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Abstract: Approximately 92% of electricity meters in Vermont, and more than 40% across the United States, have been 

replaced with smart meters due to their potential to improve grid efficiency and reduce electricity costs, but there is very 

limited information on whether smart meters are benefitting or being efficiently used by electricity customers. In this study, 

quantitative analysis of primary data from statewide surveys in Vermont is used to address several questions on consumer 

behavior and opinions towards smart meters. The empirical results indicate that less than 50% of the surveyed customers 

reported having a smart meter and, for those who did report having a smart meter, less than 20% of them thought that the smart 

meter had reduced their electricity use. Also, there were significant differences in demographic factors and concerns about the 

potential impacts of smart meters on health and privacy between those who reported having a smart meter and those who did 

not. Furthermore, the respondents did report some interest in receiving additional information on smart meters. In all, these 

findings suggest that there are a number of ways utility companies and other educational entities, such as Extension, can 

improve the efficacy of smart meter utilization. 
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1. Introduction 

In the United States, around $8 billion has been spent on 

smart meter installation, with $3.4 billion from federal funds 

and $4.6 billion from other sources [1]. Over 50 million 

smart meters have been installed, and around 43% of homes 

now have a smart meter [2]. While traditional analog electric 

meters are capable of only recording the total amount of 

electricity a customer consumes, digital smart meters allow 

for two-way communication between utility companies and 

households and for electricity consumption to be measured 

hourly or even more frequently [3]. Smart meters have the 

potential to benefit utility companies by reducing congestion 

in transmission lines, limiting the severity of blackouts [4], 

and lowering labor costs associated with meter readers [5]. 

Customers may use the real-time or nearly-real-time pricing 

information from smart meters to shift electricity 

consumption away from peak demand to times when it is less 

costly [4, 6]. Customers can also use data from smart meters 

to attain a more in-depth look at their electricity use, such as 

how much electricity is consumed throughout the day. Such 

awareness may encourage customers to use less energy. 

Smart meters may also yield environmental benefits, as they 

enable utility companies and customers to use electricity 

more efficiently, thus reducing carbon dioxide emissions [4].  

Despite the significant investments made in smart meters 

and the many benefits they could provide, not much is known 

about how effectively customers are using smart meter 

information. The purpose of this study is to better understand 

how smart meters are utilized by electricity customers, using 

primary data from two statewide surveys conducted in 

Vermont in 2015 and 2016. Vermont provides an excellent 

case for studying the utilization of smart meters, as around 

$137 million has been spent to install 305,464 smart meters 

in the state [7], approximately 92% of electricity meters in 

Vermont are now smart meters, and less than 5% of 
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electricity customers have opted out of having a smart meter 

installed [8]. Specifically, primary data collected from the 

statewide surveys are used to assess the self-reported effects 

of smart meters on electricity use, the demographic 

differences between those who reported having a smart meter 

and those who did not, consumer concerns about smart 

meters’ potential impacts on health and privacy, and 

consumers’ interest in receiving additional information on 

smart meters. In light of the huge public investment in smart 

meters and limited information on how consumers have used 

this technology, the results from this paper are expected to be 

helpful for utility companies and other entities that are 

working on energy-related issues in their communities.  

2. Data Collection 

Data used in this study were collected by the Center for 

Rural Studies at the University of Vermont as part of the 

2015 and 2016 Vermonter Polls. For the 2015 survey, 2,354 

households were contacted by telephone, and 619 people 

completed the survey, yielding a response rate of 26.3%. In 

2016, 2,547 households were contacted by telephone, and 

684 people completed the survey, yielding a response rate of 

26.9%. The 2015 and 2016 surveys had margins of error of 

plus or minus 4% and 3.9% respectively, and both surveys 

had a confidence interval of 95%. Included in these surveys 

were four questions on smart meters that assessed the 

following: (1) whether respondents thought they had a smart 

meter, (2) whether respondents thought that having a smart 

meter reduced their electricity use, (3) whether respondents 

were concerned about any potential impacts on health due to 

smart meters, and (4) whether respondents were concerned 

about any potential impacts on privacy due to smart meters. 

In addition to these four questions, the 2016 survey also 

included a question on whether customers were interested in 

receiving additional information on smart meters. The data 

for these five questions and relevant demographic variables 

were analyzed through descriptive analysis, Chi-square tests, 

and binary logistic regressions. 

3. Analysis and Results 

The survey data were coded and analyzed in SPSS 

(Statistical Package for Social Sciences), and the results are 

presented in six subsections: (1) summary statistics and 

differences between respondents who reported having smart 

meters and respondents who did not, (2) analysis of the 

factors affecting whether respondents reported having a smart 

meter, (3) respondents’ lack of awareness of installed smart 

meters, (4) impacts of smart meter installation on electricity 

consumption, (5) respondents’ concerns about smart meters’ 

potential impacts on health and privacy, and (6) respondents’ 

interest in receiving additional information on smart meters. 

3.1. A Descriptive Analysis 

Table 1 reports the summary statistics for the merged data 

of years 2015 and 2016, except for three variables: housing 

type, which was only included in the 2015 survey, and 

concern about potential privacy and health impacts, which 

were included in both the 2015 and 2016 surveys, but used 

slightly different Likert-type scales and so could not be 

combined into one variable. Privacy and health concerns 

reported in the table are from 2016 data only. Summary 

statistics are provided for the whole sample and two 

subgroups: those who reported having a smart meter (Group 

A) and those who did not (Group B).  

The summary statistics reported in Table 1 and the results 

of Chi-square tests for determining whether the difference 

between Group A and Group B is significant suggest the 

following five findings: First, those who reported having a 

smart meter were more likely to be male (55.2%) than female 

(44.8%). This result suggests that Vermont males are more 

likely to report that they have a smart meter than Vermont 

females. 

Second, those who reported having a smart meter (Group 

A) were more likely to live in single-family dwellings and be 

home-owners than those who did not report having a smart 

meter (Group B). In Group A, 78.4% lived in single-family 

dwellings, as compared to 70.0% in Group B. Additionally, 

90.4% in group A owned their homes, as compared to 78.9% 

in Group B. A potential driver of this relationship is that 

those who live in single-family dwellings may be more likely 

to own than rent and therefore live in one place for longer 

periods of time than those living in apartments. Home 

ownership and longer duration of occupancy may lead to 

greater awareness of meter type. The overall rate of 

homeownership in Vermont for 2015 was 71.3% [9]. 

Third, those who reported having a smart meter were more 

likely to be 41 or over (89.2%) as compared to those who did 

not report having a smart meter (82.4%). Conversely, those 

who did not report having a smart meter were more likely to 

be 18-40 (17.5%) as compared to those who reported having 

a smart meter (10.8%). This finding suggests that those who 

report having a smart meter are slightly older than those who 

do not  

Fourth, those who reported having a smart meter (Group 

A) were more likely to be “not concerned at all” about smart 

meters’ potential health impacts than those who did not 

report having a smart meter (Group B), and Group B was 

more likely to be unsure about the meters’ potential health 

impacts than Group A. In Group A, 64.5% of respondents 

were “not concerned at all” about potential health impacts, as 

compared to only 36.9% of respondents in Group B. 

Additionally, respondents in Group B were a little more than 

2.5 times as likely (47.1%) as those in Group A (18.5%) to 

report that they were “not sure” whether they were concerned 

about possible health impacts of smart meters. 

Fifth, those who reported having a smart meter were more 

likely to be “not concerned at all” about the potential privacy 

impacts of smart meters than those who did not report having 

a smart meter, and those who did not report having a smart 

meter were more likely to be unsure about the smart meter’s 

potential privacy impacts than those who reported having a 

smart meter. In Group A, 63.2% reported being “not 
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concerned at all” about smart meters’ potential impacts on 

their privacy, as compared to 41.3% of Group B. 

Additionally, Group B was much more uncertain about 

privacy concerns, with 37.2% reporting being “not sure,” 

compared to only 9.7% of Group A respondents.  

Table 1. Summary statistics by respondent groups. 

 
Whole sample 

(n = 1297) 

Group A:Respondents who 

reported having a smart meter  

(n = 608) 

Group B: Respondents who did 

not report having a smart meter 

(n = 689) 

Chi-square (x2) 

Gender    x2=26.10*** 

 Female 52.3 44.8 59.2  

 Male 47.7 55.2 40.8  

Education    x2=4.65 

 No diploma 2.0 2.4 1.7  

 HS graduate or GED 18.9 17.5 20.1  

 Some college 15.5 15.9 15.2  

 Associate/technical degree 10.7 12.1 9.2  

 Bachelor’s degree 26.3 26.0 26.7  

 Graduate/professional 26.6 26.1 27.1  

Housing TypeI    x2 = 6.87** 

 Single-family dwelling 73.9 78.4 70.0  

 Unit in multi-family dwelling 19.8 15.3 23.8  

 Other  6.3 6.3 6.2  

Housing Tenure    x2=30.34*** 

 Own 84.4 90.4 78.9  

 Rent 15.6 9.6 21.1  

Age Group    x2=16.12*** 

 18–30 5.1 3.1 6.8  

 31–40 9.3 7.7 10.8  

 41–50 13.3 15.6 11.2  

 51–60 22.4 22.7 22.2  

 61 and over 49.9 50.9 49.0  

Concern about health impactsII    x2=71.28*** 

 Not concerned at all 50.4 64.5 36.9  

 A little concerned 7.2 8.5 6.0  

 Concerned 5.1 5.5 4.9  

 Very concerned 4.2 3.0 5.1  

 Not sure 33.1 18.5 47.1  

Concern about privacy impactsIII    x2=73.37*** 

 Not concerned at all 51.9 63.2 41.3  

 A little concerned 10.3 12.8 8.0  

 Concerned 7.7 8.2 7.2  

 Very concerned 6.2 6.1 6.3  

 Not sure 23.9 9.7 37.2  

**The difference between the two groups is significant at the 0.95 significance level. 

*** The difference between the two groups is significant at the 0.99 significance level. 
IThese results are only for 2015 data, as this variable was not included in the 2016 survey (n=592).  
IIThese results are only for 2016 data, as slightly different Likert-type scales were used in the 2015 survey (n=680). 
IIIThese results are only for 2016 data, as slightly different Likert-type scales were used in the 2015 survey (n=678). 

The findings on respondents’ concern about potential 

privacy impacts due to smart meters were similar to those on 

concern about potential health impacts due to smart meters. 

The percentage of electricity customers who have opted out 

of smart meter installation in Vermont is only 3% to 5% [8], 

but concerns that smart meters could adversely impact health 

and privacy represent two possible reasons for opting out. 

3.2. A Regression Analysis 

While the descriptive analysis reported above provides 

useful information on the factors for those who reported 

having a smart meter and those who did not, one limitation of 

such results is that the impact of each variable is analyzed 

without controlling for the impacts of other variables. 

Regression analysis can overcome this limitation by 

estimating the impact of each independent variable on the 

dependent variable while other independent variables are 

controlled. A binary logistic regression is used in this study 

because the dependent variable is a binary variable. The 

estimation results of the binary logistic regression model are 

reported in Table 2. For the dependent variable, Y=1 

indicates that the respondent reported having a smart meter, 

and Y=0 denotes “otherwise,” meaning that the respondent 

did not report having a smart meter, either by responding 

“no” or that she or he did not know whether she or he had 

one.  

While SPSS software provides several statistics on the 

goodness of fit of binary logistic regressions, the most 
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relevant statistics are those concerning the power of 

prediction. This estimated model correctly predicts whether 

one reports having a smart meter for 61.5% of respondents 

(59.8% for the respondents who reported having a smart 

meter and 63.0% for the respondents who did not report 

having a smart meter). Though this prediction power is not 

very high, it is within the range of many empirical studies 

using cross-sectional survey data [10]. Exp (B) in the last 

column of Table 2 is the exponentiation of the βs and can be 

interpreted as the marginal impact of the independent 

variables on the odds for the dependent variable to be 1. The 

results from this regression analysis suggest five major 

findings: (1) The odds of females reporting having a smart 

meter are 43.7% less than the odds of males reporting having 

a smart meter. (2) For those who have health concerns about 

smart meters, their odds of reporting having a smart meter 

are 36.8% less than those who did not report having such 

concerns. (3) In contrast, for those who have privacy 

concerns about smart meters, their odds of reporting having a 

smart meter are 45.0% greater than those who did not report 

having such concerns. The reason those who have health 

concerns about smart meters are less likely to report having 

them, while those who have privacy concerns about smart 

meters are more likely to report having them (as compared to 

those who did not express such concerns), is unclear. This 

contrast was not expected, and more primary data are needed 

to examine the possible reason(s) behind these results. (4) 

The odds of those renting a home reporting having a smart 

meter are 63.1% less than the odds of those owning a home 

reporting having a smart meter. (5) Last, the odds of those 

who did not have a diploma reporting having a smart meter 

are 131% greater than the odds of those with a higher level of 

education reporting having a smart meter. 

Table 2. Logit regression results (Y=1 indicates reporting having a smart meter and Y=0 indicates otherwise) (n=1139). 

Variable Definition B Exp (B) 

Gender 1 for female and 0 for male -0.574*** 0.563 

Year 1 if 2016 and 0 if 2015 0.096 1.100 

Health impact 1 if yes (some level of concern) and 0 otherwise -0.459** 0.632 

Privacy impact 1 if yes (some level of concern) and 0 otherwise 0.371** 1.450 

Rentorown 1 if rent and 0 if own -0.996*** 0.369 

Pplhh Number of people in household -0.027 0.974 

Education Level of education   

 1 if no diploma and 0 otherwise 0.837* 2.309 

 1 if HS graduate/GED and 0 otherwise -0.005 0.995 

 1 if some college and 0 otherwise 0.168 1.183 

 1 if associate/technical degree and 0 otherwise 0.205 1.228 

 1 if bachelor’s degree and 0 otherwise -0.011 0.989 

Area Living in a rural, suburban, or urban area   

 1 if rural and 0 otherwise -0.016 0.984 

 1 if suburban and 0 otherwise 0.035 1.035 

Age 1 if 18-30 and 0 otherwise -0.374 0.688 

 1 if 31-40 and 0 otherwise -0.240 0.786 

 1 if 41-50 and 0 otherwise 0.324 1.382 

 1 if 51-60 and 0 otherwise 0.011 1.011 

Constant   1.331** 3.786 

*The difference between the two groups is significant at the 0.90 significance level.  

**The difference between the two groups is significant at the 0.95 significance level. 

*** The difference between the two groups is significant at the 0.99 significance level. 

3.3. Lack of Awareness of Installed Smart Meters 

Many Vermont residents have a smart meter installed, but 

do not know it. Although about 92% of Vermont’s electricity 

meters were smart meters by 2015 [8], only 45% of survey 

respondents in 2015 and 48.6% in 2016 reported having a 

smart meter. This means that close to half of Vermont’s 

electricity customers were unaware that they had a smart 

meter at the time of the surveys. Although the percentage of 

respondents who reported having a smart meter was still 

relatively low in 2016, it did increase by 3.6 percentage 

points from 2015. However, obviously, to maximize the 

benefits from smart meters, electricity customers must first 

be aware that they have them. Many of the benefits of smart 

meters depend on electricity customers changing their 

electricity consumption in response to the nearly real-time 

pricing information that smart meters provide, which would 

be very difficult to do if customers are unaware that they 

have a smart meter. One possible exception to this would be 

if customers are nonetheless accessing the nearly real-time 

pricing information that smart meters provide, but are not 

changing their electricity consumption in response to this 

information.  

3.4. Impacts of Smart Meter Utilization on Electricity 

Consumption 

Having a smart meter has not reduced the electricity 

consumption of many Vermont residents. In 2015, among 

respondents who knew that they had a smart meter, only 

2.2% reported that having a smart meter “significantly 

reduced” their electricity use, and 9.6% reported that having 

a smart meter reduced their electricity use “a little bit.” 



 International Journal of Sustainable and Green Energy 2017; 6(5): 76-83 80 
 

63.7% of respondents reported that the smart meter did not 

change their electricity use, and 24.5% of respondents were 

unsure whether the smart meter affected their electricity use. 

In 2016, among respondents who knew that they had a smart 

meter, only 3.1% reported that having a smart meter 

“significantly reduced” their electricity use, and 14.1% 

reported that having a smart meter reduced their electricity 

use “a little bit.” 72.4% of respondents reported that the 

smart meter did not change their electricity use, and 10.4% of 

respondents were unsure whether the smart meter affected 

their electricity use. In 2016, as compared to 2015, an 

additional 5.4 percentage points of respondents reported that 

the smart meter had reduced their electricity use, and an 

additional 8.7 percentage points of respondents also reported 

that the smart meter had not changed their electricity use. 

The year of the survey did have a significant impact 

(x2=3.27, p=.07) on whether one reported electricity 

reduction as the result of having a smart meter, with those in 

2016 being more likely to report a reduction in electricity 

consumption as the result of having a smart meter than those 

in 2015.  

There may be several reasons why reduced electricity 

consumption among those who report having smart meters 

has not been prevalent. First, smart meter customers may be 

shifting when they consume electricity, but not necessarily 

reducing their consumption. Another possible reason is that 

those who have smart meters are not accessing the 

information they provide [5, 11] and are not changing their 

behavior as a result. Ensuring that the information provided 

by smart meters is easily accessible—e.g., via in-home 

displays, the electricity bill, and online tools and apps—can 

help to promote a greater change in consumers’ electricity 

consumption [5, 11, 12]. In-home displays seem especially 

promising, with research showing that the most effective way 

to get smart meter users to shift and reduce electricity 

consumption may be through combining in-home displays 

that show real-time pricing information with dynamic 

electricity pricing [13, 14]. However, dynamic pricing 

structures and in-home displays appear to be limited in 

Vermont [15, 16], thus reducing incentives for electricity 

customers to shift or reduce their electricity consumption.  

3.5. Concerns About Smart Meters’ Potential Impacts on 

Health and Privacy 

As Figsure 1 and 2 show, while some Vermont residents 

were concerned about the potential impacts of smart meters 

on their health and privacy, a majority of them were not. 

Previous research by Hess [17] has shown that, nationally, 

some of the most outspoken opposition to smart meters arises 

from health and/or privacy concerns. Respondents in each 

year were more likely to report being concerned about 

potential privacy impacts than health impacts. In 2015, 

respondents were a little over 2 times more likely to report 

being concerned about the potential impacts of smart meters 

on their privacy (18.8%) than health (9.2%). In 2016, 

respondents were around 1.5 times more likely to report 

being concerned about the potential impacts of smart meters 

on privacy (24.2%) than health (16.5%). Overall though, 

respondents were much more likely to be unconcerned or 

unsure about potential impacts on health and privacy due to 

smart meters.  

 

Figure 1. Concerns about the potential impact of smart meters on health (n=609) and privacy (n=612) in 2015. 
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Figure 2. Concerns about the potential impact of smart meters on health (n=681) and privacy (n=679) in 2016. 

It should be noted that the Likert-type scales used for the 

preceding category of questions varied slightly between the 

2015 and 2016 surveys and so were recoded as binary 

variables to make comparisons for these variables possible in 

the logistic regression, which included data from both years. 

3.6. Interest in Additional Information on Smart Meters 

Figure 3 shows the interest that 2016 survey respondents 

had in receiving different kinds of information on smart 

meters. The most requested type of information (31.3%) was 

on how smart meters may help to reduce the electricity price, 

and the least requested type of information was on how smart 

meters may help to reduce power outages (26.5%). Despite 

this degree of variation shown by respondents though, the 

fact that no more than 31.3% of respondents wanted any one 

kind of information on smart meters may indicate a general 

lack of interest in or knowledge of smart meters. Increased 

education on smart meters and the benefits they can provide 

may help to pique customers’ interests in smart meters. 

 

Figure 3. Additional information wanted on smart meters by topic (n=684). 

4. Discussion and Implications 

The results of this study indicate a need for improved 

education on smart meters to bolster the benefits they can 

provide to utilities and electricity customers. As this research 

shows, many electricity customers may not be aware that 

they have a smart meter. Furthermore, those who are aware 

that they have a smart meter might not be accessing the 

information it provides. Education on smart meters should 

first raise electricity customers’ awareness of the presence of 

smart meters. Next it is necessary to educate customers on 

how to access and use the information that smart meters can 

provide. However, education alone may not be effective if 

customers do not trust the source of information, which, in 

the case of smart meters, would tend to be utility companies. 
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Effective education, in this regard, is not just about 

disseminating information, but also about building trust [18, 

19]. If these efforts are coupled with the installation of in-

home displays and dynamic electricity pricing, they will 

likely be even more effective.  

One entity that may be particularly well-suited to educate 

electricity customers on smart meters is Extension, as 

Extension is often seen as an unbiased disseminator of 

information and thus is regarded as a trustworthy source [20, 

21]. Currently, Vermont’s Extension agency is not doing any 

work in regard to smart meters [22]. A partnership between 

Vermont’s Extension educators and utility companies could 

facilitate dissemination of information regarding smart 

meters, including how to identify whether one has a smart 

meter and how to access the information it can provide. 

Extension and other potential educators on smart meters may 

find benefit in tailoring this work according to demographics. 

For example, these data indicate that those who live in units 

in multi-family dwellings and rent their homes are less likely 

to know that they have a smart meter than those who live in 

single-family dwellings and own their homes. Educational 

efforts focused on renters and those living in units in multi-

family dwellings would be an effective way to increase 

awareness of smart meters. Additionally, Vermont residents 

are more concerned about potential privacy impacts of smart 

meters than they are potential health impacts. If Extension 

and other educators can learn what customers’ concerns are 

about smart meters and why they have such concerns, they 

can provide educational materials that will help address these 

concerns. 

Although some work has been done in Vermont to educate 

electricity customers about smart meters [12], it is unclear 

how widespread and effective these efforts have been. In 

addition to increased efforts to educate electricity customers 

on smart meters, more research is needed to better understand 

the following areas: 

1. What baseline information, if any, electricity customers 

have on smart meters and where they obtained this 

information, 

2. How the source of information on smart meters affects 

how electricity customers view and use them, 

3. How information in different formats, such as in-home 

displays, affects electricity customers’ electricity 

consumption,  

4. What barriers electricity customers face in regard to 

changing their electricity consumption,  

5. How different electricity pricing structures affect 

electricity customers’ use of smart meters and 

electricity consumption, and 

6. How different educational campaigns and programs on 

smart meters affect electricity customers’ behavior.  

In all, additional information in these areas can aid the 

development of interventions, such as educational 

campaigns, updates to how smart meter information is 

relayed to customers, and pricing structures, that increase the 

efficacy of smart meter utilization and the benefits they can 

provide.  

5. Conclusions and Recommendations 

Smart meters as a new technology have the capacity for 

many benefits, including reduced CO2 emissions and cost 

savings for electricity customers and utility companies. While 

some benefits have been realized from smart meter installation, 

such as decreased labor costs for utility companies and 

decreased severity of power outages, other benefits, such as 

reduced electricity use and cost for electricity customers, may 

not have been fully realized. Many of these benefits will 

depend on electricity customers changing their behavior in 

response to the real-time, or nearly real-time, pricing 

information that smart meters provide. If electricity customers 

are not aware that they have a smart meter, are not accessing 

the information that smart meters provide, and are not 

changing their behaviors in response to the information that 

smart meters provide, the benefits realized from this advanced 

technology are likely to remain limited.  

As the results from this study show, smart meter 

technology in Vermont appears to be underutilized. Many 

residential electricity customers appear to be unaware that 

they have a smart meter, and many of those customers who 

do have a smart meter have not changed their electricity 

consumption as a result. Additionally, some residents report 

being concerned about smart meters’ potential impacts on 

their health or privacy.  

Since it is often regarded as an impartial and trusted source 

of information, Extension can play an influential role in 

disseminating information on smart meters. Extension and 

other educators can work with utility companies to build trust 

in smart meter technology and to spread knowledge of how 

to maximize the technology’s benefits. Additional research 

on smart meters will help to improve the efficacy of 

education in regard to smart meters. The underutilization of 

smart meters means that many more benefits are available to 

be obtained from them, and education, especially when 

combined with additional research on smart meters, can play 

an important role in helping these benefits to be realized.  
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