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A B S T R A C T

Data-driven energy technologies (DDET) are often framed as a panacea that will support the transition towards 
energy-neutrality by adjusting residents’ energy practices. However, not all citizens seem to benefit equally from 
these technologies. To unpack how DDET influences citizens’ capability to live a valuable life, we combine in
sights from the capability approach and future studies, addressing the following research question: "How does the 
use of DDET influence public renters’ capabilities, and what role do energy literacy and future expectations play in this 
relationship?" This research employs a qualitative approach, with two Dutch case studies: Public Renters of Net 
Zero-Energy Homes (NZEHs) and public renters in less energy-efficient homes provided with energy displays by 
their housing corporation. We used in-depth interviews and observations. The results underscore the necessity 
for a holistic, practice-based perspective on the energy transition, which takes on board end-users’ perspectives 
on desirable futures. Technological solutions can only work effectively if they are accompanied by recognition 
and support of public renters’ capabilities. Energy literacy is a crucial factor in how individuals use resources like 
DDET to achieve capabilities such as energy management and financial stability. Limited energy literacy, restricts 
meaningful resource use, creating stress and missed opportunities. Strong energy literacy can enable renters to 
anticipate multiple future scenarios, and enhance their quality of life.

1. Introduction

1.1. Context

The Netherlands, like numerous other countries, faces the necessity 
of an energy transition (ET) to move away from fossil fuels. An impor
tant way to achieve the ambitions outlined in the Dutch Climate 
Agreement [1] regarding housing is by enhancing energy efficiency 
within the social rental sector. Data is seen a crucial tool for achieving 
efficiency [2,3]. As a result, many of the new devices being introduced in 
the energy sector rely heavily on or generate data themselves. We 
consider these devices Data Driven Energy Technologies (DDET).

There is a strong narrative that DDET are essential for enhancing 
peoples’ capability to contribute to the energy transition (ET) [4,5]. 
DDET facilitates the exchange of information and communication about 

energy within a household. DDET intervenes in the distribution, pro
duction, and consumption of energy [6–8]. Characteristic aspects within 
the use of this data-driven technology are, among other things, a focus 
on energy efficiency for sustainability purposes, whereby DDET con
tributes to energy and cost savings by optimizing energy generation and 
consumption [8,9]. Concrete examples or types of DDET are smart me
ters, which provide real-time data on energy consumption and help 
users monitor their usage patterns, and home automation technologies 
such as smart thermostats, which adjust heating and cooling based on 
occupancy and preferences. Additionally, DDET includes renewable 
energy solutions like solar panel systems integrated with data analytics 
to maximize energy production and storage [10]. Data collected and 
transmitted in DDET is required for the device to function, for quality of 
operation or for invoicing to work.

However, technology alone cannot drive change [11], and it can also 
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reproduce injustice, as a strong focus on technological solutions may 
result in insufficient consideration of the challenges faced by vulnerable 
social groups in relation to DDET. Research has shown that social, 
economic, and technological factors can contribute to inequalities in 
access to, and utilization of, these technologies [12,13]. Empirical 
research is needed to ensure that DDET implementation is supported by 
evidence and considers the experiences of those most affected, partic
ularly vulnerable and low-income households in social housing [13,14].

One framework that can help analyze how DDET is used and what 
factors influence the capabilities of different groups of people (e.g. 
public tenants) is the Capability Approach (CA) [15,16]. The CA, 
initially developed by Sen [17] and further elaborated by Nussbaum 
[18], has increasingly been employed as a lens to study inequalities 
within the ET [19–21]. A capability is the potential of persons to utilize 
their means to achieve a valuable life, such as the ability to live in 
accordance with personal desires, to freely express opinions, beliefs, and 
ideas, or to maintain a healthy life [16]. This study explores empirically 
how DDET, as a form of means, may influence the capabilities of social 
housing tenants. Various factors can influence the use of DDET. Within 
CA, factors are identified that enable or hinder someone to convert their 
means into capabilities. These are known as conversion factors (see 
Fig. 1) and can include a person’s social context, housing, literacy, but 
also a person’s health and/or external conditions such as the impact of 
climate change [22].

Research using the CA often emphasizes literacy as a crucial social 
right and an indicator of inequality [23,24]. In the context of DDET, 
energy literacy (EL) is key, as it impacts individuals’ capability to adopt 
efficient energy consumption behaviors [25] and effectively utilize 
energy-related resources and technologies [26]. EL research, especially 
related to DDET, often focuses on device-specific knowledge, like un
derstanding appliance energy consumption [27,28]. However, EL ex
tends to understanding the overall household energy infrastructure, 
including maintaining technologies like ventilation systems or heat 
pumps. This broader form of EL, also referred to as multifaceted EL [28], 
include in addition to device and technology EL, consideration for the 
financial aspects of energy conservation, the actions that residents can 
take to save energy (such as placing foil behind radiators) and the notion 
of the preceding processes leading to household energy consumption 
and their influence on a broader socioecological system [28]. For 
example, the smart meter could tell people that energy use is expensive 
now, but will be cheaper in a few hours, so people can decide to use the 
energy later.

In the example above, the anticipation of when to use energy is 
important. In general, the concept of future anticipation within the CA 
has been acknowledged [29,30] but needs more empirical substation. As 
ET is all about the future, it is a suitable case to extend the CA framework 

by explicitly using the concept of anticipation. From an ontological 
perspective the future cannot be accurately predicted or empirically 
studied based on historical trends or present investigation. Instead, it is 
perceived through anticipation, where models or images of the future 
inform present actions [31,32]. Identifying anticipatory processes is key 
because they inherently involve limitations, influencing what is 
considered important in the present and shape perceptions of possible 
actions [33].This anticipation process is a growing topic in research, 
encompassing all efforts concerning the future [34,35].

Recent research highlights that citizens’ anticipation towards the 
future can be an important factor that affects their participation in 
sustainability initiatives [36], however, the processes on how futures 
shape the use of DDET remain under-researched. Furthermore, studies 
indicate that EL is important in supporting individuals to make choices 
that reflect their values, particularly in the context of sustainability and 
energy efficiency [37–39]. Empirical research combining future studies 
(FS) and the CA is scarce. Conversely, the CA is widely tested and used in 
empirical studies regarding the ET [19,21,40]. Hence, by integrating the 
concept of anticipation with CA, we can create a more comprehensive 
and inclusive framework to examine the process of how DDET shapes 
social housing tenants’ capabilities in the ET. Our research question is 
thus: "How does the use of DDET influence public renters’ capabilities, and 
what role do energy literacy and future expectations play in this 
relationship?"

To answer this question, we focus on the Dutch case, where recent 
rising energy costs pose a serious financial burden on poorer households, 
threatening a just ET [20,41]. Efforts to reduce gas dependency and 
improve energy efficiency include DDET use, particularly in the social 
housing sector, where energy-efficient housing and energy displays are 
being introduced [42,43]. Within the Dutch case, two cases were 
selected, in which DDET plays a central role: (1) Public tenants in Net 
Zero-Energy Homes (NZEHs), aiming to generate at least as much energy 
as the user needs annually through automation and sustainable tech
nology [44], and (2) Public tenants in homes still reliant on gas, using an 
energy displays via the housing corporation to monitor and manage 
their consumption. As explained later under methods, this qualitative 
study involves a narrative approach and observations to encourage 
public renters to talk about, and show, the impact of DDET on their daily 
lives [45].

1.2. Future studies and the capability approach

‘The kinds of aspirations we have influence the kinds of capabilities for 
which we strive’ [46].

Futures studies (FS) has a long history of systematically exploring the 
future in a broad sense [47,48]. FS emerged as a research field in the 

Fig. 1. The relationship between resources, conversion factors and capabilities, inspired by the work of Robeyns et al. [22] in The Capability Approach: An 
Interdisciplinary Introduction (p.12).
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mid-20th century producing expertise for policy development and 
strategic planning. Particularly during the 1960s, there was a peak time 
for political planning due to dynamic changes in science, technology, 
and Keynesian economics [49,50] and the focus was mainly on fore
casting and creating scenarios. Forecasting, or expected futures, are 
based on current trends and predictions, while scenario’s, or probable 
futures, take into account more uncertain outcomes influenced by 
various factors [51]. This initial positivist orientation gradually shifted 
in the early 1970s, following growing criticism of technocratic planning. 
A more pragmatic and people-centered approach began to take hold, 
emphasizing ecological concerns, human values and the limits of purely 
technical solutions [49]. More recently, researchers in this area also 
refer to preferable futures, centered on the goals or visions of a future 
that societies or individuals hope to achieve [51] and critical futures, 
focusing also on the role of power and the performativity of futures.

Over time, FS have evolved to include new approaches, such as the 
concept of anticipation [52] and futures literacy [53]. Within anticipa
tion, a distinction is made between the making of futures [51] and the 
use of futures [54]. The making of futures refers to action in the present, 
having consequences for how the future will look like. The use of futures 
is about the perspective on the future shapes the potential for taking 
action [33]. The future is used as an argument to do (or not do) some
thing today [36,55]. Empirical findings of Veenman et al. [36] showed 
that reciprocal relationship between using and making of futures can be 
a mediating factor in people’s abilities to (1) foreclosing futures; and, (2) 
pre-opening alternative futures [36]. For example, the fear of data 
breaches or concerns about a potential loss of autonomy (using the 
future) can discourage social renters from sharing their data and effec
tively utilizing an energy display via the smart meter (making the 
future) [56,57].

Regarding using the future, two types are typically distinguished [36]. 
First, expected futures represent a single vision of the future. Expected 
futures often project past and present trends into the future, implying a 
seamless continuation from the past and present to the future [58]. In 
essence, expected futures aim to depict a future without significant 
surprises [59]. The second type is desired futures, contrasting with ex
pected futures by emphasizing normativity over neutrality. Desired fu
tures seek to envision a singular desirable future (utopia) and then works 
backward to determine the steps needed to achieve it [60].

Several scholars have explored how FS and the CA can complement 
each other [29,30,46]. Poli [30] has taken the initiative to explore in 
various ways how the CA can intersect with FS by making the future 
orientation, which is a constitutive aspect of the CA, explicit. Poli [30] 
highlights the perspective that a person has options to live a valuable life 
[30,61]. This perspective can be seen as a ’developing agent’ [30] that 
anticipates certain valued actions and states of being [30,62]. For 
instance, a person who wants to live in a sustainable public home with 
DDET can anticipate this by exploring the available options, registering 
early with the housing association, and staying informed about new 
developments regarding sustainability and DDET. All these steps are 
forms of anticipation of a valued capability, namely "living the way I 
want”.

The capability to imagine and anticipate futures is known as futures 
literacy (FL). Future literacy presents a valuable addition to the CA [29,
30], as it may enhance individuals’ ability to imagine the future, much 
like literacy has expanded communication skills [30]. An important 
aspect is that people are capable of having aspirations [46]. Aspirations 
are twofold: they refer to the importance of the freedom that individuals 
enjoy in forming their aims, as well as to the opportunities to translate 
these desired futures into capabilities. It is important to understand how 
the environment in which people live shapes and constrains their aspi
rations, and how those aspirations in turn influence the development of 
their capabilities. Hart [46] talks explicitly about the capability to 
aspire, highlighting the fact that aspirations are often shaped by unequal 
power dynamics, which compel individuals to conform to perceived 
standards of normalcy and societal acceptance.

It should be noted, moreover, that the use of futures (expected and 
desired futures, aspirations) often occurs implicitly. People are often 
unaware that they are anticipating different futures [63]. The question 
arises as to how EL influences this implicit anticipation, especially since 
envisioning desirable futures is strongly shaped by an individual’s social 
context [36]. To put it simply, if you are not aware of the opportunities 
for sustainability and energy savings, or have no idea how you can 
contribute to them, this will have an irrevocable impact on how you 
imagine different futures.

The role and use of shaping desired futures for individuals depends 
on a series of ‘conversion factors’ [20,46]. These conversion factors 
involve the interplay of personal traits, values, access to resources, and 
forms of capital [36,46]. Accordingly, the use of futures is interesting to 
examine not only from someone’s capability (like being future literate), 
but also from the conversion factors that lead to someone’s capability 
(Fig. 1), for example, the factors that influence the effective use of an 
energy display for the capability of getting by financially.

In what follows we will elaborate on the methodology of this 
research (Section 2), the empirical findings (Section 3), and discuss and 
conclude our findings (Section 4).

2. Methods

2.1. Case description

DDET can be a costly investment for residents, and in the public 
rented sector it is therefore not feasible for everyone to have this tech
nology in their home. This study focuses specifically on the target group 
that encountered DDET through the housing association, where DDET 
was either provided for free or was built into the existing social housing. 
To cover as much of this group as possible, two different cases were 
selected.

The first case study focused on tenants in NZEHs in the province of 
Gelderland, the Netherlands. Here, senior residents live in energy- 
efficient buildings equipped with technologies like solar panels, heat 
pumps, and advanced insulation. The homes feature a simple energy 
display that provides information about the system’s operational status, 
including temperature settings and modes, current water flow temper
ature, room temperature, and active heating mode. Additionally, resi
dents have access to an app that offers real-time feedback on energy 
consumption and production. The homes are monitored for preventive 
maintenance.

The second case study examined tenants in North Holland and Gel
derland living in homes still reliant on gas, many of which are drafty and 
slated for demolition or renovation. These tenants, burdened by high gas 
prices, use energy displays to monitor and manage their consumption. 
The displays provide (near) real-time usage data with a maximum delay 
of 10 s for electricity and 5 min for gas. They also offer daily con
sumption comparisons, helping tenants reduce energy costs. The studies 
were carried out in 2023.

2.2. Approach to data gathering and analysis

For the selection of public renters, we followed a typical case sam
pling approach [64] focusing on tenants who were able to use DDET 
through their housing corporation. This is an atypical situation for 
public renters, especially in the context of NZEHs, where such technol
ogies are not yet widely adopted. For the first case, seventeen re
spondents were approached through the housing corporation, of which 
ten agreed to participate in the study. In some cases, the respondents’ 
partners also joined the interviews. In the second case, we applied 
snowball sampling [65] by contacting five respondents via two energy 
coaches, who referred participants based on their familiarity with DDET. 
Additionally, two respondents were recruited through the housing 
corporation.

To ensure data saturation for both cases, we continued conducting 
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interviews until no new insights emerged. After several interviews, we 
noticed the same topics coming up repeatedly, indicating that additional 
interviews would likely yield redundant information. Furthermore, we 
aimed for maximum variation sampling by including respondents from 
different housing conditions (second case study) and a variety of social 
backgrounds, including factors such as gender and migration back
ground. This helped capture a broad spectrum of perspectives, reducing 
selection bias and enhancing concept validity [66].

We used a narrative approach using Elicitation Techniques [67] in 
order to grasp the stories of public renters who use DDET. Elicitation 
Techniques are techniques that can help make interviews for the 
respondent easier by shifting the focus from abstract concepts (e.g. ca
pabilities) onto external prompts. In this case we used a card set (Fig. 2) 
of 20 cards with sentences and pictures that are based on ten central 
capabilities [18]. In "Creating Capabilities," Nussbaum outlines that 
these central capabilities are meant as general objectives, which can be 
specified based on social and cultural contexts. These objectives were 
used by social work practitioners at the local welfare organization 
Bindkracht10 in Nijmegen and social work researchers from HAN Uni
versity of Applied Sciences to develop the twenty Capability Cards [68, 
69].

First, we conducted open-ended interviews with housing corporation 
representatives, energy coaches, and experts to gain insights into the 
implementation and impact of DDET in various housing conditions. 
Afterwards, we interviewed the tenants, using the cards to encourage 
them to share what they value in their housing situation and the role 
DDET plays. The cards provided a structured framework while allowing 
freedom to articulate personal experiences and perspectives. The stories 
of these respondents provide a rich, in-depth understanding of their 
surroundings, and justify their actions and the meaning renters assign to 
their experiences [35,70]. We analyzed how the use of DDET aligns with 
personal life goals, meaningful activities, and capabilities, gaining 
in-depth insights into participants’ experiences and perceptions of their 
housing situations.

Furthermore, we gathered data through observations [45] to grasp 
how DDET shapes the capabilities of public tenants. These observations 
consisted of pointing out and explaining the DDET in the home, and a 
demonstration of how they use it. Photos and videos were taken and 
attached to the interviews. We thus gained a full picture of the handling 
of DDET in the household.

We assessed participants’ self-perception of EL applying the fourfold 
focus of van den Broek et al. [28] on (1) examining the practical 
application of DDET (Technology EL), (2) financial considerations 
related to energy conservation (Financial EL), (3) actions taken to 
conserve energy and ability to judge impact (e.g. Action EL), and (4) 

General energy knowledge and understanding of broader 
socio-ecological impacts (Multifaceted EL) [28]. Transcripts and obser
vation notes were coded to identify themes related to knowledge, atti
tudes, skills, and behavioral changes regarding EL. The level of EL varied 
sufficiently to create three descriptive groups of social renters. Below, 
we present our findings by categorizing EL into three levels: poor, 
average, and high.

3. Results

3.1. Poor EL

Six social renters indicated how difficult it was to handle DDET, often 
because they had little knowledge of how to use DDET in their homes. 
This was evident not only from the interviews but also from observa
tions. This group includes both public renters living in an NZEH and 
renters who received an energy display from the housing corporation. 
This group of respondents had a (very) limited view of the financial 
impact of the use of energy.

Low EL led in all cases to less effective use of DDET compared to the 
other interviewees. Depending on contextual factors, this limited EL led 
to (partially) undermining their capabilities when using DDET. Effective 
use of DDET in this context can be understood as the ability to fully 
utilize the energy display to make informed decisions, such as adjusting 
energy consumption patterns based on real-time feedback. EL also in
cludes understanding how to adjust systems such as ventilation to in
crease user comfort while ensuring good air circulation.

This subsection presents the cases of Aïcha and Anton, social tenants 
provided with an energy display by the housing corporation, and sub
sequently the case of Jan and Annie, public renters residing in an NZEH.

3.1.1. Aïcha, 45–55 years, public renter with an energy display
Aïcha lives with her husband Amar and their children in a small 

rental home in Amsterdam. During the interview, accompanied by an 
energy coach, it becomes clear that her situation makes it hard to use the 
conversation cards. Aïcha is stressed and worried, dealing with financial 
difficulties. She tries to save energy but mentions that her energy display 
doesn’t show gas usage, and her energy costs remain high. She mostly 
watches the electricity meter and frequently reminds her daughter to 
avoid using the hairdryer because it consumes too much energy.

“My daughter always uses those hair tongs, I regularly say put that 
thing away, it takes energy.” -Aïcha

Conversations with multiple tenants from the second case study 
reveal that they often only pay attention to the moving meter on their 
energy display. By accessing the ‘overview’ function through the menu, 

Fig. 2. The Capability Cards used by an end-user of DDET.
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users can see the total consumption so far that day. This often provides a 
better understanding of the remaining capacity. However, this requires a 
certain level of EL from the user.

The energy coach suspects that the high bills are mainly due to gas 
consumption, which Aïcha cannot monitor. Upon checking, it shows 
that they only have a smart electricity meter, not a smart gas meter. 
Aïcha’s husband had rejected a smart gas meter out of fear of higher 
costs, based on something he heard from a friend. Aïcha’s limited EL, 
and that of her husband, hinders their ability to manage their energy 
consumption when using DDET. Her husband’s fear of spending more 
money on energy has resulted in them having only a smart electricity 
meter, limiting their capability for managing finances with the help of 
DDET. So, an undesired future of her husband foreclosed a future 
deemed valuable, because they could have in managed their energy 
usage and reducing stress for the whole family. Now, Aïcha struggles to 
read the display properly, limiting her ability to understand her usage 
beyond the moment. Using DDET makes her uncertain and restricts her 
capability to use energy.

3.1.2. Anton, 55–65 years, public renter with an energy display
Anton, like Aïcha, has limited knowledge of the energy display. 

When he boiled the water with the kettle, the energy display showed 
high energy usage. So, Anton now boils his water on gas. During the 
interview he tells how he saw the meter running every time he used 
energy, and he expected to save money by not using energy. Antici
pating this expectation, he decided to turn off the heating for most of the 
year, even on colder days.

“Initially, I lowered the temperature setting, but I did not feel much 
difference between the lowered temperature or completely turning it off. 
Therefore, I keep it turned off most of the time” - Anton

The energy coach who helped him with the energy display, is trying 
to get the neighborhood interested in a project where everyone goes off 
gas, but Anton doesn’t want to get involved. He worries that energy 
usages become more expensive, and he questions if it is really necessary 
to change his practices. He has a lot of questions about the entire ET and 
the reasons for climate change. He doesn’t believe much of what they 
say about climate change. So, he is not anticipating to move away from 
gas.

The energy display has contributed to Anton’s capability to save 
energy and save money, which he values. He has been able to convert his 
means, both material (showerhead, appliances using gas, water, light) 
and non-material (social capital in the form of the energy coach), into a 
more energy-efficient living environment where he saves money. But 
Anton’s limited EL means that he sometimes doesn’t quite know how to 
best economize and he has difficulty dosing. Consequently, he makes 
very decisive choices (never use the kettle and completely shutting off 
the heating): he’s sure he’s saving at least. But he is less capable of using 
energy. He also doesn’t immediately see the possibilities of going off gas. 
So, he doesn’t use this future either. In short, his limited EL means that 
he can only take limited steps in the ET and faces the future with un
certainty, which leads him to extrapolate this uncertainty and anticipate 
an undesirable future, namely losing money by using energy. This leads 
him to foreclose the possibility of using energy.

3.1.3. Jan and Annie, aged 70–80, public renters of an NZEH
Low EL when using DDET doesn’t always negatively affect people’s 

capabilities. A strong social network and adequate resources can make a 
significant difference. Jan and Annie moved from a larger house with a 
gas connection to a single-store NZEH. Like other residents, they initially 
lacked knowledge about their new home. Soon after they moved in, 
COVID-19 cancelled the planned information session.

Jan, who has Alzheimer’s, relies on Annie as his carer. She expressed 
concerns about managing financially, especially with increased laundry 
due to her husband’s incontinence. Annie wanted a dryer but hesitated 
because of energy costs, not realizing how the energy efficiency of the 
home could help. Although their home has a display and app for 

monitoring energy use, she doesn’t utilize these tools.
“My son says, ‘Mom, looking at the energy usage, you can easily add 

a dryer. You don’t have to worry about it.’ I am afraid that I’ll exceed the 
electricity limit. But apparently, that’s not the case.” –Annie

Annie now feels more financially secure, largely thanks to her son, 
who explained the flexibility of their energy use and the benefit of the 
solar panels. Despite this, she still occasionally worries about using en
ergy. With more EL, she could benefit even more from DDET, monitoring 
what she consumes and feed back to the grid. Being less energy literate 
makes Annie feel uncertain and this often results in expecting a future 
where she can’t pay the energy bills. Her son prevents her from antici
pating this undesired future and helps her to invest in the care she needs.

3.2. Average EL

This group includes four public tenants who are reasonably 
comfortable with their energy display or NZEH. However, they some
times lack the knowledge and skills to make the best use of the DDET. 
Typical of this is the story of Jacob and Susan.

3.2.1. Jacob and Susan, aged 70–80, public renters of an NZEH
Jacob and Susan have lived in one of the first NZEHs in the 

Netherlands for six years. Their house is older than others in the study, 
and the sustainable technology is housed in a poorly maintained shed 
outside. During the interview, Jacob and Susan demonstrate the 
installation, but they are unsure of the specifics. Jacob recalls that the 
filters, essential to the system, went untouched for three years before he 
replaced them.

“You should see how dirty it is inside. Never cleaned, never 
cleaned… But we had it for three years, in the beginning, nothing was 
done to it, nothing.” – Jacob

Despite these issues, they are happy with their home, enjoying the 
large garden and convenience of the layout. Jacob is well-informed 
about solar panel policy and suspects the net metering scheme will 
soon change, predicting that energy feed-in might eventually incur 
charges, as with banks charging for savings deposits. Less than a year 
after this interview, energy companies begin charging for feed-in.

Jacob is optimistic saying: "My father used to say about new tech
nology it’ll never work… but everything turned out fine, and this (the 
house and the energy supply) will too." However, he stays actively 
involved, voicing his opinions through the residents’ committee, 
ensuring they can rely on the housing corporation. The story of Jacob 
and Susan shows that DDET in their NZEH increases their capability to 
manage financially and live the life they want. But this is also due to the 
fact that they can rely on Jacob’s capability to express his opinion. In the 
end, staying informed via the housing corporation leads to the use of a 
desired future that everything will turn out fine, pre-opening the capa
bility to enjoy life.

3.3. High EL

This group includes seven end users who have been shown to be 
energy literate in terms of energy saving and the use of DDET. In some 
cases, this leads to the capability to get by financially and/or to develop 
other valued skills, such as contributing to a sustainable world. but in 
some cases, this EL does not lead to greater security in getting by 
financially or in enjoying your home or life. This is because other con
version factors prevent this ability. Linda’s story is typical.

3.3.1. Linda, age 20–25 years, public renter with an energy display
Linda, in her early twenties, lives alone in a poorly insulated house 

and works in elderly care. Due to frequent showers and washing work 
clothes, her energy costs are high. She signed up for an energy display to 
monitor her usage and save money but never received it. Someone from 
the housing corporation told her there’s little she can do to reduce en
ergy consumption in her current home, which is scheduled for 
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demolition next year. Although she’s unsure where she will live, the 
housing corporation has promised her a new home.

Linda stresses about getting by financially but closely monitors her 
expenses through apps, including one from her energy company, which 
provides daily consumption data via her smart meter. While she doesn’t 
have real-time feedback, the app estimates which appliances use the 
most energy, with the air conditioner being a significant contributor. 
Despite this, she doubts an energy display would change her habits.

“On the one hand, I think maybe good to look at this display. But I’m 
not going to be sitting in the heat. (…) And I’m not going to sit out in the 
cold when it’s winter either, thinking oh I won’t turn on the heating 
because otherwise I’ll have to pay." – Linda

Still, due to her living situation and finances, balancing these choices 
remains a challenge. She does not believe that real-time visibility of her 
consumption via an energy meter will change her behavior significantly, 
as she considers other valued capabilities, such as spending her free time 
and enjoying life, to be important. Her EL provided her insights into her 
possibilities and let her choose to anticipate a future she desires most. 
However, due to her living situation and tight finances, choosing one 
capability comes at the expense of another.

3.3.2. Olga, aged 50–60 years, public renter with an energy display
Social renters often don’t realize how the energy display can help 

them financially. This was true for Olga, who was initially reluctant to 
seek energy advice until Meike, a volunteer energy coach, offered her a 
free consultation.

“I thought I didn’t need help. But she [Meike] said it’s free… She 
explained everything about the energy display and installed it. She also 
placed foil behind the heating unit, which was very nice.” – Olga

That winter, Olga replaced her lights and began checking the energy 
display daily, even adjusting her cooking habits, sometimes opting not 
to use the oven. Her energy savings allowed her to replace her refrig
erator with a more efficient model, thanks to a subsidy.

However, despite her awareness of high gas costs, Olga prioritized 
other capabilities, such as caring for her godchild.

“Making a difference for others is important to me. I don’t have 
children myself, but I’m the godmother of a seven-year-old daughter of 
friends, and when she comes, I don’t want to have to pay too much 
attention to my energy consumption, like when I put her in the bath and 
use a lot of water.” – Olga

Insight into her energy consumption due to her EL enabled Olga to 
explore other valued capabilities. When the energy coach came back to 
ask whether she wanted to participate in an initiative to move away 
from gas (like she did with Anton), Olga was enthusiastic. She figured 
it’s also better for the environment. Olga explains about the project that 
extracts energy from the heat of a nearby canal. She admits it’s a 
complicated process, but the energy coach has told her enough about it.

“Contributing to a sustainable world is important. Not just for me, 
but also for your children and my godchild (…) that’s why I also save on 
my energy consumption.” - Olga

Olga’s EL and social network made her explore other desired futures 
where she can contribute to a sustainable world. Furthermore, it 
enhanced her capability to manage her energy practices. Letting her use 
a future where she can take care of her godchild.

3.3.3. Joke, age 50–60, public renter of an NZEH
Joke made a very conscious decision to live in an NZEH, placing 

herself on a waiting list for an apartment years ago. Her old home, with 
its large garden, became too much due to her age and illness. Joke has 
cancer, and the capabilities of getting the care that she needs, living the 
way she wants, and making her own choices are especially important to 
her.

“I thought very far ahead about how I want to live… I decide for 
myself the way I want to live. Not in a care home. I wanted a nice flat 
with all the facilities nearby. Well, it came true.” – Joke

She likes the automation and sustainability of her new home and 

anticipated many things early on, even attending an information session 
before construction started. Unlike some other residents, she didn’t miss 
important details due to the pandemic. For example, she learned that the 
ventilation system could make the air dry, so she brought plenty of 
plants to her home, which helped.

Joke is content with her NZEH, despite some initial issues with the 
solar panels and ventilation system, which took time to fix. She says that 
the technology in her home helps her to enjoy life, saying it gives her 
relief and fewer worries.

It’s clear that EL and early anticipation of a desirable future have 
been determining factors in Joke’s ability to utilize DDET to live as she 
wishes and enjoy life. Her EL has been enriched by actively staying 
informed through various news channels provided by the housing cor
poration. This ensures that she can enjoy technologies that control 
automatic processes in the house, from ventilation to self-generation of 
energy.

4. Conclusion and discussion

In this study, we explored how the use of DDET influences public 
renters’ capabilities, and what role EL and future anticipation play in 
this relationship. We did this by looking at two case studies in the social 
housing sector in which DDET was used: Among public tenants of NZEHs 
and among public tenants who had received an energy display through 
the housing corporation. To see how DDET contributes to the capabil
ities of public tenants, we combined insights from the capability 
approach and future studies. Based on our findings, three conclusions 
can be drawn.

4.1. The impact of EL on the use of DDET

The case studies demonstrate that EL is a crucial conversion factor 
influencing how individuals can utilize DDET (means) to achieve their 
desired capabilities (functions), such as managing energy consumption, 
living according to their preferences, and maintaining financial stability. 
This aligns with existing literature, which suggests that EL helps in
dividuals make choices that reflect their values, particularly in the 
context of sustainability and energy efficiency [26,39]. For example, in 
Joke’s case, where her EL has contributed to her feeling of control and 
comfort in her home, enhancing capabilities such as enjoying life. 
Conversely, a lack of EL can limit people’s ability to use their resources 
(DDET) in meaningful ways. This was evident in Annie’s case, where her 
limited understanding of EL caused stress. Similarly, Anton’s minimal EL 
led to a narrow use of his display, viewing energy consumption solely in 
terms of cost, while overlooking the flexibility available for usage.

The CA allows for an analysis of how conversion factors influencing 
capabilities can interact to either reinforce or weaken one another. In 
Annie’s case, her lack of EL was mitigated by a strong social network, as 
her son assisted her with financial decisions related to energy use. In 
contrast, despite Linda’s EL, other factors—such as limited access to 
resources and her physical environment—restricted her ability to fully 
realize her capabilities, often forcing her to choose between competing 
capabilities. In Aïcha’s case, we observed that her lack of EL exacerbated 
problems, as the use of DDET not only failed to alleviate her concerns 
but also increased her stress levels.

4.2. The relation between EL and the use of futures

This study shows that EL affects how individuals engage with futures. 
People like Aïcha and Anton, who have limited EL, expect a future that 
they fear: one in which energy consumption contributes to their finan
cial inability to make ends meet. Their lack of knowledge and uncer
tainty regarding energy use led them to foreclose futures, such as using 
energy to meet their basic needs without fear of financial setbacks. This 
constrains their freedom to realize the capabilities they value, such as 
financial stability and stress reduction.
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In contrast, Olga and Jacob anticipate desirable futures. They use 
their EL and social networks to explore opportunities that contribute to 
sustainable development and an enhanced quality of life. They are able 
to envision and weigh multiple future scenarios, and this ability in
fluences which capabilities they perceive as feasible and desirable, ul
timately shaping the capabilities they pursue or realize. Similarly, in 
Linda’s case, her EL enables her to consider different future possibilities. 
She values financial security but also recognizes that she has just enough 
financial flexibility to engage in social activities with friends, and she 
anticipates accordingly.

Joke’s story illustrates that the use of desirable futures can also 
enhance EL. Joke anticipated and adapted to the features of her NZEH 
well in advance, where her desired future of living as she wished was 
anticipated. Her proactive approach, including attending information 
sessions and researching ventilation issues, enabled her to make 
informed decisions, like adding plants to improve air quality. As a result, 
her EL enhanced by using a desirable future has supported her in 
maintaining a lifestyle aligned with her personal values and health 
needs.

4.3. Context factors and anticipation

Several authors have highlighted that FS serves as a valuable com
plement or extension to the CA [29,30,46]. For instance, FL is viewed as 
a capability that enables individuals to articulate various reasons for 
engaging with the future [48]. Additionally, Hart [36] emphasized the 
critical role of individual freedom in shaping desired futures and the 
opportunities to transform these futures into capabilities. She argues 
that the capability to aspire is dependent on a person’s social context, 
which is influenced by conversion factors such as an individual’s char
acteristics, values, social environment, and cultural influences, as well 
as the physical setting, including its structures and institutions.

This dynamic is also reflected in the experiences of social housing 
tenants. The circumstances of Jacob and Susan illustrate this well; by 
staying informed and living in favorable conditions, they can anticipate 
desirable futures. In other words, they possess the individual capacities 
to envision multiple futures. Sometimes contextual factors help open a 
future, as was the case with Annie. In which her son made her realize 
that there was financial room on which Annie anticipated. In contrast, 
Aïcha’s story, and to a lesser extent Anton’s, highlights the opposite. 
Aïcha’s limited EL, combined with her personal circumstances, restricts 
her ability to envision a desirable future. Individual knowledge and 
beliefs also contribute to Anton ruling out certain futures.

Contextual factors are thus highly determinant of the use of DDET 
and the extent to which this use contributes to people’s capabilities. 
Bringing the capability approach in line with the concept of anticipation 
reveals the interaction between these contextual factors and the extent 
to which people implicitly anticipate (undesirable) futures. If we want 
people to anticipate a sustainable world, they must first be able to 
imagine it. They need space and knowledge to aspire. Technology can 
help with this, but without context it remains a technological solution, 
which in some cases can actually limit opportunities.

4.4. Limitations and further research

In this research, we adopted a typical case sampling approach for 
both case studies. In the first case study on NZEHs, this approach 
resulted in a particular focus on the attitudes and experiences of senior 
tenants (over the age of 50). While this provides valuable insights, the 
findings offer a partial view, as they reflect the perspectives of a specific 
demographic within a specific context. Follow-up research could 
broaden the scope by including a more diverse range of age groups in 
relation to experiences with DDET in NZEHs.

Building on these qualitative insights, future research could also 
adopt a quantitative approach, complementing the existing body of 
work that primarily emphasizes energy efficiency. Our findings suggest 

that, while efforts to reduce energy consumption are important, it is 
equally crucial to understand whether individuals feel capable of using 
energy when needed for instance, to adequately heat their homes. 
Including EL in FS could help reveal whether tools like energy displays 
unintentionally lead to overly restrictive behaviors, rather than sup
porting informed and balanced energy use.
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