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Abstract


C limate change poses great challenges to 
modern societies, central amongst which is 

to decouple human need satisfaction from energy 
use. Energy systems are the main source of 
greenhouse gas emissions, and the services 
provided by energy (such as heating, power, 
transport and lighting) are vital to support human 
development. To address this challenge, we 
advocate for an eudaemonic need-centred 
understanding of human well-being, as opposed to 
hedonic subjective views of well-being. We also 
argue for a shift in the way we analyse energy 
demand, from energy throughput to energy services. 
By adopting these perspectives on either end of the 
wellbeing-energy spectrum, a “double decoupling” potential can be uncovered. We present a novel analytic framework 
and showcase several methodological approaches for analysing the relationship between, and decoupling of, energy 
services and human needs. We conclude by proposing future directions of research in this area based on the analytic 
framework.


Introduction

Human societies require materials and energy for their activities, and these biophysical requirements (known as “social 

metabolism”) have been increasing with population, economic growth and technological demands (Krausmann et al., 
2009). The extent of global social metabolism is such that, during the last century, the physical scale of energy and 
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material inputs and outputs from human societies has come to dominate important planetary biogeochemical cycles. 
This has led to the definition of a new geological era: the Anthropocene (Hamilton, 2013, Steffen et al., 2015).


Energy systems are recognised to be a core component of societies (Ayres and Warr, 2009, Cook, 1971, Cottrell, 1955, 
Smil, 2008, White, 1943) and necessary for development. Energy access was recently included in the UN's Sustainable 
Development Goals (UN, 2016) and the Sustainable Energy for All initiative (UN SE4ALL, 2014). Despite the importance 
of energy use, vast segments of the world's population live under conditions of severe energy deprivation, preventing 
them from living healthy lives or fully participating in their society (Karekezi et al., 2012, Pachauri et al., 2012), while an 
increasingly international consumer class drives the majority of emissions associated with energy systems (Chakravarty et 
al., 2009, Chancel and Piketty, 2015).


Energy systems are a key intermediary between environmental impacts and the functioning of societies, and thus the 
well-being of their members. The pivotal role of energy 
becomes even clearer in the context of a climate-
constrained world, where fossil-fuelled energy systems 
are the largest contributors to GHG emissions (IEA, 
2012a) and hence main drivers of climate change (IPCC, 
2013). The challenge of achieving human well-being in 
the Anthropocene era has been summarised by Raworth 

(2012): can we live above social foundations but below an environmental ceiling, or within the “doughnut” of 
sustainability?


The centrality of energy in fuelling both human development and climate change can lead to pessimism regarding the 
achievability of universal social development and keeping climate change below harmful levels (Jakob and Steckel, 
2014). In contrast, we believe that more optimism may be warranted. If instead societies' efforts –and energy systems- 
would be focused towards the satisfaction of human needs, it might well be possible to achieve universal well-being 
within planetary boundaries. In order to shape societies' efforts as outlined above, however, we need to understand 
more clearly the relationship between energy and human well-being. Day et al. (2016) have made significant advances 
in this direction from an energy poverty perspective, by applying the capabilities approach to conceptualise why energy 
is used and needed, as well as proposing a definition of energy poverty that is multi-dimensional and relevant to global 
North and South contexts.


The main objective of this paper is to present an analytical framework for exploring the complex problem outlined 
above, as well as for conducting research that can lead to relevant policy recommendations. To this end, we advocate for 
a need-centred understanding of human well-being (Section 2). We also need to change the way we analyse energy 
demand, from energy throughput to energy services (Section 3). By adopting these perspectives on either end of the 
wellbeing-energy spectrum, a “double decoupling” potential can be uncovered (Section 4). Several methodological 
approaches are showcased in Section 5 for analysing the relationship between, and decoupling of, energy services and 
human needs. The final section of the paper concludes and proposes directions for future research in this area.


Human Well-Being Through a Human Needs Lens

Defining and measuring human well-being (HW) are highly debated research areas. No single approach is likely to 

bring consensus: our goal in this section is simply to summarise two major schools of thought (hedonic and 
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eudaemonic), and explain why we have selected the eudaemonic tradition as the most suitable for this research. We 
articulate our argument around three main points: the advantages of a eudaemonic  perspective in the definition of HW 1

in relation to sustainability (Section 2.1), the suitability of non-subjective assessments to measure HW (Section 2.2), and 
the relation of human needs to HW (Section 2.3). In this way, following O'Neill, 2006, O'Neill, 2008a, O'Neill, 2011, 
we make the case for the superiority of the eudaemonic approach in sustainability research in general, and in relation to 
our specific question of energy requirements for human well-being in particular.


Eudaemonic and Hedonic Definitions of Well-Being

Not many would argue against policies that aim at improving human well-being. The wide range of meanings of well-
being leads to confusion in research outcomes and policy implementations. Well-being is often equated to economic 

welfare (GDP per capita for example), it can be used to 
mean happiness (an individual state of mind), or it can 
have a more holistic meaning (like flourishing). The 
meaning societies give to well-being will directly 
influence the pathways they choose to follow in order to 
improve it, and these pathways will necessarily have 
some sort of environmental consequences. In the last 

centuries, improved well-being in capitalist economies has been seen through the lens of individual purchasing power 
rather than overall social outcomes. This is a direct consequence of a particular understanding of well-being (hedonic) 
and has translated into very serious environmental impacts.


Conceptualisations of well-being can be broadly categorised as either “hedonic” (pleasure-seeking) or “eudaemonic” 
(flourishing), reflecting their lineage back to the Greek philosophers Epicurus and Aristotle respectively (Ryan and Deci, 
2001). The Hedonic school of thought sees well-being primarily as maximising pleasure (and minimising pain) (Dolan et 
al., 2006, Thompson and Marks, 2008): its principal modern representatives can be found in neoclassical economics 
utility theory, and in the area of subjective happiness research (Layard, 2010), whose flagship output is the World 

Happiness Report (Helliwell et al., 2016). It is fair to say 
that the hedonic school is dominant in research as well 
as ongoing popular and policy discourses. In contrast, 
the eudaemonic school of thought sees well-being as 
the enabling of humans to reach their highest potential 
within the context of their society: it's most well-known 
modern representatives are Amartya Sen and Martha 
Nussbaum, whose capabilities approach (Nussbaum, 

2015, Sen, 1999) has been implemented in the UN's Human Development Index – HDI (UNDP, 2016).


The hedonic understanding of well-being became dominant in social philosophy and economics with the development 
of the concept of utility by Jeremy Bentham in the 18th century – “utility is the property of any object that tends to 
produce the happiness or reduce the unhappiness of the party whose interest is considered” (Beckerman, 2011, p. 83). 
As economics developed, utility theory became grounded in a system of commensurable, continuous and transitive 
preferences, based on potentially infinite and insatiable individual wants (Kamenetsky, 1992). Thus utility maximisation 

 ↩ Eudaimonia is a Greek word that can be translated as “human flourishing”. As Ryan et al. (2008, p. 143) explain, “eudaimonia is thus not conceived of as a mental 1

state, a positive feeling, or a cognitive appraisal of satisfaction, but rather as a way of living”.
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became tightly interlinked with preference satisfaction through market consumption,  which has two major implications: 2

it creates an ethical void in which any consumption behaviour is justified in terms of individual well-being (Richards, 
2013), and it paves the way for increased economic activity to become “the primary national policy goal in almost every 
country” (Costanza, 2014, p. 283).


Hedonism and its modern proponents have clear consequences for sustainability: effectively, any limits to consumption 
(e.g. limits on resource use, on environmental impacts or economic growth) can be immediately perceived as limits to 

HW from a mainstream economic perspective.  Many 3

attempts to reconcile a hedonic understanding of HW with 
environmental sustainability result in policy instruments that 

are aimed at influencing individual behaviour (e.g. eco-labelling, education on energy efficiency, etc.). That is because, 
in a hedonic world, the path for improving an individual's well-being is psychological or cognitive: either improving a 
person's state of mind or changing their understanding of what contributes to well-being (i.e. their utility function) 
(O'Neill, 2008a, Trebeck, 2015). It is in this respect that hedonism has become especially attractive for some mainstream 
environmental circles: it should be possible to decouple well-being from increased consumption simply by shifting 
utility functions: by convincing people what other elements (beyond consumption after a minimum level has been 
reached) are constituents of well-being (O'Neill, 2006). This viewpoint overlooks the many institutional and 
technological factors that lock people in certain lifestyles. In contrast, other approaches emphasise the importance of 
everyday social practices as key determinants of consumption patterns which are not easily changed (Røpke, 2009, 
Shove et al., 2008). By doing so, these approaches focus on the co-evolution of social norms and technologies, in which 
the role of individual choice is very limited.


Furthermore, the lack of stability in people's preferences makes hedonic well-being a poorly suited assessment of social 
policies. Adaptation and relativity are common criticisms of the logic of preferences (O'Neill, 2008a): The former refers 
to adaptation to different circumstances, whilst the latter refers to the positional relativity of an individual's self-
assessment of the impact of income and material possessions on their well-being (Easterlin, 1974, Easterlin, 2001). This 
lack of stability does not allow for intercultural (or even interpersonal) comparisons, and thus makes the overall 
assessment of any social policy (e.g. redistributional policies) virtually impossible (Richards, 2013). Likewise, in a 
hedonic world, intergenerational factors cannot be considered when assessing well-being, since it is a static evaluation 
of an individual's particular experience(s). This is especially relevant for environmental and climate considerations, in 
which current actions inevitably have future impacts (O'Neill, 2008b).


In contrast, eudaemonic approaches are based on ancient Greek Hellenistic philosophers after Aristotle that aimed at 
describing “the good life” (eudaemonia) (Richards, 2013). For an individual to be well, she must be able to flourish and 
fully participate in her chosen form of life (Doyal and Gough, 1991). “Well-being is not just a matter of subjective 

experiences, it is a matter of what one can do or be in 
one's life” (O'Neill, 2006, p. 165). Eudaemonic well-
being focuses on the individual in the broader context 
of her society (as opposed to atomic and isolated in 

time and space). Such a broadening of the unit of analysis allows for social institutions and political systems to be 

 ↩ The market is the institution that allows for the observation of people's choices, and therefore it is through market transactions that people's preferences are 2

revealed.

 ↩ Not all economic theory understands consumption through utility maximisation. Contributions from heterodox economics that consider “systems of provision” 3

address material and cultural elements of consumption by adopting a systemic and institutional view of the links between production and consumption (Fine, 2013).
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studied in light of their ability to enable individuals to flourish within them. Therefore, a eudaemonic understanding of 
well-being is better suited to address questions of sustainability and climate governance, where long term policy-making 
is likely to be pivotal. A similar argument can be made for the importance of intergenerational responsibilities in long 
term environmental sustainability. A eudaemonic view of HW allows for the inclusion in the analysis of a sense of social 
belonging to our community both in the past and future, hence it opens the space for intergenerational citizenship 
through the sharing of common projects and places (O'Neill, 2008b).


Many researchers in the field of international development have based their work on a eudaemonic understanding of 
well-being (see for example OPHI, 2015), focussing on multiple dimensions of poverty and its impact on social 
inclusion. The emphasis on poverty alleviation leads to evidencing and reducing deprivations in specific areas 
considered vital for human development. Furthermore, as a result of focusing on human flourishing rather than 
individual preferences, eudaemonic approaches to HW have the potential to consider alternative patterns of resource 
use, which can be compatible with upper limits to consumption  (O'Neill, 2008b, O'Neill, 2011). Following O'Neill 4

(2011), there are two main reasons eudaemonic well-being can address alternative levels of resource use. On the one 
hand, the different dimensions of HW in a eudaemonic sense (i.e. the dimensions necessary for people to flourish or to 

fully participate in society) can be fulfilled in many different 
ways, including less resource intensive ways. And on the other 
hand, the different dimensions of HW require different resources 
(including environmental quality) which are not substitutable 
between themselves, so that eudaemonic well-being may in 
itself require lower resource use. The ability to evidence 

profound deprivations as well as highlight alternative levels of resource use is a key strength of eudaemonic approaches, 
and may offer a coherent answer to recent appeals to study “sustainable consumption corridors” (Di Giulio and Fuchs, 
2014).


“[… Hedonic] well-being matters, [but] it is not all that matters” (O'Neill, 2008b, p. 8). In other words, people's state of 
mind and feelings in a particular moment are important, however, they are not all that is important, and certainly not the 
most important thing to consider given the contemporary environmental crises. As Kahneman and Sugden (2005, p. 
176), advocates of hedonic well-being, recognise: “human well-being may be thought to depend […] also on other 
aspects of life, such as autonomy, freedom, achievement, and the development of deep interpersonal relationships, 
which cannot be decomposed into momentary affective experiences”. In a hedonic world, these “other aspects of life” 
are a means to achieving positive emotions, but in a eudaemonic world they are valuable in themselves (O'Neill, 
2008b), they are what societies (and physical production and consumption systems) should focus on delivering in an 
environmentally fragile world.


Classifying Assessments of Well-Being

Unsurprisingly, given the fundamental division in philosophical viewpoints outlined above, eudaemonic and hedonic 
HW approaches utilise separate assessment tools and metrics, consistent with their divergent definitions of HW and 
consequently different research questions. In disciplinary terms, eudaemonic understandings of HW and their 
assessment tend to derive from international development, political economy and sociology, while hedonic 

 ↩ Eudaemonic understandings of well-being are closer to a conception of individuals as heteronomous subjects rather than autonomous subjects (O'Neill, 2011): 4

The former is related to concepts of dependence and vulnerability, which have been shown to be key in discussions around social justice (see for example Fineman, 
2008), whilst the latter is in line with mainstream economic theory and classical liberalism.
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understandings (and assessment methods) tend to derive from mainstream economics and psychology.  On the one 5

hand, international development and social science literature are trying to understand problems entrenched in societies, 
i.e. poverty, underdevelopment, social structures, social provisioning systems. On the other hand, economics and 
psychology are trying to understand the individual, because it is their main object of analysis. In this section, we clarify 
the consequences for assessing HW.


There are two general approaches for assessing (or measuring) HW: subjective and objective. These can be used to assess 
either hedonic or eudaemonic well-being. By objective methods we mean assessments made by an agent different from 
the subject itself and attempting to capture social arrangements. By subjective methods we mean the self-assessment of 
an individual's experiences. Examples of subjective and objective assessments of eudaimonic and hedonic well-being 
are summarised in Table 1 and critically discussed below in relation to their use in policy-making for sustainability.


Table 1. Examples of objective and subjective assessments of eudaimonic and hedonic well-being


Starting clockwise from the top-right, in hedonic well-being the most commonly used objective measurements are done 
through affluence or monetary wealth, based upon the link between utility and consumption discussed in the previous 
section. Individual income and expenditure, or GDP per capita at a more macro level are often used as proxies for HW. 
Stevenson and Wolfers (2008) amongst others for example, try to prove that income predicts hedonic well-being, 
measured in a subjective way. In addition to the criticisms of a hedonic understanding of HW outlined in the previous 
section, this assessment is particularly problematic in that it further justifies the continuous pursuit of economic growth 
as a main policy goal, and therefore underpins increasing global and intra-national inequalities (Piketty, 2014). 
Moreover, the focus on economic growth limits environmental policies to weak decoupling targets, rather than 
fundamental shifts in structure, scale and focus of the economy (Dietz and O'Neill, 2013). We have also included 
physiological measures of emotional states in this category, although we have not found much evidence of these being 
used in the broader well-being literature.


Stemming from psychology, subjective methods based on a hedonic understanding of HW have been used as the basis 
for measuring experienced utility (Kahneman et al., 1997, Kahneman and Sugden, 2005). These type of subjective self-

Well-being 
assessment

Eudaimonic (flourishing) Hedonic (maximising pleasure, 
minimising pain)

Objective Outcomes: health, education, political participation, etc.Means 
(satisfiers): public expenditure budgets on health & education, 
available infrastructure and vital services (hospitals, schools, 
trained doctors and teachers, etc.). Community participatory 
method: Max-Neef's Human-Scale Development matrix of needs 
and satisfiers.

Income & expenditure studies 
(well-being as maximising utility 
through consumption, as making 
choices given budgetary 
constraints). Physiological 
measurement of emotions.

Subjective Happiness

Evaluative assessment (satisfaction with life)

 ↩ Of course this disciplinary categorisation is only a broad characterisation. There are some authors that come from a psychology disciplinary background that link 5

themselves to the eudaemonic tradition of well-being, including Ryan, Deci and colleagues (Deci and Ryan, 2008, Ryan et al., 2008, Ryan and Deci, 2001), and Ryff 
(1989) amongst others. Additionally, Veenhoven (1991) is a sociologist as well as a key proponent of hedonic research.
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assessments of HW (or happiness, as it is usually referred to) have been widespread and have become quite popular in 
policy-making (Helliwell et al., 2016, Trebeck, 2015). In contrast to income, which is theoretically unbounded, the 
metrics used here are generally on a bounded scale. Moreover, increases in average national income are often found not 
to lead to rises in subjective well-being (a phenomenon known as the Easterlin paradox (Easterlin, 1974)). Subjective 
well-being measures face many issues in relation to their internal logic of preferences, which was discussed above. 
Furthermore, the accuracy of a self-assessment of the impact of certain experience on an individual's well-being is 
conditioned by the narrative (or the order) of the events (O'Neill, 2006). Therefore, the suitability of these measures for 
long term policy-making is arguably limited.


Life satisfaction is a subjective evaluation method with both hedonic and eudaemonic aspects (e.g. using the Satisfaction 
With Life Scale (Dolan et al., 2006)). It is based on the notion that individuals can evaluate how their life is going in 
general (Dodds, 1997) rather than balance their feelings of isolated experiences (hedonic approach). These measures 
overcome some of the issues related to individual assessments of hedonic well-being. However, they remain ill-suited for 
the assessment of sustainability policies, mainly because there is no certainty as to which aspects of well-being 
individuals are assessing, under which criteria and in what time-scale.


Objective eudaemonic approaches have in common their insistence on multiple non-substitutable dimensions of human 
well-being, although they often differ on the exact dimensions or how to best measure them. The most widely known 
operationalisation is the Human Development Index (HDI), which is based on the capabilities approach and it focuses 
on three dimensions of HW: education, life expectancy and income (note that in our classification, income belongs in 
the hedonic column). Sen was reluctant to define a set of dimensions, an exercise that was undertaken by Nussbaum.  6

Other authors have defined dimensions of HW in 
terms of human needs (HN) and therefore assess non-
individual eudaemonic well-being in different ways 
(see Table 1 for examples). Despite the diversity of 
these assessments, there is great overlap and 
consistency in the categories (Alkire, 2002). Alkire 

(2002) and Kamenetsky (1992) argue that achieving well-being and satisfying human needs are the strongest source of 
motivation for human action, and the conceptual and empirical common ground between these approaches reinforces 
such argument.


The capabilities approach has been very successful in reaching world-wide policy-making through the HDI, and also in 
providing the basis for analytical frameworks used in development studies, which have been translated into policy 
strategies for poverty alleviation in several countries (OPHI, 2015), often through the lens of “multi-dimensional 
deprivations”. The capabilities approach is measured at the individual level, which has sparked some criticisms for 
focusing too much on individual freedoms. For example, it has been seen as problematic in relation to current neoliberal 
policies: the capabilities approach can be consistent with the view of people achieving their needs individually, for 
instance through the market (Lamb, 2016, Navarro, 2000, Reader, 2006). However, these criticisms are open to debate, 
given the dependence of many capabilities on social relations and the need for collective action to build such 
capabilities.


 ↩Nussbaum's (2000) central human capabilities are: life; bodily health; bodily integrity; senses, thought, imagination; emotions; practical reason; affiliation; other 6

species; play; and control over one's environment.
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In the next section we focus on non-individual assessments of eudaemonic well-being based on human needs. We argue 
that these approaches are particularly well suited for the assessment of how sustainably societies perform in terms of 
HW. Human needs introduce a normative goal of achieving minimally impaired participation in society. Therefore, the 
burden of (political) action shifts from the individual to all social groups (e.g. households, communities, governments, 
etc.) (Reader, 2006). Furthermore, they attempt to include cultural specificity and thus open decoupling possibilities, as 
well as avoiding paternalism.


The Human Needs Approach

We have so far argued in favour of a eudaemonic understanding of HW in order to address the issue of improving 
people's well-being within environmental limits. Furthermore, we have discussed the different methods through which 
HW in these terms might be assessed, emphasising the role of non-individual methods in encompassing crucial social 
factors. We now focus on the Human Needs (HN) approach (Doyal and Gough, 1991, Max-Neef, 1991), as eminently 
suitable to form the foundation for researching well-being within planetary boundaries. The key features of the human 

needs approach that single it out for this type of research 
are the enumeration of a finite, non-substitutable and well-
defined number of human needs, and the distinction 
between the means employed to satisfy needs, or 
“satisfiers” and the needs themselves. We elaborate these 

points below.


The central idea of the theory of human need is that there are a finite number of self-evident (i.e. universal, recognisable 
by anyone), incommensurable (thus satiable, irreducible and non-
substitutable) and non-hierarchical needs, which encompass the 
range of capabilities or dimensions of HW. It should be noted that 
the finite and well-defined nature of needs means they are 
eminently suited to empirical, quantitative research. These needs are 
prerequisites for living well within society: only when these are 
satisfied can well-being be achieved. In this sense, the 
conceptualisation of well-being is negative and minimalist: the goal 
is “minimally impaired participation in social life” (Gough, 2015). 
Needs themselves (the goals) are considered unchanging and 
universal, and that some objective harm will happen if they are not 
satisfied. However, human needs pose the risk of being considered 
paternalistic and externally imposed (although see also Nussbaum 
(2001) for a capabilities-related discussion of this point), which is 
why some authors (Guillén-Royo, 2016, Max-Neef, 1991) highlight 
the importance of participatory exercises in determining specific 
actions to achieve high levels of well-being.


For Doyal and Gough (1991) there are two basic HN categories 
which must be satisfied: physical health and autonomy, the latter 
being further divided into mental health, cognitive skills and 
opportunities. Furthermore, Doyal and Gough (1991) identify 
eleven intermediate needs (or “universal characteristics of need 
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satisfiers” (Gough, 2015)) that typically derive in the 
satisfaction of their basic needs (see Fig. 1). Similarly, Max-
Neef (1991) has identified nine needs (subsistence, 
protection, affection, understanding, participation, leisure, 
creation, identity and freedom) that are expressed in four 
different ways: being (attributes), having (tools, norms), 
doing (agency) and interacting (social expressions in time 
and space) (see Fig. 2).


Contrasting with the characteristics of needs (the goals), the 
means employed to satisfy HN are culturally, socially and 
temporally flexible. Max-Neef (1991) coined the term 
“satisfier” to describe the culturally-specific ways universal needs are fulfilled in practice. The inherent diversity of 
satisfiers enables the identification and comparison of radically alternative modes of social function and physical 
provisioning systems. The flexibility associated with satisfiers has allowed Gough and colleagues (Abu Sharkh and 
Gough, 2010, Gough, 1994) to assess the success of different political regimes in satisfying human needs. Alternatively, 
this flexibility in the satisfiers means they allow for in-depth qualitative research. Guillén-Royo (2016) has compiled 
contextual, conceptual and empirical aspects of the Human Scale Development (HSD) methodology developed by Max-
Neef (1991), applied specifically to sustainable development. The HSD methodology is based on participatory 
workshops that enable communities to reflect on their own development pathways, and it will be discussed in more 
detail in Section 5.


Finally, given that human needs are incommensurable and non-hierarchical, a loss in the level of satisfaction of one 
need (particularly when talking about minimum thresholds) cannot be substituted by more satisfaction of other needs 
(O'Neill, 2011). For instance, a loss in the level of satisfaction of the need of subsistence (e.g. in the case of malnutrition) 
cannot be satisfied by a gain in understanding (e.g. education), even though some satisfiers can be synergetic in the way 
the stimulate and contribute to the fulfilment of other needs (Max-Neef, 1991). However, the opposite is true: a gain in 
the level of satisfaction a one need can hinder the satisfaction of other needs. For example, the satisfaction of certain 
needs through environmentally harmful activities can prevent the satisfaction of other needs (Gough, 2015). In Max-
Neef's (1991) work, these type of satisfiers can be classified as violators/destroyers, pseudo-satisfiers or inhibiting 
satisfiers. This conceptualisation enables the inclusion of environmental limits and limits to consumption and economic 
activity.


Energy Services

Having Within the human needs framework we have outline above, we argue that energy services (ES) are vital 

“satisfiers” of human needs in many different ways: directly and indirectly, individually and synergetically, enabling and 
hindering. It is because of its role as “satisfier” that energy (through energy services) is a key intermediary between HW 
and planetary boundaries. We prefer the concept of ES for two main reasons. Firstly they are closer to satisfiers than 
primary, final or useful energy – ES, as opposed to Joules, are the ultimate reason why we demand energy. However, 
there are several challenges regarding their classification and measurement (Section 3.1). Secondly because ES allow for 
the inclusion of additional efficiency improvement avenues that could result in decoupling of energy use from HW 
(Section 3.2). We elaborate on these arguments below.
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Fig. 2. Max-Neef's matrix of human needs and satisfier categories. 
Source: Adapted from Max-Neef (1991).



The Energy “Chain”

Within traditional energy analysis, there are three main links in the “energy chain” of energy flows: primary energy, final 
energy and useful energy (Grubler et al., 2012, Jochem et al., 2000) (see Fig. 3). Energy balances  report primary and 7

final energy flows through the economy, but not useful energy flows. Primary energy generally refers to the energy 
extracted or captured from the natural environment (e.g. crude oil, coal, hydropower, etc.) (IEA, 2005). Final energy (also 
called secondary energy) generally refers to energy as it is delivered to the final economic consumer, after undergoing 
transportation and transformation processes (e.g. gasoline, diesel, electricity, etc.) (IEA, 2005). The majority of studies 
within traditional energy analysis  focus either on primary or final energy, both of which fall short in their relation to the 8

exact purpose of energy use.


At the point of use, final energy undergoes one last transformation process as it passes through an end-use conversion 
device, for example furnaces, electric appliances or light bulbs. End-use devices transform energy into a form that is 
useful for human purposes, hence the term “useful energy” as the outcome of this last conversion process. The types of 
useful energy are usually classified into heat (low, medium or high temperature), mechanical drive, light, electricity for 
appliances, and food (Brockway et al., 2014). Few analyses focus on this part of the energy chain, with an exception 

 ↩ Energy balances (derived from energy statistics) are provided by statistical agencies and research institutes, such as the IEA (2012b, 2008) and the EIA (2014). 7

Commonly used energy balances are derived from internationally agreed standards that are congruent with economic statistics (UNSD, 2014). Additionally, they focus 
on specific types of energy: technical energy used in industrial supply chains and markets. As a result, they omit biomass used for food or fodder, as well as non-
industrial processes, such as work done by draft animals or manual labour (Haberl, 2001). This may prevent a holistic view of the energy in society, particularly of food-
fuel trade-offs (Haberl et al., 2011).

 ↩ Within other fields, particularly energy poverty, there is more of a focus towards energy services. See for example Nussbaumer et al. (2012) and Kaygusuz (2011).8

            

                                  TJSGA/Essay/SD (E124) October 2022/ L. Brand-Correa - J. Steinberger 10

Fig. 3. Energy chain from primary energy to energy services. Blue flows indicate energy units, whereas ES are measured in different units. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Source: Adapted from Cullen and Allwood (2010a).

https://scholar.google.com/scholar_lookup?title=2014%20Annual%20Energy%20Outlook&publication_year=2014&author=EIA


being a growing amount of literature that comes from an exergy  perspective (Ayres et al., 2003, Brockway et al., 2015, 9

Chen and Chen, 2009, Ertesvag, 2005, Nakićenović et al., 1996, Serrenho et al., 2012, Wall, 1990).

The final conversion step occurs within what Cullen et al. (2011) term a “passive system” (shown in Fig. 3 as passive 
context). Within passive systems no more conversion processes occur, only energy dissipation given the irreversibility of 
the second law of thermodynamics. Thus “a passive [system] can be thought of as a reservoir or tank of stored energy” 
(Cullen et al., 2011, p. 1712). Cullen and Allwood (2010a) identified three basic passive contexts: vehicles (for example 
cars, trains and airplanes), factories (within them the passive systems are the different machines and furnaces) and 
buildings for commercial and residential use (they themselves can be passive systems for heating and lighting, and the 
different appliances within them are also passive systems). Within a passive system, useful energy delivers ES (Jochem et 
al., 2000).


ES constitute the last part of the energy chain and are therefore the ultimate “reason” why energy supply chains exist. In 
relation to the satisfaction of HN, individuals use ES as satisfiers, not Joules of primary, final or useful energy. This makes 
ES the crucial concept to analyse when examining the relationship between energy systems and HW (Day et al., 2016). 
Therefore, ES are in themselves recognised as important for human development (Kaygusuz, 2012, Modi et al., 2005) 
whilst the specific technical provisioning systems can be seen as culturally specific. Cullen and Allwood (2010a) 
identified eight final services that can be measured using physical data and that are a small number of distinct but 
comparable categories: passenger transport, freight transport, structure, sustenance, hygiene, thermal comfort, 
communication and illumination. 
10

However, ES present significant challenges in terms of their measurement. They are each measured in units different from 
conventional energy units, which vary greatly between them but also depending on the author. Some examples are 
various physical quantities (i.e. passenger-km, Joules, m3K, bytes, lumens/s) (Cullen and Allwood, 2010a, Cullen and 
Allwood, 2010b, Fouquet, 2014, Fouquet and Pearson, 2006, Knoeri et al., 2015); abstract energy service units (Haas et 
al., 2008); and units of heat or work (Sovacool, 2011). This variety of units makes aggregation and comparability a 
difficult task (Roelich et al., 2015). Therefore, in terms of measurement, useful energy is the last part of the energy chain 
that can be measured in energy units, and therefore the closest concept to ES that can be aggregated and calculated 
(relatively) straightforward using data from energy balances.


Efficiency in Energy Service Delivery

ES are a set of limited ends which people demand from energy, but the way they are delivered varies greatly between 
societies and over time. This is similar to the universality of HN and the cultural specificity of satisfiers. A wider picture 
of potential efficiency improvement avenues appears by acknowledging this multiplicity of ES delivery possibilities. This 
in turn allows for possibilities of decoupling energy use from HW, i.e. less energy use in the primary or final stages of the 
energy chain for the same ES delivery.


There are four different approaches to energy efficiency measures in the delivery of ES, as outlined by Marshall et al. 
(2016): conversion device, passive system, service control and service demand level. Distinguishing between the four 

 ↩ Exergy can be defined as “the maximum possible work that may be obtained from a system by bringing it to the equilibrium in a process with reference 9

surroundings” (Kostic, 2012, p. 816). As Gaggioli and Wepfer (1980, p. 823) state, exergy “is synonymous with what the layman calls ‘energy’. It is exergy, not energy, 
that is the resource of value, and it this commodity, that ‘fuels’ processes, which the layman is willing to pay for”. For further details on exergy see Wall, 2003, Wall, 
1986, Wall, 1977, Kanoglu et al. (2012), Dincer (2002), Rosen, 2006, Rosen, 2002, Sciubba and Wall (2007).

 ↩ Note that their list of ES does not include materials or goods and services with embodied energy, but rather the useful property of finished materials. Therefore, 10

Cullen and Allwood's classification of ES seems more appropriate in relation to human needs than the ones proposed by Haas et al. (2008) and Sovacool (2011), which 
lack clear system boundaries.
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/embodied-energy
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cullen


approaches allows for a better picture of potential efficiency improvements. Between each of the links of the described 
energy chain (primary, final and useful energy) conversion processes occur, and hence there are possibilities for 

technical efficiency improvements in the conversion devices 
(Summers, 1971). However, these are limited by the laws of 
thermodynamics. Improvements in passive systems are 
usually related to larger infrastructure investments and can 
provide clear long-term benefits (Knoeri et al., 2015, Roelich 
et al., 2015). However, changes in either of these may be 

hampered by lock-in phenomena (Unruh, 2000) and broader social and technical considerations. Service control is an 
alternative for optimising energy service delivery when is needed only, e.g. programmable heating controls and motion-
sensitive lighting (Marshall et al., 2016).


Finally, and potentially most interesting, service level efficiency measures imply a change in the nature or the level of the 

service required (Nakićenović and Grubler, 1993). Haas et 
al. (2008) refer to these as short term components of energy 
service demand, related to behavioural or cultural aspects. 
For private vehicle passenger transport for example, car 
sharing is a change in the nature of the energy service, or 

driving less is a change in the demand level of the energy service. However, these service level measures are limited by 
larger systemic aspects, such as transport infrastructure, population density, and quality of public transport, which Haas 
et al. (2008) refer to as long term components of energy service demand. Similarly, Day et al. (2016) have identified 
different points along the energy chain where interventions can be made to alleviate energy poverty using a capabilities 
framework.


For improving HW while reducing environmental impacts, understanding the relationship between ES and HN could 
allow the prioritisation of policy interventions on the most appropriate energy efficiency measures in the delivery of ES. 
For example in the case of transport (Mattioli, 2016) - if the delivery of transportation as an ES is found to be highly 

important for the satisfaction of health as a HN (by providing 
access to medical facilities), decision makers could decide 
whether to focus efforts on improving the efficiency of 
engines (conversion device), light weighting the friction of 
cars and buses (passive system), traffic control measures 

(service control), or localised clinics or telemedicine  (service demand level through a change in the nature of the 11

service provided).


Uncovering Potential for Double Decoupling Between Well-Being and Energy Use: 
The Analytical Framework

Our current context of environmental degradation and climate change, coupled with deep social deprivations, calls for 

“a profound shift […] in our intellectual approach to complex social problems” (Lamb, 2016, p. 185). Our analytical 
framework builds upon established, but disconnected, areas of research. On the one hand, it approaches well-being 

 ↩ Telemedicine is the “delivery of health care services […] using information and communication technologies”. (World Health Organization Global Observatory 11

for eHealth, 2010, p. 9).
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Between each of the links of the described energy 
chain, conversion processes occur, and hence there 

are possibilities for technical efficiency 
improvements in the conversion devices. However, 
these are limited by the laws of thermodynamics.

For private vehicle passenger transport for 
example, car sharing is a change in the nature of 
the energy service, or driving less is a change in 

the demand level of the energy service. 

Our current context of environmental degradation 
and climate change, coupled with deep social 

deprivations, calls for “a profound shift […] in our 
intellectual approach to complex social problems”.



through the lens of eudaemonia in general and human needs in particular, as described in Section 2. On the other hand, 
the framework focuses on energy requirements, analysed through the lens of energy services, as described in Section 3. 
These approaches allow for robust (clear definitions),  empirical (quantifiable metrics)  and systemic (holistic) analysis, 12 13

which enables the study of decoupling human needs from energy use: both through the open nature of need “satisfiers” 
(Guillén-Royo, 2016) and the large efficiency potential in energy service delivery (Cullen et al., 2011). In particular, the 
flexible nature of the “satisfiers” concept (secondary capabilities in Day et al.’s (2016) framework) lends itself to holistic 
analysis of the factors that influence the energy demand associated with the achievement of well-being, and thus the 
possibilities for their decoupling. Likewise, the flexibility associated with the energy services provisioning alternatives 
opens up additional avenues of efficiency improvements, and thus possibilities for decoupling energy services demand 
and primary energy supply.


The above mentioned flexibility of both “satisfiers” and provisioning of ES (social and physical “provisioning systems” 
respectively) is the key element of this analytical 
framework for decoupling (see Fig. 4). Day et al. 
(2016) refer to these decoupling opportunities as the 
different areas where to intervene for energy poverty 
alleviation. Physical provisioning systems allow for the 
analysis of physical characteristics (e.g. infrastructure) 
and the effect of different technologies (e.g. lock-in) 
on the specific energy service provisioning alternatives 
that a particular society has. In the same way, social 
provisioning systems allow for the analysis of social 
and cultural aspects (e.g. everyday practices and 
norms), economic institutions (e.g. market logics) and 
socio-political institutions (e.g. the role of the State) in 
relation to the specific human needs “satisfiers” that a society uses. This framework also enables the analysis of the 
spaces where these “systemic factors” overlap.


A systemic analysis of this kind has the potential of bridging areas of research that have studied environmental and social 
problems in a disconnected way. For example, theory of practices (Shove et al., 2008, Shove and Walker, 2010) and 
systems of provision (Bayliss et al., 2013, Fine, 2013), together with technological lock-in analysis (Unruh, 2000), can be 

used to explain the choice of certain “satisfiers” and 
energy service provisioning alternatives. More 
importantly, however, are the decoupling alternatives 
that this analytic framework allows us to identify. The 
framework enables empirical research to go beyond 
the limitations of narrow approaches such as technical 

energy efficiency improvements (IEA, 2008) or economic incentives (OECD, 2011, UNEP, 2011).


 ↩ The approaches described in 2 Human Well-Being Through a Human Needs Lens, 3 Energy Services are robust in terms of making a clear distinction between 12

human needs (universal) and satisfiers (culturally and historically specific) on the one hand, and energy use and energy services on the other. This robustness allows to 
keep a clear conceptual understanding of where the decoupling opportunities might lie.

 ↩ Given the great variability of satisfiers and ways of delivering energy services means that the empirical task of finding quantifiable metrics is a complex one, with 13

many assumptions to be made along the way, which should be clearly described in any empirical applications of this framework.
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Fig. 4. Analytical framework for studying the interdependency of energy and 
well-being.

The existence of collective supply systems (e.g. local 
supply networks or public transit) may enable 

economies of scale, in contrast with highly 
individualised systems, where each household has to use 

its own forms of energy to procure goods and services.



Indeed some of the most important decoupling opportunities are likely to be found at the community level, for example 
economies of scale through provision of efficient networks of energy service delivery (Knoeri et al., 2015). The existence 
of collective supply systems (e.g. local supply networks or public transit) may enable economies of scale, in contrast 
with highly individualised systems, where each household has to use its own forms of energy to procure goods and 
services. In such cases, the description of alternatives through technologies or markets only is overly simplistic, since the 
appropriate unit of analysis is not the single actor using the technology, but instead the community or other larger unit 
making the decisions which enable individuals within it to use more or less energy to satisfy their needs.


Connecting Energy Services and Human Needs: The Empirical Framework

In this section, we propose a mixed-methods approach to implement empirically our analytical framework described 

above. The quantitative and qualitative methods described below have been used in the past, but in different contexts, 
and not in conjunction with each other. Past studies have aimed to relate energy and HW using, for example, total 
primary energy supply, final energy consumption or CO2 emissions;  and life expectancy or the human development 14

index. Hence, to the best of our knowledge, the links between energy services and human needs specifically have not 
been analysed. We consider this analysis to be very important given the potential advantages of using these particular 
concepts in the context of achieving well-being within planetary boundaries, as described in the previous sections.


Quantitative Methods

A family of previous studies have focused on methods to relate energy and well-being that share a macro-level and often 
international scope. Their approach is top-down, observing larger systems, such as countries or regions within countries, 
in order to estimate their performance in terms of delivering well-being outcomes (human need satisfaction) at varying 
levels of environmental impact or energy use (see for example Alam et al., 1998, Dias et al., 2006, Dietz et al., 2009, 
Dietz et al., 2012, Knight and Rosa, 2011, Lamb and Rao, 2015, Martínez and Ebenhack, 2008, Pretty, 2013, Rao et al., 
2014, Smil, 2003, Steinberger et al., 2012, Steinberger and Roberts, 2010). This means they take macro (country) level 
variables and use statistical techniques to relate energy and HW, as well as finding a threshold level after which 
increases in the energy variable translate into only marginal (or none at all) increases in well-being. A caveat with these 
approaches is that they use national averages rather than distributions, and every country will have residents that use far 
more than they need from a sufficiency well-being perspective, as well as residents who have far too little. Nevertheless, 
these methods highlight what is currently possible, given the existence of large distributional disparities within countries.

Another family of previous studies has used methods that start bottom-up from a list of requirements for well-being 
(satisfiers) for an average household, and translates these into energy requirements (see for example Goldemberg et al., 
1985, Zhu and Pan, 2007). A more recent study is the one undertaken by Rao and Baer (2012), which uses as a starting 

point the establishment of a bundle of minimum goods and 
services to achieve HW based on the “basic goods” work of 
Reinert (2011). The energy and carbon emissions embodied in 
that bundle are then estimated, thus finding an energy threshold 
or carbon entitlements. Rao and Baer (2012) propose to use 

Environmentally-Extended Input-Output data to implement this methodology, which is an established technique to 
calculate direct and indirect household energy use (Pachauri, 2007).


 ↩ Given the current fossil fuel dependency of the global energy system, energy and CO2 emissions are closely correlated, and therefore can be considered proxies.14
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Universal human needs may rely on a large 
diversity of “satisfiers” in practice, and this 
diversity should be reflected in the type and 

level of energy services relied upon.



Both bottom-up and top-down approaches can be adapted to study the energy service requirements of well-being within 
the framework shown in Fig. 4. However, the emphasis should remain upon gaining a deeper understanding of social 
and physical provisioning systems which underpin the relations between energy use and well-being. This can be done by 
including parameters which are characteristics of social and physical provisioning: such as infrastructure networks and 
access and human settlement characteristics for physical provisioning, and government and institutional quality, welfare 
regimes, equity, political and cultural participation for social provisioning.


Most of the energy-for-well-being research and methods we have described above have a lineage in energy-for-
economic-activity: they are generally very aggregate and 
quantitatively focused, with little consideration given to 
individual, household or community specificities. As we have 
discussed, universal human needs may rely on a large 
diversity of “satisfiers” in practice, and this diversity should 
be reflected in the type and level of energy services relied 
upon. Therefore, we propose to use household surveys 
micro-data where possible, which contains information that 
can be used as proxies for ES and HN. This data is usually 

collected at the national level, but it has the potential for differentiated analysis at regional, income or other socio-
demographic levels.


Qualitative Methods

In order to capture the diversity of satisfiers used by a specific society, we propose complementing the quantitative 
method described above with a new qualitative approach, drawn from the Human Scale Development work of Manfred 
Max-Neef and his colleagues (Guillén-Royo, 2016, Max-Neef, 1991), as well as Oxfam's Humankind Index project in 
the United Kingdom (Dunlop et al., 2012). This approach would use participatory methods (consultations, workshops, 
focus groups) to explore the forms that need satisfiers or well-being dimensions take within a community.


This method must be adapted and targeted in order to pinpoint not just the specific forms of need satisfiers, but the 
energy services underpinning them (especially challenging given the opaque nature of energy supply to consumers 
(Attari, 2010, Stern, 2014)). The energy service approach may be of great assistance here, since energy services are 
typically more meaningful to end-users than energy units themselves. The findings from the participatory research could 
then be translated into energy service levels and energy requirements depending on the national or regional 

infrastructure. We anticipate this approach to be extremely fruitful for the 
following reasons: first, it fully opens the “black box” connecting energy and 
human needs, since it relies on direct and in depth consultation with the 
people most concerned; and second, it has the potential to expose a great 
diversity of energy and energy service requirements of need satisfaction 
across different communities and social configurations. Both of these are 

extremely important in enabling the findings of this research to guide policies to low-energy delivery of HW.
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We anticipate the qualitative method to be 
extremely fruitful for it fully opens the “black box” 
connecting energy and human needs, since it relies 

on direct and in depth consultation with the 
people most concerned; and has the potential to 

expose a great diversity of energy and energy 
service requirements of need satisfaction across 

different communities and social configurations.

We propose an analytic framework 
that views human well-being 

through the lens of human needs 
and analyses energy demand 

through the lens of energy services.



Concluding Remarks

Overcoming the pressing challenge of achieving universal human well-being within environmental limits is the 

motivation behind this paper. In order to do so, we propose an analytic framework that views human well-being through 
the lens of human needs and analyses energy demand through the lens of energy services. Human needs are universal 
social ends, which are satisfied or provisioned by culturally specific means. Their universality is important in terms of 
comparability between different societies, and their flexibility (cultural specificity) provides richness for a systemic 

analysis of sustainable alternatives. Societies demand 
energy at different levels as a mean to satisfy their needs, 
and by analysing energy demand from an energy services 
perspective, we open up new pathways for the exploration 
of efficiency improvement alternatives, including in terms 

of social and physical provisioning systems.


Our conceptual approach is normative in that it seeks to identify what must be morally met (human needs), but it is not 
paternalistic in defining how they should be met (satisfiers) and by whom. Our empirical framework aims to identify 
alternative ways in which societies use energy to satisfy their needs and analyse them in terms of their environmental 
impact. This mixed-methods framework will provide insights on the cultural particularities of how different ways of 
delivering energy services are being used as human needs satisfiers, and on which systemic factors are influencing the 
choices of human needs satisfiers and energy services provisioning alternatives. Analysing the evidence in light of these 
systemic factors and cultural specificities would allow for the provision of much needed context-specific policy 
recommendations for the improvement of human well-being within environmental limits.
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