model greatly decreases the median WTP amount. For the in
direct group, median WTP ranges from $6.25–$6.34 in the linear model and 
$2.81–$2.88 in the exponential model depending on the number of included 
covariates. For the direct group, median WTP ranges from $8.75–$8.85 in the 
linear model and $5.87–$6.07 in the exponential model. 

5 It is possible that highly confident responses could be driven by ideological 
bias rather than the level of benefits presented to the respondent. In this case, it 
would be expected that the share of respondents who voted Yes would be 
similar between the benefit groups as the certainty recoding increases. Table 1 
shows that for recoding scheme YES7 we see 35% and 39% for indirect and 
direct benefits respectively. For scheme YES8, we see 27% and 30% for indirect 
and direct benefits respectively. Given that there is a difference in the share of 
Yes votes between the direct and indirect benefits groups even at the higher 
tier, it is unlikely that ideological bias is the primary factor causing the price 
premiums to dissipate between benefit tiers. 
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certainty is for a valid WTP estimate (Akter et al., 2008). The results of 
this study indicate that the aggregation of a public’s median WTP will 
always be subject to levels of uncertainty accounted for and levels of 
uncertainty recoding greatly affect the valuation to be used for benefit- 
cost analysis. For the remainder of this paper, the YES6 or 60% recoding 
scheme will represent the preferred specification. Additionally, using 
the preferred specification from Table 3, the predicted probabilities of a 
Yes vote is calculated and plotted against payment levels following 
Maddala (1983) and Rollins and Dumitras (2005) and is presented in 
Fig. 2. This graph indicates that the likelihood of voting in favor of the 
referendum is higher when respondents were faced with a lower pay
ment level. Additionally, the difference between both groups is minimal 
at low payment levels but separates and declines substantially as the 
payment level increases. 

An additional area of interest is in the point estimates of the cova
riates themselves for the preferred specification. The point estimates in 
Table 3 are presented as marginal effects evaluated at the sample means. 
Across both the direct and indirect groups, the natural log of the pay
ment level is negatively associated with the likelihood of voting for this 
referendum. For each log-dollar of payment level from the mean that a 
respondent saw, their likelihood of participation decreased by 7.1%. 
Intuitively, this indicates that the more financial burden a customer is 
asked to accept, they are less likely to support the infrastructure in
vestment, a sentiment which is mirrored in Fig. 2. Additionally, there is a 
positive relationship between a respondent’s income and their likeli
hood to participate. The underlying mechanism is assumed to be a 
higher level of disposable income and a lower sensitivity to price 

increases. This may indicate that electric providers whose customers are 
above average in income are more likely to successfully gather support 
and the funds necessary for a community microgrid project. In this 
sample, increases in income category are associated with a 2.2–2.7% 
increase in the likelihood of voting in favor of the referendum. Given the 
limited increments a respondent could select their income level from, 
this magnitude is a relatively small part of predicting support, even at 
the highest level of income.6 

Many consumer characteristics were also collected and used to 
control for the heterogeneity in perspectives across the sample (see 
Table 2 for descriptions). Only a handful of characteristics proved to be 
significant. In an attempt to elicit the impact of customer-provider 
relationship on the willingness to support the referendum, respondents 
were asked if they thought their provider had their best interests in 
mind. The point estimate was not statistically different from zero, but an 
additional question about the level of confidence the customer has in 
their providers financial and investment decisions had a large and sta
tistically significant impact. Higher levels of reported confidence were 
associated with increases of 7.1–8.0% in the likelihood of supporting the 
referendum. This represents the importance of a positive customer- 

Table 3 
Logit and WTP estimation with certainty recoding.   

Non-Recoded %60 %70 %80  

Indirect Direct Indirect Direct Indirect Direct Indirect Direct 

Logged Payment Level −0.085*** −0.075*** −0.071*** −0.071*** −0.064*** −0.054*** −0.051*** −0.046***  
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.006) (0.006) 

Income 0.025*** 0.026*** 0.022*** 0.027*** 0.015** 0.025*** 0.009 0.017***  
(0.007) (0.007) (0.007) (0.007) (0.006) (0.007) (0.006) (0.006) 

Tracking 0.015 0.000 0.016 0.004 0.010 0.015 0.013 0.024***  
(0.010) (0.010) (0.010) (0.011) (0.009) (0.010) (0.008) (0.009) 

Ownership Structure 0.078*** 0.060** 0.023 0.013 0.033 −0.011 0.016 −0.026  
(0.025) (0.024) (0.024) (0.025) (0.023) (0.024) (0.020) (0.021) 

Best Interest 0.054** 0.062** 0.021 −0.007 0.004 −0.009 0.027 −0.029  
(0.027) (0.026) (0.026) (0.027) (0.025) (0.026) (0.022) (0.023) 

Confidence 0.043*** 0.044*** 0.071*** 0.080*** 0.067*** 0.073*** 0.043*** 0.071***  
(0.013) (0.013) (0.013) (0.014) (0.013) (0.013) (0.011) (0.012) 

Outage Length 0.000 0.025*** 0.001 0.020*** −0.004 0.012* 0.000 0.008  
(0.007) (0.007) (0.007) (0.007) (0.006) (0.007) (0.006) (0.006) 

Importance of Supply 0.064*** 0.090*** 0.084*** 0.117*** 0.086*** 0.121*** 0.083*** 0.108***  
(0.012) (0.013) (0.012) (0.013) (0.012) (0.013) (0.011) (0.012) 

Pollution Concern 0.062*** 0.035*** 0.067*** 0.062*** 0.061*** 0.058*** 0.055*** 0.057***  
(0.012) (0.011) (0.012) (0.012) (0.011) (0.011) (0.010) (0.010) 

Political Ideology −0.013* −0.026*** −0.008 −0.028*** −0.004 −0.029*** −0.002 −0.009  
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.006) (0.006) 

Average Bill −0.003 −0.005 −0.005 −0.006 −0.007 −0.009 −0.010* −0.003  
(0.006) (0.006) (0.006) (0.007) (0.006) (0.006) (0.005) (0.006) 

Efficiency Upgrades 0.055** 0.095*** 0.011 0.067*** 0.016 0.054** 0.017 0.045**  
(0.024) (0.025) (0.024) (0.025) (0.023) (0.024) (0.020) (0.021) 

COVID-19 Impact 0.048** 0.001 0.040* −0.018 0.026 −0.002 0.008 0.010  
(0.024) (0.025) (0.024) (0.025) (0.023) (0.024) (0.020) (0.021) 

Female −0.068*** −0.025 −0.055** −0.041 −0.071*** −0.040 −0.053** −0.049**  
(0.026) (0.026) (0.025) (0.026) (0.024) (0.025) (0.021) (0.022) 

Age −0.003*** −0.004*** −0.001 −0.001 0.000 −0.000 0.000 0.001**  
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Rural 0.020 −0.023 0.055 −0.003 0.022 0.006 −0.015 −0.006  
(0.036) (0.036) (0.034) (0.037) (0.033) (0.035) (0.030) (0.032) 

Monthly Median WTP 2.89 5.91 0.58 1.06 0.24 0.24 0.04 0.03 
Total Median WTP 69.36 141.84 13.92 25.44 5.76 5.76 0.96 0.72 
[95% CI] [2.20, 3.80] [4.33, 8.48] [0.36, 0.84] [0.70, 1.50] [0.12, 0.38] [0.10, 0.42] [0.01, 0.09] [0.01, 0.07] 
Observations 2349 2336 2349 2336 2349 2336 2349 2336 
(−2*LL) 2684.16 2623.01 2606.00 2585.80 2519.22 2527.17 2255.52 2275.36 

Note: Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. All columns include monthly fixed effects. Point estimates presented here are marginal 
effects evaluated at the sample mean. WTP confidence intervals calculated using Krinsky-Robb method with 5000 repetitions. 

6 For example, the average income in the indirect sample is 4.125 (categor
ical scale, see summary statistics). Since there are eight possible income cate
gories, a respondent who is in the highest category (more than $200,000) 
would be approximately 10% more likely to vote for the referendum than those 
with an average income. 
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provider relationship, specifically in infrastructure and business de
cisions, in garnering public support for community microgrid invest
ment projects. 

Respondents were also asked the duration of their most recent power 
outage. This proved to only be statistically different from zero for the 
direct benefits group. Respondents in the direct benefit group are 2% 
more likely to support the program for each increment above the 
average outage duration across the Four-Corners. Several ideological 
questions were asked as well. Respondents who more strongly desired 
adequate and sufficient on-demand electric supply are 8.4–11.7% more 
likely to support the program. Respondents who are more concerned 
with pollution from electricity supply are 6.2–6.7% more likely to sup
port the program. This is an interesting finding because respondents 
were informed of the percentage of microgrids that are fully renewable 
which is less than a majority. This finding may be explained by the high 
level of renewable generation investment in the Four-Corners poten
tially causing respondents to automatically associated new infrastruc
ture with renewables – note that respondents presented with the share of 
renewable only microgrids during the survey which at the time was 
estimated to be 20%. Finally, respondents were asked to report their 
political ideologies on a scale from liberal to conservative. With the 
Four-Corners average being middle of the road, conservative leaning 
respondents in the direct benefit group were 2.8% less likely to partic
ipate for each point away from the mean. This association may be due to 
aspects of fiscal conservatism associated with political conservatism. 

Respondents who make efficiency upgrades to their homes may also 
be positively associated with support for programs as they are more 
conscious of energy use and investments. Respondents who made effi
ciency upgrades in the direct group are 6.7% more likely to support the 
program. Additionally, the survey was sent out during the COVID-19 
pandemic. This pandemic has resulted in financial shocks to many 
households. In order to control for the impact of the pandemic on 
disposable income, respondents were asked if they have been negatively 
impacted financially by the pandemic. Those in the indirect group who 
had been were 4% more likely to vote for the referendum, but the 
mechanism is unclear. One theory may be that these respondents are 
home more often, and thus rely on electric reliability more. Females 

were 5.5% less likely to support the program, but the impact is only 
statistically different from zero in the indirect benefits group. This 
finding is antithetical to the finding in Li et al. (2009) which showed that 
being female was positively associated with energy research and 
development. Finally, there is no statistical evidence that respondents 
who considered their home rural had different likelihoods of supporting 
the program than those who are urban. While all of these characteristics 
are useful in predicting outcomes across the Four-Corners, policymakers 
and electric providers may find more value in a state-specific analysis. 

4.2. WTP estimates by state 

A median WTP estimate across the Four Corners is valuable for 
generalized assessments of microgrid services by region, but higher 
resolution estimates allow for more specialized use-cases and account 
for the significant heterogeneity that exists between the states in the 
Four Corners. The state in which a respondent resides can impact their 
WTP through several mechanisms. States governments differ in general 
attitudes towards electricity which can be quantified through realized 
and legislative actions or inactions. Table 4 shows how the Four Corners 
states differ on renewable portfolio standards, average price of elec
tricity, average electric bill, solar and wind generation, and utility 
generation requirement opinions. 

Table 4 defines the differences that exist between states. While New 
Mexico and Colorado lead in renewable portfolio standards, Arizona and 
Utah have small or non-legally binding objectives. Additionally, Arizona 
and Utah enjoy low-cost electricity in the residential sector, while Col
orado and New Mexico ratepayers have higher costs per kWh. This is 
mitigated by the low monthly electric bills for Colorado, New Mexico, 
and Utah, while Arizona has the highest. This is likely the result of 
climate as Arizona is significantly hotter than the other states in the Four 
Corners. Additionally, Colorado and New Mexico lead the pack in power 
sector renewable energy consumption while Arizona and Utah trail 
behind significantly. Arizona, Colorado, and New Mexico residents have 
between 63 and 65% support for requiring utilities to produce 20% of 
their electricity from renewable sources while that number falls to 58% 
for Utah. Finally, Arizona and Colorado rank relatively high in terms of 
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Fig. 2. Probability of a yes response by offered payment level (YES6 recoded).  
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power grid reliability, which is the average number of minutes power 
outage resident’s experience in the year, while New Mexico and Utah 
fall to the middle of the pack. These differences across states are a sig
nificant source of heterogeneity and the institutional repercussions of 
them may impact WTP estimates by state. Table 5 provides state-level 
median WTP estimates. 

Voting behavior by for non-recoded responses has some variation 
across states. The indirect group of Arizona would miss passage of the 
referendum by 1% as well as the direct group of New Mexico. Given the 
small range in which the referendum does not pass, random variation 
cannot be ruled out. Most notably, the direct group of Utah over
whelmingly would pass the referendum with 60% of responses in favor. 
When recoding responses to control for hypothetical bias using the 
preferred recoding mechanism, these numbers fall. These numbers are 
used to estimate the median WTP estimates seen in the table. 

Findings suggest a wide range of median WTP estimates across the 
states. For Arizona, the indirect benefits group has a monthly median 
WTP of $0.47 and the direct group $1.08. These results are very similar 
to the Four-Corners monthly averages of $0.58 and $1.06 respectively. 
In comparison, Colorado has very similar estimates of $0.46 and $1.01 
per month for the indirect and direct groups respectively. It is logical 
that these two states have similar estimates as they consistently rank 
high in terms of power grid reliability (2nd and 11th). The value added 
of a community microgrid is arguably less salient in states with more 
reliability on average. New Mexico has a monthly median WTP estimate 
of $0.89 and $0.56 for the indirect and direct groups respectively. The 
direct group is less than the indirect group and it is unclear why (it is the 
only state to experience this difference). Utah has the highest median 
WTP figures of the four states, with $1.17 for the indirect group and 
$1.77 for the direct group. This figure is driven by the larger than 
average vote in favor rates of the direct group for the state. 

5. Conclusions 

Community microgrid services have the potential to mitigate power 
disruptions by adding resiliency and reliability to the electric grid. These 
nodes provide both market and non-market benefits to the electric 
provider as well as the end-user. For electric utilities considering com
munity microgrids as an option, it is imperative they fully understand 
the public support and WTP for these microgrid services, so they can 
accurately assess the economic benefits from a microgrid installation. 
Given the paucity of literature on WTP for microgrid services in the US, 
this paper serves to provide evidence for a growing body of literature on 
the topic in a region that has not been previously studied and provide a 
framework for utilities to design original contingent valuation surveys. 
In the Four Corners, the ratepayers’ WTP is dependent on the ideolog
ical, political, and socioeconomic characteristics of the rate base. 

The main contribution of this paper is the median WTP estimates for 
community microgrid services and how they differ by the level of ben
efits to the ratepayer and the state the ratepayer lives. Across the Four- 
Corners, ratepayers have a median WTP of $25.44 ($1.06 per month for 
24 months) for a community microgrid that provides direct benefits to 
them. This figure is reduced to $13.92 ($0.58 per month) if the micro
grid in question is not installed in their community but on their electric 
grid at large. 

There are limitations to the contingent valuation methodology, 
specifically that the results presented here are specific to the hypothet
ical microgrid services shown to the ratepayer. In this study, the com
munity microgrid presented did not include statistics on the mix of 
storage, fossil fuel, or renewable capacity and was meant to be general in 
nature. This emphasizes the need for electric providers to survey their 
ratepayers regarding specific community microgrids being planned 
along with explicit information on location, type, benefits, etc. Since 
microgrids are typically engineered for each specific use case, a rate
payers WTP or support the installation are likely to shift depending on 

Table 4 
Sources of state heterogeneity.  

State Arizona Colorado New 
Mexico 

Utah Data Source 

Renewable Portfolio Standards 15% by 
2025 

100% by 2050 for utilities of 
100 k + customers 

100% by 
2045 

20% by 2025 
(voluntary) 

National Conference of State 
Legislators a 

Average Residential Price per kWh (Annual) 11.3 cents 14.15 cents 14.62 cents 9.99 cents 2019 EIA-861 Schedule 4A, 4D, 
and EIA-861S b 

Average Electric Bill (monthly) $126 $83 $80 $76 2019 EIA-861 b 

Renewable Power Sector Consumption 10.40% 23.20% 22.50% 10.40% EIA State Energy Profiles c 

Support to require utilities to produce 20% of 
electricity from renewable sources 

63% 65% 63% 58% Yale Climate Opinion Survey d 

Power Grid Reliability Ranking 2nd 11th 33rd 24th US News and World Report, 
2019 e  

a https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx (accessed Sep 9, 2021). 
b https://www.eia.gov/electricity/data/eia861/ (accessed Sep 9, 2021). 
c https://www.eia.gov/beta/states/overview (accessed Sep 9, 2021). 
d https://climatecommunication.yale.edu/visualizations-data/ycom-us/ (accessed Sep 9, 2021). 
e https://www.usnews.com/news/best-states/rankings/infrastructure/energy (accessed Sep 9, 2021). 

Table 5 
WTP estimates by respondent state of residency.   

Arizona Colorado New Mexico Utah  

Indirect Direct Indirect Direct Indirect Direct Indirect Direct 

Median WTP 0.47 1.08 0.46 1.01 0.89 0.56 1.17 1.77 
[95% CI] 0.25–0.78 0.62–1.80 0.23–0.82 0.54–1.80 0.35–2.08 0.19–1.42 0.52–2.45 0.74–3.98 
Vote in Favor (Original) 49% 55% 50% 55% 53% 49% 53% 60% 
Vote in Favor (Yes6) 39% 45% 40% 44% 43% 40% 43% 48% 

Note: All regressions use the YES6 certainty recoding mechanism and all covariates. Estimates for each state use state level averages for covariates during the esti
mation procedure. The regressions include a dummy variable for Colorado, New Mexico, and Utah. Inclusion or exclusion of point estimates for these dummy variables 
are used to generate WTP estimates by state. Confidence intervals are calculated using the Krinsky-Robb method using 5000 repetitions. Marginal effects from each 
regression are presented in Appendix A, Table A4. 
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the unique characteristics of the proposed microgrid. For example, in
stallations utilizing entirely renewable energy may command a higher 
WTP than those that use fossil fuels exclusively or a mixture of the two. 
Additionally, the level of direct benefits to the ratepayer had significant 
impacts on the median WTP, this may indicate that it is beneficial to 
segment the costs of the microgrid to those customer classes receiving 
direct benefits from its installation. From the work that is presented 
here, policymakers, regulators, and electric providers in the Four- 
Corners will be more informed on the baseline demand for community 
microgrids as well as the feasibility of such installations. Future work 
that stems from this study may include the difference in support and 
WTP for community microgrids with different generation sources, 
geographical distance to the ratepayer, level of microgrid tie-in, and 
ability to utilize distributed energy resources for shared local 
consumption. 
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Appendix A  

Table A1 
Survey representativeness.  

Quota Levels Arizona Colorado New Mexico Utah   

Census Sample Census Sample Census Sample Census Sample 

Sex Male 49.7% 49.2% 50.2% 49.1% 49.5% 44.3% 50.3% 48.7%  
Female 50.3% 49.9% 49.8% 50.5% 50.5% 55.0% 49.7% 50.6% 

Age 18–34 30.6% 28.0% 32.0% 29.0% 30.5% 31.1% 37.7% 34.6%  
35–54 32.4% 33.4% 34.7% 36.1% 31.7% 34.5% 34.0% 36.2%  
55+ 36.9% 38.7% 33.2% 34.9% 37.8% 34.4% 28.3% 29.2% 

Race White 80.5% 77.5% 87.3% 82.6% 76.9% 78.8% 89.4% 85.5%  
Black or African American 5.4% 5.8% 5.2% 5.0% 2.8% 3.4% 1.7% 2.0%  
American Indian or Alaska Native 5.6% 3.6% 2.1% 2.2% 10.7% 7.2% 1.7% 1.4%  
Asian 4.1% 8.1% 4.1% 7.8% 2.3% 4.4% 3.3% 5.3%  
Native Hawaiian or Other Pacific Islander 0.4% 1.7% 0.4% 0.7% 0.2% 0.8% 1.4% 2.7%  
Other 7.8% 8.3% 4.8% 5.2% 10.7% 9.8% 5.6% 5.3% 

Hispanic Hispanic or Latino 30.9% 19.6% 21.3% 17.1% 48.2% 32.4% 13.7% 10.9%  
Not Hispanic of Latino 69.1% 80.4% 78.7% 82.9% 51.2% 67.7% 86.3% 89.9% 

Household Income <50 K 38.3% 38.0% 38.1% 37.6% 53.0% 52.0% 36.7% 36.6%  
50 K–100 K 31.6% 31.6% 31.7% 31.7% 28.0% 27.0% 35.9% 35.5%  
>100 K 30.3% 30.5% 30.3% 30.7% 19.0% 21.0% 27.4% 27.8% 

Rural Urban 89.8% 89.9% 86.2% 86.0% 77.4% 75.3% 90.5% 90.5%  
Rural 10.2% 10.1% 13.8% 14.0% 22.6% 24.7% 9.5% 9.5% 

Education No College 52.2% 46.4% 52.2% 44.1% 64.9% 52.1% 57.9% 48.3%  
College 47.8% 53.6% 47.8% 55.9% 35.1% 47.9% 42.2% 51.8% 

Note: The data in this chart is collected from the 2013–2017 American Community Survey 5-year estimates with the exception of the Rural/Urban interface which 
comes from the 2010 Census. Educational attainment is calculated at the population that are 25 years and older.  

Table A2 
Median WTP estimations for increasingly level of covariates.   

Spec. 1 Spec. 2 Spec. 3 Spec. 4 

Covariate Indirect Direct Indirect Direct Indirect Direct Indirect Direct 

Logged Payment Level −0.077*** −0.067*** −0.081*** −0.070*** −0.085*** −0.074*** −0.085*** −0.075***  
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 

Income 0.029*** 0.029*** 0.023*** 0.026*** 0.020*** 0.021*** 0.025*** 0.026***  
(0.006) (0.006) (0.006) (0.006) (0.007) (0.007) (0.007) (0.007) 

Tracking   0.023** 0.008 0.013 −0.003 0.015 0.000    
(0.009) (0.010) (0.010) (0.010) (0.010) (0.010) 

Ownership Structure   0.074*** 0.050** 0.082*** 0.057** 0.078*** 0.060**    
(0.023) (0.023) (0.024) (0.024) (0.025) (0.024) 

Best Interest   0.051** 0.058** 0.064** 0.072*** 0.054** 0.062**    
(0.025) (0.025) (0.026) (0.026) (0.027) (0.026) 

Confidence   0.052*** 0.050*** 0.038*** 0.041*** 0.043*** 0.044***    
(0.013) (0.013) (0.013) (0.013) (0.013) (0.013) 

Outage Length   0.002 0.027*** 0.004 0.032*** 0.000 0.025***    
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 

Importance of Supply     0.059*** 0.084*** 0.064*** 0.090***      
(0.012) (0.012) (0.012) (0.013) 

Pollution Concern     0.065*** 0.038*** 0.062*** 0.035***      
(0.012) (0.011) (0.012) (0.011) 

Political Ideology     −0.015** −0.030*** −0.013* −0.026*** 
(continued on next page) 
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Table A2 (continued )  

Spec. 1 Spec. 2 Spec. 3 Spec. 4 

Covariate Indirect Direct Indirect Direct Indirect Direct Indirect Direct      

(0.007) (0.007) (0.007) (0.007) 
Average Bill     −0.001 −0.001 −0.003 −0.005      

(0.006) (0.006) (0.006) (0.006) 
Efficiency Upgrades     0.042* 0.069*** 0.055** 0.095***      

(0.024) (0.024) (0.024) (0.025) 
COVID-19 Impact       0.048** 0.001        

(0.024) (0.025) 
Female       −0.068*** −0.025        

(0.026) (0.026) 
Age       −0.003*** −0.004***        

(0.001) (0.001) 
Rural       0.020 −0.023        

(0.036) (0.036) 
Observations 2396 2385 2386 2371 2353 2340 2349 2336 
Monthly Median WTP 2.87 5.98 2.84 6.06 2.9 5.87 2.89 5.91 
Total Median WTP 68.88 143.52 68.16 145.44 69.6 140.88 69.36 141.81 
[95% CI] [2.06, 3.67] [3.86, 8.10] [2.07, 3.61] [3.96, 8.16] [2.13, 3.67] [3.91, 7.84] [2.12, 3.65] [3.95, 7.86] 

Note: Standard errors in parentheses. All point estimates are marginal effects evaluated at the mean. All columns include monthly fixed effects. All WTP Estimates are 
different from zero beyond the 99% confidence interval. * p < 0.10, ** p < 0.05, *** p < 0.01.  

Table A3 
Median WTP estimates by assumed distribution.   

Spec. 1 Spec. 2 Spec. 3 Spec. 4 

Median WTP Indirect Direct Indirect Direct Indirect Direct Indirect Direct 

Linear Model 6.31*** 8.76*** 6.28*** 8.84*** 6.36*** 8.75*** 6.35*** 8.76***  
(0.48) (0.59) (0.46) (0.58) (0.46) (0.57) (0.46) (0.56) 

Exponential Model 2.87*** 5.98*** 2.84*** 6.06*** 2.90*** 5.87*** 2.89*** 5.91***  
(0.41) (1.08) (0.39) (1.07) (0.39) (1.00) (0.39) (1.00) 

Note: All specifications include monthly fixed effects. Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.  

Table A4 
Marginal effects from state heterogeneity analysis.   

Indirect Direct 

Logged Payment Level −0.072*** −0.071***  
(0.007) (0.007) 

Income 0.022*** 0.027***  
(0.007) (0.007) 

Ownership Structure 0.023 0.015  
(0.024) (0.025) 

Tracking 0.018* 0.004  
(0.010) (0.011) 

Best Interest 0.022 −0.007  
(0.026) (0.027) 

Confidence 0.072*** 0.080***  
(0.013) (0.014) 

Outage Length −0.001 0.020***  
(0.007) (0.007) 

Importance of Supply 0.084*** 0.117***  
(0.012) (0.013) 

Pollution Concern 0.067*** 0.062***  
(0.012) (0.012) 

Political Ideology −0.009 −0.029***  
(0.007) (0.007) 

Average Bill −0.003 −0.007  
(0.006) (0.007) 

Efficiency Upgrades 0.010 0.067***  
(0.024) (0.025) 

COVID-19 Impact 0.040* −0.017  
(0.024) (0.025) 

Female −0.057** −0.039  
(0.025) (0.026) 

Age −0.000 −0.001  
(0.001) (0.001) 

Rural 0.050 0.000  
(0.035) (0.037) 

Colorado −0.007 −0.020  
(0.028) (0.029) 

(continued on next page) 
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Table A4 (continued )  

Indirect Direct 

New Mexico 0.059 −0.027  
(0.040) (0.042) 

Utah 0.058* 0.008  
(0.034) (0.036) 

Observations 2349 2336 

Note: Point estimates are presented as marginal effects evaluated at the four- 
corners means. Standard errors in parentheses. All regressions include monthly 
fixed effects. * p < 0.10, ** p < 0.05, *** p < 0.01 

Appendix B. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.eneco.2022.106344. 

References 

Ajaz, Warda, Bernell, David, 2021. Microgrids and the transition toward decentralized 
energy systems in the United States: a multi-level perspective. Energy Policy 149 
(February), 112094. https://doi.org/10.1016/j.enpol.2020.112094. 

Akter, Sonia, Bennett, Jeff, Akhter, Sanzida, 2008. Preference uncertainty in contingent 
valuation. Ecol. Econ. 67 (3), 345–351. https://doi.org/10.1016/j. 
ecolecon.2008.07.009. 

Andor, Mark, Frondel, Manuel, Sommer, Stephan, 2018. Equity and the willingness to 
pay for green electricity in Germany. Nat. Energy 3, 876–881. https://doi.org/ 
10.1038/s41560-018-0233-x. 

Arrow, Kenneth, Solow, Robert, Portney, Paul R., Leamer, Edward E., Radner, Roy, 
Schuman, Howard, et al., 1993. Report of the NOAA panel on contingent valuation. 
Fed. Regist. 58 (10), 4601–4614. 

Baik, Sunhee, Granger Morgan, M., Davis, Alexander L., 2018. Providing limited local 
electric service during a major grid outage: a first assessment based on customer 
willingness to pay. Risk Anal. 38 (2), 272–282. https://doi.org/10.1111/risa.12838. 

Boyle, Kevin J., Bishop, Richard C., Welsh, Michael P., 1985. Starting point bias in 
contingent valuation bidding games. Land Econ. 61 (2), 188. https://doi.org/ 
10.2307/3145811. 

Burillo, Daniel, Chester, Mikhail, Ruddell, Benjamin, 2016. Electric grid vulnerabilities 
to rising air temperatures in Arizona. Procedia Eng. 145, 1346–1353. https://doi. 
org/10.1016/j.proeng.2016.04.173. 

Cameron, Trudy Ann, James, Michelle D., 1987. Efficient estimation methods for ‘closed- 
ended’ contingent valuation surveys. Rev. Econ. Stat. 69 (2), 269–276. 

Carlsson, Fredrik, Martinsson, Peter, 2008. Does it matter when a power outage occurs? 
— a choice experiment study on the willingness to pay to avoid power outages. 
Energy Econ. 30 (3), 1232–1245. https://doi.org/10.1016/j.eneco.2007.04.001. 

Carson, Richard T., Mitchell, Robert Cameron, 1995. Sequencing and nesting in 
contingent valuation surveys. J. Environ. Econ. Manag. 28 (2), 155–173. https://doi. 
org/10.1006/jeem.1995.1011. 

Carson, Richard T., Michael Hanemann, W., Kopp, Raymond J., Krosnick, Jon A., 
Mitchell, Robert Cameron, Presser, Stanley, Ruud, Paul A., Kerry Smith, V., 
Conaway, Michael, Martin, Kerry, 1998. Referendum design and contingent 
valuation: the NOAA panel’s no-vote recommendation. Rev. Econ. Stat. 80 (2), 
335–338. https://doi.org/10.1162/003465398557429. 

Carson, Richard, Groves, Theodore, List, John, Machina, Mark, 2004. Probabilistic 
Influence and Supplemental Benefits: A Field Test of the Two Key Assumptions 
Underlying Stated Preferences. Unpublished Manuscript. 

Champ, Patricia A., Bishop, Richard C., 2001. Donation payment mechanisms and 
contingent valuation: an empirical study of hypothetical bias. Environ. Resour. Econ. 
19 (4), 383–402. https://doi.org/10.1023/A:1011604818385. 

Champ, Patricia A., Flores, Nicholas E., Brown, Thomas C., Chivers, James, 2002. 
Contingent valuation and incentives. Land Econ. 78 (4), 591–604. https://doi.org/ 
10.2307/3146855. 

Cummings, Ronald G., Taylor, Laura O., 1999. Unbiased value estimates for 
environmental goods: a cheap talk design for the contingent valuation method. Am. 
Econ. Rev. 89 (3), 649–665. https://doi.org/10.1257/aer.89.3.649. 

EBP US, 2020. Failure to Act: Electric Infrastructure Investment Gaps in a Rapidly 
Changing Environment. 

Ethier, Robert G., Poe, Gregory L., Schulze, William D., Clark, Jeremy, 2000. 
A comparison of hypothetical phone and mail contingent valuation responses for 
green-pricing electricity programs. Land Econ. 76 (1), 54. https://doi.org/10.2307/ 
3147257. 

Graber, Sachiko, Narayanan, Tara, Alfaro, Jose, Palit, Debajit, 2018. Solar microgrids in 
rural india: consumers’ willingness to pay for attributes of electricity. Energy 
Sustain. Dev. 42 (February), 32–43. https://doi.org/10.1016/j.esd.2017.10.002. 

Gui, Emi Minghui, Diesendorf, Mark, MacGill, Iain, 2017. Distributed energy 
infrastructure paradigm: community microgrids in a new institutional economics 
context. Renew. Sust. Energ. Rev. 72 (May), 1355–1365. https://doi.org/10.1016/j. 
rser.2016.10.047. 

Hotaling, Chelsea, Bird, Stephen, Heintzelman, Martin D., 2021. Willingness to pay for 
microgrids to enhance community resilience. Energy Policy 154, 112248. https:// 
doi.org/10.1016/j.enpol.2021.112248. 

Hussain, Akhtar, Bui, Van-Hai, Kim, Hak-Man, 2019. Microgrids as a resilience resource 
and strategies used by microgrids for enhancing resilience. Appl. Energy 240 (April), 
56–72. https://doi.org/10.1016/j.apenergy.2019.02.055. 

Johnston, Robert J., 2006. Is hypothetical bias universal? Validating contingent 
valuation responses using a binding public referendum. J. Environ. Econ. Manag. 52 
(1), 469–481. https://doi.org/10.1016/j.jeem.2005.12.003. 

Kennedy, Ryan, Mahajan, Aseem, Urpelainen, Johannes, 2019. Quality of service 
predicts willingness to pay for household electricity connections in rural India. 
Energy Policy 129 (June), 319–326. https://doi.org/10.1016/j.enpol.2019.01.034. 

Kim, Ju-Hee, Lim, Kyung-Kyu, Yoo, Seung-Hoon, 2019. Evaluating residential 
consumers’ willingness to pay to avoid power outages in South Korea. Sustainability 
11 (5), 1258. https://doi.org/10.3390/su11051258. 

Landry, Craig E., List, John A., 2007. Using ex ante approaches to obtain credible signals 
for value in contingent markets: evidence from the field. Am. J. Agric. Econ. 89 (2), 
420–429. https://doi.org/10.1111/j.1467-8276.2007.01017.x. 

Lenhart, Stephanie, Araújo, Kathleen, 2021. Microgrid decision-making by public power 
utilities in the United States: a critical assessment of adoption and technological 
profiles. Renew. Sust. Energ. Rev. 139 (April), 110692 https://doi.org/10.1016/j. 
rser.2020.110692. 

Li, Chuan-Zhong, Mattsson, Leif, 1995. Discrete choice under preference uncertainty: an 
improved structural model for contingent valuation. J. Environ. Econ. Manag. 28 (2), 
256–269. https://doi.org/10.1006/jeem.1995.1017. 

Li, Hui, Jenkins-Smith, Hank C., Silva, Carol L., Berrens, Robert P., Herron, Kerry G., 
2009. Public support for reducing US reliance on fossil fuels: investigating household 
willingness-to-pay for energy research and development. Ecol. Econ. 68 (3), 
731–742. https://doi.org/10.1016/j.ecolecon.2008.06.005. 

Little, Joseph, Berrens, Robert, 2004. Explaining disparities between actual and 
hypothetical stated values: further investigation using meta-analysis. Econ. Bull. 3 
(6), 1–13. 

Maddala, G.S., 1983. Methods of estimation for models of markets with bounded price 
variation. Int. Econ. Rev. 24 (2), 361. https://doi.org/10.2307/2648751. 

Mishra, Sakshi, Anderson, Kate, Miller, Brian, Boyer, Kyle, Warren, Adam, 2020. 
Microgrid resilience: a holistic approach for assessing threats, identifying 
vulnerabilities, and designing corresponding mitigation strategies. Appl. Energy 264 
(April), 114726. https://doi.org/10.1016/j.apenergy.2020.114726. 

Mordor Intelligence, 2021. Microgrid Market - Growth, Trends, COVID-19 Impact, and 
Forecasts (2021–2026). Mordor Intelligence https://www.mordorintelligence.com/ 
industry-reports/micro-grid-market.  

Morrison, Mark, Brown, Thomas C., 2009. Testing the effectiveness of certainty scales, 
cheap talk, and dissonance-minimization in reducing hypothetical bias in contingent 
valuation studies. Environ. Resour. Econ. 44 (3), 307–326. https://doi.org/10.1007/ 
s10640-009-9287-3. 

Morrissey, Karyn, Plater, Andrew, Dean, Mary, 2018. The cost of electric power outages 
in the residential sector: a willingness to pay approach. Appl. Energy 212, 141–150. 
https://doi.org/10.1016/j.apenergy.2017.12.007. 

Mukhopadhyay, Sayanti, Hastak, Makarand, 2016. Public utility commissions to foster 
resilience investment in power grid infrastructure. Procedia Soc. Behav. Sci. 218, 
5–12. https://doi.org/10.1016/j.sbspro.2016.04.005. 

National Conference of State Legislators, 2021. State renewable portfolio standards and 
goals. https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx. 

Niroomand, Naghmeh, Jenkins, Glenn P., 2020. Estimation of households’ and 
businesses’ willingness to pay for improved reliability of electricity supply in Nepal. 
Energy Sustain. Dev. 55 (April), 201–209. https://doi.org/10.1016/j. 
esd.2020.02.006. 

Ntanos, Stamatios, Kyriakopoulos, Grigorios, Chalikias, Miltiadis, Arabatzis, Garyfallos, 
Skordoulis, Michalis, 2018. Public perceptions and willingness to pay for renewable 
energy: a case study from Greece. Sustainability 10 (3), 687. https://doi.org/ 
10.3390/su10030687. 

Penn, Jerrod, Hu, Wuyang, 2019. Cheap talk efficacy under potential and actual 
hypothetical bias: a meta-analysis. J. Environ. Econ. Manag. 96 (July), 22–35. 
https://doi.org/10.1016/j.jeem.2019.02.005. 

Poe, Gregory L., Clark, Jeremy E., Rondeau, Daniel, Schulze, William D., 2002. Provision 
point mechanisms and field validity tests of contingent valuation. Environ. Resour. 
Econ. 23 (1), 105–131. https://doi.org/10.1023/A:1020242907259. 

J.I. Kaczmarski                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.eneco.2022.106344
https://doi.org/10.1016/j.enpol.2020.112094
https://doi.org/10.1016/j.ecolecon.2008.07.009
https://doi.org/10.1016/j.ecolecon.2008.07.009
https://doi.org/10.1038/s41560-018-0233-x
https://doi.org/10.1038/s41560-018-0233-x
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0020
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0020
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0020
https://doi.org/10.1111/risa.12838
https://doi.org/10.2307/3145811
https://doi.org/10.2307/3145811
https://doi.org/10.1016/j.proeng.2016.04.173
https://doi.org/10.1016/j.proeng.2016.04.173
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0040
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0040
https://doi.org/10.1016/j.eneco.2007.04.001
https://doi.org/10.1006/jeem.1995.1011
https://doi.org/10.1006/jeem.1995.1011
https://doi.org/10.1162/003465398557429
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0060
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0060
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0060
https://doi.org/10.1023/A:1011604818385
https://doi.org/10.2307/3146855
https://doi.org/10.2307/3146855
https://doi.org/10.1257/aer.89.3.649
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0080
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0080
https://doi.org/10.2307/3147257
https://doi.org/10.2307/3147257
https://doi.org/10.1016/j.esd.2017.10.002
https://doi.org/10.1016/j.rser.2016.10.047
https://doi.org/10.1016/j.rser.2016.10.047
https://doi.org/10.1016/j.enpol.2021.112248
https://doi.org/10.1016/j.enpol.2021.112248
https://doi.org/10.1016/j.apenergy.2019.02.055
https://doi.org/10.1016/j.jeem.2005.12.003
https://doi.org/10.1016/j.enpol.2019.01.034
https://doi.org/10.3390/su11051258
https://doi.org/10.1111/j.1467-8276.2007.01017.x
https://doi.org/10.1016/j.rser.2020.110692
https://doi.org/10.1016/j.rser.2020.110692
https://doi.org/10.1006/jeem.1995.1017
https://doi.org/10.1016/j.ecolecon.2008.06.005
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0150
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0150
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0150
https://doi.org/10.2307/2648751
https://doi.org/10.1016/j.apenergy.2020.114726
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0110
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0110
http://refhub.elsevier.com/S0140-9883(22)00473-X/rf0110
https://doi.org/10.1007/s10640-009-9287-3
https://doi.org/10.1007/s10640-009-9287-3
https://doi.org/10.1016/j.apenergy.2017.12.007
https://doi.org/10.1016/j.sbspro.2016.04.005
https://www.ncsl.org/research/energy/renewable-portfolio-standards.aspx
https://doi.org/10.1016/j.esd.2020.02.006
https://doi.org/10.1016/j.esd.2020.02.006
https://doi.org/10.3390/su10030687
https://doi.org/10.3390/su10030687
https://doi.org/10.1016/j.jeem.2019.02.005
https://doi.org/10.1023/A:1020242907259


Energy Economics 115 (2022) 106344

13
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