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Even though energy poverty alleviation and climate change mitigation are inextricably linked policy
goals, they have remained as relatively disconnected fields of research inquiry and policy development.
Acknowledging this gap, this paper explores the mainstream academic and policy literatures to provide
a taxonomy of interactions and identify synergies and trade-offs between them. The most important
trade-off identified is the potential increase in energy poverty levels as a result of strong climate change
action if the internalisation of the external costs of carbon emissions is not offset by efficiency gains.
The most significant synergy was found in deep energy efficiency in buildings. The paper argues that
neither of the two problems - deep reductions in GHG emissions by mid-century, and energy poverty
eradication - is likely to be solved fully on their own merit, while joining the two policy goals may
provide a very solid case for deep efficiency improvements. Thus, the paper calls for a strong integration
of these two policy goals (plus other key related benefits like energy security or employment), in order
to provide sufficient policy motivation to mobilise a wide-scale implementation of deep energy
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1. Introduction and aims

Fighting climate change has become one of the most accepted
and celebrated environmental policy priorities, resulting in the
re-contextualisation of many seemingly unrelated subjects, which
are now often presented from this new perspective. However,
sometimes the link may be or seems somewhat artificial. And for
a lay audience, forging the link between energy poverty allevia-
tion and climate change mitigation may also seem like trying to
sell a less sexy subject in a more popular packaging.

This happens at a time when large challenges lie in front of
national and global decision-makers as a massive decarbonisation
of the world economy (i.e., a 50-85% reduction in the year 2000
global carbonCO, emissions by 2050, as suggested by IPCC, 2007)
needs to be achieved while improving the life standards of the
global population. These challenges are especially difficult in
those world regions or societal segments that have less benefited
from the developments that have resulted in current GHG atmo-
spheric concentrations. Complex policy frameworks are thus
needed to reach a delicate balance between a better satisfaction
of the needs of present generations and an effective protection of
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the rights of future generations to enjoy a stable and safe climate.
Additionally, in less affluent geographic and social areas where
immediate economic priorities override environmental concerns,
climate change alone is often not a sufficient policy goal to be able
to mobilise enough political will or adequate action.

Typically, alleviating poverty is not the most obvious area for
policy integration with climate change because these two rank
high on rather different local political agendas. Nevertheless, this
paper argues that alleviating one particular type of poverty -
energy poverty - offers strong synergies with climate change
mitigation agendas, for two reasons. First, the buildings end-use
sector offers the largest and most cost-effective mitigation poten-
tial according to global and regional estimates (IPCC, 2007;
Urge-Vorsatz and Novikova, 2008; Eichhammer et al., 2009).
Second, a key mitigation strategy to capture these potentials in
buildings can also alleviate, or even fully eradicate fuel poverty,
providing the ground for successfully aligning shorter-term
social and longer-term environmental priorities. Otherwise, as
Boardman (2010, p. 17) has put it, “there is a risk [...] of seeing
fuel poverty as a peripheral side issue that can be tackled by social
and fuel pricing policy. This is incorrect and has failed for the last
30 years [in the UK]. The obligations to the present generation
must not be obscured by our commitment to future generations
and they do not have to be.”

In this context, the co-benefits or ancillary benefits of mitiga-
tion policies may provide the key entry points to policy-making.
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If, as argued by the co-benefits literature, emission reduction
measures also have substantial positive effects on the welfare of
present generations (Pearce, 2000; Markandya and Riibbelke,
2004; IPCC, 2007), these will provide additional - or sometimes
the main - incentives for decision-makers to engage in more
resolute climate action. Conversely, other policy goals may also
not score sufficiently high on political agendas in order to
mobilise adequate resources for tackling them alone. Either
way, the integration of multiple policy goals may tip the balance
in the cost-benefit considerations towards action (Lafferty and
Hovden, 2003; EEA, 2005). Therefore, exploring and assessing the
co-benefits and forging policy synergies offer important avenues
into achieving policy goals that otherwise may not seem weighty
enough for sufficient societal investments. In fact, as we argue in
subsequent sections, it may be difficult to address both the
climate and poverty challenges without a concerted effort at
establishing the policy link between the two areas.

A main purpose of this paper is to map the taxonomy of
interactions between the climate change mitigation and energy
poverty alleviation policy areas and to identify the main synergies
between the two fields of policy action. This way, it also aims at
addressing a certain gap in the energy/fuel poverty literature,
which has focused mostly on its social and human health aspects
but has not consistently explored its climate change implications,
with some exceptions (e.g., Pett, 2009; Boardman, 2010). Addi-
tionally, given the policy relevance of these elements, policy
approaches are discussed in order to support some main argu-
ments of this paper, though the aim is not to provide a proper
analysis of policies implemented in developed and transition
economies.

For that, we first make a short review of the fuel/energy
poverty concept in the context of this paper (Section 2) and then
explore the typology of the general interactions between these
two fields of enquiry (Section 3). We later focus on deep energy
efficiency retrofits as a win-win long-term solution to both the
energy poverty and climate change challenges (Section 4). Finally,
Section 5 provides a summary of the main conclusions of this
analytical review.

2. Energy poverty—the concept
2.1. An energy affordability issue

The authors are aware of the apparent terminological confu-
sion existing between the terms of energy and fuel poverty: on
the one hand, fuel poverty is the without doubt the favoured
wording in English-speaking nations such as the UK (e.g.,
Boardman, 1991; BERR, 2001), where the concept originated,
and Ireland (e.g., MacAvoy, 2007), On the other hand, key
references for Central and Eastern Europe (Buzar, 2007a, 2007b,
2007c) and other EU-level institutional sources like Morgan
(2008) and EUFORES (2008) refer to the same phenomenon as
energy poverty. However, other authors speak of energy poverty
when referring to the lack of access of quality energy carriers,
mostly in developing countries (Birol, 2007; Sagar, 2005). The
latter is an issue that, though related, falls out of the scope of this
paper (see Section 2.3).

In the original definitions that are currently prevalent in the
UK (Boardman, 1991, 2010; BERR, 2001), fuel poverty is described
as a household’s inability to ensure an adequate thermal regime
in its living space. These sources usually rely on objectively
measured fuel poverty rates based on expenditure, income and
indoor temperatures, and have been criticised because they fail
“to capture the wider elements of fuel poverty” and are “based on
arbitrary calculations and estimations” (Healy, 2004, p. 36). An

alternative set of indicators that favours a more subjective
approach based on households’ self-reported measurements has
been thus proposed (Healy and Clinch, 2002, 2004). Other authors
have stressed the role of societal norms in setting the thresholds
beyond which a household is in fuel poverty (Buzar, 2007a) and
the relevance of energy prices (EPEE, 2009). However, all of them
emphasise the affordability of heating as a key energy service for
a household’s well-being and somehow downplay the importance
of other domestic end-uses of energy. And many are motivated by
the defined policy response, i.e., they are directed at identifying
the population sub-segments that can be defined to be in energy
poverty and therefore needing special policy attention, and they
are thus linked to specific measurement systems or indicators.

Based on the assessment of the literature and experience of the
authors, we define energy poverty as a broader concept encom-
passing the various sorts of affordability-related challenges of the
provision of adequate energy services to the domestic space.
These typically represent situations in which households with
access to modern energy carriers cannot comfortably satisfy their
energy service needs, be it because of their inability to afford
sufficient energy services and/or because of the disproportional
costs they have to bear for those energy services (see an example
of the latter in Tirado Herrero and Urge-Vorsatz (this issue). By
choosing to refer to this phenomenon as energy poverty - and not
as fuel poverty - the papers aims at a larger scope of the
conventional fuel poverty notion: not only the space heating
needs of a household have to be met for ensuring its well-being,
but also other energy service demands such as space cooling,
lighting and powering appliances (many of which require elec-
tricity, not a fuel itself). In that sense, for instance, the paper
emphasises the summertime, cooling-related energy poverty first
defined by Healy (2004), which is likely to be enhanced by the
foreseen increase in summer temperatures induced by climate
change.

2.2. Poverty and energy poverty

The concept of energy poverty has become important recently in
several developed countries, where deep general poverty has been
more or less eradicated (as compared to developing nations) while
some specific inequalities in the living conditions of the population
still prevail. In this sense, particularly important is the definition of
relative poverty by Townsend (1979, p. 31), according to which

individuals, families and groups in the population can be said
to be in poverty when they lack the resources to obtain the
types of diet, participate in the activities, and have the living
conditions and amenities which are customary, or are at least
widely encouraged and approved, in the societies in which
they belong.

and upon which some later energy poverty definitions (e.g.,
Healy, 2004; Buzar, 2007a) have been grounded. It stresses the
conditions that a decent life should fulfil and identifies a list of
items (e.g., diet, clothing, shelter, environment, etc.) that define
the necessities that are recognised as such in a society (European
Communities, 2009). Thus enjoying an adequate provision of
domestic energy services is one of those basic needs that a
household is expected to meet. In that sense, energy poverty is
one component of a multi-faceted deprivation notion that encom-
passes the various aspects of human life.

Why then discuss energy poverty as a distinct concept from just
being a face of poverty? Even though solving the energy poverty
challenge contributes to solve only one specific aspect of a complex
deprivation picture, this goal has a justification in itself especially
because of the comfort and human health gains that derive from it,
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i.e., it is known that energy poverty is a cause of excess winter
mortality and of a number of physical and mental diseases (The
Eurowinter Group, 1997; Healy, 2004; Liddell and Morris, 2010).
That way, the UK - the most advanced country in this policy field -
has made it a legal obligation the eradication of fuel poverty by
2016, though the ability of the government to reach its self-imposed
target is seriously questioned (Boardman, 2010). In addition, energy
poverty is narrowly connected to the climate challenge through the
energy performance of the residential stock. As argued in this paper,
this provides a second, key argument to prioritise energy poverty
alleviation as a policy target.

2.3. Geographical scope

Though energy poverty is mostly a European subject
(Boardman, 1991; Healy, 2004; Buzar, 2007a; Morgan, 2008;
EPEE project, 2009; EC, 2010), domestic energy affordability
issues are likely to be equally relevant in other large industrial
and transition nations and large carbon emitters like the USA,
China and the Russian Federation. The geographical context for
aspects discussed in this paper is thus the transition and devel-
oped economies of Eurasia, the Pacific and America, where the
existing infrastructure practically guarantees an universal access
to energy services but a combination high energy prices, low
incomes and poor energy efficiency of the residential stock
prevents a certain segments of the population comfortably satisfy
their energy service needs.

However, energy poverty can be also regarded as a broader
notion not only referring to the affordability of energy (particu-
larly heating) but also related to more complex issues such as
access to modern energy services. This is very relevant for
developing countries even though traditionally the poverty,
energy access and environmental agendas and thus research have
been largely disconnected, with some exceptions (e.g., Pachauri
and Spreng, 2003; Sagar, 2005; Birol, 2007). Though these aspects
are acknowledged they are not discussed in this paper as they
would require their own in-depth analysis.

3. Exploring the energy poverty and climate change
connection

3.1. Taxonomy of interactions

Climate change and energy poverty are two largely different
phenomena both often partially rooted in the inefficient use of
energy in buildings. Depending on their mid- and long-term
evolution and on the policy responses provided, a number of
different outcomes can be expected in terms of the mitigation of
climate change and the alleviation of energy poverty.

Acknowledging that not all policy responses are equally fit to
tackle both challenges simultaneously, Table 1 presents a taxon-
omy of interactions between these two policy areas, with two
main typologies suggested. Synergies are identified when the
effect on both the energy poverty alleviation and climate change
mitigation goals point into the same direction (be it negative
or positive), and trade-offs are found in the opposite case. By
definition, all trade-offs are regarded as undesirable because they
allow advancing on a policy field only at the expense of the other
(e.g., letting emissions grow unabated results in a warmer climate
but reduces energy poverty levels), but some synergies are not
desirable either (e.g., a warmer climate enhances summertime
energy poverty). Thus only desirable synergies which are bene-
ficial to both goals are identified as policy levers that allow
advancing simultaneously in the energy poverty alleviation and
climate change mitigation agendas.

Table 1 shows, that even though most connections between
climate and energy poverty issues are drawn on the mitigation
side, adaptation aspects may become increasingly important:
milder winters in temperate regions will have positive energy
poverty alleviation effects and the increase of temperatures in the
warm season could make the so far unexplored summertime
energy poverty (Healy, 2004) a more relevant aspect of the energy
deprivation challenge. Cooling-related energy poverty is thus
expected to have trade-offs and synergies with climate change
mitigation depending on the route of the solution. If the main
adaptation method is increased air conditioning, this will have
detrimental effects on both energy poverty and climate change
mitigation. On the contrary cooling-related energy poverty can be
better prevented through climate action (e.g., climate-resilient
building design, eradication of heat islands, etc.).

3.2. Energy poverty perspective: three contributing factors

Understanding the roots of energy poverty offers further key
opportunities for alleviating both the energy services affordability
and the climate change mitigation challenges, and places the
energy poverty problem on the energy radar screens. From that
perspective, three elements usually regarded as main contribut-
ing factors to the energy poverty phenomenon are considered:
household income, energy prices and energy efficiency of the
dwelling (BERR, 2001; OECD/IEA, 2011). These underlying factors
of energy poverty provide the analytical framework for this
review and offer a ground for key entry points into policy-making.

First, low incomes have been usually regarded as an important
cause of energy poverty as less affluent household often live in
poorer-quality housing and have more restricted budgets to
spend on energy (as well as on other goods and services). Its
analysis has long belonged to a more general field of inquiry such
as the study of poverty and deprivation and policy action is
restricted because the income level of a household largely
depends upon factors beyond the sphere of influence of an energy
poverty alleviation policy (e.g., overall performance of the
national economy, educational attainment of the household’s
members, etc.) However, although the literature and thus the
documented evidence on this are scarce, this paper argues that
providing a long-term solution to the energy poverty problem via
households’ income (e.g., through subsidies to energy costs or fuel
payments) is often difficult because extra income may not be
used by households for covering their unmet energy service needs
or for improving the energy efficiency of their dwellings (Healy,
2004; Boardman, 2010). They have been also criticised because
they are often poorly targeted and become a burden in public
budgets (Scott, 1996; Tirado Herrero and Urge-Vorsatz, 2010),
thus making income support schemes dependant on the avail-
ability of funds or the willingness of decision-makers.

Energy prices are a second level through which energy poverty
has been traditionally addressed. Many countries and jurisdic-
tions have attempted to address energy poverty and spur devel-
opment through subsidised energy prices or social tariff policies.
Nevertheless, this is a double-edged sword, and subsidised energy
prices need to be very carefully used in addressing energy
poverty. Though they offer a temporary solution to energy
poverty (ideally, during the transition to a low-carbon residential
stock), if provided in absence of energy efficiency measures they
can be counterproductive for solving the problem, potentially
locking the more vulnerable households in energy poverty
because they remove incentives to invest in energy efficiency at
the household level. This is because lower-than-real energy prices
provide wrong economic signals and thus result in a capital stock
whose efficiency is lower than that justified by economic ration-
ality considerations. Finally, when the subsidies are weaned, the
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Table 1

Taxonomy of interactions between energy poverty (EP) and climate change (CC): its problem areas and measures for their alleviation.

Source: Own elaboration.

Link between energy
poverty and climate
change

Impact on energy
poverty

Impact on climate
change-related emissions

Nature of the
interaction
between the two
policy areas

Potential policy leverage

PROBLEM AREAS OF CLIMATE CHANGE (CC) AND ENERGY POVERTY (EP)
Warming climate Reduces wintertime

heating-related

energy poverty |

Increases summertime

cooling-related energy

poverty 1

Energy poverty Reduces emissions |

MEASURES TO COMBAT ONE OF THE PROBLEM AREAS
Fuel payments or Reduces
social subsidies to  it—temporarily |
help with income
poverty
Energy price subsidies Reduces
it—temporarily |

consumption 1

Increases emissions through increased energy Trade-off

Trade-off CC is not a right lever to reduce heating-related

EP

Synergy, but
undesirable

A desirable synergy is the mitigated CC, which
also reduces cooling-related EP

Trade-off No policy leverage: CC should not be mitigated
by letting EP levels increase

Not the optimal policy response: they don’t
provide a long-term solution to the EP challenge
nor contribute to mitigate CC. Better alternatives
exist (domestic energy efficiency)

Increases emissions through increased energy Trade-off
consumption and resulting energy inefficiency

Improved efficiency of Reduces it and could Reduces emissions through improved Synergy Strong policy synergy, though take-back or
energy—using eliminate energy efficiency as compared to baseline (accounting rebound effects need to be considered (see
equipment, poverty completely in for all energy services), despite potential Section 3.3)
buildings and some areas | increases in service levels |
infrastructure

Carbon pricing Increases energy Reduces emissions | Trade-off Price signals are a key policy tool to reduce

poverty 1

Increased winter
heating-related
energy poverty 1
Decreased
summertime cooling-
related energy poverty

Reduced heat islands

Reduced cooling emissions |

!
Climate (heat) Decreases Reduces emissions |
resilient summertime cooling-
architecture related energy poverty

!

Increases summertime Increases emissions 1
cooling-related energy

poverty 1

Increased cooling to
adapt to warming
climate

Increased heating-related emissions because of Synergy, but
colder temperatures in the winter. 1

emissions but the energy poor must be protected
(e.g., by being the first to benefit benefiting from
domestic energy efficiency)

No policy leverage: EP and CC should not be

undesirable alleviated through heat islands
Synergy Strong policy synergy
Synergy Strong policy synergy

Synergy, but
undesirable

Poor response to climate warming. Better
alternatives than cooling as an adaptation
measure exist

low-efficiency equipment and infrastructure results in energy
costs that are far higher on a lifecycle basis than if they were
optimised at the time of investment, forcing households into
unnecessarily high energy expenditures. In the case of long
lifetime energy-using equipment and infrastructure (e.g., a house
or apartment), this can lock households into unnecessarily high
expenditures for as long as decades.

A prime example how an attempt to guarantee widespread
access to low-cost energy services through subsidised prices can
result in long-term energy poverty even after general poverty is
alleviated is the case of the former communist countries of
Central and Eastern Europe. In this region, low energy prices
during sustained periods of time have resulted in the construction
of buildings and infrastructure with poor energy performances. As
a result, their per capita energy consumption had become one of
the highest in the world at the end of the 1980s (EIA, 2004). In
this way, the current carbon emission (in the buildings sector)
and energy poverty rates in this region can be at least partially
attributed to the subsidised energy prices that were characteristic
of communist regimes until the 1980s. The subsequent liberal-
isation of the energy sector, which brought residential tariffs close
to full recovery costs at a time when household incomes were
shrinking as a result of the economic slowdown, are equally

important factors that explain the higher energy poverty levels
reported in Central and Eastern Europe (World Bank, 2000; Urge-
Vorsatz et al., 2006; Buzar, 2007a; Boardman, 2010).

The third contributing factor to energy poverty, identified also as
a lever for its solution, is the efficiency of the households’ energy-
using capital stock, namely residential buildings. However, as
discussed in the following section, for this lever to make a marked
difference in energy poverty levels, the efficiency levels achieved
must be state-of-the-art and the improvement in the equipment or
stock in use needs to be substantial. Besides, in warmer regions
where energy use is dominated by equipment such as electricity-
using appliances, improving the efficiency of the built stock is still
important but perhaps cannot be considered as the single lever to
address energy poverty.

The energy performance of the dwelling is thus identified as
the key factor to take or keep households permanently out of
energy poverty while contributing simultaneously to reducing
GHG emissions. But other co-benefits can be accrued as well, as
there is evidence of the significant net employment creation and
energy dependency reduction effects of investing in buildings
energy efficiency (Wade et al., 2000; Li, 2008; Pollin et al., 2009;
Tirado Herrero et al.,, 2011). These are presented in Fig. 1 along
with a summary of the key messages of this section.
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Fig. 1. Contributing factors and policy entry points to fuel poverty and their
relation to climate change mitigation.
Source: Own elaboration after OECD/IEA (2011).

3.3. Potential conflicts and trade-offs

Even though key synergies has been identified between
climate change mitigation and energy poverty alleviation as
policy goals, two cases of potential conflicts or trade-offs between
both policy goals have been identified: the rebound (or takeback)
effect and carbon pricing.

The rebound effect is an undesirable side-effect of improving
the energy efficiency in end-use sectors. It is the result of a shift in
the demand, which rises following a drop in energy prices
triggered by the efficiency gain (price effect), and of the of the
additional income obtained as energy savings (income effect),
which increases the consumption of other energy-consuming
goods and services different than energy services (Greening
et al, 2000; Nassén and Holmberg, 2009). In the residential
sector, reviews indicate a rebound effect of 10-30% for space
heating, around 10-40% for water heating and 5-12% for lighting
(Greening et al., 2000).

The rebound effect is a case of potential conflict because in
energy poor households the efficiency gains may be realised as
comfort improvements (i.e., increased indoor temperature or
fraction of floor area heated) rather than as reduced energy
consumption. As Milne and Boardman (2000, p. 411) put it,
“if the dual goals of energy conservation and affordable warmth
for low-income households are to be attained, the nature of [the]
takeback must be more thoroughly understood so that the full
benefit of energy efficiency measures can be assessed along with
the carbon/energy savings”. In that regard, the evidence collected
by these authors from monitored residential energy efficiency
projects implemented in the UK in the 1980s and the 1990s found
out that pre-retrofit indoor temperatures were the main indicator
of the rebound effect. According to their estimates: (i) at 14 °C of
indoor temperature, half of the potential energy savings will be
achieved and the other half will be taken as increased comfort;
(ii) at 16.5 °C of indoor temperature, 70% of the energy efficiency
benefit will be obtained as lower energy consumption; and (iii) at
20 °C of indoor temperature it is more likely that all energy
efficiency improvements will reach the full energy saving possi-
bilities (Milne and Boardman, 2000). On the other hand, a recent
assessment of 30 households recipient of energy efficiency
measures provided under local authorities funding schemes in
Eastern UK found a very low rebound effect following the
implementation of the measures (Pett, 2009).

It is, however, debatable whether the predicted reduction in
the potential energy savings can be labelled as a rebound effect.
On the contrary, it may be argued that potential savings are

estimated following the unrealistic assumption that households
living in energy poverty will not increase their energy consump-
tion following an improvement in the energy performance of their
dwelling. As argued in Section 3.1, climate change cannot be
mitigated at the expense of the energy poverty priorities.

Carbon prices are a component of energy prices that, if properly
managed, are a powerful tool of demand-side climate policies
(Matthew, 2007; Dellink et al., 2010). They are expected to increase
in real terms as we progress towards a carbon-constrained (and
possibly also fossil fuel supply-constrained) economy and therefore
may become an important driver of energy poverty rates in the
future. A trade-off between climate change mitigation and energy
poverty alleviation goals is then expected (see Table 1), and a
potential conflict between the welfare of future vs. present genera-
tions will arise unless energy poverty is addressed through other
levers (preferably energy efficiency).

This potential conflict has been identified since the early
stages of the energy poverty research field. In the 1990s,
Boardman (1991) already warned about the potential negative
consequences on the welfare of energy-poor households of
imposing a carbon tax in the UK and alerted about environmental
policies increasing the deprivation of worse-off families. The
solution may pass by ensuring high levels of insulation in the
houses of the energy poor, which should also be a priority for the
installation of low- or zero-carbon measures (e.g. solar thermal,
solar photovoltaics, etc.); the latter, when combined with a feed-
in tariff, may become a source of income for these families
(Boardman, 2010). Other authors have requested that in order
to avid carbon taxes becoming regressive (i.e., hitting hard on the
energy poor), they should be carefully implemented (if at all) in
the domestic sector and only aimed at the high-income strata
(Healy, 2003).

4. Making the case for deep efficiency:
avoiding the lock-in risk

This section focuses on the strong policy synergy between
climate change mitigation and energy poverty alleviation identi-
fied in the implementation of energy efficiency measures in
residential buildings of developed and transition economies
requiring significant heating services in the cold season.

Today’s state-of-the-art design, know-how and technologies
(e.g., the passive house standard—a maximum annual heating
demand of 15 kWhm~2year~! irrespective of climate) ensure
reductions in heating energy use by a factor of four to five as
compared to new buildings, and by a factor of 15-25 as compared
to existing buildings (Harvey, 2010). In those buildings, heating
costs can be minimal and only small backup heating systems are
required. Such very high-efficiency new construction and retro-
fitting standards can potentially eliminate energy poverty: for
instance, the SOLANOVA project, a pilot passive house-like retrofit
of a low-quality prefabricated block in Hungary, reduced the per
dwelling monthly heating expenses from €96 to €16 (Hermelink,
2007),! demonstrating that heating energy services can be afford-
able even for the lowest-income Hungarian households. This
proves that residential buildings can be effectively energy pov-
erty-proofed (DTI, 2006), thus showing the way to a potential full
eradication of energy poverty in the long-term.

At the same time, since in temperate climates heating and
cooling constitute a large fraction of the residential energy
consumption, such buildings also can save a significant amount

! Furthermore, these large energy cost savings were achieved with a heating
demand after retrofit of around 40 k Wh m~2 year ' (Hermelink, 2006), which is
clearly above the passive house standard.
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Table 2

Energy saving potential of the application of state-of-the-art standards in new and existing buildings of selected world regions until 2050. Lock-in risk of the application of
sub-optimal standards in new and existing buildings of selected world regions. [Both are measured as a percentage of the 2005 final heating and cooling demand of each

region.]
Source: Urge-Vorsatz et al., 2012.

North America (%) Western Europe (%) Eastern Europe (%) Former Soviet Union (%) Centrally Planned Asia (%) Pacific OECD (%)

Energy saving potential 75 72 67
Lock-in risk 50 46 75

66 54 66
72 76 41

The percentage of lock-in risk can be larger than the potential because the model forecasts in some cases a net increase in total heating and cooling demand for the sub-

optimal scenario (see Figure 10.2 in Urge-Vorsatz et al., 2012).

of GHG emissions. For instance, according the Global Energy
Assessment (GEA) estimates between 66% and 75% of the 2005
final heating and cooling energy use of the transition and devel-
oped economies of North America, Europe and Asia can be
eliminated by 2050 through the widescale adoption of such
state-of-the-art standards in new and existing buildings? as
shown in Table 2.

Recognising the link between building efficiency, social wel-
fare and climate change mitigation, policy efforts have acceler-
ated in many countries to ensure energy-efficient new
construction (such as the Energy Performance of Buildings Direc-
tive, or EPBD, in the EU) as well as the implementation of energy-
efficient building refurbishments. However, many of these efforts
mandate or aim at reaching thermal efficiency levels that are far
from the state-of-the-art. This leads to the lock-in effect or lock-in
risk, which is defined as the unrealised energy and carbon saving
potentials that result of the installation of below state-of-the-art
energy efficiency technologies in buildings. This is a critical
notion from the perspective of the capital investments needed
in the buildings sector because since space heating and cooling in
buildings are an important source of carbon emissions, and their
related emissions are difficult to mitigate in other ways than
addressing them in the buildings themselves, applying sub-
optimal® retrofits may force to revisit once retrofitted buildings
after a few years in order to capture the remaining potential
(which may be technically difficult or uneconomic) or consider
other more expensive mitigation options (e.g., renewables or CCS)
at later stages (Korytarova and Urge-Vorsatz, 2010; Tirado
Herrero et al., 2011; Urge-Vorsatz et al., 2012).

In the case of the developed and transition economies of North
America, Europe and Asia, the GEA has estimated that between
41% and 76% of the 2005 final heating and cooling demand will be
locked-in if sub-optimal technologies are applied instead of state-
of-the-art (see Table 2). Given the scale of the climate challenge -
up to 85% reduction in 2000 global CO, emissions by 2050 in
order to avoid a global temperature increase beyond the
2.0-2.4 °C -, that most mitigation will be done in developed and
transition economies, and that buildings are the end-use sector
with the largest cost-effective mitigation potential (IPCC, 2007),
the application of sub-optimal technologies to the building stocks
of these nations may severely threaten the ability to reach the
required mitigation target.

While the lock-in effect is the most concerning for climate
change mitigation because of the urgency of reducing emissions,
it also applies to energy poverty eradication: if only suboptimal
retrofits are applied, energy poverty will be partially alleviated
but not eliminated. It is also hypothesised that the energy poverty
alleviation potential of sub-optimal technologies is below their

2 These estimates incorporate the increases in floor area as well as improve-
ment in service levels projected for the same period (Urge-Vorsatz et al., 2012).

3 Suboptimal in the sense that these technologies, which are not as advanced
as state-of-the-art, do not fully realise the total energy and carbon savings
potential of the building stock.

energy saving potential. This is because domestic energy costs
often have a certain fixed cost component (such as standing fees,
or metering costs), and thus energy savings may reduce energy
costs by a less than proportional amount. In contrast, if heating
systems are virtually eliminated in deep retrofits, these fixed
costs may almost disappear, potentially making heating costs
negligible. For instance, Behr (2009, in Harvey, 2010) suggests
that since the energy use in passive house apartments is so small,
individual metering and billing is not worthwhile and could be
substituted by a billing system based on either floor area or
number of occupants.

An additional advantage of state-of-the-art solutions is that the
rebound effect can be avoided to some extent because the high
efficiency buildings ensure the satisfaction of the thermal comfort
needs is achieved with a very low energy consumption (e.g., the
15 kWh m~2year~! standard of the passive house). However, it
can also be argued that additional energy will be consumed in the
form of goods and services (other than domestic energy) purchased
with the additional income provided by the energy savings.

However, delivering deep efficiency in buildings is associated
with significant investment needs that make the task challenging
from a policy perspective, even though very substantial energy
cost savings can be also accrued. In that way, estimates from the
Global Energy Assessment indicate that a worldwide adoption of
state-of-the-art buildings will require undiscounted cumulative
investments of approximately US$14 trillion by 2050 and will
deliver approximately US$58 trillion in undiscounted energy cost
savings during the same period (Urge-Vorsatz et al., 2012).
However, due to a number of barriers - relatively long payback
times, restricted access to credit, lack of appropriate financing
schemes, low awareness of decision-makers about the existence
of deep efficiency alternatives, split incentives between tenants
and owners, etc. — deep efficiency is often not applied on a private
investor or market basis in spite of its larger societal benefits. This
calls for the incorporation of monetised co-benefits different from
the energy cost savings - such as the value of avoided GHG and
non-GHG emissions and of the comfort and human health gains -
in assessment tools like cost-benefit analysis (see Clinch and
Healy, 2001).

In summary, because of the lock-in effect, it is important to
very carefully consider the strategy to retrofit the building
stock—i.e., the depth (targeted specific energy consumption level
after retrofit or for the new dwelling) and breadth (fraction of the
stock to be acted on) of it. Lower depth and larger breadth may
sound politically more attractive, and the challenges of the large
individual investment needs are also significantly lower, but such
strategies result in substantial locked-in emissions as well energy
poverty levels. Therefore, under certain circumstances
(i.e.,, demonstrated technical and economic feasibility of the
state-of-the-art solution alternatives), the sustainable solution
may be to wait out until a complex, deep retrofit can be performed
on a building rather than force large-scale, superficial renova-
tions. A negative effect of this strategy is that it lets current or
increased emissions and energy poverty levels go on unabated for
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a number of years until the political decision for deep efficiency
is taken.

This leads us to the crucial importance of policy integration.
Because substantial investment costs and policy efforts are
required for a large-scale implementation of deep efficiency in
new and existing buildings, neither energy poverty eradication
nor climate change mitigation goals alone may be enough to
mobilise sufficient policy effort for making it happen. In contrast,
if several of these policy goals are considered together, and the
political and financial resources for several policy fields are
merged, this might tip the expenditure-benefit* balance in favour
of action. Following this approach, it is more likely that one of the
most promising measures to fight climate change and energy
poverty - deep efficiency — will take place if their synergy (and
perhaps further synergies such as with energy security and net
employment creation) is forged through strong policy integration.
For such an integration to be effective, however, progress is also
needed in research and methodologies. Today, cost-benefit
assessments on which policy decisions are based typically con-
sider direct costs and benefits only for single policy fields. In ideal
policy-preparatory assessments, full costs and benefits, going
beyond the single policy fields and just direct impacts, need to
be considered. This requires a major advance in presently used
methodologies to quantify and monetise co-benefits (e.g., for
some key co-benefits like net employment creation and energy
dependency reduction no economic valuation techniques are yet
available) and co-costs (e.g., transaction costs, policy implemen-
tation costs, risks, etc.), as well as to their summation accounting
for all synergies and trade-offs.

5. Conclusions

This paper has explored the functional and policy interactions
between fighting climate change and alleviating energy poverty.
For that, it has reviewed a number of selected mainstream
scientific literature and policy-relevant literature in both domains
in order to identify trends, key elements, synergies, trade-offs and
potential conflicts, and to provide a taxonomy of these interac-
tions. The conclusions reached refer primarily to residential
energy users and buildings in developed and transition econo-
mies, where a considerably large potential for cost-effective
mitigation lies, and where the inability of some households to
afford an adequate level of energy services (energy poverty) has
distinct public health and social welfare implications.

The most important trade-off identified in the paper is the
potential increase in energy poverty levels as a result of strong
climate change action increasing energy prices through carbon
pricing, which points at an impending conflict between the
welfare of present and future generations. If the internalisation
of the external costs of carbon emissions is not offset by efficiency
gains, the burden of mitigation will be disproportionately felt by
those worse-off members of society who are still unable to
provide enough energy services to their households. The rebound
or takeback effect, another case of potential conflict between
energy poverty and climate goals, is thought to be not as relevant
and perhaps not even applicable to the case of energy poor
households, where energy services needs are inadequately cov-
ered in the first place.

The most significant synergy is offered by the improved energy
efficiency of buildings. As argued in Section 4, ensuring high
efficiency standards is the only option for aligning strong energy

4 By expenditure it is not only financial costs that are considered, but political,
policy and other resources that are required for such a widescale deep efficiency
path to be implemented.

poverty alleviation and climate change mitigation goals. In
comparison, direct support measures implemented as fuel allow-
ances or social tariffs do not provide a long term solution to the
energy deprivation challenge - in fact, they may lock-in house-
holds in energy poverty if implemented on their own because
they remove incentives to invest in energy efficiency at the
household level — and do not reduce carbon emissions either.

This analytical review has explored in more detail the stron-
gest synergy that is offered by these two areas of policy action:
large reductions in GHG emissions and the elimination of energy
poverty through deep energy efficiency. The paper suggests that
in the developed and transition economics of North America,
Eurasia and the Pacific this synergy is so strong that neither of the
two problems is likely to be solved in such countries fully on their
own merit; while the integration of these policy goals, with the
potential addition of other key related policy goals such as energy
security or employment, is likely to tip the cost-benefit balance
and provide sufficient policy motivation to mobilise wide-scale
resources and commitments. Thus, an essential message carried
by this review is the importance of integrating seemingly unre-
lated policy goals and sharing the resources for their solution.

The paper has also identified critical gaps in knowledge and
methodology that presently prevent such informed decisions to
be integrated in policy-making, in order to forge this synergy on
the ground. Only by ensuring that the various co-benefits are
appropriately integrated into policy assessment methods and
decision support tools, and thus making policy-makers aware of
the synergistic economic and social benefits of reaching these
various policy goals simultaneously through ambitious energy
efficiency programmes, will the needed transformation be
realised.
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