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Abstract: The incidence of energy poverty in the Global South is identified by the lack of basic access
to modern fuels and energy carriers. Impoverished people have traditional biomass and human
power as their only sources of energy. This situation of deprivation of basic resources, in which
(according to estimates of international agencies) almost one third of the world’s population lives,
masks other relevant characteristics of energy poverty. Current assessments of energy poverty in
impoverished areas and the mitigation strategies being implemented are derived from the
development agenda and, with variations in detail and scope, highlight electricity connections and
access to clean cooking fuels as guarantors of progress. However, a comprehensive understanding
of energy poverty requires focusing beyond basic access, building on the interactions between the
supply of energy sources and carriers, the provision of energy services and their impact on decent
living conditions. To deal with the effects of these interactions on the energy poor, several studies
have attempted in the last decade to construct an assessment framework centered on energy
services. This work discusses the relevant dimensions in the framework (supply, services, and
impact in wellbeing), reviews the multidisciplinary work available in each aspect, presents a range
of proposed taxonomies, and discusses the different issues. A detailed framework is proposed for
the integrated assessment of the supply of energy carriers and energy equipment, the provision of
relevant energy services, and the improvements obtained in living conditions.

Keywords: energy poverty; energy services; energy equipment; Global South; basic needs;
wellbeing

1. Introduction

The Energy poverty literature has grown exponentially in the last decade [1-3] with a focus on
developed countries -and Europe in particular-, but also producing a branch of works that deals with
the aspects of the problem in the Global South [4-7]. Some works have tried to establish a global
perspective of energy deprivation [8,9], and others have focused on particular-local cases [10,11], but
in general the approaches fall into two divergent types defined for developed and developing regions
[12]. In developed countries the emphasis is mostly on the affordability of domestic energy services,
primarily space heating [13-15], while in the Global South attention is generally centered on the lack
of access to the energy supply of ‘modern’ sources of energy such as electricity, natural gas, or LPGs
[16-18]. In both cases the focus is on supply of energy sources and carriers, either for its costs or its
availability.

EU indicators of energy poverty [15] deal with household energy expenses (in 3 parallel ways:
whether expenses are too small, whether they represent a large share of the family budget, or whether
utility bills rest unpaid) and the capability of dwellers to keep their household adequately warm.
Global South indicators deal with access to electricity or to modern cooking fuels, and although large
differences can be observed, for example, between simple binary indicators such as those of the
Sustainable Development Goal 7 [19-21] and the complex array of indicators developed by the World
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Bank [22] or the intermediate indicators of the IEA [23,24], most efforts remain centered on the supply
of energy sources and carriers.

Nevertheless, beyond the availability of energy carriers, the objective is on the specific energy
services that are thus obtained, and ultimately on the concrete achievement of wellbeing involved.
Examples of energy sources and carriers include LPG and electricity, but also wood, while examples
of services include (among others) lighting, space heating, cooking or transportation. Achievements
of wellbeing are more subtle and difficult to assess, e.g., been able to cook permits to satisfy a basic
physiological need of food but also may help shaping household values of respect, protection and
affection, while lighting enhances the possibilities of daily activities, and can help gaining education,
providing entertainment or facilitating social contact. But the interactions between these (or others)
carriers, services and achievements depend on a large variety of aspects that interlink in a complex
way. Weather conditions (e.g., highlighting the need for space heating or cooling, or both, or none),
together with cultural patterns and/or socio-economic household characteristics (e.g., ways of
cooking, need for transportation, for energy for labor at home...) may influence the metabolic pattern
in which a society uses energy to develop or access to decent living conditions.

To have a broader view on the effect of energy services on living conditions, their interactions
with general poverty indicators can be addressed. The poverty indicators used for the Global South
by the World Bank, UN, or the 2030 Agenda, and those implemented in the EU such as the AROPE
index (At Risk of Poverty and/or Exclusion) will be analyzed in terms of their relation to energy
poverty aspects. Some indicators of general poverty can be identified as energy-linked (i.e., they have
clear dependencies with the availability of one energy service or another), whereas some of them
straightly use energy access parameters as indicators (like the access to electricity or the ownership
of a fridge). These interaction between energy aspects and the broad definitions of poverty can be
used to establish the mechanisms linking energy use to wellbeing.

The complex relation between energy services and decent living conditions (or wellbeing) has
been studied in the recent past by several authors to establish a general framework of energy
vulnerability. Bouzarovski and Petrova [8] assessed the relevance of different energy services for
domestic energy deprivation, producing a typology of energy vulnerability factors and their
constituent elements. Kalt and co-workers [25] discussed the different approaches to identify energy
services and their effects in societies. Day and co-workers [9] presented an analysis of energy services
in view of Sen’s capability approach. Brand-Correa and co-workers [26] identified links between
energy services and wellbeing using Max Neef’s taxonomy of needs [27]. This approach is also used
by Garcia-Ochoa [28] for the definition of an energy poverty index for CEPAL (United Nations
Economic Commission for Latin America and the Caribbean). Ruiz-Rivas and co-workers [6]
presented a critical review of the multidisciplinary work that leads to the construction of energy
poverty alleviation strategies in the Global South, from the definition of basic energy needs and
services to the indicators of assessment, the global or local action plans, or the design and
development of standard or alternative technology to fight the problem.

On this work, a review of the different approaches for energy poverty assessment is performed,
and a methodology is proposed to: a) establish a framework that links energy services with social
benefits (individual and communal); and b) identify indicators of performance for energy supply
projects that go beyond characterizing energy access and seek assessing the concrete impacts in living
conditions.

2. The Interactions between Poverty and Energy Poverty

An important part of the population in the Global South lacks access to electricity or depends on
traditional biomass for cooking and heating. Current figures, provided by the IEA [29], state that 760
million do not have access to electricity and 2.3 billion to clean cooking fuels. Building from this key
feature in the development agenda, the most relevant indicators on energy poverty focus on those
two figures. Therefore, the operating indicators of SDG 7 concerning directly with the Global South
are the proportion of population with access to electricity (with a target of 98% of the global
population in 2030) and the proportion of population with primary reliance on clean fuels and
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technology (with a 2030 target of 85%). The world population is projected to reach 8.5 billion in 2030
(UN data), so target figures of SDG7 are to reduce the population without access to electricity to 170
million and those without access to clean cooking fuels to 1.3 billion by 2030.

Even though it is evident that not having access to electricity and/or relying on “dirty” fuels
(wood, dung, waste...) are clear indicators of poverty, the approach has often been considered too
narrow. The Oxford Poverty and Human Development Initiative (OPHI) added considerations on
indoor pollution and appliance ownership in its Multidimensional Energy Poverty Index [30], while
the World Bank defined its “beyond connections” strategy [22] in opposition (and as a next step) to
the binary indicators of the UN. The World Bank (WB) strategy enhanced the view by identifying a
multi-tier framework that considered various levels of access to energy sources and carriers and
included aspects like quality, reliability, legality, or security (risks, pollution...) of the supply. It also
distinguished among fuels for cooking or heating (this last one often neglected for Global South
indicators although being the focus service of Global North indicators). These efforts have broadened
the view, but still, there is plenty of issues left for characterizing energy vulnerability “beyond carrier
supply”, both in developed countries and in the Global South.

Before engaging in such views, it is relevant to discuss the relationship between poverty and
energy poverty. How does one affect the other, and vice versa. This is the fundamental question of
how energy use interacts with a society and its progress. To understand this relation, the ways of
characterizing poverty, both in developed countries and in the Global South, must be assessed.
Income indicators are the norm for poverty assessment with a variety of approaches based on
averages, fixed or variable limits, inequalities, etc. Income approaches criticism generally state that
they provide an indirect view of poverty, as income identifies possibilities rather than achievements
in poverty issues. A completely different approach was proposed and tried in Latin America in the
1980s, with the Unsatisfied Basic Needs approach (UBN). It was a direct approach identifying 6
possible household deficiencies classified in four dimensions (access to housing, health and education
services, and economic capacity). One deficiency identifies a household as poor. A similar approach
has been adopted in the last decade by the UN with the Multidimensional Poverty Index (MPI), which
identifies 10 possible household deficiencies organized in three dimensions (access to health and
education services and living conditions). Here the three dimensions are equally valued and a sum
of deficiencies larger than 1/3 (all adding to 1) identifies a household as poor (while a sum larger than
0,5 identifies a severely poor household). The EU also uses a similar criterion to evaluate Severe
Material Deprivation, together with income, with the At Risk of Poverty and/or Exclusion (AROPE)
index. Here, a household is under severe material deprivation when it cannot afford at least 4 of a list
of 9 basic items (including eating meat or fish twice a week, having a car, or being able to take a one-
week vacation per year).

Focusing on these direct approaches to characterize poverty, Table 1 shows the diverse criteria
used by the different approaches. Some criteria are plain energy yardsticks (from energy carrier
access to thermal appliance ownership), and some show direct interaction with energy criteria (an
energy supply is customary to use a car or a TV set), while others show a rather indirect relation or
no link at all (although being aware that energy plays a leading role in modern societies and that
there are always indirect relationships). The last column in the table suggests these relations.

Table 1. Material deprivation criteria used for assessment of poverty and its relationship with energy

issues.
Material Deprivation criteria Poverty Index Link to Energy

No child aged 10 has completed 6 years of schooling MPI Indirect or no relation
At least one school-aged child is not attending school MPI, UBN Indirect or no relation
At least one child is stunted or underweight MPI Indirect or no relation
One or more children have died in the family MPI Indirect or no relation
No access to electricity MPI Energy criterion
Household uses “dirty” cooking fuel MPI Energy criterion

No access to improved drinking water MPI, UBN Energy-linked

No access to improved sanitation MPI, UBN Indirect or no relation
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Floor, roof, or walls are of rudimentary materials MPI, UBN Indirect or no relation
No computer MPI Partially energy-linked
No animal cart, bicycle, motorbike MPI Energy criterion
No refrigerator MPI Energy criterion
No television set (or radio) MPI, EU-AROPE Energy-linked
No car or truck/van MPI, EU-AROPE Energy criterion
No telephone MPI, EU-AROPE Partially energy-linked
Overcrowding (> 2,5 -5 persons per bedroom) UBN Indirect or no relation
Low economic capacity UBN Indirect or no relation
Unable to pay rent, mortgage, or utility bills EU-AROPE Partially energy-linked
Unable to keep home adequately warm EU-AROPE Energy criterion
Unable to face unexpected expenses EU-AROPE Indirect or no relation
Unable to eat meat or proteins regularly EU-AROPE Indirect or no relation
Unable to go on holiday (one week) EU-AROPE Indirect or no relation
No washing machine EU-AROPE Energy-linked
No internet connection EU-AROPE Partially energy-linked
Unable to replace worn out furniture EU-AROPE Indirect or no relation
Unable to replace worn out clothes EU-AROPE Indirect or no relation
Do not have two pair of shoes EU-AROPE Indirect or no relation
Unable to spend a small amount of money on one-self =~ EU-AROPE Indirect or no relation
Do not have regular leisure activities EU-AROPE Partially energy-linked
Do not get together with friends/family for a meal EU-AROPE Partially energy-linked

A quick glimpse to Table 1 suggests that an evaluation of energy poverty might look beyond
access to energy carriers, and thus establish the way in which availability of energy and its uses
change the living conditions of vulnerable population.

With these approaches on poverty in view, a general framework for assessment of energy
poverty will now be presented. The purpose is not (or not only) for completeness. The framework
should serve to establish associations between lack of energy carriers and services and household
deficiencies, and subsequently identify the impact of energy poverty alleviation strategies on the
wider effort to fight poverty.

In search of an all-inclusive model, first a revision of previous attempts in the literature is
performed, and the different dimensions are discussed. Then, an analysis of works devoted to each
dimension is done (considering the available space), and comparison and discussion of the principal
methodologies and approaches within each dimension is produced. This will modulate the
landscape: from particularly technical contributions focused on the energy chain and energy supply,
through more formal work on the concept and variety of energy services, and finally towards
conceptual proposals on basic needs and wellbeing that, in most cases, are not particularly focused
on energy. From the revision of proposals and taxonomies, some general agreements will be
identified, discussing variants and differences, taking into consideration the different points of view
identified by the various authors in their works.

3. Framework to Assess Energy Poverty and Actions of Energy Poverty Alleviation

Several authors have attempted to build a general framework of the energy-society metabolic
nexus, linking energy services with energy-associated wellbeing (or in opposition, the lack of it:
energy poverty). The proposals of Bouzarovski and Petrova [8] and Kalt and coworkers [25] are
depicted in Figure 1. The Kalt cascade model is, in turn, adapted and expanded from a proposal by
Haines-Young and Potschin [31].
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Figure 1. Dimensions influencing energy services and domestic energy deprivation, adapted from
[8](a) and [25](D).

Bouzarovski and Petrova [8] focus on the link between carriers (obtained through the energy
chain) and energy services (considered the actual benefit of energy use) and provide a classification
of both carriers and services. They identify two relevant vulnerability factors in the demand side:
possible mismatches between requirements and available services (referenced as a needs factor) and
social practices for energy use. Kalt and co-workers [25] consider a benefit dimension beyond
services, which conforms the objective or reason of the process. They expand it in two parts:
contributions to wellbeing and the valuation of such contributions. It is also interesting to note that
access to energy equipment, although a factual necessity in the transitions between carriers from the
energy chain and services, is not considered in the same level as carriers and services in both cases.

In view of these and other related proposals that will later be discussed in detail (e.g., [9,28]), a
general framework to assess energy poverty is depicted in Figure 2. The main difference here is the
inclusion of energy equipment as a fundamental dimension, together with a certain rearrangement
and renaming of aspects. The arrangement is organized in three dimensions: supply, service, and
wellbeing:

¢ The supply dimension includes sources and carriers (the specific source or carrier to which
access is granted and its access parameters: maximum energy, maximum power, hourly
availability, quality, costs, etc.) and supply of energy equipment (availability, output, quality,
performance and efficiency, costs, etc.). As stated above, most of the energy poverty indicators
available are focused on energy carrier supply, although varying a lot in the procedure and
detail.

e  The service dimension identifies the energy services provided by such a supply. Energy services
is, quite surprisingly, a loosely defined term in the bibliography [32] and taxonomies vary. Also,
environmental characteristics may affect such taxonomies, minimizing or even eliminating some
services and highlighting others (space heating and space cooling are evident examples).
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¢  The wellbeing dimension focuses on the identification of benefits or improvements in living
conditions obtained from such services. There are several approaches to understanding such
improvements. One possibility is the assessment of a change in the poverty indicators presented
in the previous section. Conceptual approaches for the identification of human development
goes from Sen and Nussbaum’s capability theory to the variety of wellbeing approaches, or the
basic human needs approach.

Energy sources

and carriers 3 Improvements in

Energy services |=———%| _, . s
living conditions

Equipment
Supply 4} Service ﬁ Wellbeing
Service Benefit
efficiency efficiency

Figure 2. Outline of a general framework to assess energy poverty.

Figure 2 provides a framework to analyse the different approaches proposed to characterize
energy poverty. Each approach generally focuses on a certain dimension (supply, service, or
wellbeing). Most emphasize the supply of carriers, while few analyse services or effects on wellbeing.
This general framework permits to identify connections between different approaches and problems
encountered in the quest for providing a broader view. In this sense, the analysis can be two-fold,
mixing a direct approach, to identify indicators for assessing energy poverty through shortfalls in
living conditions, and indirect approaches, focusing on services or carriers as necessary pre-requisites
for the satisfaction of needs. Indirect approaches are subjected to a certain efficiency based on the
fulfilment of the inherent assumptions. An analysis of available services is subjected to a certain
“benefit” efficiency established a priori: having a certain service (e.g., lighting) is considered as an
indicator of certain improvement in living conditions, but the efficiency of the transition can vary
(e.g., number of people using it and variety of purposes, including leisure, education or production).
An analysis of availability of energy sources, which is the most common currently, is indirect in two
ways as it is based in the fulfilment of two necessary implications: since having a connection or even
an appropriate supply of an energy carrier is not a straightforward guarantee of having the proper
energy services (e.g., depending on time availability, or intensity -for moving around the house, for
reading, etc.), which in turn is connected to benefits on living conditions in an indirect way, as stated
previously. In short: while a general aprioristic thought can consider that having an appropriate
supply will produce adequate energy services and in turn will provide benefits in living conditions,
such reasoning involves general hypothesis and is subjected to certain restrictions (e.g., availability
and affordability of appliances, appropriation by the community, interaction between what is offered
and what is considered a need by the community, etc.) and thus to the effect of different efficiencies,
as suggested in Figure 2.

In the following subsections, a discussion of the different approaches for each dimension found
in the literature is provided. Then, the efficiencies of the transformations (from carriers and
equipment to services and benefits) will be analysed.

3.1. Access to Energy Sources And Carriers

The main approach to energy vulnerability in the Global South is to prioritize access to modern
energy carriers. Both UN and the World Bank focus their strategies on such accesses, although the
scope and concreteness vary enormously between proposals. As mentioned above, the operating
indicators of SDG 7 identify targets concerning the proportion of population with access to electricity
and with primary reliance on clean fuels and technology. Dependence on non-commercial forms of
energy such as human power [33] and/or traditional biomass (wood, dung, etc.) is associated with
the conventional view of energy poverty. The transition scenarios identify energy access with
electricity connections and access to clean fuels for cooking (natural gas, LPG, etc.). Some indices also
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consider a proper energy transition the introduction and use of improved cookstoves as these
technologies, while still relying on dirty” fuels, increase efficiency and provide a certain control of
indoor air pollution. It is seldom mentioned that reliance in traditional biomass is often a question of
affordability and not lack of supply. Tang and Liao [34] observed that over 75% of rural households
in China use biomass for cooking because they are constrained by the price of modern energy services
and not by insufficient supply of them.

The Oxford Poverty and Human Development Initiative, linked with the UN, presented in 2012
the Multidimensional Energy Poverty Index (MEP], [35]). It is a composite index allegedly “designed
to shed light on energy poverty by assessing the services that modern energy provides”. It includes
information on 5 dimensions (cooking, lighting, services via household appliances,
entertainment/education, and communication), each defined by their corresponding variables and
weighted indicators. The lighting dimension (weight 0.2) is fulfilled with the electricity access
variable, cooking (0.4) with two variables: availability of a modern cooking fuel (0.2) and indoor
pollution (0.2). The other three dimensions are equally weighted (0.13 each) and are fulfilled with
ownership of a fridge, a radio or TV, and a phone (either mobile or land line), respectively. The sum
of the weighted indicators for a household provides a number between 0 and 1 (a value different than
0 identifies a lack) and the household is energy poor if the value is larger than 0.3. The MEPI index
of a community is then calculated as the proportion of the population that is energy poor multiplied
by the average of the sum of indicators of those that are energy poor. The MEPI index has been widely
used in the last years ([35-42]), as it provides a simple approach that gives substantial information.
Still, MEPI relies mainly on electricity and clean fuels (0.6 out of 1) and the other services are
established for a minimum need (fridge, radio, phone, together 0.4 out of 1). The threshold value
implies that one household is considered energy poor either if it does not use clean fuels, if it has no
electricity (so it will also be deprived of the appliances) or, having both electricity and clean cooking
fuels, if it is deprived of both fridge, radio, and phone. This third case, and the assessment of the
extension and intensity of deprivations is the main difference with the SDG indicators. Cedano and
co-workers [43] proposed later a modification of MEPI that includes an extra dimension of thermal
comfort. For other relevant proposals of indicators, see references [44—48].

In 2010 and 2012, Practical Action, and NGO connected with the Appropriate Technology
movement, presented a different approach with two indices: the Energy Supply Index and the Total
Energy Access index [49]. The TEA is an energy services index that will be addressed later in this
section. The ESI is a multi-level index based on 3 dimensions: cooking fuels, electricity, and
mechanical power. This last inclusion that establishes a basic need of mechanical work for household
tasks is a clear difference from previous indices. A major change is also its not-binary condition. Each
dimension is identified by six levels of access (e.g., from accessing only to a third-party battery
charging to using a reliable AC connection available for all uses, with intermediate steps of access
defined by the possession of a stand-alone electrical appliance, of a limited power access for multiple
home applications, or of an intermittent AC connection). This index has not been widely used, but it
is a precursor of the Multi-Tier index promoted later by the World Bank.

In 2015, the World Bank presented its “beyond connections” strategy [22] as a step away from
the binary indicators of the UN. It identifies a multi-tier framework that considered various levels of
access to different services. The World Bank approach is the broader one to this date, but for this
same reason has been seldom used, except in projects specifically financed by WB. Being such an
ambitious framework, it has followed some changes in every implementation [50,51], but the general
scope remains and is summarized in Figure 3.

do0i:10.20944/preprints202406.1639.v1
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Figure 3. Dimensions of the Multi-Tier framework and their attributes. Adapted from [22].

The multi-tier framework is the ultimate effort to be comprehensive following the approach that
focus on the access to energy carriers. It thus transcends the narrow borders of the approach
introducing some equipment characteristics (e.g., cookstove efficiency) and identifying as main
dimensions of its indicators some relevant energy services. When only electricity and cooking
solutions are implemented, it is merely an expansion of the simple UN binary indicators following
the multi-level approach of the ESI. Of course, its main advantage in any case is its non-binary nature,
which serves to identify a wide range of actions for the progress towards energy wellbeing. This
aspect is of paramount importance for development actions, as the narrow approach of the binary
SDG indicators only expose changes for leaving extreme energy poverty, but do not reflect actions
intended to promote further progress.

Parallel to the definition of access and supply indicators, a significant effort has been made to
assess those indicators around the world. Table 2 presents a necessarily incomplete compilation of
countries and regions where the different indicators presented in this section have been
characterized.

Table 2. Energy supply indices and places where they have been assessed, adapted from [6].

Indices Region or country to which it has been applied

SDGY7 indicators 193 UN countries

Algeria, Angola, Argentina, Bangladesh, Benin, Bolivia, Botswana,
Brazil, Cambodia, Cameroon, China, Colombia, Congo, Costa Rica,
Cote d’Ivoire, Cuba, Dem. Rep. of Congo, Dominican Republic,
Ecuador, Egypt, El Salvador, Eritrea, Ethiopia, Gabon, Ghana,
Guatemala, Haiti, Honduras, India, Indonesia, Iran, Jamaica, Jordan,
Kenya, Lebanon, Libya, Malaysia, Mongolia, Morocco, Mozambique,
Myanmar, Nepal, Nicaragua, Nigeria, Pakistan, Panama, Paraguay,
Peru, Philippines, Senegal, South Africa, Sri Lanka, Sudan, Syria,
Tanzania, Thailand, Togo, Tunisia, Uruguay, Venezuela, Vietnam,
Yemen, Zambia, Zimbabwe,

Energy Development

Index

Albania, Angola, Armenia, Azerbaijan, Bangladesh, Benin, Bolivia,
Burkina Faso, Burundi, Cambodia, Cameroon, Colombia, Congo
Brazzaville, Congo Democratic Republic, Dominican Republic,
Egypt, Ethiopia, Ghana, Guatemala, Guinea, Guyana, Haiti,
Honduras, India, Indonesia, Jordan, Kenya, Lesotho, Liberia,
Madagascar, Malawi, Maldives, Mali, Mexico, Moldova, Morocco,
Mozambique, Namibia, Nepal, Nicaragua, Niger, Nigeria, Pakistan,
Peru, Philippines, Rwanda, Sao Tome & Principe, Senegal, Sierra

Multidimensional Energy
Poverty
Index
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Leone, South Africa, Swaziland, Tanzania, Timor-Leste, Uganda,
Ukraine, Vietnam, Zambia, Zimbabwe,

Energy Supply Index Kenya, Nepal, Peru

Total Energy Access Kenya, Nepal, Peru

Bangladesh, Cambodia, Ethiopia, Honduras, India, Kenya, Myanmar,

Multi-Tier F k
witi-tier Framewor Nepal, Niger, Rwanda, Sao Tomé and Principe, Zambia.

Composite Energy

ASEAN Regi d Indi
Poverty index SEAN Region and India

Global energy worldwide OECD and non-OECD countries, regions, and territories
vulnerability index (265 countries)

Energy Poverty Index China and Germany

Energy Access Indicators  South Africa

Comprehensive Energy

hi
Poverty Index China

Meeting of  Absolute

Mexi
Energy Needs xIco

3.2. Access to Energy Equipment

It is somehow curious that indicators seldom deal with the access to efficient energy equipment,
while most of them stating that a minimum access to energy carriers is compulsory. Nonetheless,
energy equipment is mentioned in a variety of indicators, notably in general poverty indicators:
ownership of a fridge, a TV/radio or a phone are considered as criteria by both the Multidimensional
Poverty Index (MPI) and the Multidimensional Energy Poverty Index (MEPI). The MPI adds the
ownership of a computer and of any means of transportation, from an animal cart or a bike to a van.
Regarding general poverty indicators, AROPE includes the ownership of TV/radio, computer, and
car, and adds the ownership of a washing machine as a primary need. But not much attention is
gathered in the main indicators to the efficiency of available energy equipment, except for the
identification of cooking efficiency in the Multi-tier framework. The range of efficiencies of available
fridges, cookstoves, TVs, phones or cars can vary on a narrow range, say a 20%, but they can also
double, triple or even vary by an order of magnitude (as in lighting with the advent of LEDs).
Therefore, the aprioristic statement that a certain amount of energy and power (e.g., electricity) will
ensure a service (e.g., 24h functioning of a fridge) assumes of availability not only of equipment (a
fact that includes both supply and affordability), but of efficient equipment (at least to a certain level).

One exception of an index detailing energy equipment is the Meeting of Absolute Energy Needs
method [28], which establishes energy poverty as inability to satisfy basic human needs. To do so,
the method defines a range of economic goods that are linked to the satisfaction of those needs. The
proposed list of relevant economic goods included refrigerators, computers (PC or Laptop) with
Internet access, gas or electric water heaters, space heaters, fans or air conditioners, fluorescent lamps
of bulbs, televisions, and gas or electric cookstoves. Following a similar line of thought, a
classification of relevant energy equipment is now presented.

A taxonomy of energy equipment that is relevant for energy welfare is not evident. Different
classifications in terms of the energy carrier used (electricity, gas, LPG, etc.) or the service given are
possible. A distinction can also be made between energy equipment with an energy use (thermal
uses, generators, pumps, etc.) and those with non-energy use (but with an energy consumption, such
as electronics, cleaning, devices etc.). The following organization based on uses is proposed and
depicted in Figure 4.
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Basic
instalations

Cooking
equipment

Thermal
equipment

Mlumination
equipment

f
/

/
ICT
equipment

Tr ik Production
R S machinery and
equipment

power tools

Figure 4. Categories of energy equipment.

Appliances for
household

tasks Energy

equipment

Entertainment
equipment

A category of basic installations has been included to state the need of basic infrastructure, such
as sockets, switches, electrical protections, gas connections, exhaust, etc., which are often forgotten.
The rest of the categories are self-explanatory. Table 3. elaborates on the categories and the different
equipment involved. Information obtained from various sources is compared. A product list is taken
from the EU Energy efficient products webpage [52], which lists all products (energy equipment)
covered by Directive 2009/125/EC. The products are divided into separate categories that generally
match those on Figure 4. The EU product list is compared with the product groups in the
Collaborative Labelling and Appliance Standards Program [53], an international nonprofit
organization that provides a comprehensive comparison of energy standards labels (covering nine
major economies and more than 100 products) and also with Japan’s Top Runner programme on
energy equipment efficiency [54]. Of course, the comparison from various sources is only meant for
completeness of the whole view rather than to highlight differences among sources (which are
attributed to the diverse scopes of the different programs). A quick glimpse at Table 3. shows a
general agreement in most categories, with minute differences based on locally relevant equipment
(e.g., electric toilet seats). The entertainment category shows low coherence, as it is not generally
addressed.

Table 3. Taxonomy of energy equipment.

Japan Top runner

Categories
groups

EU groups CLASP groups

Local space heaters
Space heaters
Solid fuel boilers

Central heating boilers
Central heating furnaces Space heaters
Other space heating units

Water heaters

Water heating appliances Water heaters

Thermal equipment
Air
comfort fans

conditioners and

Non-ducted AC
Central AC
Chillers

Air conditioners

Ventilation units

Ventilation fans

Domestic ovens

Electric rice cookers

Residential ki
Cooking equipment Range hoods o e51i f:eft COOKIME Gas cookers
Hobs qup Microwave ovens
Illuminati 1 lighti
ur.nlnatlon Light sources G'.ener.a pur}.yose. SIS Flyorescent lights
equipment Directional lighting
Appliances Fridges and freezers Refrigeration appliances Refrigerators/freezers
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Washing machines

Tumble driers
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Dishwashers
Clothes
machines

washing

Clothes dryers
Electric toilet seats

Transportation

. Passenger vehicles
equipment

Water pumps
pump Pumps and circulators

. X circulators
Production machinery
Power transformers Transformers Transformers
and power tools . .
Electric motors Electric motors
Welding equipment
Televisions
TV~ and  Electronic Displays ..
: . . . Televisions
displays Digital television
decoders
) Smart phones and tablets
ICT equipment
Computers Computers
PCs and servers .
Servers and data storage Storage units
Imaging equipment Copying machines
External li
External power supplies xterna’ power Suppaes
and battery chargers
Entertai t
n P:r amnmen Game consoles Audio equipment VCRs
equipment

Although the categories and types in Figure 4 and Table 3. may remain adequate for different
locations, the actual equipment may vary a lot (e.g., the types of cooking devices available may differ
between Vietnam and Ecuador, China, or Cuba).

The taxonomy on Table 3 is an attempt to establish a classification of relevant energy equipment
that use energy carriers and are the key feature for delivering energy services. They are thus the link
between carriers supplied and services provided. Two mayor features are relevant for the inclusion
of energy equipment indicators in an energy poverty assessment: availability and efficiency. As above
mentioned, the efficiency of an available equipment may produce a relevant change in the ratio
energy service/energy carrier. This effect is labelled “Service efficiency” in Figure 2. Furthermore, in
acute energy poverty circumstances, the actual availability of an equipment, or its affordability by
part of the population, may render the service inaccessible independently of the carrier energy/power
supplied. For example, a rural electrification project might claim that the service of food refrigeration
and preservation is available to the target population thanks to the completion of the project.
Nonetheless, carrier availability in sufficient capacity (both power and energy) may not assure such
service if the available equipment is too dear, has a very low efficiency (lower than that used by the
project engineers to identify energy needs when planning their action), or do not convey with the
necessities (e.g., there is some availability of small fridges in the region, but no freezers are available).

Therefore, a primary need when assessing energy poverty in a certain location should be to
identify a list of available energy equipment, with costs and efficiencies. One may argue that
globalization has expanded and unified the market globally, so that main characteristics and
availability of equipment are similar worldwide. Still, cultural differences, transport costs and taxes
on imported goods, foreign affair issues (e.g., Cuba blockade, landlocked countries like Armenia
frontier problems), or the partial inaccessibility to remote communities can alter the global picture.

3.3. Provision of Energy Services

Not much attention has been directed to the definition and characterization of energy services
until recently. This is probably linked to the long-term definition of energy as a commodity, so that
the uses cannot be defined, let alone limited, as they respond to consumer interests or needs: in short
to consumer choice. Increased focus on a just energy transition and, as a relevant part of it, on the
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aspects of energy conservation and energy poverty alleviation, has raised interest in the definition of
energy services and the discussion of their breadth and relative legitimacy.

Fell [32] studied the previous bibliography on the term and presented a definition and taxonomy
of energy services. The definition states that “energy services are those functions performed using
energy which are means to obtain or facilitate desired end services or states”. The taxonomy is based
on 9 general themes or categories in which the author was able to accommodate any service
mentioned in the literature reviewed (including a category of “other”). Table recreates the
taxonomy of energy services according to this literature revision. First column shows the 9 general
terms or categories in which the author organized his findings. A second column shows a compressed
view of the information given by the author about the terms involved in the definition of each energy
category, and the related aspects. A third column is not derived from this work and shows the links
between the different services and the categories of energy equipment defined in the previous
subsection.

The analysis of Table 4 shows that the “other” category is overcrowded. Of course, the analysis
done by Fell [32] only tried to establish representativeness of each service in the literature available
at that moment. Therefore, one can state that thermal comfort (space heating and cooling), cooking,
water heating, refrigeration, lighting, and transport were generally addressed in the studies on
energy services, while the commercial/industrial category was somehow vaguely defined and energy
services like those given through ICT or with household appliances were not considered as categories
by Fell [32], although they were mentioned in the literature. On the contrary, entertainment was very
rarely mentioned as a relevant energy service.

Table 4. Taxonomy of energy services, derived from [32].

Equipment categories (from

Categories Aspects, related terms, synonymy Figure 4)
heati fort
Heating Space eating, = comfort, room
temperature Thermal equipment
Water Heating Hot water P
Cooling Space cooling and conditioning
Cooking Food preparation Cooking equipment
Freezing.
Refrigeration reezing . Appliances for household tasks
Storage and preservation
Lighting Illumination Ilumination equipment
Mobility.  Personal and freight . .
Transport Transportation equipment

transport. Travel

Commercial/Industri Process heat. Processing. Compressed
al air. Welding. Milling

Motive power, Mechanical power

Production machinery and power

Drilli
s tools

Sawing

Water pumping

Irrigation

Appliances

Clothes washing

Clothes drying

Other Dish washing Appliances for household tasks
Heated toilets
Ironing

Sewing
ICT
Television

Communications ICT equipment

Computing

Education
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Electronics
Phone charging
Radio
Entertainment Entertainment equipment
Ventilation Thermal equipment

Food processing Cooking equipment

Water treatment
Health
Community services

Not included

To broaden the debate on energy services and its taxonomy, a comparison of [32] list of
categories with other relevant previous lists and with some published afterwards is presented in
iError! La autoreferencia al marcador no es valida. A certain coherence can be observed in the more
assessed services (heating, cooling, cooking, refrigeration, lighting, transport) although some curious
groupings exist. Grouping of heating and cooling into the category of thermal comfort is irrelevant,
and it is a consequence of considering that the objective is common: to maintain indoor temperature
within restricted limits. Grouping of cooking and refrigeration into terms like sustenance or merely
food is again a question of scope. On the other hand, the regrouping of cooking and water heating is
probably due to technological reasons: the target population may use one single facility for both
purposes. Entertainment is still seldom considered, while concepts like structure (i.e., materials used
to provide structural support, commercial/industrial, or production issues are irregularly defined
and may have a variety of points in common.

Table 5. Grouping of energy services by several authors.

Cullenand  Practical oo o velq Garcia Brand-Correa UNDP-Chile
Allwood Action* Ochoaand Fell (2017)
and Petrova ) et al. (2018) (2018)
(2010) (2012) (2015) [8] Graizbord [32] 26] [57]
[55] [49] (2016) [56]
Space Space . . .
Thermal heating heating Thermal Heating Heating Heating
comfort Cooling Spa.ce comfort Cooling Cooling Ventllz'itlon,
cooling cooling
Refrigeration ,FOOd . Refrigeration ,FOOd .
refrigeration refrigeration
Sustenance Food Food
Cooking  Cooking . Cooking Cooking
and water cooking
heatin Water Water Water Domestic hot
. & Heating Heating Heating water
Hygiene )
Appliances
(washing)
Illumination Lighting  Lighting Lighting Lighting  Illumination Lighting
Passenger e
transport Mobility Mobility,
. Transport
Freight transport
transport
Commercial Mechanical Mechanical
power (water
/ work umping)
Industrial pumping
Process heat
icati th ICT icati
Communicati ICT Information Other .( CT, ICT Communicati
on entertainmen on
Entertainme t production, .
. Entertainment
nt appliances,
Structure water Structure
Drying treatment,



https://doi.org/10.20944/preprints202406.1639.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2024 d0i:10.20944/preprints202406.1639.v1

14

health
service
community
services)

* Services with minimum standards for the Total Energy Access Index.

As a working conclusion on the taxonomy of energy services, a list of 13 categories could be
proposed, with the aim of being comprehensive in services, and choosing to separate grouped
categories that show relevant differences. Such categories are space heating and cooling,
refrigeration, cooking, water heating, appliance services (mostly cleaning appliances), lighting,
transport (passenger and freight), production services (process heat, mechanical work), ICT,
entertainment, and structure. Community services might be included or excluded depending on the
scope.

Not all categories might be relevant for all, and the number of legitimate and relevant energy
services for a certain society that should be included in each category may vary a lot, together with
the amount of energy carrier capacity (both energy and power) required, and the energy equipment
needed. Cultural issues may affect (cooking issues are generally the most affected, but not the only
ones). Of course, environmental characteristics will affect the identification of essential services,
minimizing or even eliminating some energy services and highlighting others (space heating and
space cooling are evident examples). This is considered, for example, in the definition of the Meeting
of Absolute Energy Needs method [28], in which the index is made up of different essential needs for
populations living in different climate regions.

3.4. Improvements in Living Conditions

Having filled the gap between access to energy carriers and equipment and provision of energy
services, the next step concerns actual improvement in living conditions obtained by using such
services. Kalt and co-workers [25] provided an interesting discussion on what they call benefits and
values as descriptors of wellbeing. Day and co-workers [9] presented relevant insight on the nature
of benefits, following the capability approach of Sen and Nussbaum. Brand-Correa and co-workers
[26] and Garcia-Ochoa [28] identified such benefits using the basic needs approach of Max-Neef. Also,
there is a relevant line in development studies that focus on wellbeing and measurements on
happiness [59]. Finally, the approaches on poverty in general, as detailed in the second section of this
work, may provide a direct approach to identify improvements in living conditions in the sense that
an action to reduce energy poverty should have an impact on poverty reduction in general.

3.4.1. Benefits in Terms of Satisfied Needs

The basic needs approach was established with the works of Doyal and Gough [60,61]and Max-
Neef and collaborators [27]. They discuss and propose taxonomies of basic human needs. The
common precedent is the pyramid of Maslow [62], a hierarchical organization of basic needs that
defines 5 levels in which the lower ones represent priority needs. The authors of these works consider,
on the contrary, that basic needs are not hierarchical. They also define two interacting concepts: actual
needs, which should be objective and universal and are finite and few, and satisfactors, which may
change through time and across cultures, can be enormously varied and numerous, and define the
ways a society proposes to meet their own needs. This dichotomy is an argument in the long
discussion on universality and cross-culturalism of human needs maintained with advocates of
relativism. In this sense, [60] define basic needs as universalizable preconditions for both social
participation and the pursuit of personal goals. For such goals they identify two basic human needs:
physical health and personal autonomy (capacity for action). From those they derive 11 categories of
intermediate needs, that they also considered universal and cross-cultural. In [27], in turn, an array
of categories based on two orthogonal vectors is proposed: existential categories and axiological
categories. Max-Neef and coauthors claim that the values defined in their 9 axiological categories
(which can relate, with some differences and discussion, to the categories of Maslow and the
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intermediate needs of Doyal and Gough), are defined differently in four existential ways, those of
being, having, doing and interacting (a similar issue as the “functionings” of the capability theory
that will be addressed in the next section). This conform a matrix where the cultural satisfactors could
be integrated. The categories for Max-Neef are again universal and cross-cultural but might vary in
time, as world society does. In this sense, they discuss the relevance of identity and freedom as quite
“modern” needs in comparison with the rest, which are considered by them as grounded in the
beginnings of humanity. They also raise the subject of introducing transcendence needs but conclude
that it is still an immature need in most societies around the world.

A comparison of the taxonomies of Maslow [62], Doyal and Gough [61] and Max-Neef and co-
workers [27] is addressed in Figure 5, including the listing of their different categories.

A BASIC NEEDS EXISTENTIAL CATEGORIES
Self- »  Physical health * Being
actualization »  Personal autonomy » Having
¢ Doing
Esteem INTERMEDIATE NEEDS « Interacting
g ! * Food and clean water
Love and * Protection from weather AXIOLAGICAL CATEGORIES
belonging » Safe working environment « Subsistence
I X » Safe physical environment « Protection
Safety » Adequate health care « Affection
» Child safety ¢ Understanding

Physiological

¢ Meaningful close relationships

« Participation

« Physical safety » Leisure
needs ¢ Economic security * Creation
¢ Adequate education « Identity

¢ Prenatal security

* Freedom

Maslow (1948) Doyal and Gough (1991) Max-Neef et al. (1991)

Figure 5. Three relevant taxonomies of basic human needs.

These frameworks provide a useful approach for the characterization of the change in living
conditions experienced by a change on the energy supply chain and/or on the provision of energy
services. Garcia-Ochoa and collaborators [28,56] proposed an organization of energy equipment
(economic goods in their saying), energy services, satisfactors and absolute needs following Max-
Neef taxonomy. An outline of their organization is depicted in Figure 6. Brand-Correa and
Steinberger [58] also proposed an organization of human needs and energy services using the
axiological categories of Max-Neef in their Human Scale Energy Services analysis. They linked energy
services and human needs in two Colombian communities using a community-level participatory
approach.
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Energy equipment Energy services Satisfactors Absolute needs
*Fridge *Food Cooking *Physical Health *Subsistence
*Computer with an *Food Refrigeration *Mental Health *Protection

Internet access e Entertainment eFeeding *Understanding
*Gas or electric water sLighting *Work *Leisure and

heater *Water Heating *Humor pleasure
*Heater *Thermal Comfort *Rest *Creation
*Fan or air eInvent

conditioner «Design

eLight bulb or

*Care
fluorescent lamp

*Research
*Study

¢ Literature
*Play
*Free Time

eTelevision

Figure 6. Outline of a cascade of energy equipment, energy services, satisfiers and absolute needs
following [28] and [56].

These contributions show the possibilities of the basic needs approach to characterize the
benefits obtained by the community and closing a general framework to assess energy poverty and
energy poverty alleviation strategies encompassing energy supply (carriers and equipment), energy
services and their effect on living conditions.

3.4.2. Benefits in Terms of Capabilities

Sen and Nussbaum’s capability theory is also a well-established methodology to identify
benefits of the energy cascade. Sovacool and co-workers [63] and Day and co-workers [9] have
applied the capability approach to energy poverty.

The capability approach tries to maximize opportunities by highlighting freedom of choice and
focusing on what people can achieve and do. The methodology uses two linked concepts:
functionings and capabilities. Functionings are defined as “beings and doings” to incorporate both
states and activities, while capabilities are viewed as opportunities to develop functionings (states or
activities) and are divided into primary and secondary capabilities. Primary capabilities are general
concepts like being respected (a state) or acquiring skills and knowledge (an activity) and secondary
capabilities are intermediate concepts (and in such, nearer to energy services) that built on primary
capabilities such as maintaining hygiene standards. Some parallelism can be observed with the
taxonomy of needs of Max-Neef, but relevant differences are also present: the capability approach is
amethodology that do not define normative capabilities. They are the result of a participatory process
of each community. The categories presented by Nussbaum [64], although quite broad, were the
subject of a strong debate and they were even branded of ethnocentric (i.e., Life, Bodily health, Bodily
integrity, Senses, Imagination and thought, Emotions and practical reason, Affiliation, Relating to
other species, Play, Control over one’s political and material environment).

Following Nussbaum’s statement that energy is a material pre-requisite to achieving valued
capabilities, Day and co-workers [9] proposed a definition of energy poverty in terms of the
deprivation of such capabilities. They conceptualised the relationship between energy, services and
outcomes and identified fields of action (interventions for energy poverty alleviation) in the linkages.
Figure 7 is adapted from their work.


https://doi.org/10.20944/preprints202406.1639.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2024 d0i:10.20944/preprints202406.1639.v1

17
s N\ N\ [ N\ N\ a
Secondary Basic
Domestic capability capabilities
energy or i (e.g. washing (e.g.maintaining
power Domestic clothes, storing food health,
Energy source E> supply E> energy E> and preparing E> having social
(energy carrier services food, accessing respect,
availabe in the information, maintainded
household) using relashionships,
machinery) being educated)
L J . J . J \ J L J
Improving Improving Providing for Shaping or 0
energy access efficiency particular needs (non- shifting 5
(affordability; (infrastructures, domestics energy expectations, ﬁ
acceptability buildings, services of non-energy customs, and E
or usability of appliances) alternatives to energy practices 9
alternatives) services) S

Figure 7. Relationship between energy, services, and outcomes, with related interventions for energy
poverty alleviation, adapted from [9].

Of special interest is the shaping of interventions for energy poverty alleviation. Improving
energy access and efficiency have been discussed previously. In the transition between secondary
and basic capabilities, Day and coworkers [9] identify the need of modifying the way the society
imagine such links, which is of course a satisfactory solution and a problem in its own. This is more
a domain for capability theorist than for the analysis of energy benefits. The focus might point to the
transition from services to secondary capabilities. The authors suggest that some capabilities should
be obtained with community services and other might be obtained with non-energy services. This is
a sound statement. Community services could be included in the energy services stage (as stated
previously), as the problem is, in fact, an issue on the organization of the provision of energy services
more than an issue on the interaction between services and benefits. On the other hand, non-energy
services are considered fundamental, and the way some traditionally non-energy services have been
displaced by energy-consuming services is a characteristic feature of modern societies. Both aspects
are relevant, but little attention is drawn to the way some energy services can fulfil secondary
capacities better than others (a certain service-benefit efficiency). This is, a key issue, as services that
use adequate equipment and carriers, and have the acquired experience of users, may be more
efficient than others. This might encompass issues related to: a) the access to the form of energy
service provision appropriate to household needs; b) the mismatch between requirements and
available energy services; and c) acquiring knowledge about using energy or asking for support, three
key aspects of energy poverty highlighted by [8] in their typology of energy vulnerability factors and
their constituent elements.

3.4.3. Benefits in View of Wellbeing and Happiness

There is a large variety of wellbeing approaches. Loveridge and co-workers [59] analysed 111
different available indicators for a field test. Boarini et al. [65] identified three distinct dimensions of
wellbeing studies: objective (focusing on material conditions), subjective (based on self-assessment
of personal circumstances) and relational wellbeing (evolving from Sen’s capability approach).
Finally, Brand-Correa and co-workers [26] confronted ‘eudaimonic’ (need-centred) and ‘hedonic’
(pleasure-centred) understandings of wellbeing in their aim of establishing priorities for achieving
wellbeing within environmental limits.

Objective wellbeing may appear as more adequate to assess improvements in living conditions
from energy services, as it focuses on material prerequisites for human wellbeing. Rao and Min [66]
identified a series of decent living standard dimensions that were linked with material requirements
often related to energy. Their dimensions are listed in Figure 8.
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Physical wellbeing Social wellbeing

eNutrition (food and cold storage) sEducation (basic nine years of schooling)
*Shelter *Communication
¢Living conditions (sufficient, safe space, basic ¢Information access

thermal comfort, hygiene) *Mobility
*Clothing ¢Freedom to gather or dissent.
*Health care (accessible and adequate health

care facilities)
* Air quality

Figure 8. Decent living standard dimensions for objective wellbeing according to [66].

On the other hand, subjective well-being indicators are used to correlate with development
indicators. UN presents every year a World Happiness Report linked to the activities of SDG 3 (good
health and wellbeing). The report presents results for the Cantril life ladder, a simple indicator that
is based on a single survey question, asking the respondent on which step of a ladder of ten steps,
where the highest one represents the best possible life and the lowest the worst, he/she thinks he/she
is now. Of course, this is based on the philosophical concept that people’s self-asserted happiness
should be the ultimate goal of policy. But the use of such subjective indicators to assess benefits
derived from energy services seems rather crude and obscure.

The main argument in favour of subjective wellbeing analyses is their bottom-up nature.
Nonetheless, the variety of approaches and variants are the subject of much debate and criticism
because they claim to be or appear natural while sometimes being strongly ideologically charged.

3.4.4. Benefits Identified by Reduction of Poverty Indices

The effect of the provision of energy services on the reduction of poverty indices is another
possibility to identify clear improvements in living conditions. It might even be an implicit and direct
result of energy provision, as some poverty indicators include aspects directly linked to energy
poverty, as stated in Table 1 in the second section of this work. An action modifying the lack of access
to electricity or clean fuels in a household, or a community will directly modify the results for the
multidimensional poverty index of the household or community. Such a change might make the
household reach an indicator value that no longer establish it as poor or extremely poor household.
Also, as energy aspects are lightweighted and only affect partially the indicator value, the household
may not leave its condition, but at least will certainly reduce the intensity of its deprivation as
measured by the index.

Other outcomes can be obtained less directly from aspects that indicate poverty and that may
change because of an action to address energy poverty, such as having a computer, a television or
access to drinking water.

Overall, the assessment of the efficiency in alleviating poverty conditions of the provision of
energy services can be a sound identification of mayor improvements derived from energy projects.

4. Discussion

Energy poverty is a global problem. In recent decades there have been significant advances in
understanding and responding to the problem, both academically and politically. Studies have often
focused on the problems of the Global North, but those of the Global South have also received
attention, interacting with traditional international development aid efforts and expanding them.
Still, the perspectives on addressing the problem of energy poverty in the Global South (an access to
supply issue) and North (an affordability issue) differ greatly.

Several authors ([8,9,25,56,58] etc.) have addressed this problem in the last decades. Most have
focused on the issue of energy services in their efforts to establish a global perspective on domestic
energy poverty. Services are a midway point between carrier and equipment supply on one side and
improvements-benefits-progress obtained by society on the other. Its indefiniteness as a term [32]
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allows it to encompass all the relevant aspects of the problem, as the different approaches of the
mentioned authors show. A similar debate has been established in the past around the concept of
ecosystem services, with parallels that make close reading fruitful [31,67,68].

The aims behind the various attempts to identify a broad and (as far as possible) global
perspective on the problem of energy poverty are also varied. From a direct amelioration of energy
deprivation in the home [8], to a broader aim of establishing priorities for achieving wellbeing within
environmental limits in an ecological crisis scenario, and thus decoupling satisfaction of human needs
from energy use [26,58], or the previously mentioned search for a coherence between Global North
and South attempts [9]. Kalt and co-workers [25] focussed on systematising terminology to promote
interaction between exclusionary discourses, in a more epistemological aim. Garcia Ochoa and
collaborators [28] sought a specific definition of indicators that would be appropriate for the varied
conditions of the Latin American context. Moreover, most authors highlight the importance of such
a global perspective for the definition of a variety of ways of intervention to tackle the problem of
energy poverty. The sum of those purposes generates extremely ambitious goals. In this work, while
primarily focussing on the Global South issues, all those aims have been at least considered in the
systematization analysis.

Figure 9 presents a compressed view of the general framework outlined in Figure 2 and
characterized in detail throughout the previous section. Supply is defined by the availability of both
energy sources and carriers and energy equipment, with a variety of pair combinations. Sources and
carriers include electricity and modern fuels together with primary (direct use of) renewables,
mechanical power, and secondary heat. Non-commercial forms of energy like firewood or human
power are also considered. Equipment categories are those presented in Figure 4 and Table . Services
are accomplished when supply is granted, and coverage and quality of services can be defined,
together with an efficiency (n) between supply and service. Service categories in the Figure 9 are
extracted from the comparison in To broaden the debate on energy services and its taxonomy, a
comparison of [32] list of categories with other relevant previous lists and with some published
afterwards is presented in jError! La autoreferencia al marcador no es valida.. A certain coherence
can be observed in the more assessed services (heating, cooling, cooking, refrigeration, lighting,
transport) although some curious groupings exist. Grouping of heating and cooling into the category
of thermal comfort is irrelevant, and it is a consequence of considering that the objective is common:
to maintain indoor temperature within restricted limits. Grouping of cooking and refrigeration into
terms like sustenance or merely food is again a question of scope. On the other hand, the regrouping
of cooking and water heating is probably due to technological reasons: the target population may use
one single facility for both purposes. Entertainment is still seldom considered, while concepts like
structure (i.e., materials used to provide structural support, commercial/industrial, or production
issues are irregularly defined and may have a variety of points in common.
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Figure 9. Framework for evaluation of energy poverty.

Table, trying to be as comprehensive as possible. Finally, the benefit section defines the different
options or approaches for identifying a positive assessment of service, either by individuals or
communities, as have been analysed in subsection 3.4. Those options can be used independently or
overlapped or merged in an assessment.

Comparing Figure 9 with the previous attempts summarized in the preceding sections may
provide some insights. The two proposals in Figure 2 are somewhat complementary. One considered
services as the final benefit [8], thus contracting the framework on the right-hand side. The other
broadened benefits to differentiate individual and societal issues [25], thus expanding the framework
to that right-hand side. The basic needs proposal of [28,56], depicted in Figure 6 has a similar layout
to that of Figure 9 (energy carriers are not present because they are identified as a pre-established
necessity). Notably, it includes equipment defined as economic goods. Looking at the taxonomies,
Garcia-Ochoa proposes a rather sharp reduction of relevant equipment and services, in his quest for
bare necessities. Brand-Correa and Steinberger [58, their Figure 4] proposed a similar scheme (Energy
supply chain-Services-Need satisfactors-Wellbeing), but disregarding energy equipment. Finally,
Day and coworkers [9] used the capability approach to wellbeing and (trying to provide some insight
on the energy chain itself) separated the energy chain in energy sources and domestic energy carriers,
as shown in Figure 7. Considering all these approaches, the framework in Figure 9 expands or
compresses their findings, encompassing all dimensions.

Focusing on services as the pivotal point of a global perspective means also taking sides in the
dilemma between direct and indirect approaches for poverty assessment. Standardized approaches
on poverty and energy poverty focus on income and expenditure indicators, which are an indirect
measure of poverty. This means addressing material problems through some a priori consensus. In
energy poverty studies in the Global North, Boardman'’s categorization of the determinants of fuel
poverty is widely accepted: household income, cost of fuel, and the energy efficiency of the dwelling.
In the Global South, the focus of most of energy poverty studies is still in the severe cases of extreme
energy poverty (following development aid scenarios), and thus the emphasis is on carrier access
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indicators (as stated in subsection 3.1). It is again an indirect approach to material problems (e.g.,
having access to electricity do not directly imply enjoying the possibilities of food preservation
provided by a refrigerator: it is only a prerequisite for this). The use of a global perspective requires
implicitly a shift to direct indicators centred in material problems, as the metabolic pattern of energy
vary among world societies. The focus on energy services or even on the effects of these services on
the living standards of the population shows that shift.

The fact that energy poverty studies in the Global South are often restricted to development aid
scenarios, views, and agreements is of substantial relevance. First, because it focusses on extreme
cases, as stated in the previous paragraph. Often such cases involve most of the target population,
but other situations of energy poverty may be shadowed, like the impact of cold homes in the Global
South [43]. Using a framework with energy services at its core can broaden the view and integrate
concepts of dignity and justice [8] to assess the problem. A second feature is inherited from the debate
between humanitarian, relief, and development actions, traditionally embedded in the development
aid ecosystem. This is a discussion on community appropriation and leadership of development
processes. It is essential that action against energy poverty explores its capacity for change, a question
central in the capabilities and basic needs approaches for development but sometimes neglected in
other approaches and assessment indices. A third step confronts ‘eudaimonic’ (need-centred) and
‘hedonic” (pleasure-centred) understandings of progress and wellbeing [58]. These approaches see
the fight against (energy) poverty as an opportunity for human flourishing. This obviously takes sides
with a certain concept of human well-being, which can lead to a debate on the prioritisation of some
energy services over others.

Coming back to the framework of Figure 9 and comparing it to previous proposals analysed in
section 3, the major contribution of this framework is the inclusion of energy equipment as a
fundamental dimension. One of the 3 determinants of fuel poverty of Boardman [13], energy
efficiency of the dwelling, involves two energy efficiencies: the efficiency of the building and the
efficiency of the energy equipment used to provide services within the household. Building efficiency
is a question of insulation, as well as including aspects such as ventilation, orientation to the sun or
bioclimatic design issues. If included, its place should be in the energy equipment dimension, but it
seemed awkward to mix both concepts. An effort to integrate this relevant aspect should be
undertaken. Concerning energy equipment, its placement as a fundamental dimension in the
framework puts into focus not only the efficiency of any equipment, but its availability, affordability,
and the range and capacity of what it can provide. The different analysis with a global perspective
on domestic energy poverty seldom identify energy equipment issues. Apart for the analysis of
Garcia-Ochoa [28], consisting of 7 basic equipment, there is only an occasional mention of the
efficiency of some equipment in the rest of proposals. Nevertheless, Bouzarovski and Petrova [8]
consider of paramount importance the aspects of efficiency and flexibility that links carrier supply to
service, obviously referring to energy equipment.

No single approach has been identified in the proposed framework as preferential to identify a
positive human assessment. The dimension encompasses personal, social, and political valuation of
energy services. Even naming this dimension may be a subject of discussion. We have opted at times
for benefits (a word with accounting resonances) and others for improvements in living conditions.
Opting between the capabilities approach, the basic human needs approach or the different
wellbeing-happiness approaches, all with their varieties, is outside the scope of this work. Some
indicators of poverty are also included, as a parallel approach to identify the effects of energy services
on development.

A word about efficiencies in the interspaces between dimensions. They identify the performance
of carriers and equipment to provide adequate services, as well as the performance of services to
achieve valuable improvements in living conditions. Therefore, they are the key aspects of the
framework, as an adequate supply of all the necessary items might end up in a poor service and, in a
second step, in a lousy improvement, or even in the opposite effect: a deterioration of living
conditions.
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In a sense, these efficiencies define possibilities to deviate from the general assumptions
embedded in the conceptual core of indirect measures (that A implies B), through mechanisms that
might alter the expected outcomes of adequate supply. Or, conversely, multiplicative effects,
synergies, or synchronicities that may amplify the impact of simple actions on wellbeing. These
efficiencies depend on unforeseen, unidentified, or unaccounted for parameters in the logic of action,
on parallel, incidental processes, or on the appropriation and modification that societies make of new
possibilities.

Finally, the definition of alleviation strategies, ways of intervention to tackle the problem of
energy poverty, is a key feature of any assessment methodology. An indicator defines a level and
characterizes with it the magnitude of a problem, but it also identifies changes, better or worse, for
the available increments of such level. In this sense, the presented framework provides a rich
environment for identifying energy supply development actions intended to promote progress.
Traditional energy poverty indicators for the Global South are binary and centred on extreme
precariousness (SDG7 targets, MEPI) and as such can only define progress in a binary (has/has not)
logic. Non-binary indicators like the World Bank multi-tier framework provide a much larger
catalogue of actions, for example following a change of installed power capacity. The proposed
framework uses such indicators but include other performance indicators for energy supply projects
that go beyond characterizing energy access to assess provision of services and the concrete impacts
in living conditions. Therefore, indicators of provided energy services (binary indicators or tier
indicators with levels of service in terms of hours, capacity, or features) or improvements in living
conditions (exploring changes in capabilities, subjective or objective wellbeing, satisfaction of basic
needs, alleviation of poverty by a change of its current assessment indices, etc.) are available to
identify the variety of impacts of an energy supply in a society or household energy metabolism.

5. Conclusions

This paper presents a review of attempts to construct indicators to characterise energy poverty
in the Global South, together with the proposal and discussion of a broad conceptual framework that
allows for a multi-faceted assessment.

Current mitigation strategies and the very concept of energy poverty in developing regions
follow the agreements of the development agenda (Sustainable Development Goal 7, World Bank
“beyond connections” strategy), focusing on electricity connections and clean cooking fuels.

But addressing the lack of basic access to modern fuels and energy carriers and the dependence
on traditional biomass with simple (binary) access indicators masks other features of the problem.
Following this line of thought, some attempts, like those of the Oxford Poverty and Human
Development Initiative and the World Bank, deal with the concept of energy services. But these
approaches still focus on access to carriers. Services are considered to be covered through indirect
and specific aspects incorporated to the carrier assessment, such as the possession of basic equipment
(fridge) or its performance (cookstove) or, in the World Bank’s more ambitious attempt, with the
definition of a wide range of indicators that identify in detail the conditions of access to energy
carriers, characterising their capacity, availability or affordability and thus indicating their potential
to provide energy services.

Broader approaches centre explicitly on energy services, identifying their taxonomy. In these
proposals, services are a) the result of the establishment of an energy chain that provides a reasonable
supply, and b) the prerequisite for the improvement of human wellbeing. This vision allows energy
poverty to be understood as a lack of services that undermines the maintenance of decent living
conditions. In this way, it allows a much more detailed view of the problems caused by the
dependence on biomass, and the lack of or inadequate access to electricity and modern fuels, while
making visible other parallel issues identified by the absence of services and generally not addressed
in access-based strategies, such as space heating and cooling, productive tasks, communication,
entertainment, or transportation.

While the supply side of the framework has been the subject of interest of most assessments and
mitigation strategies, the wellbeing side has centred the debate in development and policy studies in
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the last half century. Assessments of the improvement of living conditions caused by the provision
of energy services may rely on several well-established or emerging approaches, from Sen and
Nussbaum capability theory to the basic human needs approach (involved and competing in the
definition of the UN strategy of the Millennium Development Goals), and the variety of wellbeing
approaches (including the one used to produce the World Happiness Report, a key feature of the
SDG 3 devoted to good health and well-being). The identification of synergies between poverty and
energy poverty indicators and mitigation strategies may also provide a simple parallel approach to
state the benefits and values of energy services.

This work highlights the relevance of energy equipment as an often neglected but key item in
the energy chain. Availability and affordability of adequate energy equipment, together with a
certain flexibility of choice among items, are basic issues to make an energy service feasible.
Nonetheless, the characteristics of locally available equipment are seldom addressed in energy
poverty assessments. A taxonomy of energy equipment is presented, derived from several surveys
on energy efficiency standards throughout the world.

The discussion section analyses the applications of the assessment framework, its advantages
and disadvantages. Applications have been described and attempted by several authors in the past.
This perspective allows for a more detailed characterization of energy poverty in the Global South
and can thus help to mitigate it. In a broader view, it could serve to improve coherence between
Global North and South schemes on energy poverty. While normative indicators in developed
countries centre on thermal comfort as the key service that the energy poor lack, this perspective
provides a tool to extend the view to the lack of other services or other problems, deficiencies or
inadequacies in the supply-service-wellbeing chain that might identify cases of extreme energy
poverty in the Global North. Looking even further, the framework may serve to identify strategies
for decoupling satisfaction of human needs from energy use in an ecological crisis scenario.

If this methodology (or similar ones) were widely applied, in parallel with the current analysis
of access to the energy chain, some benefits could be achieved. This type of assessments provides a
generalized view of energy poverty: one could compare, in terms of service provision (and need for
services) the incidence of energy poverty in the Global North and South and between rural or urban
areas or climate zones. Access is a relevant aspect, but it creates a separation between two worlds
(with/without), which prevents a broader view that the observation of services could provide. The
effect of climate change on energy poverty, for example, can be further studied by analyzing the
changes it causes, both in the services needed in each area (e.g., the need for heating or cooling to
achieve thermal comfort for households) and in the availability of services in each area (e.g., less or
different availability of energy resources -fuel scarcity- to provide services). Energy has been a
commodity for more than a century. A global cutback in its consumption while maintaining an ideal
of justice and equity requires the identification of energy services that are indispensable and those
that can be considered as ancillary or even superfluous. This extremely complex analysis would be
much more complicated if the indispensable/superfluous concept is applied to energy carriers.

Energy is one of the fundamental requirements and guarantors of a dignified and healthy life.
But it is a finite, costly resource with side effects. In a scenario of control (and reduction) of energy
consumption and climate change, the identification of priorities in energy consumption and the
global assurance of their satisfaction is a determining aspect. In this paper we present a critical review
of works to establish the basis for such priorities or minimum criteria, focused on the mitigation and
elimination of energy poverty. In the Global South, traditional approaches derived from the
development agenda highlight supply from the energy chain. But supply is a necessary but
insufficient goal. It cannot by itself assure a proper energy service, and, in turn, services availability
may not assure a clear impact in living conditions. While keeping in mind that the discussion on what
conforms wellbeing might be an eternal dilemma, academia and policy makers shall focus on the
energy chain but also beyond it, to the interactions and efficiencies in the provision of services and
the fulfilment of achievements that may assure the decent living conditions for all.
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