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ABSTRACT

As societies transition to renewable energy sources
and combat climate change, understanding the factors
that drive the adoption of new technologies becomes in-
creasingly important. This paper focuses on how energy
literacy—an individual’s understanding of energy con-
cepts and technologies—affects the adoption of Elec-
tric Vehicles (EVs), Photovoltaic (PV) systems, and Home
Energy Monitoring (HEM), using household-level survey
data. The logistic regression analysis reveals that an in-
crease in energy literacy significantly boosts the prob-
ability of adopting these technologies. Specifically, a
one-point rise in energy literacy increases the likelihood
of adopting any of the three technologies by at least
20.2%. Notably, energy literacy has a heterogeneous
impact on individual technologies, significantly enhanc-
ing EV adoption by 38.9%, while showing no statistically
significant effect on PV adoption. Our findings highlight
the importance of targeted energy education in promot-
ing specific technologies, suggesting that tailored infor-
mational campaigns could be more effective in driving
the adoption of EVs and HEM.

Keywords: Energy literacy, Energy technologies, Electric
vehicles, Photovoltaic panels, Home Energy Monitoring

NOMENCLATURE

Abbreviations
EV Electric Vehicles
HEM Home Energy Monitoring
RPV  Rooftop Photovoltaic

1. INTRODUCTION

Electric Vehicles (EV), Rooftop Photovoltaic (RPV),
and Home Energy Monitoring (HEM) are pivotal tech-
nologies that support the ongoing energy transition to
combat climate change [1]. Despite the great bene-
fits of these technologies and the active role of policy-
makers to encourage adoption, the penetration of these
technologies is still below the necessary to reach the
Paris Agreement targets [2, 3]. To understand the low
adoption rates, much of the literature has focused on

the role of socio-demographic factors (e.g., education,
income, and household size) [4, 5, 6, 7]. However,
the role of energy literacy has received limited atten-
tion, despite several studies indicating its potential to
promote energy-saving behaviors and investments in
energy-efficient technologies [8, 9, 10].

This paper studies the effects of energy literacy on
the probability of adopting three energy technologies:
EVs, RPV, and HEM. Using household-level survey data
from Luxembourg, the analysis relies on logistic regres-
sion models to first identify the effects of energy liter-
acy on all three energy technologies. Subsequently, the
analysis focuses on each individual technology.

In a closely related paper, [11] find that high energy
knowledge can decrease the likelihood of co-adopting
RPV and EVs in Georgia, U.S. The authors rely on multi-
nomial logistic models to analyze the effects of en-
ergy knowledge on the adoption of EVs, RPVs, and effi-
cient heating, ventilation, and air conditioning. Expand-
ing upon this study, this paper’s contribution is three-
fold: first, we compare the effects of energy literacy on
the adoption of each different technology; second, our
study takes place in Luxembourg, an European coun-
try where 95% of households has a smart meter; third,
we adopt a more comprehensive and practical measure-
ment of energy literacy.

Our results show that energy literate households are
more likely to adopt new energy technologies. In fact,
one point increase in the energy literacy score leads to
a 20.2% increase in the probability to adopt at least one
of the three technologies. Furthermore, the results sug-
gest that the effect of energy literacy varies depending
on the technology. Smarty+! and EV adoption is signif-
icantly affected by energy literacy; however, energy lit-
eracy has no significant effect on RPV adoption.

Improving energy literacy can be a valid strategy to-
wards meeting climate goals by encouraging people to
purchase EVs and to better understand their energy con-
sumption. As a result, policy-makers can make use of
education to increase the diffusion of these new energy

'Smarty+ is a dongle that connects to the smart meter providing
detailed energy consumption information. More details in Subsec-
tion 2.3.
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technologies. Since not all of them are equally affected
by energy literacy, the educational programs should fo-
cus onthe onesrelated to EV and HEM to maximise their
impact.

We elaborate on the literature related to energy tech-
nology adoption and energy literacy in Section 2. In Sec-
tion 3, we describe the data collection process and data
analysis methodology. In Section 4, we describe and dis-
cuss our results. Finally, we add our conclusions and fu-
ture research avenues in Section 5.

2. BACKGROUND AND RELATED WORK
2.1 Adoption of new energy technologies

This sub-section provides an overview of the deter-
minants of the adoption of new energy technologies.
Specifically, we focus on EVs, RPVs, and HEM.

In the case of EVs, demographic factors such as age,
education, and profession significantly influence adop-
tion: well-educated, professional, middle-aged individ-
uals have a higher likelihood of adopting them [12, 13,
14]. Itis not clear whether strong environmental values
are an important determinant of adoption [12]. [11, 15]
found a positive association between the two, while [16,
17] could not confirm it. Contextual factors such as in-
frastructure and policies such as incentive schemes also
play an important role. A robust and widespread charg-
ing network is fundamental [12], including both public
and domestic charging opportunities [18]. Additionally,
financial incentives can alleviate the high upfront cost
of purchasing an EV and may positively affect adoption
[19].

Similarly to EV, purchasing RPV presents high upfront
costs, which can discourage adoption [20]. However,
studies on the role of income reveal mixed findings [20,
21]. Higher income generally promotes adoption due
to greater financial capacity [22, 23]. On the other
hand, [24] suggest that lower-income individuals are
more motivated to adopt RPV to reduce energy bills.
The impact of age is also unclear: generally, younger
individuals are more likely to adopt solar RPV due to
greater awareness and potential long-term benefits, de-
spite limited funds [25, 26]. Conversely, other stud-
ies find that older household heads might adopt solar
RPV later in life due to increased affordability from re-
tirement income [27, 28]. Also in this case, education
[23, 29] and environmental values [30, 31] can positively
affect adoption. Additionally, since RPV panels are a
highly visible product, social influence plays an impor-
tant role. Living in an area with a high adoption rate
and receiving recommendations from friends and neigh-
bours can increase the likelihood of adoption [5, 21].

The literature on HEM adoption is not as extensive
as for the other technologies. This can be attributed to
the variety of different products on the market, which

may complicate generalising findings. Nevertheless,
this topic is highly relevant because HEM has shown
significant potential for reducing residential electricity
consumption [32, 33]. Studies indicate that consumers
using such technologies can reduce their electricity us-
age by an average of 7% [32]. Furthermore, the adop-
tion of HEM technologies is expected to increase due
to the widespread use of smartphone applications that
integrate machine learning and Al to learn household
energy consumption patterns, providing personalized
feedback, and aid users in making informed energy de-
cisions [34]. The specific HEM application analysed in
this paper is described Subsection 2.3.

While extensive research has been carried out on the
determinants of EV and RPV adoption, we cannot say
the same for HEM. If we focus on the first two tech-
nologies, we notice that findings on demographic vari-
ables are inconclusive most of the times with the ex-
ception of education. Higher levels of education are
linked to higher EV and RPV adoption rates, this is fur-
ther confirmed by [4] and [5], who assessed the de-
terminants of adoption of multiple technologies at the
same time. Based on this evidence, this paper aims to
identify whether a specific type of education, namely
energy literacy, can affect the adoption of new energy
technologies.

2.2 Energy literacy

"Energy literacy is an understanding of the nature and
role of energy in the world and daily lives accompa-
nied by the ability to apply this understanding to answer
guestions and solve problems”[35]. Energy-literate indi-
viduals understand how energy is typically utilized and
generated. They recognize the implications of energy-
related decisions and the importance of conserving en-
ergy. Ultimately, they apply this understanding by taking
appropriate actions and committing to the efficient use
of resources [36].

Energy literacy can foster rational decision-making re-
lated to energy consumption. [8] and [10] found that
individuals with high levels of energy and investment
literacy are more likely to select appliances that mini-
mize their total cost, which includes both the purchase
price and the present value of future energy costs. This
approach positively impacts the likelihood of identifying
the most cost-efficient technology options. Likewise, [9]
finds that energy and financial literacy combined influ-
ence the adoption of energy-efficient lighting. Further-
more, [37] show that the willingness to invest in energy
retrofits is positively correlated with energy literacy. Fi-
nally, energy literacy can also influence the acceptance
of dynamic tariffs and third-party direct load control. It
may help mitigate scepticism and risk aversion towards
relatively new products [38, 39].

Contrarily to the above positive effects of energy liter-



acy, [11] find that high energy knowledge can decrease
the likelihood of co-adopting RPV and EVs. The authors
argue this may be due to understanding uncertainties,
which are arguably lower for heat pumps where they
find a positive effect of energy literacy. Nevertheless,
they claim that the results are counter intuitive and call
for more research on the topic.

To our knowledge, [11] is the only article that ex-
plicitly investigates the relation between energy liter-
acy and the adoption of EV and RPV. Expanding upon
this study, this paper contribution is threefold: first, in
addition to assessing the effects of energy literacy on
the adoption of a group of technologies (i.e., EVs, RPVs,
or HEM), we also analyze the effect on each technol-
ogy individually. This approach accounts for the het-
erogeneity of each technology. Second, our study takes
place in Luxembourg, an European country where 95%
of households have a smart meter. The high smart me-
ter adoption rate suggests that households may be more
familiar with energy technologies and can further profit
from it. Third, we use a more comprehensive and prac-
tical measurement of energy literacy which has been in-
troduced in [40]. This updated measurement encom-
passes awareness regarding energy consumption of dif-
ferent appliances and activities, energy-related finan-
cial knowledge, and familiarity with current energy re-
lated issues, providing a more complete overview of the
household’s energy knowledge.

2.3 The context in Luxembourg

Luxembourg is relatively more advanced on the adop-
tion of new technologies compared to other European
countries. The government is pursuing an intense digi-
talization and modernisation strategy in several sectors,
including energy [41]. Additionally, the main Luxem-
bourgish Distribution System Operator, Creos, has re-
cently launched the Smarty+ campaign. Smarty+ is a
dongle that households can plug in their smart meter to
receive further insights on their consumption through
a smartphone application. So far, around 1500 dongles
has been adopted, concentrated in relatively wealthier
and more educated households that present higher lev-
els of energy literacy [42]. In this paper, we further in-
vestigate that correlation through more in-depth econo-
metric analysis.

3. METHOD
3.1 Survey Development and Data Collection

The data analyzed in this paper is part of the FlexBeAn
project, which investigates the energy flexibility poten-
tial in Luxembourg. The online survey was distributed
through three channels: an email outreach to Creos cus-
tomers, social media platforms, and the personal net-
works of Creos employees.

From the 3,959 surveys distributed to Creos cus-

tomers and the social media and Creos employees cam-
paigns, a total of 544 responses were collected. From
the 544 responses, 472 came from the email campaign,
57 from social media, and 14 from the internal Creos
campaign. After the data cleaning phase, 461 were con-
sidered valid for analysis (395 from the email campaign,
52 from the social media campaign, and 14 from the in-
ternal campaign).

As Table 1 shows, most survey participants are home-
owners, with a significant number owning electric vehi-
cles (49%) and solar panels (43%), and 18% owning a
Smarty+ device. Approximately 88% of the households
reported a net monthly income above €5,000.

Table 1 Summary Statistics

Variable Mean Obs.
Income >5,000 87.5% 368
Age 48 461
Has Bachelor’s Degree or Higher 65.2% 461
Home Owner 92.8% 461
Electric Vehicle 49.2% 461
Solar Panels 43.1% 461
Smarty+ Adoption 41.8% 232
Energy Literacy 7.7 461

Notes: Energy literacy represents the average score from
1 to 13. Income is presented in net household income per
month.

To assess energy literacy, we developed an index
based on a thorough review of existing literature and
included questions from established energy literacy sur-
veys [9, 36, 43]. This index measures respondents’ gen-
eral knowledge of energy consumption, generation, and
transmission. Scores range from 1 to 13, with higher
scores indicating greater energy literacy.

To reduce response bias, participants were assured
that their answers and test scores would remain anony-
mous [44]. It is important to note that the sample pri-
marily includes customers who requested power con-
nection upgrades from Creos. This implies there is a
large share of energy technology early adopters. For in-
stance, the national average of EV users in Luxembourg
is 3.13% [45], while in our almost half of the households
own an EV. Hence, caution should be exercised when
generalizing these findings to the broader population.
3.2 Data Analysis

Based on the survey answers, we construct a binary
indicator of technology adoption. The indicator equals
one if the household has adopted RPV, EVs, or Smarty+,
and zero otherwise. As RPV and EVs are considered
complementary products [46], we also investigate the
effect of energy literacy focused on these two technolo-
gies (i.e., binary indicator equals to one if the household
has adopted either of these two technologies). Finally,



we analyze the effect of energy literacy on each technol-
ogy independently.

In addition to energy literacy, other factors can influ-
ence the adoption of energy technologies, such as de-
mographic and household characteristics [4, 5, 6, 7]. To
account for these factors, we include measures of in-
come, age, gender, and education as demographic con-
trols. Likewise, we include household composition (i.e.,
number of family members), house type (e.g., detached
or apartment), and the use of other appliances (e.g.,
dishwasher and deep-freezer).

The estimation of the effects of energy literacy on the
variables of interest relies on logistic regression analysis.
Logistic regression analysis is well suited due to the bi-
nary nature of the variables of interest [47]. Therefore,
the results can be interpreted as the change in the prob-
ability to adopt energy technologies due to a change in
the energy literacy score. The logistic function for indi-
vidual 7 in household j for technology t is defined by:

1
teo by
fii(z;) = A (1)

with 0 < fj(zfj) < 1, and zgj is a linear function of

explanatory variables defined as:

ij =+ 5ELij + Xij + K? + 6%, (2)
where E'L;; is the energy literacy score of individual 4
in household j, X;; and ng are vectors of demographic
and household controls, and egj is the error term.
Based on the logistic function depicted in equation
1 we can derive the logit probability model to be esti-
mated in the next section:

2
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v

where Pfj represents the probability that individual 7 in
household j adopts technology t. We further estimate
the odds ratio to be able to interpret the results as the
change in the probability to adopt energy technologies
due to a change in the energy literacy score.

4. RESULTS AND DISCUSSION

This section summarizes the results of the logistic re-
gression analysis. Table 2 shows the effects of energy lit-
eracy on the adoption of all three energy technologies
and considering EVs and solar panels only. In the first
specification, no control variables are included. Subse-
guently, we report the effects of energy literacy when
adding the demographic controls, home characteristics,
and household income. The net monthly household in-
come is separately incorporated due to the loss of obser-
vations (i.e., not all respondents reported their income).

Focusing on the last specification of Table 2 (which
includes all controls), we observe that a one point in-
crease in energy literacy increases the probability to
adopt one of the three technologies by at least 20.2%.
This means that a household with maximum energy lit-
eracy score is 9.1 times more likely to adopt an energy
technology compared to a household with minimum en-
ergy literacy score. This effect is higher when consid-
ering only EVs and solar panels. In this case, a one
point increment in the energy literacy score increases
the probability to own at least one of these technologies
by 23.7% (or 12.8 times more likely comparing house-
holds with maximum and minimum score).

Our results are well in line with previous studies [8, 9,
10] that identify energy literacy as a catalyst for adopt-
ing new energy technologies. Moreover, building on
the analysis of [11], the positive relationship found be-
tween energy literacy and technology adoption may be
an indication of a more stable and reliable energy tech-
nology market in Luxembourg. This stability, enhanced
by supporting policies (e.g., subsidies and tax rebates)
provides consumers the confidence and financial incen-
tives to adopt new technologies. Further, more energy
literate consumers may be more aware of the poten-
tial benefits of these technologies, increasing their will-
ingness to adopt them. All in all, these results suggest
that energy education should be further investigated as
a mechanism to boost technology adoption.

Table 2 : Effects on Adoption of Groups of Technologies

Model All Tech. EV+RPV Obs.

Energy Literacy 23.6%**  24,9%** 459
+ Demographics 27.4*** 29 5*** 459

+ Home Characteristics  22.6***  24.7*** 447
+Dem + home 26.0*** 285*** 447

+ Dem + home + income  20.2***  23.7*** 358

Notes: Values represent percentages and number of
observations. *** represents significance level at 99%
confidence.

Table 3 presents the positive effects of energy literacy
on the adoption of each energy technology separately.
For Smarty+ and EVs, the results are highly significant,
while for solar panels the estimates are less precise. The
low precision of the solar panels estimates might be ex-
plained by the influence of other factors such as peer
effects and profitability [5, 20, 21], which are not con-
sidered in this study. Nevertheless, the magnitude of
the energy literacy effect is relatively robust across spec-
ifications and technologies. Focusing on the last speci-
fication we observe a 10.4% increase in the probability
to own Smarty+, and a 5% and a 38.9% increase in the
probabilities to own solar panels and EVs, respectively.



This means that a household with a maximum energy
literacy score is 3.3 and 51.6 times more likely to adopt
Smarty+ and EVs compared to a household with a mini-
mum score.

The different magnitudes and significance levels re-
ported in Table 3 suggest that the effect of energy lit-
eracy on energy technology adoption is not easily gen-
eralized to all energy technologies due to their intrin-
sic differences. In our analysis, energy literacy seems to
play an insignificant role in solar panel adoption, while
the opposite is true for EV adoption. In addition, even
the significant effects found for Smarty+ and EVs are
quite different. Based on this difference, targeted en-
ergy education may be more effective to incentivise the
adoption of highly specific technologies. For instance,
to boost adoption of EVs and home energy monitoring
technologies, policy-makers may improve energy edu-
cation highlighting their potential personal and social
benefits. Conversely, other mechanisms to encourage
adoption may be more effective for technologies like
RPVs.?

Table 3 : Effects on Adoption by Technology

Model Smarty+ Solar EV Obs.

Energy Literacy 15.3*** 4.8 44.4*%** 459
+ Demographics  15.7**  7.5% 46.5*%** 459

+ Home Characteristics 11.2%* 3.4 41.8%** 447
+ Dem + home 11.1%* 5.6 43.2*** 447

+ Dem + home + income 10.4 5.0 38.9*** 358

Notes: Values represent percentages and number of obser-
vations. *** represents significance level at 99% confidence,
while ** and * 95% and 90% respectively.

5. CONCLUSION AND FUTURE RESEARCH

Understanding what motivates people to adopt new
energy technologies plays a vital role in supporting
the ongoing energy transition and combating climate
change. To advance in this understanding, this paper
uses household-level survey data to examine the rela-
tionship between energy literacy and the adoption of
EVs, RPV, and HEM in Luxembourg.

The results of the logistic models indicate a positive
impact of energy literacy on technology adoption. Aone
point increase in the energy literacy score increases the
probability of adoption by 20.2%. Furthermore, the re-
sults suggest heterogeneous effects depending on the
technology analyzed. For instance, energy literacy sig-
nificantly increases the probability of EV adoption by
38.9%, while it is statistically not significant for RPV. The
different effects on individual technologies suggest that
energy education targeted to these technologies (i.e.,

2For instance, [5, 21] argue that peer effects are highly relevant
for RPV adoption in European countries and Mexico, respectively.

EVs and HEM) may enhance its effectiveness as a cat-
alyst for technology adoption.

While the results are robust across specifications, the
analysis presents several limitations. First, we assume
that energy literacy affects technology adoption, but the
inverse effect may also be true: technology adoption
may affect energy literacy. Future research addressing
this double causality is warranted. Second, the survey
was administered to a sub-sample of the population
representative to a specific segment (e.g., more edu-
cated and wealthy early adopters of energy technolo-
gies). A more extensive and representative sample is
required to extrapolate to country-level results. Third,
while we employ a robust definition of energy literacy,
there are other ways to determine the household en-
ergy knowledge. Future research may test the robust-
ness of our results based on different energy literacy
definitions.

APPENDIX
Energy literacy questionnaire

1. In general, from a household perspective, which
period marks the time where the electricity consump-
tion is the highest? (peak consumption hours)

1. from 23:00 to 03:00, 2. from 14:00 to 17:00, 3.
From 17:00 to 20:00, 4. | do not know, 5. | don’t under-
stand the question

2. What is the impact if you largely increase your
consumption during peak consumption hours (e.g., by
charging your electric vehicle)? You can select maxi-
mum of 3 choices

1. There is no impact, 2. Increased stress on the elec-
tricity grid, 3. Provoking the necessity for electricity ex-
pansion works in the electricity grid, 4. A shorter battery
lifetime as batteries of smartphones, laptops or electric
vehicles heat up more if charged during peak consump-
tion hours, 5. | don’t know, 6. | don’t understand the
question

3. What are the benefits of shifting your consump-
tion from peak hours to a time of day where the con-
sumption is lower? You can select maximum of 3
choices

1. Charging an electric vehicle, smartphone or lap-
top is faster, 2. To have a lower electricity bill due to
lower grid expansion costs, 3. There is no benefit for the
household consumer, 4. Generally lower CO2 emissions
because fewer gas power plants need to be deployed,
5. I don’t know, 6. | don’t understand the question

4. Assuming there are a lot of Photovoltaic - PV (so-
lar) installations in your neighbourhood. Are there any
benefits of shifting your consumption from peak hours
to a sunny time of day?

1. Yes, itisimportant to consume the electricity when
and where it is produced to prevent grid congestions, 2.



Yes, otherwise the electricity is lost as soon as it enters
the grid, 3. No, we can easily store all excess energy in
summer and use it in winter, 4. No, the electricity can
easily be transported over long distances, so it can be
consumed elsewhere, 5. No, there is not a lot of elec-
tricity production during sunny weather, 6. | don’t know,
7. I don’t understand the question

5. Do you know how to delay the start of your dish-
washer?

1. Yes, 2. Not, 3. It does not have this function, 4. |
don’t have a dishwasher, 5. | don’t understand the ques-
tion

6. Do you know how to delay the start of your Elec-
tric Vehicle charging?

1. Yes, 2. No, 3. It does not have this function, 4. |
don’t have an Electric Vehicle, 5. | don’t understand the
question

7. What challenges does the switch to 100% renew-
able electricity generation entail? You can select max-
imum of 4 choices

1. Renewable energy generation is highly volatile
(changes constantly), 2. Renewable energy generation
is decentralized (a lot of small production plants instead
of few large ones), 3. Difficult to store renewable en-
ergy, 4. Difficult to align generation and consumption,
5. I don’t know, 6. | don’t understand the question

8. On average, when a device works for one hour,
rank them from the highest (up) consumption to the
lowest (below) consumption

1. Dishwasher / laundry, 2. Tumble dryer, 3. light
bulbs, each at 10 W, 4. Electric Vehicle, 5. TV and music
player, 6. Heat pump

9. How much electricity does it take to fully charge
an electric vehicle?

1. 0.3-1kWh, 2. 1-30kWh, 3. 30- 100 kWh, 4. 100
- 300 kWh, 5. 300 - 1000 kWh, 6. | don’t know 7. | don’t
understand the question

10. Do you know the amount of your monthly elec-
tricity bill? NB: Please indicate your best guess without
checking your bill!

1. No, 2. Yes, | pay approximatively: Enter your bill
amount €/month

11. Which heating system would you prefer for your
home, considering both have a 15-year lifespan?

1. Model A with a retail price of €3750 and a monthly
bill of €100, 2. Model B with a retail price of €5000 and a
lower monthly bill of €80, 3. | have no preference, both
models are equally adequate, 4. | don’t know, 5. | don’t
understand the question

12. Which of these household appliances uses the
most electric energy during one day?

1. fridge/freezer, 2. stove/oven, 3. | don’t know, 4. |
don’t understand the question

13. Which of these household appliances generates
the highest peak power demand?

1. fridge/freezer, 2. stove/oven, 3. | don’t know, 4. |
don’t understand the question

AKNOWLEDGEMENT

This research was funded in part by the Luxembourg
National Research Fund (FNR) and PayPal, PEARL grant
reference 13342933/Gilbert Fridgen. Additionally it was
funded in part by the Luxembourg National Research
Fund (FNR), grant reference 14783405. The authors
gratefully acknowledge the financial support of Creos
Luxembourg under the research project FlexBeAn. For
the purpose of open access, and in fulfillment of the
obligations arising from the grant agreement, the au-
thor has applied a Creative Commons Attribution 4.0 In-
ternational (CC BY 4.0) license to any Author Accepted
Manuscript version arising from this submission.

REFERENCES
[1] Schuitema G, Ryan L, and Aravena C. The Consumer’s

Role in Flexible Energy Systems: An Interdisciplinary Ap-
proach to Changing Consumers’ Behavior. IEEE Power
and Energy Magazine 2017 Jan; 15. Conference Name:
IEEE Power and Energy Magazine:53-60. poI1: 10.1109/
MPE.2016.2620658

[2] Europe SP. EU Market Outlook for Solar Power
2023-2027 - SolarPower Europe. 2022. Available from:
https://www.solarpowereurope.org/insights/
outlooks / eu - market - outlook - for - solar -
power -2023-2027 /detail [Accessed on: 2024 Jul
4]

[3] Paradies GL, Usmani OA, Lamboo S, and Brink RW
van den. Falling short in 2030: Simulating battery-
electric vehicle adoption behaviour in the Nether-
lands. Energy Research & Social Science 2023 Mar;
97:102968. pol: 10 . 1016/ j . erss . 2023 . 102968.
Available from: https://www.sciencedirect.com/
science/article/pii/S2214629623000282 [Ac-
cessed on: 2024 Jul 12]

[4] Spandagos C, Tovar Reafios MA, and Lynch MA.
Public acceptance of sustainable energy innovations in
the European Union: A multidimensional comparative
framework for national policy. Journal of Cleaner Pro-
duction 2022 Mar; 340:130721. pol: 10. 1016/ j .
jclepro . 2022 . 130721. Available from: https://
www.sciencedirect.com/science/article/pii/
S50959652622003602 [Accessed on: 2024 Jun 25]

[5] Heiskanen E and Matschoss K. Understanding the
uneven diffusion of building-scale renewable energy
systems: A review of household, local and country level
factors in diverse European countries. Renewable and
Sustainable Energy Reviews 2017 Aug; 75:580-91. DO!I:
10.1016/j . rser .2016 . 11 . 027. Available from:
https : / / www . sciencedirect . com/ science /



article/pii/S136403211630764X [Accessed on:
2024 Jun 25]

[6] Mukherjee SC and Ryan L. Factors influencing early
battery electric vehicle adoption in Ireland. Renewable
and Sustainable Energy Reviews 2020 Feb; 118:109504.
DOI: 10.1016/j .rser.2019.109504. Available from:
https : / / www . sciencedirect . com/ science /
article /pii/ S1364032119307129 [Accessed on:
2024 Jun 25]

[7] FleiB E, Hatzl S, and Rauscher J. Smart energy tech-
nology: A survey of adoption by individuals and the
enabling potential of the technologies. Technology in
Society 2024 Mar; 76:102409. pol: 10 . 1016 / j .
techsoc . 2023 . 102409. Available from: https : //
www.sciencedirect.com/science/article/pii/
S0160791X23002142 [Accessed on: 2024 Jun 25]

[8] Blasch J, Filippini M, and Kumar N. Boundedly ra-
tional consumers, energy and investment literacy, and
the display of information on household appliances. Re-
source and Energy Economics. Recent Advances in the
Economic Analysis of Energy Demand - Insights for In-
dustries and Households 2019 May; 56:39-58. DOI:
10.1016/ j . reseneeco . 2017 . 06 . 001. Available
from:https://www.sciencedirect.com/science/
article/pii/S0928765516302895 [Accessed on:
2023 Nov 21]

[9] Blasch J, Boogen N, Daminato C, and Filippini M. Em-
power the Consumer! Energy-related Financial Literacy
and its Implications for Economic Decision Making. Eco-
nomics of Energy & Environmental Policy 2021 Apr; 10.
DOI: 10 . 5547 /2160-5890 . 10 . 2. jbla. Available
from: http://www.iaee.org/en/publications/
eeeparticle.aspx?7id=384 [Accessed on: 2023 Mar
1]

[10] Filippini M, Kumar N, and Srinivasan S. Energy-
related financial literacy and bounded rationality in ap-
pliance replacement attitudes: evidence from Nepal. en.
Environment and Development Economics 2020 Aug;
25. Publisher: Cambridge University Press:399-422.
Dol: 10 . 1017 /S81355770X20000078. Available from:
https://www.cambridge . org/core/ journals/
environment - and - development - economics /
article/energyrelated-financial-1literacy-
and - bounded - rationality - in - appliance -
replacement - attitudes - evidence - from -
nepal /COB8D166EABFOC61239543037EOFA2FA [Ac-
cessed on: 2023 Mar 1]

[11] Cha MK, Struthers CL, Brown MA, Kale S, and Chap-
man O. Toward residential decarbonization: Analyzing
social-psychological drivers of household co-adoption of
rooftop solar, electric vehicles, and efficient HVAC sys-
tems in Georgia, U.S. Renewable Energy 2024 May;
226:120382. p0oI: 10.1016/j .renene.2024.120382.
Available from: https://www.sciencedirect.com/

science/article/pii/S0960148124004476 [Ac-
cessed on: 2024 Jun 27]

[12] SinghV, Singh V, and Vaibhav S. A review and simple
meta-analysis of factors influencing adoption of electric
vehicles. Transportation Research Part D: Transport and
Environment 2020 Sep; 86:102436. pol: 10 . 1016/
j . trd. 2020 . 102436. Available from: https : / /
www.sciencedirect.com/science/article/pii/
S$1361920920306234 [Accessed on: 2024 Jun 29]

[13] Kim MK, Oh J, Park JH, and Joo C. Perceived value
and adoption intention for electric vehicles in Korea:
Moderating effects of environmental traits and govern-
ment supports. Energy 2018 Sep; 159:799-809. pol:
10.1016/j . energy . 2018 . 06 . 064. Available from:
https : / / wuw . sciencedirect . com/ science /
article/pii/S0360544218311290 [Accessed on:
2024 Jul 5]

[14] He X and Zhan W. How to activate moral norm
to adopt electric vehicles in China? An empirical study
based on extended norm activation theory. Journal of
Cleaner Production 2018 Jan; 172:3546-56. DOI: 10.
1016/ j . jclepro . 2017 . 05 . 088. Available from:
https : / / www . sciencedirect . com/ science /
article/pii/S0959652617310223 [Accessed on:
2024 Jul 5]

[15] Axsen J and Kurani KS. Connecting plug-in vehicles
with green electricity through consumer demand. en.
Environmental Research Letters 2013 Mar; 8:014045.
DOI: 10.1088/1748-9326/8/1/014045. Available
from: https://iopscience. iop.org/article/
10.1088/1748-9326/8/1/014045 [Accessed on:
2024 Jul 5]

[16] Ng M, Law M, and Zhang S. Predicting Purchase
Intention of Electric Vehicles in Hong Kong. en. Aus-
tralasian Marketing Journal 2018 Aug; 26. Publisher:
SAGE Publications Ltd:272-80. poi: 10 . 1016 / j .
ausmj.2018.05.015. Available from: https://doi.
org/10.1016/j.ausmj.2018.05.015 [Accessed on:
2024 Jul 5]

[17] Mohamed M, Higgins C, Ferguson M, and Ka-
naroglou P. Identifying and characterizing potential elec-
tric vehicle adopters in Canada: A two-stage modelling
approach. Transport Policy 2016 Nov; 52:100-12. pol:
10.1016/j .tranpol.2016.07.006. Available from:
https : / / www . sciencedirect . com / science /
article/pii/S0967070X16304280 [Accessed on:
2024 Jul 5]

[18] Kester J, Noel L, Zarazua de Rubens G, and Sova-
cool BK. Policy mechanisms to accelerate electric vehi-
cle adoption: A qualitative review from the Nordic re-
gion. Renewable and Sustainable Energy Reviews 2018
Oct; 94:719-31.D01: 10.1016/j .rser.2018.05.067.
Available from: https://www.sciencedirect.com/



science/article/pii/S136403211830426X [Ac-
cessed on: 2024 Jul 5]

[19] Rezvani Z, Jansson J, and Bodin J. Advances in con-
sumer electric vehicle adoption research: A review and
research agenda. Transportation Research Part D: Trans-
port and Environment 2015 Jan; 34:122-36. pol: 10.
1016/ j.trd.2014.10.010. Available from: https:
//www .sciencedirect . com/science/article/
pii/S1361920914001515 [Accessed on: 2024 Jul 5]
[20] Shakeel SR, Yousaf H, Irfan M, and Rajala A. Solar
PV adoption at household level: Insights based on a sys-
tematic literature review. Energy Strategy Reviews 2023
Nov; 50:101178. pol: 10.1016/j.esr.2023.101178.
Available from: https://www.sciencedirect.com/
science/article/pii/S2211467X23001281 [Ac-
cessed on: 2024 Jun 29]

[21] Chueca E, Weiss M, Celaya R, Ravillard P, Ortega B,
Tolmasquim MT, and Hallack M. Early adopters of resi-
dential solar PV distributed generation: Evidence from
Brazil, Chile and Mexico. Energy for Sustainable Devel-
opment 2023; 76:101284. Available from: https://
www.sciencedirect.com/science/article/pii/
S0973082623001412

[22] Sigrin B, Pless J, and Drury E. Diffusion into new
markets: evolving customer segments in the solar pho-
tovoltaics market. en. Environmental Research Letters
2015 Aug; 10. Publisher: IOP Publishing:084001. pol:
10.1088/1748-9326/10/8/084001. Available from:
https://dx.doi.org/10.1088/1748-9326/10/8/
084001 [Accessed on: 2024 Jul 5]

[23] Kowalska-Pyzalska A. An Empirical Analysis of
Green Electricity Adoption Among Residential Con-
sumers in Poland. en. Sustainability 2018 Jul; 10. Num-
ber: 7 Publisher: Multidisciplinary Digital Publishing In-
stitute:2281. pol: 10 . 3390 / su10072281. Available
from: https: //www . mdpi . com/2071-1050/10/
7/2281 [Accessed on: 2024 Jul 5]

[24] Bashiri A and Alizadeh SH. The analysis of demo-
graphics, environmental and knowledge factors affect-
ing prospective residential PV system adoption: A study
in Tehran. Renewable and Sustainable Energy Reviews
2018 Jan; 81:3131-9. por: 10 . 1016 / j . rser .
2017 . 08 . 093. Available from: https : / / wuw .
sciencedirect . com / science / article / pii /
S$1364032117312376 [Accessed on: 2024 Jul 5]

[25] Zander KK, Simpson G, Mathew S, Nepal R, and Gar-
nett ST. Preferences for and potential impacts of finan-
cial incentives to install residential rooftop solar pho-
tovoltaic systems in Australia. Journal of Cleaner Pro-
duction 2019 Sep; 230:328-38. pol: 10 . 1016/ j .
jclepro.2019.05. 133. Available from: https: //
www.sciencedirect.com/science/article/pii/
S0959652619316592 [Accessed on: 2024 Jul 5]

[26] Yuan X, Zuo J, and Ma C. Social acceptance of solar
energy technologies in China—End users’ perspective.
Energy Policy 2011 Mar; 39:1031-6. pol: 10 . 1016/
j .enpol.2011.01.003. Available from: https://
www.sciencedirect.com/science/article/pii/
S0301421511000139 [Accessed on: 2024 Jul 5]

[27] Lin B and Kaewkhunok S. The role of socio-Culture
in the solar power adoption: The inability to reach gov-
ernment policies of marginalized groups. Renewable
and Sustainable Energy Reviews 2021 Jul; 144:111035.
DOI: 10.1016/j.rser.2021.111035. Available from:
https : / / www . sciencedirect . com / science /
article/pii/S1364032121003257 [Accessed on:
2024 Jul 5]

[28] Jayaweera N, Jayasinghe CL, and Weerasinghe SN.
Local factors affecting the spatial diffusion of residential
photovoltaic adoption in Sri Lanka. Energy Policy 2018
Aug; 119:59-67. poI: 10.1016/ j . enpol .2018.04.
017. Available from: https://www.sciencedirect.
com/science/article/pii/S0301421518302325
[Accessed on: 2024 Jul 5]

[29] Kwan CL. Influence of local environmental, social,
economic and political variables on the spatial distri-
bution of residential solar PV arrays across the United
States. Energy Policy 2012 Aug; 47:332-44. pol: 10.
1016/j.enpol.2012.04.074. Available from:https:
//www .sciencedirect . com/science/article/
pii/S0301421512003795 [Accessed on: 2024 Jul 5]
[30] Schelly C. Residential solar electricity adoption:
What motivates, and what matters? A case study of
early adopters. Energy Research & Social Science 2014
Jun; 2:183-91. poI: 10.1016/j.erss.2014.01.001.
Available from: https://www.sciencedirect.com/
science/article/pii/S2214629614000024 [Ac-
cessed on: 2024 Jul 5]

[31] Palm A. Early adopters and their motives: Differ-
ences between earlier and later adopters of residen-
tial solar photovoltaics. Renewable and Sustainable En-
ergy Reviews 2020 Nov; 133:110142. pol: 10.1016/
j . rser.2020.110142. Available from: https: //
www.sciencedirect.com/science/article/pii/
S1364032120304330 [Accessed on: 2024 Jul 5]

[32] Faruqui A, Sergici S, and Sharif A. The impact of in-
formational feedback on energy consumption—A sur-
vey of the experimental evidence. Energy. Demand Re-
sponse Resources: the US and International Experience
2010 Apr; 35:1598-608. poi: 10. 1016/ j . energy .
2009 . 07 . 042. Available from: https : / / www .
sciencedirect . com / science / article / pii /
S0360544209003387 [Accessed on: 2024 Jul 5]

[33] Vine D, Buys L, and Morris P. The Effectiveness of
Energy Feedback for Conservation and Peak Demand: A
Literature Review. en. Open Journal of Energy Efficiency
2013 Mar; 2. Number: 1 Publisher: Scientific Research



Publishing:7-15. pol: 10 . 4236/ o0jee . 2013 . 21002.
Available from: https://www.scirp.org/journal/
paperinformation?paperid=28957 [Accessed on:
2024 Jul 5]

[34] Paneru CP and Tarigan AKM. Reviewing the impacts
of smart energy applications on energy behaviours in
Norwegian households. Renewable and Sustainable En-
ergy Reviews 2023 Sep; 183:113511. pol: 10. 1016/
j . rser.2023.113511. Available from: https: //
www.sciencedirect.com/science/article/pii/
S$1364032123003684 [Accessed on: 2024 Jul 5]

[35] Energy UD of. Energy Literacy: Essential Principles
and Fundamental Concepts for Energy Education. 2017
[36] Dewaters J and Powers S. Establishing Measure-
ment Criteria for an Energy Literacy Questionnaire. The
Journal of Environmental Education 2013 Jan; 44:38-
55.D01: 10.1080/00958964.2012.711378

[37] Asmare F, Giedraitis V, Jaraite J, and Kazukauskas A.
Energy-Related Financial Literacy and Retrofits of Soviet-
Era Apartment Buildings: The Case of Lithuania. en.
SSRN Scholarly Paper. Rochester, NY, 2022 May. DOI:
10.2139/ssrn.4105003. Available from: https: //
papers . ssrn. com/abstract=4105003 [Accessed
on: 2023 Nov 21]

[38] Ruokamo E, Kopsakangas-Savolainen M, Merilai-
nen T, and Svento R. Towards flexible energy de-
mand — Preferences for dynamic contracts, services and
emissions reductions. Energy Economics 2019 Oct;
84:104522. pol: 10 . 1016/ j . eneco . 2019 . 104522.
Available from: https://www.sciencedirect.com/
science/article/pii/S0140988319303111 [Ac-
cessed on: 2024 May 3]

[39] Dutschke E and Paetz AG. Dynamic electricity pric-
ing—Which programs do consumers prefer? Energy Pol-
icy 2013;59. Publisher: Elsevier:226—34. Available from:
https : / / econpapers . repec . org / article /
eeeenepol /v _3ab9_3ay_3a2013_3ai_3ac_3ap_
3a226-234.htm [Accessed on: 2024 Mar 21]

[40] Andolfi L, Marxen H, and Frank M. Are You Flex-
ible Enough? The Impact of Energy Literacy and Envi-
ronmental Values on Flexibility Provision. 2024 20th In-
ternational Conference on the European Energy Market
(EEM) 2024; Forthcoming

[41] Grand Duchy of Luxembourg G of the. LUXEM-
BOURG’S INTEGRATED NATIONAL ENERGY AND CLI-
MATE PLAN FOR 2021-2030. 2020

[42] Ortega Moreno B and Andolfi L. Digitalizing Whom?
On the Early Adopters of Smart Energy Technology. IAEE
Energy Forum 2024; Second Quarter 2024 (Forthcom-
ing)

[43] ElI Gohary F, Nordin M, Juslin P, and Bartusch C.
Evaluating user understanding and exposure effects of
demand-based tariffs. eng. Renewable & sustainable
energy reviews 2022; 155. Available from: http://

urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-
466106 [Accessed on: 2023 Feb 16]

[44] Podsakoff PM, MacKenzie SB, Lee JY, and Podsakoff
NP. Common method biases in behavioral research: A
critical review of the literature and recommended reme-
dies. en. Journal of Applied Psychology 2003; 88:879—
903. pol: 10.1037/0021-9010.88.5.879. Available
from: http://doi.apa.org/getdoi.cfm?doi=10.
1037/0021-9010.88.5.879 [Accessed on: 2024 Jul
3]

[45] Eurostat. Stock of electric vehicles by category and
NUTS 2 regions. 2024. Available from: https://ec.
europa . eu/eurostat/databrowser/view/tran_
r_elvehst__custom_11945474/default/table?
lang=en [Accessed on: 2024 Jun 25]

[46] Hajhashemi E, Sauri Lavieri P, and Nassir N. Mod-
elling interest in co-adoption of electric vehicles and so-
lar photovoltaics in Australia to identify tailored policy
needs. en. Scientific Reports 2024 Apr; 14. Publisher:
Nature Publishing Group:9422. pol: 10.1038/s41598-
024-59318-7. Available from:https://www.nature.
com/articles/s41598-024-59318-7 [Accessed on:
2024 Jul 12]

[47] Cramer JS. Logit Models from Economics and Other
Fields. Cambridge: Cambridge University Press, 2003.
Available from: https://books.google.lu/books?
hl=en & lr =&id =10d42d72pPXUC & oi = fnd & pg =
PR7&dq=Logit +Models +from+Economics +and+
Other + Fields & ots = D49zoPYBy - &sig = 96¢c -
uGTH1gmqa678HWIQI - OM7dw & redir _esc=y#v =
onepage&q&f=false



