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Keywords: Sustainability transitions research is increasingly engaged with the complexities of justice and
Energy justice equitability. In housing, policy lock-ins and infrastructural inequalities expose people to volatile
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energy markets, energy poverty and climate impacts. These problems have often been dealt with
reactively, without resolving their underlying systemic and structural causes. We examine
household energy vulnerabilities, their exposure and sensitivity to certain risks, and what their
adaptive capacity is in navigating those. Based on qualitative case studies of social housing in
Canada and housing cooperatives in Finland, we show that interconnected exposures and sensi-
tivities to risks are contextual. This can lead to energy vulnerability, further triggered by changes
in policies, energy markets and the environment. In Canada, neglected housing maintenance
causes exposure, while in Finland, policy utilizing bottom-up action does not always strengthen
household agency, especially for vulnerable households. We call for more empirical studies on
household energy vulnerability in different contexts.

1. Introduction

People and households are significant actors in the energy transition. Decarbonizing the energy system promotes more dispersed
energy production, energy storage and demand response capacity, as well as energy efficiency improvements. In a decarbonized
system, people living in different building types, from detached homes to apartment blocks, and under different housing models, from
private market housing to social and affordable housing, play a key role (e.g., Rohracher and Kohler, 2019; Laakso et al., 2024).
Indeed, active household participation is seen as a future norm in the energy system (Stern, 2014; Strengers et al., 2019). However,
energy transition and the technological, infrastructural, and behavioural shifts that come with it may radically change the everyday
lives of people and the ways they engage with energy. For example, during the recent energy crisis in Europe, households took various
actions relevant in energy transition, from everyday energy saving to political engagement — yet also becoming exposed to policies
considered unfair (Laakso et al., 2024).
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The energy transition has been shown to have potential for social and ecological benefits (e.g. improved thermal comfort, and
reduced energy expenses, carbon emissions and pollution), however, the unfolding dynamics surrounding transitions raise issues
related to equity, vulnerability, fairness, power, and legitimacy (e.g., Jenkins et al., 2018; Sovacool et al., 2019a). These issues have
been overlooked in the literature on energy transitions until rather recently (Kohler et al., 2019), and remain underdeveloped with
respect to household energy transitions more specifically (e.g., Sovacool, 2021).

Literature on just energy transitions stemming from environmental justice (e.g., Jenkins et al., 2016), residential energy-consuming
practices (e.g., Laakso et al., 2021) and energy citizenship and democracy (e.g., van Veelen and van der Horst, 2018), frame households
as sites of innovation, where new technologies, services, practices, skills, knowledge, and norms are developed, embedded, recon-
figured, and transformed. In a systematic review on households in sustainability transitions, Raven et al. (2021) suggest that research
should devote more attention to the kind of agency households enact in ongoing sustainability transitions, and how policy and
governance approaches could engage more progressively with household agency. In addition to being consumers and sites of action
and innovation, according to typology by Laakso et al. (2024), household roles in transition can include active citizen energy pro-
sumerism, co-production of energy knowledge, and the reproduction of practices and social relations. However, each of these roles can
lead to purposefully generating or preventing agency and participation in energy transition processes. Critically, broader participation
by a diverse group of people and stakeholders in energy governance and decision-making has the potential of making it more just, fair
and democratic (Szulecki, 2018). However, participation in energy transition is dependent on material and financial resources, such as
ownership of property (Ryghaug et al., 2018), household knowledge and skills (Das and Richman, 2022), as well as existing gover-
nance processes (Laakso et al., 2023; Parag et al., 2013). Therefore, the agency of households, i.e. the purposeful, individual or col-
lective actions of households to generate or prevent change is far from equal (Fischer and Newig, 2016). This calls for much needed
attention to people and households in disadvantaged and/or vulnerable positions to better empower and govern their agency in energy
transitions, instead of focusing on those with the most resources.

In the context of low-carbon transitions, policies can unintentionally exacerbate patterns of vulnerability and cascade social
problems (Martiskainen et al., 2021). One approach to better understand the agency of households is offered by the energy vulner-
ability framework (Middlemiss and Gillard, 2015). Stemming from studies on natural hazards, the energy vulnerability framework
focuses on people’s exposures to risks, their degree of sensitivity, and their adaptive capacity to plan and prepare. These aspects can
help to explain multiple factors constituting energy vulnerability (Simcock et al., 2021). It should be noted, however, that the
vulnerability framework has been criticised for a too structural focus on the demographic and geographical characteristics of energy
poverty, thus overlooking the realities experienced by households (Middlemiss and Gillard, 2015). Energy vulnerability, instead, is
materially embedded, requiring also a spatially sensitive research orientation (Bouzarovski et al., 2017). By focusing on a more
bottom-up understanding of vulnerability, the interplay between household agency and structural factors can be better analysed. In
this paper, we utilise findings from two projects in Canada and Finland, to understand household agency by examining those who may
have more limited capabilities and opportunities to participate in the energy transition. These households include people living in
publicly owned and financial supported homes and therefore as tenants have less opportunity to participate in the decision-making of
energy use in their homes, those living in housing cooperatives' with dysfunctional democratic participation, and those who face
infrastructural inequities such as having to use unsuitable or dated technology (Martiskainen et al., 2023).

By adopting the energy vulnerability framework, we analyse how household exposures, sensitivities, and adaptive capacities can
influence the contextuality and situatedness of outcomes of energy transition (Thomas et al., 2018). Moreover, we draw lessons on
overcoming the exclusion of vulnerable households in energy decision-making and directing practices as part of broader energy
transitions. Our research questions are:

1) What do the cases of households in Canada and Finland reveal about energy vulnerability in different energy transition contexts?
2) How can household agency perspective help to navigate emergent vulnerabilities in transition processes?

Our case studies are not direct comparisons but critical cases (cf. Flyvbjerg, 2001) that enable the conceptualisation of energy
vulnerability as a dynamic and contextually embedded phenomenon. Being relatively wealthy, countries located in the Global North,
Canada and Finland make an interesting setting for understanding existing and emerging forms of vulnerabilities in energy transitions.
Both countries rank among the top 11 on the OECD’s good life index measuring main factors of living quality (OECD, 2022). However,
both countries lack an official definition of energy poverty, for example, in their policy documents. Given the countries’ geography and
climate, heating has always been considered a central and required energy service in both countries. However, increasing heat waves,
heat domes and associated fatalities, point to the increasing importance of cooling as an essential energy service (BC Coroner Service,
2022; Kollanus et al., 2021). In addition, energy transition policies, such as carbon trading, direct incentives and taxation, are changing
the pricing dynamics, services, technologies (e.g., dispersed energy production and demand response) and hence the availability of
energy services (Finnish Climate Change Panel, 2021). These requirements and developments could exacerbate the vulnerabilities of
households.

The paper proceeds as follows: in the next section, we introduce the energy vulnerability framework that guides our analysis. In
Section 3, we briefly describe our case study methodology. In Section 4, we turn to the findings from these cases. Section 5 discusses the

1 Housing cooperative is a collective unit managing the apartments, offices and business premises of a building. A single share or a group of shares
gives their owner proprietary rights to specific property and voting right in the annual meeting, which is the highest decision-making body selecting
board and making decisions on larger scale investments.
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understanding of household agency and vulnerability in energy transition, and Section 6 concludes with suggestions for further
research and policy.

2. Energy vulnerability framework for household agency

Vulnerability can be understood as a dynamic function of societal processes, including transition processes. According to Adger
(2006: 268), vulnerability is “the state of susceptibility to harm from exposure to stresses associated with environmental and social
change and from the absence of capacity to adapt”. This definition emphasises how stakeholders need to have a stake in change
processes to be able to navigate to adapt in changing conditions. Moreover, Thomas et al. (2018: 2) add that “[v]ulnerability, rather
than an unchanging state, is a multidimensional process affected by social, political, and economic forces interacting from local to
international scales’’. Thus, the dynamics of vulnerability cannot be pinned down into one container, such as local geographical
conditions, although it often manifests in local contexts.

In the context of the energy system and its transition, the concept of energy vulnerability has emerged to complement the phe-
nomenon of energy (or fuel) poverty, which has traditionally referred to a situation where households cannot afford or access
necessary energy services due to low-income, energy costs and/or material aspects, such as poor energy efficiency of the home (e.g.,
Middlemiss and Gillard, 2015; Hargreaves and Longhurst, 2018). Compared with energy poverty, which is often defined by
macro-level indicators, energy vulnerability research emphasizes a more multi-dimensional understanding of human-energy re-
lationships, often with the use of qualitative approaches such as lived experiences that have “the potential to open up a more complex
and dynamic understanding of people’s relationship with energy” (Middlemiss and Gillard, 2015: 146). Examples of energy vulner-
ability include households who struggle to make energy improvements due to precarious tenancy (e.g., Sovacool et al., 2019a) and
those most affected by energy price spikes (Carley et al., 2018). Since the current energy transition often relies on digital solutions in
homes, the vulnerability approach also directs attention to households that are excluded from or adversely affected by such solutions,
for example due to a lack of infrastructure, competence, or trust (Sovacool et al., 2017; 2019b; Tarasova and Rohracher, 2023). “Low
carbon” thus does not necessarily mean a positive outcome for all, and many social groups remain underrepresented in energy-related
discussions and policymaking (Sovacool et al., 2019a). However, one aspect of the vulnerability approach is its emphasis on the spatial
and temporal dynamics of energy poverty, which recognizes that households may exit the condition in the future by a change in some
of their circumstances, and vice versa (Thomson et al., 2019). Recent research on energy vulnerability has also been extended within
the scope of transport (e.g., Simcock et al., 2021; Sareen et al., 2022; Furszyfer Del Rio and Sovacool, 2023).

The energy vulnerability framework examines vulnerability as a function of exposures, sensitivities and adaptive capacities that
contribute to the precariousness of particular spaces and groups of people (Bouzarovski and Petrova, 2015; Middlemiss and Gillard,
2015). Exposure refers to the likelihood and degree to which an individual, household or community will encounter vulnerability e.g.,
related to climate change and extreme weather events (Thomson et al., 2019). In the context of energy transitions, changes in energy
system regulation and energy pricing can be considered sources of exposure. Sensitivity refers to pre-existing material factors, such as
the existing building stock, and socio-demographic factors, such as age and education that impact how risks are materialised in specific
contexts (Thomson et al., 2019). Finally, adaptive capacity refers to the degree to which those who are at risk of being vulnerable are
able to plan, respond and recover from specific risks. Adaptive capacity that is low, relative to exposure and sensitivity, contributes to
high vulnerability, while higher adaptive capacity helps to reduce the effects of exposure and sensitivity, and in turn reduces
vulnerability (Thomas et al., 2018). However, in the context of energy transitions, adaptive capacity does not depend on individual
attributes only, but on the inclusiveness (or exclusiveness) of collective decision making and governance practices between and
amongst households and other actors that either allow or prevent participation in the energy system and its development (cf. Smith
et al., 2023). Therefore, adaptive capacity can provide a lens on analysing household agency and how households can, or cannot,
utilise their agency in the context of energy vulnerability and transitions.

According to Bouzarovski and Petrova (2015), energy vulnerability thinking, however, can be probabilistic as it highlights the
factors that affect the likelihood of someone being, or becoming at risk of, energy poverty - putting high emphasis on terms that can be
othering such as ‘the energy poor’. The vulnerability framework has also generated criticism, as it might reproduce problematic social
relations without applying critical reflexivity on socio-spatial variability. The framework can be too deterministic regarding the social,
spatial, and environmental conditions of vulnerability leading to highly general notions (Bouzarovski et al., 2017). Moreover, the
approach may maintain the view of households causing their own energy poverty and needing to find their own solutions (Middlemiss
and Gillard, 2015, p. 153). Too loose utilisation of the framework can hence lead to losing sight of main structural issues causing the
vulnerabilities (Simcock et al., 2021). Thus, the vulnerability framework can lead to the depoliticization of problematic structural
issues in policy contexts (Desvallées et al., 2020).

Despite its shortcomings, the energy vulnerability framework can shed light on household agency within sustainability transitions.
In a systematic review of households in sustainability transitions, Raven et al. (2021) note that households are generally not considered
to be active agents in those transitions. In the so called ‘open box’ view, household agency becomes established in socio-material
contexts of buildings, infrastructures and technologies that connect households to cultural and political phenomena as opposed to
‘closed box’ view that disregards agency and deals households as objects of inquiry or policies (Raven et al., 2021). Laakso et al. (2024)
identified a similar distinction in their study of households’ roles in the energy crisis in Europe, noting that households were treated
both as active agents and passive victims or recipients of support, yet some agency was nevertheless implied in all roles. Steering
attention to the ways households exercise agency in transitions within particular configurations of space, place and scale — and the
limitations for this agency — could help to unpack vulnerabilities and their related risks.
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3. Bringing the vulnerability framework in the governance contexts of Canada and Finland

To test the energy vulnerability framework and illustrate its use in different contexts, the methodological approach of this paper
builds on two research projects in Canada and Finland.

3.1. Persistent policy challenges of Canadian social housing

Canada’s residential sector includes over 15 million households (about 36.5 million people). The sector accounts for approximately
17% (1.4 million terajoules) of final energy use, contributing approximately 18% to Canada’s total greenhouse gas emissions (IEA, n.
d.; Statistics Canada, 2024, 2021a). Total final consumption refers to end user energy consumption (such as individuals and businesses)
for heating and cooling buildings, running lights, devices, and appliances, and for powering vehicles, machines, and factories (IEA, nd).

People who own their homes, both with (40%) and without a mortgage (29%), make-up the majority share of Canada’s households
(69%). Of the 31% of people who rent their homes, approximately 4% (about 1.2 million people) live in subsidized housing? (Statistics
Canada, 2021b). Households living in subsidized housing belong to what is known as Canada’s community housing sector. ‘Com-
munity housing’ is the broader housing category term intended to capture non-market housing operated by non-profit organizations,
housing co-operatives, and governments that serve people who struggle to access affordable and adequate housing (CMHC, 2022a).
Social and affordable housing are also the terms that are used to describe Canada’s community housing sector whereby ‘social’ refers to
public ownership and financially supported housing, including rent-geared-to-income® and ‘affordable’ refers to below-market rents.

In Canada, the right to housing, and therefore the idea of housing justice, is law. The 2019 National Housing Strategy recognized
housing as a human right and established that Canada’s housing policy is to, “further the progressive realization of the right to
adequate housing as recognized in the International Covenant on Economic, Social and Cultural Rights” (Government of Canada, 2019,
p. 2). Despite recognition and establishment of housing as a right, housing challenges persist. Housing supply has not kept up with
demand, there is uneven development geographically, and affordability is an ongoing challenge (Tretter and Heyman, 2021;
Pottie-Sherman et al., 2023)

After decades of fragmented management and operations of the community housing sector (Pomeroy, 2017), the Government of
Canada is re-engaging with the sector. Building on previous federal budgets, in 2017, the federal government launched the National
Housing Strategy, a 82+ billion dollar CAD plan over the course of the next decade to improve housing in Canada (Government of
Canada, 2018). The proposed investment speaks to both the critical state of housing (i.e., poor building conditions) as well as the need
for housing (i.e., more stock) in Canada. Given that a main objective of the strategy is to repair and renew existing community housing
units, as well as develop new community housing units, the strategy complements Canada’s net-zero energy transition (Government of
Canada, 2022). In particular, to ensure accountability and transparency with efforts to limit global temperature rise to 1.5 °C, Canada
enshrined into law the Canadian Net-Zero Emissions Accountability Act in 2021 (Government of Canada, 2021).

Therefore social and affordable housing has become identified as an area of policy focus in the nexus of implementing more
ambitious climate policies and tackling persistent social justice issues. However, we argue that the role of households in these policies
remains ambiguous, and therefore the Canadian social housing policy context offers opportunities to open new pathways for enhanced
household agency in sustainability transitions.

3.2. Targeted climate action in the Finnish housing cooperatives

Finnish residential housing stock includes 3,2 million buildings with total energy consumption of 322 824 TJ (about 25% of total
energy consumption) (Statistics Finland, 2022). About 69% of people live in owner-occupied dwellings, but since the 2000s the share
of people living in rental accommodation has been increasing and in 2020 more than every third apartment (28% of dwellings) was
rented (Statistics Finland, 2021). Finland’s social housing sector consists of several measures, and it has been estimated that around
620 000 people (11,2%) gained different forms of housing subsidies in 2021 (Koski, 2022).

There are >80 000 housing cooperatives in Finland, inhabiting almost half of Finland’s 5,5 million people. Most of the housing
cooperatives are apartment buildings built in the 1960s-1980s, making these a critical area for achieving the national climate targets
by mobilizing renovation and energy retrofit actions. Most of the housing cooperatives are in cities, where energy production consists
mainly of combined heat and power production that has traditionally relied on fossil resources, such as coal, gas and peat. A housing
cooperative is by jurisdictional definition a corporation managing the apartments and other premises of a building, where a single
share or a group of shares gives their owner proprietary right to specific property and voting right in the annual meeting.

In Finland, thermal comfort has not been a serious societal issue and there are no official energy poverty statistics for example.
However, according to Eurostat (2021), only 1.8 % of the population in Finland have reported being unable to keep their home
adequately warm. Moreover, 76 % of households reported being unable to keep their home comfortably cool in Finland, illustrating the
emerging vulnerabilities due to global warming (Castano De la Rosa et al., 2022, p. 10). However, energy poverty has become a policy
interest, as there are an estimated 60.000 to 100.000 households under the risk of energy poverty, who live either in 1960s or 1970s’
apartment buildings with increasing renovation debt, or in detached buildings with outdated heating systems (Runsten et al., 2015; see
also Oja et al., 2013). Castano De la Rosa et al. (2022) concluded recently that energy poverty both regarding cooling in summer and

2 Subsidized housing is a type of housing for which the government provides financial support or rent assistance. (BC Housing, 2024).
% Rent-geared-to-income is a type of subsidized housing where the housing provider matches the rental amount to household income. (BC
Housing, 2024).
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heating in winter will increase without alleviating measures, because the building stock of Finland is constructed to different kinds of
climate conditions. Thus, specific energy poverty approaches are suggested for the Nordic context (ibid.).

Despite housing cooperatives being important stakeholders in addressing energy vulnerability in Finland, the current policy regime
has given little focus on alleviating such energy justice related issues. Instead, policy support has been targeted at middle-income
households and those areas considered to have a ‘good’ reputation (Kurnitski et al., 2023), further adding to the existing in-
equalities. Moreover, current policies overlook opportunities for harnessing household agency in sustainability action, especially in the
dispersed decision-making settings of housing cooperatives’ energy action.

3.3. Methodological approach

In order to understand the role of exposures, sensitivities, and adaptive capacities in household agency in sustainability transition,
we adopt the energy vulnerability framework to an empirical analysis of cases. In doing so, we develop a comparative case study of
household agency in Canada and Finland. For each, we build on existing governmental sources, relevant literature, statistical material,
and national policy contexts to highlight the systemic features that relate to the exposures in the case study contexts as well as the
factors associated with household sensitivity. This is brought into dialogue with our previous research in the two case contexts to
reflect on the embeddedness of household sensitivity in actor-networks as well as to identify the existing and potential adaptive ca-
pacities of households (see, Fig. 1). The more general country-cases are approached from the insights from two embedded case studies
(Flyvbjerg, 2006) that provide more detailed insights on household agency.

The energy vulnerability framework has informed our reading and analysis of the cases. We focus on three key aspects in the
household case studies in the two countries related to unexpected developments and sudden changes:

e Exposure towards risks was understood in terms of uncertainties and challenges regarding energy system dynamics, such as energy
price volatility and regulatory uncertainties that are manifested in the household context.

e Sensitivity was analysed based on how households have experienced and mitigated climate and energy system related shocks and
whether there are socio-demographic and material factors preventing action.

e Adaptive capacity was approached more directly from the perspective of household agency by focusing on actions taken and
strategies developed to cope with changing situations either individually or collectively.

Our analysis has proceeded iteratively between the authors to reflect on key findings of the two cases and to polish our under-
standing of the framework. There are two important qualities in this approach. Firstly, it emphasizes that the analytical categories are
not fixed but relational, as the same governmental dynamics or modes of household action can impact several aspects of the frame-
work. Secondly, it helps us draw lessons across the countries both in terms of household action and policy development.

3.3.1. Canada

The Canadian case is tied to an ongoing policy shift towards more bottom-up approaches for equity, inclusivity, and justice in
Canada’s housing crisis (and transition). In 2018, the Community Housing Canada Research Partnership was formed in response to a
joint Canada Mortgage Housing Corporation and Social Sciences and Humanities Research Council Initiative (Willis, 2020). The
objective of this partnership was to identify what is required to build a sustainable and resilient community housing sector in Canada.
After being awarded this funding, the Canada team engaged with the sector using the Café Pracadémique methodology. Similar to
focus groups, the Café Pracadémiques methodology uses forums and draws on public intellectualism and interdisciplinary

Canada Finland

* e.g. Long-term renovation strategy
2020-2050, energy community General
regulation, energy poverty reports policy

* EU policies, Renovation wave, Revised
Renewable Energy Directive

* e.g. Canada’s National Housing
Exposure Strategy, Canadian Net-Zero
Emissions Accountability Act, Net-

Zero Emissions by 2050 developments

* Statistics Canada T
* Statistics Finland
Sensitivity
* Café Pracadémique process organised | * Interviews of 57 stakeholders in
in 2019 to evaluate housing sector F|nn|§h housing cooperatlves Case study
priorities in climate policy context. * 2online workshops in 2021 focused ErErE
Adaptive on overcoming policy barriers .
Capacity * media analysis of household energy and reflections

action.

Key references: Community Housing Canada (n.d.a.); Das et al. (2022); Laakso &
Lukkarinen (2022); Lukkarinen et al. (2022)

Fig. 1. Illustration of case methodology.
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coordination to engage both academics and practitioners alike, as well as the public on issues of shared concern (IPAC, n.d.).

The Canada author’s team hosted four Café Pracadémique events in 2019 to engage with stakeholders. With the Cafés there were
four objectives: (1) develop consensus on substantive definitions of ‘resilience’ and ‘sustainability’ as they apply to community
housing; (2) identify ways for housing providers to improve their resilience and sustainability and measure the impacts of said ini-
tiatives; (3) conceptualize how the National Housing Strategy will shape the sector; (4) decide on research priorities for community
housing over the next five years.

Each Café had a different focus: rural and aging populations in community housing; business transformation and workforce
development; community housing in the context of reconciliation; and the impact of climate change on community housing (Com-
munity Housing Canada, 2019a). Ethics for the research was granted by the University of Alberta (where the project was based). The
Cafés were initiated via online forums and followed with in-person events which included a review of knowledge by Thought Leaders
as well as small group discussions and activities (Community Housing Canada, 2019b). Political priorities were set as part of the
process, e.g., battling policy fragmentation, resident inclusion in decision-making and decolonizing of climate policy agendas (ibid.). A
total of 98 individuals participated, with the specific sectors represented shown in Table 1.

3.3.2. Finland

The Finland case is connected to European Union level developments. The Renovation Wave Strategy as part of the EU Green Deal
has created a policy target of doubling deep retrofit rates of building stock by 2030, compared to the 2020 rates (European Commission
2020). The strategy explicates how energy-performing and sustainable buildings have to be widely available to low-income households
as well as vulnerable people and regions — framing energy efficiency improvements as a lever for addressing energy poverty and access
to healthy housing (European Commission 2019). The Finnish long-term renovation strategy published in 2020 is designed to
implement the European level goals and set the national ambition level in renovating the existing building stock (Long-term renovation
strategy 2020-2050). The privately owned housing cooperatives are viewed as a central area of energy renovations both in terms of
achieving the energy efficiency improvements and alleviating societal challenges. More specifically, the suburban context of apart-
ment buildings constructed in the 1960s-1980s emerged as a context requiring specific policy focus.

Our main Finnish dataset of 57 interviews were collected in 2020-2021 and focused on analysing the decision-making dynamics
and accompanying challenges in eight housing cooperatives that either had committed to energy action or were actively considering
opportunities of deep renovations (Table 2; Laakso and Lukkarinen, 2022 for details). The interviewees represented different roles in
housing cooperative decision-making, ranging from owner-occupiers and tenants to board members and chairs responsible for
managerial decisions, property managers providing professional accounting and technical aid and knowledge intermediaries deliv-
ering information on potential novel solutions and advocating household energy issues in policy processes. By involving a broader
range of actors round the housing cooperatives, we aimed to provide a holistic and critical view on the dynamics of household energy
agency.

For the purposes of the current analysis, we also utilised additional materials. First, two online workshops focused on the main
barriers for household energy action were organised in Spring 2021. Both workshops had six invited speakers and an audience of 25-30
participants. The workshop discussions verified and complemented the interview analysis. Second, historical media data on the
development of household agency in housing cooperatives was utilised as a general framework for vulnerability (see, Lukkarinen et al.
2022).

4. Putting the vulnerability framework to test in household context

Next, we focus on the three key aspects of energy vulnerability in the household case studies in Canada and Finland. We proceed by
presenting the case findings in parallel analyses of exposures, sensitivities, and adaptive capacities.

4.1. Exposures as a structural policy feature

In Canada, community housing opens a window to historically persistent vulnerabilities. Canada’s community housing stock is

Table 1
Café attendance by sector.
Sector represented # of participants
Community housing provider 31
Support service organizations (incl. homeless sector) 14
Municipal departments and agencies 13
Networks and associations 9

Housing advocates 9
Federal departments and agencies 6
University researchers (excl. team members) 6
Health sector 5
Current lived experience 4
Other 1

Total 98
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Table 2
Interviewed stakeholders in the housing cooperative context by categories.
Interviewee category # of interviewees
Resident 23
Board member of a housing cooperative 14
Chair of a housing cooperative
Property manager 5
Knowledge intermediaries 6
Total 57

home to >518,000 families and individuals including some of Canada’s most vulnerable populations, such as women and children,
older people, Indigenous peoples, people with (dis)abilities, people with health considerations such as mental health conditions or
addiction, veterans, and young adults (Government of Canada, 2018). Notably, 63 % of households living in community housing are
female led (Government of Canada, 2018). The rising costs, and especially that of energy services, is currently adding to vulnerabilities
(Das and Martiskainen, 2022). Heating cost inflation has contributed to food insecurity in Canada and consequently to the phe-
nomenon of “heat or eat” (Emery et al., 2012). In addition to the current energy markets, we have identified three interconnected
exposures that add to the risk.

First, discontinuous housing policies have created a setting of uncoordinated action in social and affordable housing. The bulk of
the community housing stock was built under a variety of federal, provincial and territorial social housing programs that ran from the
1940s to the early 1990s (CMHC, 2022b). Until the mid-1980s, Canada had a welfare housing regime with pronounced state inter-
vention in housing supply, first in the form of public housing funded by the government, then in community housing developed by a
mix of community groups and funded by the federal government (Zhu et al., 2021). Early management was at the federal level but later
downloaded onto the provinces and territories as well as community groups making for fragmented management and operations,
inclusive of energy operations. Therefore, long-term policy interest remains fragmented, in and of itself, and also across the different
governance scales. This disconnection reflects the challenges of governance and accountability in this sector.

Second, the condition of the housing stock is deteriorating. Many of the community housing buildings are in major need of repair
and are associated with very high levels of energy use and greenhouse gas emissions, due to the age of these buildings and their
widespread deferred maintenance (Government of Canada, 2018; Statistics Canada, 2018). For example, in the western province of
British Columbia, multi-unit residential buildings exhibit the highest heating and gas consumption, electricity use, and associated
greenhouse gas emissions (City Green Solutions, 2010). However, research also finds that per dwelling unit energy consumption in
British Columbia community housing to be lower than the market average indicating that households living in these units may be
lacking important services like cooling, or perhaps those living in these units are trying to reduce their bill (Edalatnia and Das, 2024). It
was not until 2009 that the first systematic energy efficiency retrofit programs affecting social housing were launched (Tsenkova,
2018). While households wait for repairs, they continue to be exposed to potentially high energy costs and compromised thermal
comfort. However, this exposure is mitigated, to some degree, as not all households are paying their own energy bills.

Third, with climate change and increasing frequency and severity of storms, floods and heatwaves are likely to displace households
and exacerbate affordable housing shortages. It has been reflected in relation to Canadian housing policies that “[t]he community
housing sector is among the most vulnerable to the effects of climate change and therefore it should be our highest concern” (Com-
munity Housing Canada, 2019b). Therefore, the Canadian community’s already vulnerable housing sector remains in a triple-bind of
exposures with discontinuous policies, sub-optimal material conditions and increasing frequency of hazards.

In Finland, as well as in Europe more generally, the Russian military attack in Ukraine in 2022 has caused energy prices to fluctuate
alarmingly. In the budget negotiations of September 2022, the Finnish government agreed on several preventive actions including
direct payments and loan guarantees to vulnerable households and housing cooperatives (elderly and disabled people, low-income and
single-parent families, ethnic minorities, tenants) to cope with anticipated energy price spikes over the winter 2022-2023. However,
compensating measures are not touching the root causes of such vulnerabilities. We have identified two main factors that expose
households in the housing cooperative context to the risks.

On the one hand, the housing cooperatives in Finland currently have little say about their energy sources, as they are connected to
urban heating networks. In cities, energy is produced in large-scale combustion-based combined heat-and-power (CHP) units utilizing
mainly fossil energy sources. As the carbon unit prices have been rising under the European emission trading system (EU, 2003) and
the national coal phase-out policies (Ministry of Economic Affairs and Employment, 2019), the rising price becomes shifted to
households as end-consumers.

On the other hand, and similar to Canada, the housing cooperatives’ building-stock is rapidly ageing and in need of energy ren-
ovations. As outlined earlier, the majority of Finland’s apartment buildings, constructed between the 1960s-1980s, are accumulating
“renovation debt” which is becoming a serious issue especially outside the big cities. In these contexts, especially families, older people
and people with a migrant background have less opportunities to move. They are therefore more exposed to rising energy costs of
buildings and additional incremental repairs, which further cascades the impact of the energy crisis. Thus, most households in Finnish
housing cooperatives are locked-in to a situation, where the material condition of buildings and energy networks mediate their
exposure to the energy market risks (see, Martiskainen et al. 2023 for similarities to the UK context). As one of the housing company
chairs reflected in an interview:
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“It is happening in the suburbs of the 70 s at the moment and now that train has already gone so that you really should look at
those houses built in the 80 s that are now turning 40 years old. And make sure that when they get big repairs, there will be
another facade renovation, elevator renovations and pipe renovations. Their ventilation is already mechanical, but completely
old-fashioned and there are no adjustment systems. [...] it will probably take an incredible amount of resources, as each housing
cooperative goes to and for one by one in the zoning, talking about this and that and paying the world for consultants.”

In the quote, a forward-looking chair is reflecting how the degrading material environment is going to put the majority of housing
cooperatives in a challenging position, as the uncoordinated renovation and planning processes are not treating them equally. Thus,
from a household perspective, the vulnerable groups will be more exposed to multiple risks from a larger share of income being tied to
costs of living and reduced quality of living.

In both countries, exposures to changing energy prices and affordability challenges, exclusive and disconnected housing policy, and
climate change related impacts are related to path dependencies of material environment and policy lock-ins. The likelihood of such
events, like energy market shocks or extreme weather events has been increasing over the recent years, which shifts attention towards
sensitivity and the adaptive capacity of the households.

4.2. Sensitivity as a contextually embedded feature of households

In Canada, most of the households in social housing are in different states of financial precarity and uncertainty whereby access to
any disposable finances are valuable. Das et al. (2022) demonstrate that households in energy poverty across Canada spend
approximately five times more of their household budget share on energy expenditures than households not in energy poverty.
Moreover, with increases in disposable income, households that are in energy poverty increase their spending on energy services. This
means extra finances are being spent on energy services when there is likely a need to do so. This shows that there is limited sensitivity
towards energy use in these households.

Furthermore, the same lack of sensitivity is often reflected in energy practices. While some households are doing without adequate
cooling, others are overheating due to poor building design. It has been stated, for example, that it is essential to reach out to tenants
and raise awareness of why it is important to avoid opening windows with the heat on (Community Housing Canada, 2019b).
However, the efforts of increasing the “energy literacy” of households (Brounen et al. 2013) was framed in the context of prioritizing
energy efficiency. Therefore, there is a visible dissonance between the operational savings costs for the housing providers and tenant
thermal comfort.

Moreover, households are often constrained in their decision-making capabilities, ranging from the choice of housing (and
therefore choice of energy efficient housing), paying or not paying for energy bills, and day-to-day types of decision-making that occur
when people live in shared spaces. These constraints directly reflect how households living in community housing often lack agency.
Households living in community housing generally must abide by the inclinations of the decision-makers who fund, operate, and
manage the units in which the households (are offered) to live.

There have been policy attempts to improve tenant sensitivity — especially towards thermal comfort. Heating bylaws exist across the
country for those who rent, and therefore offer them protection from the cold. For example, in the City of Toronto (1998-2022), if there
is inadequate or no heat, it is within a tenant’s rights to request access to this service and property owners are required to resolve it.
Actions can include providing a space heater and paying any out-of-pocket extra expenses incurred by the tenant for not having
adequate heating (ACTO, 2022). It is within a tenant’s right to submit complaints to the local government, for investigation by bylaw
enforcement officers. Landlords in Toronto (Canada’s most populous city), for example, are subject to a maximum fine of $100,000
(CAD) if they are found guilty of committing an offense under the bylaw. Problematically, such protections and regulations do not exist
widely for cooling. It should be noted, however, that attention on cooling is on the rise in Canada, with the availability of cooling
centres increasing during heat waves (e.g., BC Government, n.d.). Moreover, the City of Hamilton in Ontario is considering an
“adequate temperature” bylaw for ensuring cooling protections to people who rent, which would make it one the first jurisdictions to
do so in Canada (Taylor, 2023). Therefore, the policies narrow down household sensitivity to the specific issue of thermal comfort.
Overall, the sensitivity of households in the Canadian social housing sector towards energy risks, such as energy price shocks and
compromised well-being resulting from poor dwelling conditions, remains neglected.

The concrete examples in the Vancouver Cafe Pracademique included discussions on how it is essential to reach out to tenants and
raise awareness of why, for example, it is important to avoid opening windows with the heat on (Community Housing Canada, 2019b).
Interestingly, the framing explicitly focused on an energy efficiency and savings perspective, thus overlooking household thermal
comfort.

In Finland, the energy choices and everyday routines of people living in housing cooperatives are also defined by the material
conditions that have alleviated energy poverty to a larger extent (Castano De la Rosa, 2022). However, there are systemic elements in
housing cooperative units that lessen focus on energy consumption practices on the one hand and to the longer-term improvements on
the other. As each housing cooperative is a unique decision-making unit, there is no single root cause for the inaction. However, there
are several sensitivity factors related to governance models, decision making structures and demographics of the housing cooperatives
that either work as enablers or barriers for action (Laakso and Lukkarinen, 2022).

The daily energy action of households is restricted and disincentivized due to low consumer prices of energy. Furthermore, energy
is viewed merely as a private good that is consumed to fulfil personal needs, and there has been little interest in the housing co-
operatives to “start advising people not to consume [energy]”, as described one of our interviewees. The energy costs of hot water and
heating are distributed across the housing cooperative collective, which reduces the feedback that a single user would otherwise
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receive, for example from a separate itemised energy bill, on energy consumption and distances households from the energy system. As
many of the households have been accustomed to certain private practices and standards regarding energy use, the households become
insensitive towards the collective aspects of their energy consumption - an issue that has considerably changed since the 2022 Russia-
Ukraine war and energy crisis.

Moreover, the decision-making structures in the housing cooperatives are geared towards status quo and very conservative action
(see also Matschoss et al., 2013). Main decisions are made in the annual general meeting that also names the housing cooperative board
as responsible for carrying out operational decisions. As there are generally few volunteers on the housing cooperatives’ boards, they
have become dominated by “60-year-old males’’, restraining more diverse participation. Moreover, the day-to-day actions have
usually been “outsourced” to professional housing managers that are responsible for an average of 20-25 buildings (see Heiskanen
et al., 2012). They often have little incentive, capacity or skill to advance energy action because of their workload, low training level
and difficulties regarding liabilities of energy projects. In general, the governance structure creates disincentive for energy action, as
the potential improvements and investments are approached narrowly as costs that increase shared risk. The status quo approach was
well presented in our interviews, for example by a housing management specialist reflecting on energy transition requirements:

“I've been working on this a lot, and I have to say that the housing cooperatives are administratively extremely risk-averse,
status quo-driven organisations. That is, even if the probability of something succeeding was 95 percent, then the decision-
makers start to think, wait, in what situation can this five percent happen, and what then and what will our partners say
then, and then they start to tell the board that you wasted money.”

In this quote, the households are seen to lose their sensitivity on energy transitions and system developments because of delegated
responsibilities. In the collective decision-making vulnerabilities become generalised and accounted only on a post-hoc basis.

As noted also by Thomson et al. (2019), sensitivity is not a stable state but a dynamic feature. In the case of Canada, sensitivity is
rooted to socio-economic continuums that are reflected in the imminent temporality of daily energy practices, rooted to the need of
using technological devices in specific times of day and thus amplifying exposures towards energy market risks. In the case of Finland,
sensitivity unfolds on a longer temporal scale of inability to address emergent challenges through the established governance model.
However, both temporalities require attention to the adaptive capacity of the households.

4.3. Adaptive capacity as household agency in sustainability transitions

In Canada, there are ongoing attempts to increase the adaptive capacity of vulnerable households to overcome some of the
challenges outlined above. As part of the National Housing Strategy, a National Housing Council was formed in 2020 to address diverse
participation that informs policy and programming to the responsible government authorities (National Housing Council, 2023). There
is a push to include, engage and collaborate with households in more everyday decisions and practices, for them to be part of solutions
that ensure buildings and their design meet households’ needs. Such initiatives have the potential to improve household agency and
reduce their sensitivity as well as improve their adaptive capacity.

Households in community housing are also experiencing many and major infrastructural changes that in principle advance their
adaptive capacity by introducing modern energy technology to the retrofitted buildings. For much of this population, such changes
could be drastic. Even if some households are provided with upgraded housing inclusive of newer energy systems, this could be a very
different experience for them, and could cause stress. Many households have not been exposed to ‘modern’ or recent technologies that
often require lots of learning from any user. These are promising signals for improving the households’ energy agency in the Canadian
context. However, considering the currently limited adaptive capacity, such changes will require time to have impact or could impact
negatively.

In the Café Pracadémique process, there has been a push to empower residents to be part of solutions and acknowledge households’
everyday decisions and practices, as well as to engage residents to ensure buildings meet their needs and encourage household
collaboration in the design of buildings.

In Finland, the more forward-looking housing cooperatives have identified different pathways for increasing adaptive capacities.
However, each of them comes with a caveat. The first two are related to practices within housing cooperatives, while the last focuses on
coordination within the broader networks. First, new modes of communication have been experimented with to promote shared action
and adaptability in the housing cooperatives. By sharing more information and allowing open discussion either through traditional
channels and personal meetings or through digital platforms, the sense of community could be rediscovered (Laakso et al. 2023). This
especially relates to the younger households who generally find the formal channels uninviting at best or even alienating, whereas
older households are generally happy with the “notes on the information board”. However, the challenge with communication is that
the households are very diverse, and their needs and practices differ greatly, which makes a shared communication space difficult to
accomplish.

Second, digital monitoring and optimizing of the buildings could improve the functioning of buildings to provide more equal
housing conditions and immediate feedback on needed actions. The digital applications are considered e.g., improving indoor air
quality and providing more balanced heating and enhanced air circulation, thus directly contributing to housing health. However,
digitalization also potentially creates more vulnerability in households, as technology skills differ greatly, many applications are not
functioning optimally and there is also opposition towards digital developments.

Finally, especially outside the tightly built and planned urban centres, households have successfully completed energy projects to
disconnect from the heating networks by investing e.g., in ground-source heat pump systems. More often, the energy action also brings
neighbouring housing cooperatives together for shared learning and experiences. Thus, the housing cooperatives — and their
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households - are participating in shaping urban energy networks. However, the main challenge is creating trust towards energy
companies and city coordinating the planning activities, as the incentives have been mixed in the past, and these initiatives are still
strongly dependent on active individuals in housing cooperatives.

However, there are also trends that reduce the adaptive capacities of housing cooperatives. Currently the standing values of
properties in housing markets have started to decline in several regions. The trend has existed outside the big cities, but similar de-
velopments can be identified also within the cities. Therefore, banks have become conscious in terms of issuing renovation loans for
housing cooperatives even in the context of stable balance sheets (cf. Lukkarinen et al., 2022). Therefore, the risk is moved from the
collective back to the households who need to accumulate personal warranties to enable energy renovations. As the households, and in
the context of housing cooperative shares to the collective, are generally the largest investment in people’s lifetime, the situation has
been causing uncertainty and even anxiety. In an interview, an advocacy association specialist viewed two different pathways to
increase adaptive capacity:

“In a way, there are two paths. The first is how individual projects are carried out in a planned manner. And the second is how do
we make the whole housing cooperative’s operation as planned and predictable as possible.”

Essentially, the interviewee makes a distinction between incremental change in carrying out actions and more holistic trans-
formation of operating mode. The second path entails either a more informed and engaged inclusion of households in the decision-
making or total delegation of power to some external professional body. These paths entail different types of adaptive capacities
and roles of households (see, Laakso et al., 2024).

Together, the cases show that the adaptive capacity is a collective feature that is entangled with complex negotiations within the
governance structures, market dynamics, technological advances and material sites. Better explicating these challenges can provide a
basis for reconceptualizing the systemic action of households also at the current point in energy transition. A point we will delve deeper
in the discussion section.

5. Discussion: making energy vulnerability visible in transition policies

The starting point of this paper was to test if the energy vulnerability framework could provide a novel angle in understanding
household agency through the contextual dynamics of energy transitions (Carley et al., 2018; Middlemiss and Gillard, 2015). Our cases
in Canada and Finland show similarities in the ways the exposures caused by neglected building stock maintenance create material
links between climate policy agendas and energy vulnerability. However, the political trajectories have varied (Martiskainen et al.,
2017; Ryghaug et al., 2018). In the long term, housing policy in Canada has overlooked the social housing sector in terms of improving
energy efficiency or the thermal comfort of households — thus reducing the sensitivity towards the role of energy in everyday contexts.
This can be related to decades-long housing commodification and the neoliberalization of housing policy in Canada (Zhu et al., 2021).
In Finland, there has been some policy effort in utilizing bottom-up forms of energy agency through the housing cooperatives.
However, as collective decision-making units these do not generate sensitivity towards energy system risks, but rather weaken the
agency, specifically, of vulnerable households. Together, the cases emphasise energy vulnerability as an emergent phenomenon that
can take different spatial and temporal forms. They also reveal two distinct policy intervention logics on energy vulnerability: one
focused on better shielding the exposures and other utilizing presumed sensitivity.

However, without a more diverse understanding of household agency (see, Fischer and Newig, 2016), low-carbon transition
policies can also exacerbate patterns of energy vulnerability (Martiskainen et al., 2021). Following the typology by Laakso et al.
(2024), the case of Canada shows promising features of understanding the households through reproduction of social relations and
practice through interaction processes, as demonstrated by the emancipation of vulnerable households through recommendations of
the Cafe Pracademique process. In Finland, the main barrier for household agency appears to be in sub-optimal coordination of
households as sites of co-production of energy knowledge. The long-term climate targets would require coordinated interaction be-
tween households within housing cooperatives as well as towards broader urban energy planning. Overall, acknowledging the agency
of households beyond sites of energy consumption and innovation is important to take into consideration, when developing more just
transition policies in energy sector that takes dynamics of vulnerability into consideration (Szulecki, 2018).

Regarding sustainability transitions, we have utilised both “open” and “closed box” framings of households (cf. Raven et al., 2021).
In the “open box” framing, households are seen as dynamically evolving units of social practices and collective action in their spatial
contexts. However, we also consider the “closed box” meriting value, as the socio-technical and policy processes of energy transition
require generalisations of the spatial and demographic features as well as material conditions that are connected to structural dynamics
of vulnerability. Thus, the vulnerability framework is a helpful tool in combining the two lenses on household agency in energy
transitions to better understand household roles and policy intervention mechanisms. The material sites of households in the aging
building stock and in collectives with other households has a double role in relation to vulnerability. On the one hand, the materialities
create exposure to risks, while on the other hand consideration of materialities is a necessary aspect in developing adaptive capacities
(Raven et al., 2021: 99). This point is also connected to rescaling of household agency in the neighbourhood and community context,
where energy system agency gains a more articulate form that was evident in the case of Finland. Rather than being purely a nested
scale of sustainability transitions as reflected by Raven et al. (2021), households provide a viewpoint on trans-scalar relations and
dynamics in which the sustainability transitions unfold (cf. Truffer et al. 2015).

In the energy transitions, households in different shapes and sizes, are now expected to develop new skills and capacities to
participate in dispersed energy production, demand response markets and energy saving to better navigate the changing energy system
(Sovacool et al., 2019a). The systemic role of households becomes emphasised, as prosumerism and material participation gain
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prominence in system level change (Ryghaug et al., 2018). However, the transitions may also create new vulnerabilities, specifically as
much of the future includes visions of digital applications, which raises the issue of digital literacy in addition to energy literacy,
potentially creating new lines of exclusions especially amongst already vulnerable social groups (Tarasova and Rohracher, 2023).
Essentially, the energy vulnerability framework reveals how, firstly, household energy practices are enmeshed with other societal
everyday practices and, secondly, household energy agency involves agency beyond narrow considerations of energy consumption or
prosumption, which is an area requiring more detailed conceptualisation. In the sustainability transition context, energy vulnerability
can operate as a bridge between the techno-economic future visions and societally porous aspects of societal reproduction.

6. Conclusions

In this paper we used the energy vulnerability framework for analysing dynamics and contextual challenges of household energy
agency through cases in Canada and Finland. Energy vulnerability as a phenomenon has become widely recognized especially in
Europe following the energy market fluctuations after the Russian military attack in Ukraine. Simultaneously there have been ex-
amples of more active household agency to provide individual and system level resilience. There are policy relevant conclusions we
want to draw based on our analysis. Firstly, the exposure of households to energy poverty and the negative impacts of climate extremes
is rooted in policy lock-ins that make the issue invisible in housing and energy policy processes. Despite advances in academic
literature, both Canada and Finland lack an official definition of energy poverty and related strategies on how to address it —leaving the
issues in both countries being dealt with reactively on a case-by-case basis. The challenges will only amplify without structural
foresight at the policy and governance levels. Secondly, addressing the latent household energy practices can help to emancipate
household agency also more broadly to enable e.g., practices of frugality, energy saving and demand response with sensitivity to
thermal comfort that can contribute to the transitioning energy system. Thus, household agency should be understood beyond reactive
framing in crisis situations and adaptive capacity expanded to cover a wider variety of actions. Overall, the vulnerability approach
helps to understand the diversity of dynamics in play in the multi-actor processes of sustainability transitions (Simcock et al., 2021;
Kohler et al., 2019).

To conclude, we suggest two future research perspectives to continue this journey. First, we call for more detailed empirical studies
on household energy vulnerability dynamics. This is especially relevant at the times of disruptions and crises when many of the earlier
behavioural biases and lock-ins open for reconsideration. From the perspective of energy vulnerability, this entails special attention to
collective action (Martiskainen et al., 2017). Second, the issue of scale in household action highlighted by Raven et al. (2022) becomes
a curious factor, when considering the role of the household in the energy system. Household agency is mediated through action at the
neighbourhood level, required in the planning of many efficient renewable energy decisions. However, to address potential exclusions
and new lines of energy vulnerability, more focus needs to be paid to agency in these scales.
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