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Abstract. Demand Response (DR) have been developed to reshape consump-

tion patterns in face of price signals, enabling to deal with the increasing pene-

tration of intermittent renewable resources and balance electricity demand and 

supply. Although DR mechanisms have been in place for some time, it is still 

unclear to what extent end-users are ready, or willing, to embrace DR programs 

that can be complex and imply adjustments of daily routines. This work aims to 

understand how the next generation of Portuguese decision makers, namely 

young adults in higher education, are prepared to deal with energy decisions in 

the context of the challenges brought by the smart grids. Results demonstrate 

that cost savings and the contribution to environmental protection are found to 

be important motivating factors to enroll into DR programs, which should be 

further exploited in future actions for the promotion of end-user efficiency. 

Moreover, DR solutions are well-accepted by higher education students, alt-

hough with limited flexibility levels. Also, there is room to exploit the willing-

ness to adopt time-differentiated tariffs, yet savings should be clearer and more 

attractive to end-users and the framing effect should be considered when pro-

moting this type of time-differentiated tariffs.  

Keywords: Energy decision-makers, Smart grids, End-use flexibility, Smart 

technologies. 

1 Introduction 

The process of decarbonizing the economy will depend, to some extent, on the de-

mand-side flexibility, which may be fostered through the use of time-differentiated 

tariffs, either with static and dynamic options [1]. In these pricing schemes, end-users 

are encouraged to adopt more flexible consumption patterns, adjusting their demand 

profile by reducing or increasing consumption in different time periods, shifting load 
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operation to cheaper time periods or redefining thermostat settings [2], [3]. According 

to [2] and [4], some factors may influence end-users' enrolment in DR programs, such 

as: end-user's energy literacy level; the complexity of DR programs and dynamic 

tariffs; technology costs (when compared to savings and incentives provided); the 

effort required to search for dynamic pricing information and adjust electrical appli-

ances usage accordingly; risk/loss aversion; and the inertia associated with behavioral 

change. Moreover, in most European countries, time-differentiated tariffs are not 

provided to end-users as default, but as an option. Hence, it is relevant to assess end-

users’ motivations and preferences in what concerns the adoption of those tariffs, 

enrolment into DR schemes, level of flexibility and adoption of smart technologies, in 

the context of evolution of electrical networks to smart grids. This work aims to un-

derstand how the next generation of Portuguese decision makers, namely young 

adults in higher education, are prepared to deal with energy decisions in the context of 

the challenges brought by the smart grids. It presents the combination of two com-

plementary exploratory surveys targeted at Portuguese higher education students ex-

ploring their motivations and concerns to be enrolled in DR programs and assessing 

factors influencing the adoption of time-differentiated tariffs. 

 

2 Literature review 

The need to balance energy demand and supply has become more pressing due to 

the increasing penetration of renewable sources characterized by their intermittent 

nature. One of the approaches for bridging the demand-supply mismatch in the energy 

systems is using demand-side management (DSM) techniques to shape demand pro-

files [5]. DR mechanisms are relevant DSM tools, relying on price signals as the main 

incentives to change electricity consumption patterns [6]. Some works in the literature 

exploit end-users’ responsiveness to DR programs. For instance, [7] and [8] modeled 

the influence of pricing in the adjustment of load operation. When comparing these 

results with a real world experiment conducted by [4], it turns out that simulation 

results are optimistic and that end-users only accept to change their daily behavior in 

response to price signals to a certain degree. Usually, end-users are interested in min-

imizing their energy bills taking advantage of pricing conditions and transfer home 

appliance operation to off-peak hours [9]. However, end-users tend to organize their 

domestic activities based on their preferences; therefore, while some load operations 

are relatively easy to shift, to interrupt or to re-parameterize, others are more restrict-

ed [1]. For instance, a study developed by [10] revealed that residential users in The 

Netherlands are willing to postpone the start of dishwashers, washing machines, 

clothes dryers, irons, vacuum cleaners, heating systems and the charging of electric 

vehicles. Still, lower levels of flexibility were associated with the use of the electric 

oven. Also, the survey developed by [11] found that Portuguese end-users are more 

willing to shift the operation of the laundry machine and the dishwasher than of other 

appliances, identifying electricity savings, not compromising the energy service, and 

environmental benefits as the main decision factors. In addition, some level of end-

users’ commitment is required to decode and process complex information on time-

differentiated pricing mechanisms. Thus, according to [12] it should be expected that 

high-literate end-users are more likely to adopt time-differentiated rates since, in prin-
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ciple, people with higher levels of literacy should be more able to understand the ad-

vantages of this adoption. In addition, renters generally seek innovative solutions to 

minimize their costs and therefore are also expected to adopt some type of time-

differentiated tariffs. Nevertheless, the literature suggests that end-users show adverse 

reactions to the adoption of these tariffs due to their complexity. For example, [2] 

highlight that "consumers are open to dynamic pricing but prefer simple to complex 

and highly dynamic programs". This study is in accordance with [13], who concluded 

that end-users are more willing to adopt simpler tariffs, with fixed tariffs being pre-

ferred to all others. Although there is a consensus on the preference for simpler tariffs, 

little is known about how end-users assess time-differentiated tariffs and what is the 

influence of varying price information presentation on commercial offers [12].  

Moreover, no study was found on the preferences of the next generation of energy 

decision makers. 

 

3 Objectives 

In this setting, this work aims to understand how end-users perceive the complex 

energy decision context brought by smart grids, in particular, their preferences and 

willingness to enroll into DR programs and time-differentiated tariffs to support the 

design of future energy systems. This work presents the results of two complementary 

exploratory surveys performed within Portuguese higher education students. Young 

adults were the target of this work because they will soon be the next generation of 

energy bill payers and the main energy decision-makers in the context of smart energy 

systems, although presently not often in charge of making energy related decisions or 

paying the energy bill. Young adults are also generally seen as more environmentally 

and energy aware and driven by personal values, while more cautious about money 

and time management [14]. This age group also revealed to be more aware of the 

advantages and constraints of smart grids, when compared to other segments of the 

population [10]. Thus, this work aims to contribute to understand how young adults 

perceive the technological opportunities offered by smart grids and what are their 

motivations to participate in DR actions and time-differentiated tariffs, which repre-

sents a contribution to the existing literature about the topic.  

The motivation, context and objectives of this study have been provided in sections 

1, 2 and 3. Section 4 presents the research methods used and the main results are re-

ported in section 5. Section 6 presents the main conclusions and recommendations for 

future work. 

 

4 Research methods 

Two complementary approaches addressing the general objective of this work were 

developed using surveys made available through online platforms. The complexity of 

the topic created important challenges to the design of surveys, as these need to have 

technical robustness displaying the ability to be answered by non-experts. The sur-

veys were made available to higher education students enrolled at Portuguese univer-

sities in undergraduate and postgraduate studies. This group was chosen as they are 
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the next energy-related decision makers generation and to ensure higher literacy lev-

els. Different academic backgrounds were included to guarantee diversity. Both ap-

proaches addressed the same target audience and the topic assessed, while having 

their own specificities. 

 

4.1 Case study 1 

Case study 1 aims to exploit the motivations and concerns behind the willingness 

to enroll into DR programs. Table 1 summarizes the dimensions and variables includ-

ed in the survey. 

Table 1.  Dimensions included in the case study 1 survey 

Dimensions Variables 

Socio-demographic characteriza-
tion 

Gender, age, on-going level of studies and number of residents at 
home. 
 

Level of knowledge and partici-
pation in the energy management 

at home 

Monitoring habits on reading the electricity meter, supplier switching 
rate, knowledge about time-differentiated tariff schemes and owner-

ship of monitoring devices. 
 

Motivation for participating in 

DR programs 

Main motivations for engaging in DR programs, including potential 

savings, environmental or other important concerns behind the will-

ingness to enroll into DR programs and on the importance of feedback 
from peers. 
 

Flexibility and willingness to 

change electricity use habits 

Willingness to participate in DR programs, delay consumption or 

change electricity use time, if they could benefit from a reduction on 
their electricity tariffs. 

 

This survey followed the following steps: first, it was designed and tested by a 

small group using a face-to-face approach and email; second, it was improved based 

on the feedback collected; and third, it was implemented through Google Surveys 

between February and April 2018.  

 

4.2 Case study 2 

Case study 2 exploited factors that, to some extent, influence the willingness of 

end-users to adopt a time-differentiated tariff. The survey included the dimensions 

and variables presented in Table 2. 

Table 2.  Dimensions included in the case study 2 survey 

Dimensions Variables 

Socio-demographic 
characterization 
 

Gender, age, academic background and housing situation. 

Enrollment in 

electricity manage-
ment 

Responsibility for the payment of the electricity bill; knowledge about contract-

ed tariff and responsibility to choose the electricity tariff and supplier; monitor-
ing habits of the electricity meter. 
 

Motivational factors 
to be flexible 

Main motivations for engaging into time-differentiated pricing programs, includ-
ing potential savings, savings-comfort trade-off and others considered relevant 

by respondents. 

Adoption of time- Two exercises were designed to assess the willingness to participate in a time-
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Dimensions Variables 

differentiated tariffs differentiated scheme exploiting the format of the information provided (poten-
tial savings vs. increased costs). The way information about a tariff is presented 

triggering feelings of possible savings or potential losses, known as the framing 

effect, is presented as a feature to be taken into account in the promotion of 
those tariffs.  In these exercises, respondents were asked to choose between 

maintaining a flat tariff or adopting a time-differentiated tariff. Graphical and 

numerical information was provided highlighting potential savings and increas-
ing costs, distributed randomly in different versions among participants who 

were warned of potential changes to daily routines. 

 

The survey was made available through a LimeSurvey platform to higher education 

students all over the country between March and May 2018. 

 

5 Results 

5.1 Case study 1  

The sample composed by 125 respondents consisted mainly of men (61.6%), mostly 

aged 18-24 (84.8%), with 8.8% being between the ages of 25 and 29 and the remain-

ing more than 30 years old (Table 3). 59.2% are undergraduate students from different 

training areas and 40.80% are Master students. The majority are Portuguese (94.4%) 

and full-time students (88%). As for the number of residents in the housing, 9.6% live 

with only 1 or 2 members; 30.4% with 3 members; 44.4% of respondents with 4 

members and 16% with 5 or more members.  

 

Table 3. Socio-demographic characterization of case 1 sample 

Category Variables Level Quantification 

Personal Gender Female 
Male 

38.40% 
61.60% 

Age Between 18 and 24 84.80% 

Between 25 and 29 8.80% 

More than 30 6.40% 

Nationality Portuguese 
Other 

99.40% 
5.60% 

Course enrolment Under-graduate 

Master 

59.20% 

40.80% 

Student status Student-worker 

Full-time student 

12% 

88% 

House Number of residents Between 1 and 2 members 
3 members 

4 members 

5 members or more 

9.60% 
30.40% 

44.40% 

16.00% 

Energy 

management 

at home 

Familiarity with time-

differentiated tariffs 

Yes 

No 

67% 

33% 

Energy consumption com-

munication to supplier 

Yes 

No 

24% 

76% 

 Electricity supplier change 
in the last 2 years 

Yes 
No 

9% 
91% 
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Regarding the level of knowledge and the dynamism for participating in the elec-

tricity market, results show that over 67% of respondents reported to be familiar with 

time-differentiated tariffs and 24% regularly communicate electricity consumption to 

the supplier. However, students showed to be much less proactive on changing sup-

plier, as only 9% have done it in the last 2 years, and on owning and using an electric-

ity monitoring device.  Declared motivations to defer electricity use were tested by 

asking respondents to give their opinion about several statements concerning the con-

tribution towards the environment, fuel imports and electricity bill. The results indi-

cate that all these factors can be assumed as relevant for the engagement on a DR 

program. In fact, 95% of the students would be willing to defer their electricity con-

sumption if that would have a positive environmental impact, 89% if that would have 

a have a positive impact on the fuel imports, and 90% if that would have a positive 

impact on the electricity bill.  

The large majority of the sample shows a real concern about the environment. This 

is an expected result as the Eurobarometer on Attitudes of European citizens towards 

the environment showed those with a higher education degree tend more likely to 

agree that they can play a role in protecting the environment [15]. However, the pos-

sibility of the cost reduction is still the most often motivation mentioned, being classi-

fied as “totally agree”. Pearson’s chi-square statistic tests indicate that younger re-

spondents are more motivated to shift their electricity usage driven by economic 

(p<0.001) and environmental factors (p<0.001) and energy dependence (p<0.001). 

The majority of students, who attend engineering courses, tend to be more sensitive to 

environmental factors than those enrolled in other fields. Recognizing the importance 

of the cost factor, the flexibility to postpone electricity usage was tested against dif-

ferent potential cost savings and considering different deferral periods for using elec-

tricity appliances such as the washing machine. Flexibility was assessed based on the 

respondents’ willingness to defer the use of their domestic appliances for 1-2 hours, 

3-6 hours or for more than 6 hours. The results indicate that the willingness to defer 

electricity use tend to increase for higher potential cost savings (Fig.1). However, 

flexibility is limited and the number of respondents willing to postpone their electrici-

ty use for more than 6 hours (long-term) is considerably lower than the ones willing to 

delay it for 1-2 hours (short-term), for all range of cost savings.  

 

   
2% Monthly cost saving 4% Monthly cost saving 6% Monthly cost saving 

Fig. 1. Results regarding the willingness to defer electricity use according to potential monthly 

cost savings (2%, 4% and 6%, respectively) 
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The monthly electricity bill does not seem to play a major role on the overall as-

sessment of the willingness to defer electricity use. Although the results indicate that 

consumers paying a high electricity bill (>150 €/month) tend to show a higher disa-

greement for both short-term and long-term flexibility, the number of participants 

included in this class is too low for considering the results as significant. As for con-

sumers paying a low electricity bill (< 25 €/month), the results also show a higher 

disagreement trend for long-term flexibility, comparatively to most of the other 

groups, for both the lowest and highest potential monthly cost saving cases. This can 

be explained by the lowest potential savings (in absolute terms) of respondents with 

lower electricity bills and by difficulties felt on changing electricity use patterns, or 

reduced interest on the topic in the case of respondents with higher electricity bills. It 

is worth noticing that this latter group is also the one showing more doubts for all the 

scenarios, as 33% of them selected the option “don’t know”. However, once more, 

this result must be looked with caution as the number of respondents in this group is 

very small. The middle groups (especially the ones 101-105 €/month) show a more 

stable pattern of responses with higher potential of being interested in participating in 

DR programs.  

5.2 Case study 2  

Although case study 2 reached a total of 340 respondents, the sample was cut off at 

the age of 30 and the sample reduced to 270 respondents to ensure answers were only 

collected from the young adult segment. The sample is gender balanced (men 50%, 

women 50%) and respondents average age is around 22 years old (mean=22.06; 

SD=2.8) (Table 4). Most of them are students in Engineering and Exact Sciences 

(63.3%), while a small share is enrolled in Social Sciences and Humanities (28.9%), 

Health and Life Sciences (6.3%) and other non-specified academic areas. Regarding 

housing, most of the surveyed sample rents a house with colleagues (56.7%), while 

33% live with their own family, which may disclose that they typically do not make 

direct energy-related decisions (beyond the usage dimension). 

Table 4. Socio-demographic characterization of case 2 sample 

Category Variables Level Quantification 

Personal Gender Female 

Male 

50% 

50% 

Age  Mean=22.6 SD =2.8 

Academic background Engineering 
Social Sciences and Hu-

manities 

Life & Health Sciences 
Non-Specified 

63.3% 
28.9% 

6.3% 

1.5% 

House Ownership Own 

Owned by family 

Rented 
University facilities 

Other 

6.3% 

33.0% 

56.7% 
3.0% 

1.1% 

Energy 

manage-

Tariff Flat 

Time-differentiated 

37.8% 

23.0% 
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Category Variables Level Quantification 

ment at 
home 

Unknown 39.3% 

[If answer time-differentiated]  
Frequency of electric applianc-

es usage only in the cheapest 

periods of the tariff 

Valid=56.45% 
Non-answers=43.54% 

Mean =5.69 SD=0.796 

Responsibility for paying bills Yes alone 

Yes with other people 
No 

10.0% 

51.1% 
38.9% 

Responsibility for decide con-

tracted power/tariff 

Yes alone 

Yes with other people 

No one else has decided 
No, no one from the house 

decided 

7.4% 

11.5% 

37.4% 
43.7% 

 

As for electricity costs, 61.1% of the respondents are responsible for paying the 

electricity bills by themselves or with other people. Moreover, 30.7% of the respond-

ents admit never, or very rarely, reading the invoice or online monitoring electricity 

consumption, but 61% state to know the contracted tariff. 37.8% still have a flat rate 

and, of these, 57.8% state that it is still the most advantageous solution given their 

consumption profile. However, respondents also presented other reasons to maintain 

this tariff, such as the landlord being the main energy decision maker. Similar results 

were found in the choice of the electricity supplier (81.1% of the respondents indicate 

that this choice lies on other residents or on the landlord).  Respondents who already 

have a time-differentiated tariff (23%) were asked how often they turn on electric 

appliances only in the cheapest periods of the tariff. Most seem to have adopted this 

practice and use some appliances at night when the price is cheaper (mean= 5.69, 

SD=0.769). However, the high rate of non-responses to this question (43.5%) may 

mean that even having a time-differentiated pricing mechanism; some people do not 

take advantage of the lower priced periods. When asked about the likelihood of 

switching to a time-differentiated tariff (given a certain financial return), respondents 

were willing to adopt that type of tariff (Mean = 66.28, SD = 28.840). No statistically 

significant differences between information provided in the versions ‘savings’ and 

‘increased costs’ were found (t=0.443 p>0.05), which means that, contrary to the 

framing effect theory, presenting information in terms of savings or increased costs 

seems not to be relevant to this population. When increasing the complexity of the 

time-differentiated tariff presented (from a daily to a weekly and monthly variation), 

results showed that the respondents’ willingness to adopt the new tariff is affected by 

the framing formulation: 57.84% of the respondents who received the ‘savings’ ver-

sion would be willing to adopt this rate (SD=30.185) which is significantly different 

from the 37.23% of respondents who received the ‘increased costs’ version 

(SD=31.057) (t=0.000 p<0.001). This result contradicts what has been reported in the 

literature and requires further attention [16], [17]. This outcome may have been gen-

erated by a respondents’ misinterpretation of the question. While 30% of respondents 

who received the ‘savings’ version state that savings are attractive enough to change, 

12.6% state they already turn on some appliances in cheaper periods. However, still 

4.1% state that savings do not compensate the effort, 5.6% indicate day-to-day routine 

limitations do not enable taking advantage of a tariff with variable prices and 6.7% 
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consider that the information presented during the survey was insufficient to decide. 

In the group of respondents that received the ‘increased cost’ version, 18.9% revealed 

that the added cost is significant and therefore the switch to the new pricing scheme is 

advantageous; 12.6% stated that daily routine requirements do not allow end-users to 

take advantage of a tariff with hourly price differentiations and 14.4% complained of 

insufficient information to decide. Respondents also pointed out other possible mo-

tives for not switching to the time-differentiated tariff, such as the fact that they are 

not responsible for this decision; the complexity of calculations to determine whether 

or not the change really pays off and the fact that the proposed tariff had higher prices 

during winter, when perceived heating needs are higher. 

Results also showed correlations between age and the willingness to adopt the pro-

posed tariffs (rho=0.258 p<0.001 and rho=0.253 p<0.001, respectively). However, 

contrary to what was initially expected, results did not confirm the influence of the 

academic background on the adoption of time-differentiated tariffs, which is generally 

associated with energy literacy. Moreover, those respondents already experiencing 

this type of tariff showed greater willingness to adopt the proposed one, thus indicat-

ing that experiencing different tariffs may be a positive decision factor.  

6 Conclusions and future work 

The results of both case studies showed that the next generation of Portuguese de-

cision makers, namely young adults in higher education, are familiar with electricity 

tariffs and understand the implications and advantages of adopting DR schemes asso-

ciated with time-differentiated tariffs. This segment of the population is available to 

adopt DR programs involving shifting the operation of some appliances such as the 

laundry machine and the dishwasher. However, this flexibility is limited to short-time 

shifting actions and dependent on sufficient, clear and attractive financial incentives 

and should not compromise the household activities. Cost savings and the contribu-

tion to environmental protection were found to be important motivating factors to 

enroll into DR programs. Moreover, the framing effect was also found to be a relevant 

feature to be considered when promoting time-differentiated tariffs and designing DR 

programs. 

In summary, since no similar study was found to compare these results, future 

work should also address the integration of further issues arising in the realm of smart 

grid (e.g., willingness to accept automated decisions by energy management systems), 

as well as the adaptation to more representative target audiences. 
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